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PREPARATION OF THIS DOCUMENT 

This document contributes to FAO’s goal of sustainable management and utilization of natural 
resources. It describes the first known attempt to conduct a formal energy audit in a trawl fishery in 
Thailand, and is the result of collaboration between the FAO, the Southeast Asian Fisheries 
Development Center (SEAFDEC), and the Gulf of Maine Research Institute (GMRI). The overall goal 
of this project was to contribute to greater economic performance of the fishing fleet, improve resilience 
and livelihoods of fishermen and their families, and reduce greenhouse gas emissions. 

This document was prepared by Dr Stephen Eayrs (Research Scientist, Fishing Technology and Fish 
Behaviour, GMRI), Dr Worawit Wanchana, (Head of Capture Fishery Technology Division, 
SEAFDEC), and Dr Petri Suuronen (Fishery Industry Officer, Fishing Operations and Technology 
Service, FAO). Fieldwork was led by Dr Worawit Wanchana, with technical advice provided by 
Dr Stephen Eayrs. Funding for this collaboration was provided by the Government of Norway under 
the project, “Climate Change, Fisheries and Aquaculture: testing a suite of methods for understanding 
vulnerability, improving adaptability and enabling mitigation” (GCP/GLO/322/NOR). 
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ABSTRACT 

For the first time in a Thai trawl fishery, an energy audit was applied to the single-boat trawl fleet. The 
audit consisted of two levels. The Level 1 audit consisted of a detailed questionnaire of fishermen in 
the single-boat trawl fleet and the Level 2 audit consisted of at-sea measurement of fuel consumption 
of trawlers under a variety of commercial operating conditions. 

A total of 94 fishermen were audited as part of the questionnaire. Considerable variation was found in 
the fishing fleet, including vessel age, service speed, propeller size, and engine maintenance schedules. 
The consumption of fuel was the dominant operational expense for each size category of trawler, being 
an order of magnitude greater than the other categories, followed by crew wages and then food. 
Responses by fishermen suggested highly diversified and personalized fishing activity, although some 
responses appeared to suggest inaccurate recall of their major fishing costs. 

Six trawlers were selected for at-sea measurement of fuel consumption over a 10-day fishing trip. 
Specialized equipment was installed on each trawler, including a fuel flow meter system, engine RPM 
tachometer, portable GPS to indicate trawler location, heading, and speed, wind speed and direction 
indicator, and a speed log. Small video cameras were used to film the fuel meter, engine RPM, GPS 
and activity on the back deck; this information was recorded on a four channel video recorded for later 
review and analysis. The judicious use of the throttle to regulate engine rpms was identified as the 
simplest and one of the most cost-effective fuel saving options. Based on sea trial data, reducing 
steaming speed from 7 to 6 knots could reduce the rate of fuel consumption by approximate 40 percent 
and reduce annual fuel costs by approximately THB 37 500. Other low-cost, fuel-saving options were 
identified, and recommendations for future energy audits were also described 
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EXECUTIVE SUMMARY 

With increasingly volatile and rising oil prices, the profitability of the global commercial fishing 
industry is under threat. Subsequently, attention is increasingly being paid by fishermen and others to 
the application of fuel saving technologies and modifications to the fishing vessel and fishing gear. To 
systematically evaluate the impact of these technologies and modifications, including their suitability 
and relative contribution to fuel conservation, an energy audit is a necessary first step. 

This project was the first known attempt to audit the energy consumption of trawlers in Thailand. The 
energy audit protocol applied in this project consisted of two key levels. The Level 1 audit involved 
interviewing a total of 94 fishermen about the operation of their trawler and fishing gear, including 
operational specifications, duty cycles, and catch and expenditure details. The Level 2 audit involved 
selecting six trawlers for further evaluation, including at-sea measurement of fuel consumption over a 
ten-ten-day period. A variety of fuel-saving options were then identified and a first order estimate of 
their suitability and fuel saving impact on the entire trawl fleet was calculated. 

The Level 1 audit revealed substantial variation in many characteristics of this fishing fleet, including 
age, service speed, propeller size, and engine maintenance schedules. The consumption of fuel was 
clearly the dominant operational expense for each size category of trawler, being an order of magnitude 
greater than the other categories, followed by crew wages and then food. The Level 2 audit revealed 
important insight into the relationship between engine revolutions, trawler speed, and fuel consumption 
when the vessel is steaming and fishing. A variety of fuel saving recommendations were identified and 
based on audit data first order estimates of fuel saving and return on investment were calculated. The 
judicious use of the throttle to regulate engine rpms is the simplest and one of the most cost-effective 
fuel saving options because it provides an immediate reduction in fuel consumption at no cost, other 
than that associated with greater steaming time. Based on sea trial data, reducing steaming speed from 
7 to 6 knots could reduce the rate of fuel consumption by approximately 40 percent and reduce annual 
fuel costs by approximately THB 37  500. This is a significant outcome that simply requires adjustment 
to trip planning. Other low-cost options include reduced hull fouling and installation of a fuel flow 
meter. Both options reduce fuel consumption by around 5 percent and 15 percent respectively, and 
return on investment is less than one year. Relatively few options were available to save fuel while 
trawling, primarily due to their cost and potential impact on catch rates of shrimp and fish. 

This project represents a collaborative effort between the FAO, the Southeast Fisheries Development 
Center (SEAFDEC) and the Gulf of Maine Research Institute (GMRI). It has successfully provided an 
insight into of a suite of potential energy saving options for the Thai single-boat trawl fleet, including 
relative cost-effectiveness and associated payback periods. While the audit protocol requires further 
development and refinement to optimize future audit outcomes, it has successfully provided a 
benchmark upon which future efforts to reduce fuel consumption and associated greenhouse gas 
emissions, both in Thailand and elsewhere in Southeast Asia, can be successfully applied. 
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1. INTRODUCTION 

Fish and fishery products represent a very valuable source of protein and essential micronutrients for 
balanced nutrition and good health. In 2010, fish accounted for 16.7 percent of the world population’s 
intake of animal protein and 6.5 percent of all protein consumed (FAO, 2014). Globally, fish provides 
about 3.0 billion people with almost 20 percent of their intake of animal protein, and 4.3 billion people 
with about 15 percent of such protein. 

Since the turn of the twenty-first century, there has been an almost threefold increase globally in the 
real price of crude fuel oil. This has placed the global fishing industry under considerable pressure 
because it is heavily reliant upon fuel oil for vessel propulsion and fishing gear operation (e.g. Pelletier 
et al., 2013). In some fisheries, the consumption of fuel during the fishing operation may contribute up 
to 90 percent of total energy inputs (Tyedmers et al., 2005). Rising fuel costs have also generally 
outpaced increases in fish prices (Gulbrandsen, 2012), thus making it difficult to offset these costs 
without landing more fish, increasing catch value, or reducing other fishing costs. Subsequently, the 
profitability of many fishermen is under threat, particularly when combined with overfishing and 
reduced abundance of many fish stocks. This also threatens the livelihoods of fishing families and 
communities that are reliant upon wild-caught seafood, as well as the broader population dependent on 
fish for food security. 

The overall consumption of fuel oil in the fishing industry is also a concern because of its link to 
greenhouse emissions and climate change. According to Tyedmers et al. (2005), the global fishing 
industry produces approximately 1.7 tonnes of greenhouse gas emissions for every 1 tonne of  
live-weight seafood. It is also responsible for just over 1 percent of greenhouse gas emissions from all 
sources combined. 

A key to mitigating the impact of these pressures is to use less fuel or increase the efficiency of current 
levels of fuel consumption. In commercial fisheries, adding value to the catch or applying alternative 
sources of energy are other available options, however, these options are time consuming, more 
expensive (currently), and difficult to apply. Therefore, they do not provide immediate financial relief 
to rising fuel prices. Options currently available to the fishing industry to reduce fuel consumption 
include modifying the design and operation of the fishing vessel and gear (e.g. Suuronen et al., 2012). 
Although there is substantial variation in the cost, fuel saving potential, and return on investment 
between many of these options, several can be quickly and easily applied to provide fishermen 
immediate financial relief. 

In response to concerns for high fuel costs and greenhouse gas emissions from the commercial fishing 
industry, the FAO in collaboration with the Southeast Asian Fisheries Development Center 
(SEAFDEC) launched in late 2013 a Fishing Vessel Energy Audit Pilot Project. The aim of this project 
was to evaluate fuel consumption in the Thai single-boat trawl fleet and to identify potential fuel savings 
through energy efficient fishing operations and practices. This included the application of energy audits 
to multiple trawlers in the single-boat trawl fleet. 

Energy audits are a useful and effective tool for trawler owners to identify levels of energy consumption 
and associated cost of utilization. They are a systematic approach that can identify both operational and 
mechanical changes that can be implemented to reduce energy consumption, as well as potential savings 
once the changes are implemented. They provide guidance regarding the type of changes that can be 
applied, their cost of installation and operation, and the amount of fuel that can be saved. They also 
provide details regarding the return on investment or payback period of each recommended change. In 
many instances, audits identify a range of recommended changes that can each reduce fuel consumption 
by as much as 20 percent or more (BIM, 2008; Eayrs et al., 2012). While energy audits are generally 
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specific to individual trawlers, with some limitation, the outcome of an audit can provide limited 
guidance to other fishermen or owners of similar trawlers operating in the fleet. 

2. PROJECT OBJECTIVES 

The objectives of this energy audit project were to: 

• Adapt the Australian fishing vessel energy audit process to suit the trawl fishing industry in the 
Gulf of Thailand. 

• Undertake a pilot energy audit of fishing trawlers in the Gulf of Thailand. 
• Present the tailored audit process and audit findings.  
• Scale up audit results to estimate fleet wide costs and earnings, including the payback times. 
• Present the audit information to project participants and other stakeholders.  
• Use project outcomes to provide guidance for a future long-term energy efficiency program 

available to the fishing industry in Southeast Asia. 

3. METHODOLOGY 

The methodology used in this project was based on a three-level audit process developed for Australian 
fishing vessels. This process built upon the Australian Energy Audit Standard (AUS/NZ 3598:2000) 
that was initially developed for land based enterprises and later modified to suit the Australian fishing 
industry (Wakeford, 2010). This process is designed to systematically collect data on energy 
consumption, vessel specifications and machinery, and vessel operation so that relative sources of 
energy consumption can be identified and a prioritized, focused, cost-effective effort can be made to 
reduce consumption and avoid waste. 

Energy audit process 

A Level 1 audit involves meeting with a fisherman or trawler owner to estimate energy consumption 
and outputs including landed catch from the fishing operation. Data regarding the annual and seasonal 
rate of energy consumption and associated costs are provided by the fisherman or through the provision 
of historical records or receipts, ideally from the past 24 months. Catch data, by species, volume and 
value is also provided over the same corresponding period. These data can then be used to provide an 
initial assessment of peaks, troughs, and trends in energy consumption, catch, and energy consumed per 
unit of output, for example litres of fuel used per kilogram of landed seafood. This assessment can then 
be used to provide a benchmark from which future energy consumption can be monitored, especially 
after application of fuel saving technology or operational behaviour. It can also be used to evaluate if 
energy consumption is reasonable or excessive against established benchmarks if available (Thomas 
and Frost, 2012). Potential options to reduce fuel consumption may be identified at this time along with 
first order estimates of fuel savings; the accuracy of these estimates is likely to be ±40 percent of actual 
savings (Wakeford, 2010). 

A Level 2 audit identifies all sources of energy used on the trawler, how each energy source was 
consumed, the amount of energy consumed, and the associated rate of consumption. This usually relies 
upon information from the Level 1 audit and a site visit to identify and view sources of energy 
consumption. During the site visit, important specifications and details of the trawler are collected, such 
as fishing operation, energy sources, and energy consumption patterns including sources of inefficiency 
and loss, to identify future data collection needs to fill gaps, and to begin to identify areas that require 
further investigation. At this time, a list of applicable fuel saving options should be developed with 
estimate cost of installation, expected fuel-saving targets and annual savings, and payback periods based 
on knowledge of the trawler’s fishing operation. The accuracy of fuel saving estimates after a Level 2 
audit should be ±20 percent of actual savings (Wakeford, 2010). 
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The final level provides a detailed analysis of energy use, savings, and associated costs. Based on the 
outcomes of the Level 2 audit, this level focuses on critical areas that affect the energy efficiency of the 
fishing operation. A specialist may be required to carry out specific parts of the audit or to install 
metering or logging equipment. The outcome is a thorough evaluation of energy consumption and 
precise cost estimates for the implementation of energy saving options and their associated savings. 
This analysis should be ±10 percent of actual savings (Wakeford, 2010). Further guidance on 
completing the various audit levels is given in Appendix 1. 

In this project, a Level 1 audit was completed using methodology similar to that described using the 
Australian Energy Audit Standard. However, for convenience efforts to collect Level 2 and Level 3, 
audit data were combined. For example, one or more site visits to collect Level 2 audit data also served 
to install metering equipment and prepare for the Level 3 audit. Furthermore, during sea trials data was 
collected that served both the Level 2 and Level 3 audits and because of these combined efforts, 
hereafter in this report these efforts are referred to as a Level 2 audit. 

Data collection 

The first level of the audit process in this project included randomly selecting single-boat bottom 
trawlers from several fishing ports. The fishing ports where trawlers were selected from were located 
at Chon Buri, Rayong, and Trat in the eastern Gulf of Thailand and Prachaup Khiri Khan and Champhon 
in the central Gulf of Thailand. Details about the trawler and fishing operation were collected by 
interview of participating fishermen/skippers and their completion of a questionnaire (Appendix 2), and 
included details such as: 

• Trawler design characteristics, condition, age, degree of hull-fouling and rudder dimensions.  
• Trawler engine, transmission and propeller characteristics.  
• Fishing gear characteristics, design, and rigging.  
• Photographic profile of each trawler. 
• Characteristics of a typical fishing trip, including steaming and fishing time, time lost to weather or 

damaged gear, typical handing of trawler including RPMs, distribution of fuel and water in various 
tanks, and maintenance schedule. 

• Major operating costs - fuel, crew, food, lubricant and ice. 

An Excel database was then developed to facilitate the analysis and interpretation of the interview data. 
Data analysis was based on two categories of trawler, less than 14 m and greater than 14 m in length; 
these classifications are consistent with that used by the Department of Fisheries of Thailand. All 
expenditures and costs are provided in Thai Baht (THB). Mean fuel cost between trawler sizes was 
compared using a one-tail t-test; these data were log transformed if sample variances were significantly 
different (p-value <0.05). Hourly fuel consumption was based on an assumed 24 h operation. 

The next level of the audit process involved developing suitable methodology and protocols for setting 
up and using at-sea data collection equipment during sea trials, including duties and responsibilities of 
project partners when the equipment was onboard. Six Thai trawlers were selected for this audit 
(Table 1); four were less than 14 m in length and the remainder 14 m or longer. Equipment that was 
installed included a fuel flow meter system, engine RPM tachometer, portable GPS to indicate trawler 
location, heading, and speed, wind speed and direction indicator, and a speed log. Small video cameras 
were used to film the fuel meter, engine RPM, GPS and activity on the back deck; this information was 
recorded on a four channel video recorded for later review and analysis. Full details of all equipment 
used are provided in Appendix 3 and photographic images of equipment installation are provided in 
Appendix 4. An initial brief sea trial was completed on each trawler to ensure all equipment was 
functional and operating correctly. Net plans for each trawler are provided in Appendix 5. 
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Finally, data was collected on each trawler for a ten-day fishing trip, from the time it left port until it 
returned. Fuel consumption data was recorded during four key periods of trawler activity during a 
fishing trip; start period, trawling period, change area period and stop period. Start period commenced 
from the time the trawler left the fishing port until it reached the fishing ground. It also included periods 
during which the trawler traveled to the fishing ground from an anchorage or following an extended 
period of rest or inactivity (e.g. drifting). Trawling period was considered to have commenced once the 
otter boards entered the water and was completed once they were hauled back onboard. Change area 
period commenced when the otter boards were hauled onboard until they were next deployed on or near 
the same fishing location. This period also included brief interludes to repair fishing gear or deal with 
other issue or problem. Stop period commenced when the trawler left the last trawling station and 
steamed to port, an anchorage, or embarked on an extended period of rest or inactivity with trawl gear 
onboard.  

For each trawler, the relationship between fuel consumption and trawler speed was measured over a 
range of speeds and engine revolutions (rpms) during the ten-day period at sea. This involved collecting 
data as engine revolutions were increased by 50 rpm increments from idle speed while steaming on the 
same heading with an empty trawl net. At each rpm, several speed measurements were noted using the 
GPS and an average speed was then determined. Average water current speed was estimated when the 
trawler was stationary. Catch data was collected and catch value was recorded at the end of each fishing 
trip. Given different home fishing ports and fishing grounds for each trawler, and an inability to 
complete data collection simultaneously, it was not possible to standardize or control environmental 
variables that might influence measured parameters. 

Table 1. General information of the six trawlers used in the Level 2 audit. 
Specifications Trawler name 
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Trawl type Shrimp Shrimp Shrimp/fish Shrimp/fish Shrimp/squid Shrimp/squid 
Engine 
manufacturer Gardner Hino Hino Hino Hino Hino 

Engine model 6LXB EH700 EH700 H07D H07D EK100 
Horsepower 180 130 168 180 190 275 
RPM (steaming) 1 000–1 100 1 200–1 300 1 400–1 550 1 700–1 900 1 400–1 500 1 300–1 400 
RPM (trawling) 1 100–1 200 1 100–1 200 1 100–1 200 1 400–1 500 1 000–1 100 1 000–1 100 
RPM (idle/laying 
to) 700–800 700–800 700–800 700–800 700–800 700–800 

Gearbox ratio 6:1 6:1 4:1 4:1 5:1 5:1 
Length overall (m) 17 11.2 11 12 14.0 13.2 
Length waterline 
(m) 16 10.4 10 11 13.0 12.2 

Breadth (m) 4.6 3.7 3.7 3.7 3.6 3.1 
Draft (m) 1.5~1.8 1.38 1.5 1.5 1.3 1.5 
Fuel price 
(THB/l)1 25.52 29.96 29.96 29.96 23.00 23.00 

Propeller 
dia.(inch) 50 44 38 39 42 52 

Test period 14 - 24/10/13 6 - 16/11/13 14 - 24/10/13 6 - 16/11/13 23 - 31/11/13 23 - 31/11/13 
 

                                                                            
1 Fuel price paid by the trawler at time of project. 
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4. RESULTS 

Level 1 Audit 

A detailed questionnaire was used to interview fishing captains from a total of 94 trawlers (Appendix 6). 
Two-thirds of respondents were based in provinces in the Eastern Gulf of Thailand and the remainder 
was based in provinces in the Central Gulf of Thailand (Table 2). 

Table 2. Level 1 audit information based on responses from 94 fishing captains. 

Area No. of 
trawlers 

Age of the trawlers (years)  LOA (m) Service 
speed (kts) 

Range <5 5-10 11-15 16-20 21-25 >25  <14 >14  

Eastern Gulf of 
Thailand 

66 2 – 40  10 21 5 10 7 13 
 

55 11 2.6 – 8 

Chon Buri 13 3 – 40  1 2 0 3 1 6  13 0 5 – 8 
Rayong 7 15 – >30  0 0 2 1 2 2  1 6 6 – 8 

Trat 46 2 – 40  9 19 3 6 4 5  41 5 2.6 – 8 
             

Central Gulf of 
Thailand 

28 0.5 – 40  5 7 5 3 5 3 
 

10 18 4 – 10 

Prachuap Khiri 
Khan 

16 0.5 – 40  2 4 3 1 3 3 
 

10 6 6 – 9 

Chumphon 12 2 – >20  3 3 2 2 2 0  0 12 4 – 10 
             

Total 94 0.5 – 40  15 28 10 13 12 16  65 29 2.6 – 10 
 

Area No. of 
trawlers 

Number of propeller 
blades 

Propeller                      
size 

(inch) 

Main engine maintenance 

 3  4  5  
<1 

time/year 
1 

time/year 
>1 time/year 

Eastern Gulf 
of Thailand 

66 5 61 0 18 – 80 9 51 4 

Chon Buri 13 0 13 0 36 – 60 0 13 0 
Rayong 7 0 7 0 48 – 80 6 1 0 

Trat 46 5 41 0 18 – 74 3 37 4 
         

Central Gulf 
of Thailand 

28 3 24 1 7 – 102 3 18 3 

Prachuap 
Khiri Khan 

16 3 13 0 7 – 72 2 8 3 

Chumphon 12 0 11 1 56 – 102 1 10 0 
         

Total 94 8 85 1 7 – 102 12 69 7 
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A total of 65 trawlers had an overall length of less than 14 m. The volume of each trawler ranged from 
1 to 40 GT and engine propulsion ranged between 16 and 500 hp; no trawlers were equipped with an 
auxiliary engine. The trawlers’ age ranged from six months to 40 years, although those between five to 
ten years were most common. All trawlers were constructed of timber; their service speed ranged from 
2  to  10 knots and  90 percent  of them were using a four blade  propeller.  Propeller size  ranged 
from  7 to 102 inches. 

Based on estimates provided by the respondents, fuel accounted for more than 50 percent of total 
expenditures; for just over 80 percent of the small trawlers and just less than 60 percent of larger trawlers 
(Table 3; Appendix 6). However, analysis of actual fishing cost data provided by the respondents 
(Figure 2 & 3, Table 4) provided a slightly different result. 

Table 3. Proportion of fuel cost compared to total expenses based on respondent estimates in the Level 
1 audit. The unknown category includes respondents that did not provide data or indicated they did not 
know proportion of fuel spent. 

Proportion 
( percent) 

Overall                     
(n = 94 trawlers)  

LOA < 14 m            
(n = 65 trawlers)  

LOA > 14 m  
(n = 29 trawlers) 

 No. of 
trawlers 

 percent  No. of 
trawlers 

 percent  No. of 
trawlers 

 percent 

Less than 10 0 0  0 0  0 0 
10 to 20 1 1  1 2  0 0 
20 to 30 4 4  0 0  4 14 
30 to 40 4 4  2 3  2 7 
40 to 50 10 11  7 11  3 10 

50 or more 70 74  53 82  17 59 
Unknown 5 5  2 3  3 10 

         

Total 94 100  65 100  29 100 

The  average  fuel cost for all trawlers was 2 353 422 ± 2 493 873 THB/year/trawler, 
and  accounted   for 72 percent of  total  expenditures   (Figure 2,  Table 4). This was followed by  crew 
(13 percent),  food  (10 percent) and ice (5 percent) - no trawler carried insurance. The  average  fuel 
expenditure  for  small  trawlers  was 1 647 257 ± 1 452 211 THB/year/trawler  and  accounted  for  34 percent 
to 99 percent of total expenditures (Figure 3), while for larger trawlers this expenditure was 3 936 205 
± 3 476 295 THB/year/trawler and it accounted for 36 percent to 86 percent of total expenditures 
(Figure 4). There was no significant difference between the proportions of fuel, crew, lubricant, ice, and 
food between the categories of small, large, or all trawlers combined (χ2 = 1.296, df = 8, p=0.9719), 
however the average expenditure in fuel between small and larger trawlers categories was highly 
significant (t-ratio = 6.3422; df = 92; p-value < 0.0001) (Figure 5). The average fuel consumption rate 
for all trawlers combined was just over 10 litres per hour (Table 5). Based on each respondent’s claimed 
fuel consumption per day or fishing trip, and an assumed 24 hr operation, the average daily fuel 
consumption rate for all trawlers combined was 10.4 ± 12.54 litres per hour.  
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Figure 1. Average expenditure of (a) all trawlers combined, (b) all trawlers less than 14 m, and (c) all 

trawlers 14 m or greater in length based on responses in the Level 1 audit. 
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Figure 2. Expenditure for trawlers 14 m and greater based on responses in the Level 1 audit. 

 
 

 
Figure 3. Expenditure for trawlers less than 14 m based on responses in the Level 1 audit. 
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Table 4. Annual expenditure (THB) based on the responses of 94 fishermen in the Level 1 audit. 
 

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5. Fuel consumption rate (L/h) based on responses of 94 fishermen in the Level 1 audit. These 
data were calculated by dividing the respondent’s daily fuel consumption volume by 24. 

Trawler size Fuel consumption rate (L/h) 

 Minimum Maximum Average Std. Deviation 

Overall 1.25 78.13 10.40 12.54 
<14m 1.25 36.67 6.97 6.80 

>14m 4.79 78.13 18.09 18.11 

Expense LOA < 14 m (n = 65 trawlers) 

 
Min Max Avg. SD percent 

Crew 0 648 000 307 474 150 292 14.29 
Food 14 560 1 875 000 202 701 385 264 8.99 
Lubricant 1 200 62 400 10 276 10 024 0.46 
Ice 6 690 334 500 72 452 74 677 3.21 

Fuel 326 600 7 623 000 1 647 257 1 452 211 73.04 

Expense LOA > 14 m (n = 29 trawlers) 

 Min Max Avg. SD  percent 

Crew 240 000 3 000 000 652 002 549 979 11.81 
Food 108 300 2 300 000 553 414 631 212 10.02 
Lubricant 2 400 180 000 37 771 49 933 0.68 
Ice 26 760 1 248 800 341 683 249 391 6.19 

Fuel 1 384 830 17 250 000 3 936 205 3 476 295 71.29 

Expense Overall (n = 94 trawlers) 

 Min Max Avg. SD  percent 

Crew 0 3 000 000 413 764 363 603 13.09 
Food 14 560 2 300 000 310 899 498 621 9.52 
Lubricant 1 200 180 000 18 759 31 350 0.58 
Ice 6 690 1 248 800 155 513  195 420 4.76 

Fuel 327 600 17 250 000 2 353 422 2 493 873 72.05 
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Figure 4. Box plots for annual fuel costs by trawler size based on the responses of 94 fishermen in the 

Level 1 audit. 

Level 2 Audit 

A total of 6 trawlers were selected for this audit and fuel consumption and catch data were collected 
from a 10-day period on each trawler (Table 6). While the location and timing of data collection was 
different between trawlers, average water current speed was less than 0.6 knots and average wind speed 
did not exceed 5 knots.  Hourly fuel consumption for each trawler over this entire period ranged from 
7.9 to 12.4 liters per hour, and revenue per liter of fuel consumed ranged from 29.3 to 72.5 THB. For 
all six trawlers, total catch revenues were between 20 to 180 percent greater than fuel costs, although 
only three trawlers were profitable after accounting for all expenditures. The W. Yingcharoen consumed 
the most fuel over the 10-day period – between 44 to 95 percent more fuel than the other trawlers – and 
also landed catch value was 151–309 percent more than the other trawlers (primarily due to landings of 
valuable blue crabs). Respectively, catch volume per trawling hour and catch revenue per trawling hour 
from this trawler was also at least 66 percent and 114 percent greater than the other trawlers. There was 
little difference between fuel consumption and catch by trip duration and trawling duration, primarily 
because for all trawlers most time during the fishing trip was spent trawling.   

Fuel costs were the dominant  expenditure  during the 10-day period for each trawler, accounting for 
52–81 percent of total expenditures (Figure 5; Appendix 8). For five of the trawlers labor costs were 
the second most dominant expenditure, although for one trawler the expenditure on ice was greater than 
that for labor. Catches and catch handling techniques varied between trawlers.  

Over the 10-day period trawling the dominant activity of each trawler time-wise (Table 7, Figure 6). 
Change area or stopped were the next most dominant activities, with least time spent steaming to the 
fishing grounds. Fuel consumption while trawling dominated all other sources of fuel consumption, 
accounting for 71 to 94 percent of total consumption for the entire 10-days.  
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Table 6. Fuel consumption, catch, and revenue (all landed catch) of each trawler over a 10-day fishing 
trip as part of the Level 2 audit. 

Category  Trawler name 
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Trip duration (h) 150 118 121 123 114 136 
Trawling duration (h) 121 97.5 108.5 90.5 88.4 81.5 
Fuel consumption (total)(l) 1 862.2 978.2 956.3 1 288.8 1 149.4 1 124.7 
Fuel consumption (trawling)(l) 1 327.6 910.1 901.3 981.1 918.8 932.0 
Fuel costs (THB) 47 523 29 308 28 650 38 612 26 436 25 868 
Total costs (THB) 83 023 36 058 35 400 50 362 50 436 45 868 
Catch (kg)  3 249.2 1 179.3 1 190.0 855.0 1 432.1 1 316.0 
       
Fuel consumption (total) /trip hour 12.4 8.3 7.9 10.5 8.3 10.1 
Fuel consumption (trawling)/trawling hour 11.0 9.3 8.3 10.8 10.4 11.4 
Fuel consumption (total)/catch 0.6 0.8 0.8 1.5 0.8 0.9 
Fuel consumption (trawling)/catch 0.4 0.8 0.8 1.1 0.6 0.7 
       
Catch/trip hour 21.7 10.0 9.8 7.0 12.6 9.7 
Catch/trawling hour 26.9 12.1 11.0 9.5 16.2 16.1 
Catch /liter of fuel (total) 1.7 1.2 1.2 0.7 1.2 1.2 
       
Catch revenue (THB) 134 961 46 589 53 797 45 000 46 000 33 002 
Revenue/trip hour 966.2 394.0 377.2 367.0 404.7 394.8 
Revenue/trawling hour 1 115.3 477.8 495.8 497.2 520.4 404.9 
Revenue/liter of fuel (total) 72.5 47.6 56.3 34.9 40.0 29.3 
Revenue/fuel costs (total) 2.8 1.6 1.9 1.2 1.8 1.3 
Revenue/all costs combined 1.6 1.3 1.5 0.9 0.9 0.7 
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Figure 5. Income and expenditures by trawler a 10-day fishing trip as part of the Level 2 audit. 

The two most dominant expenditures as a proportion of total expenditures for each trawler are also 
indicated. 
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Figure 6. Radar plot indicating the amount of time spent on each activity by all 6 trawlers as part of 

the Level 2 audit. 
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Table 7. Duration and fuel consumption of four key activities during a 10-day fishing trip for each 
trawler as part of the Level 2 audit. Start period includes travel from fishing port, anchorage, or an 
extended period of inactivity before reaching the fishing ground. Trawling period commenced one the 
otter boards entered the water and was completed once they were hauled back onboard. Change period 
commenced when the otter boards were hauled onboard until they were next deployed. Stop period 
commenced when the trawler left the last trawling station and steamed to port, an anchorage, or 
embarked on an extended period of rest or inactivity with trawl gear onboard. 

Trawler activity  Trawler name 
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Period (mins.)       
Start  600 239 143 708 280 430 
Trawling  7 254 5 851 6 509 5 428 5 303 4 892 
Change area  1 127 313 364 439 2 327 1 173 
Stop  807 691 240 781 249 325 

Total  8 981 7 094 7 256 7 356 8 159 6 820 
       
Fuel consumption (l)       

Start  125.54 20.95 17.02 134.41 63.83 96.90 
Trawling  1 327.58 910.05 901.26 981.14 918.83 932.01 
Change area  211.81 12.87 11.69 26.64 91.19 54.32 
Stop  197.26 34.37 25.32 146.63 50.81 66.18 

Total  1 862.18 978.24 956.29 1 288.82 1 124.66 1 149.41 
       
Fuel consumption (l/h)       

Start  12.55 5.26 7.14 11.39 13.68 13.52 
Trawling  10.98 9.33 8.31 10.85 10.40 11.43 
Change area  11.28 2.47 1.93 3.64 2.35 2.78 
Stop  14.66 2.98 6.58 11.26 12.24 12.22 

Average 13.33 8.27 5.99 10.51 8.27 10.11 
       

Fuel consumption ( 
percent) 

      

Start  6.74 2.14 1.78 10.43 5.68 8.43 
Trawling  71.29 93.03 94.25 76.13 81.70 81.09 
Change area  11.38 1.32 1.22 2.07 8.10 4.72 
Stop  10.59 3.51 2.75 11.37 4.52 5.76 

Total  100.00 100.00 100.00 100.00 100.00 100.00 
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Fuel consumption at free running speed  

From all 6 trawlers fuel consumption data was collected over a range of rpms and speeds in free running 
or steaming conditions (all fishing gear stowed onboard). In the free running condition a second order 
polynomial trendline best described the relationship between engine revolutions and trawler speed 
(Figure 7), and there was substantial diversity between trawlers for a given engine revolution. For 
example, at 800 rpm the trawler Subsaitong was traveling at around 2 knots while the W. Yingcharoen 
and the S. Charoenchai 1 both traveled at around 5 knots. Generally, at higher revolutions the range 
between the slowest and fastest trawlers decreased with increased revolutions. The W. Yingcharoen and 
the S. Charoenchai 1 were consistently the fastest trawlers over the range of revolutions tested, while 
the Choknimitr was slowest between 1 000 and 1 800 revolutions. Furthermore, at higher revolutions 
the impact of a reduction in rpms on steaming speed was relatively modest for all trawlers, compared 
to the same reduction at lower revolutions.  

Figure 7. Relationship between ship speed and engine revolutions when free running (steaming). 

Over all engine revolutions tested, the W. Yingcahroen and the S. Charoenchai 1 consumed the highest 
rates of fuel, sometimes by as much 200 percent or more than the others (Figure 8). The most fuel 
efficient  trawlers  over  all  engine  revolutions  tested were the Subsaitong and the Choknimitr. The 
W. Yingcahroen and the S. Charoenchai were also generally the most inefficient trawlers over the range 
of trawler speeds tested. At higher revolutions the impact of a reduction in engine rpms on the rate of 
fuel consumption is greater than that for the same reduction in rpms lower engine revolutions. Similar 
trends between trawlers were recorded between engine revolutions and fuel consumption when 
consumption was recorded in liters per nautical mile, although these trends were less obvious when 
trawler speed was recorded (Figure 9). 
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Figure 8. Relationship between fuel consumption (L/hr) and trawler rpm (upper chart) and 
speed (lower chart) when free running (steaming). 
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Figure 9. Relationship between fuel consumption (L/nm) and trawler rpm (upper chart) and speed 
(lower chart) when free running (steaming). 

Fuel consumption at trawling speed 

Primarily due to concerns by fishermen over the impact of data collection on catches, fuel consumption 
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Figure 10. Relationship between fuel consumption (L/nm) and speed (upper chart), trawler rpm and 
fuel consumption (middle chart), and trawler rpm and speed (lower chart) when trawling. 
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5. DISCUSSION 

The value of an energy audit is that it provides a baseline or foundation from which the cost-
effectiveness of future energy saving options can be considered and evaluated. It also provides insight 
into the fishing operation, including relative durations of steaming, fishing, and other activity so that 
the relative impact of fuel saving options on total energy consumption and profitability can be estimated.   

This project was the first known attempt to audit the energy consumption of trawlers in the Thai fishing 
fleet. Therefore, it has provided an excellent opportunity to test and develop protocols for the local fleet 
that were based on the Australian energy audit model. This project has also provided an opportunity to 
offer advice and guidance for future audit projects of other fishing fleets in Thailand or other countries 
in the region.  

Level 1 audit 

Similar to the Australian audit model, the Level 1 audit in this project involved meeting with fishermen 
to estimate energy consumption and landed catch details. A total of 94 fishermen were interviewed, 
which based on data from DOF (2011) represents approximately 4 percent of registered trawlers. While 
proportionally this is a small sample size, numerically this is large and required considerable resources 
and effort. There are also currently no guidelines related to the proportion of fishermen that should be 
interviewed as part of an energy audit. Therefore, it is not known how many responses from fishermen 
are required before one can be confident their responses generally reflect the wider fishing fleet. To 
address this issue in the future, the services of a statistician might be a useful starting point. However, 
it should be noted in other examples of energy audits (e.g. Wakeford, 2010; Eayrs et al., 2012) that the 
number of fishermen that participate in a Level 1 audit is low in part because these fishermen also 
participated in subsequent Levels of the audit where available resources did not extend to a larger 
number of fishermen. Furthermore, in these instances, the results of the audits were not being 
extrapolated to provide fuel saving estimates of the wider fishing fleet; the goal of these audits being 
limited to thoroughly auditing a small number of trawlers. As a result, there was no need to interview a 
large number of fishermen.   

Ideally, to complete an initial energy audit, historical data records are required from fishermen covering 
a period of 24 months or longer. In this project this information was not always fully available and so 
interviews with fishermen and an associated questionnaire was used to compliment any historical data. 
Care is therefore required interpreting this data, and while it provides a useful and general oversight of 
fishing behavior, costs, and fuel consumption, it should  not  be considered  a precise  reflection 
of  long-term energy consumption or catch patterns. 

The Level 1 audit revealed substantial variation in many characteristics of the fishing fleet, including 
age, service speed, propeller size, and engine maintenance schedules. The responses from the fishermen 
in this project represent about 1 in 20 registered single-trawler trawl fishermen in Thailand. There was 
significant variation in responses which is suggestive of highly diversified and personalized fishing 
activity. The consumption of fuel was clearly the dominant operational expense for each size category 
of trawler, being an order of magnitude greater than the other categories, followed by crew wages and 
then food. Reasons for high variation in fuel consumption between trawlers in each category include 
differences in the location of grounds and proximity to port, operations in different fishing areas, 
variable duration of fishing trips, and variation in trawler design, operation, and maintenance. While 
there was a not unexpected variation between the rate of fuel consumption of small and large trawlers, 
the assumption that all trawlers operate 24 h per day may not be reasonable and may serve to mislead 
interpretation of the data, especially as it will underestimate the true hourly rate of fuel consumption for 
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trawlers operating less than 24 h. Therefore, in future questionnaires it would be useful seek and 
document information regarding average fishing duration per day. 

A limitation with this data is the extent to which it accurately reflects fishing costs both in the short and 
long term. While the questionnaire requested details from fishermen, and in some instances they 
provided additional details, the time period covered by the provided details was not reported. The 
Australian energy audit requires records extending back at least 24 months. In this way seasonal and 
monthly variation in expenses and income can serve to identify when fishing is most profitably and 
when some months are less so or unprofitable. This information helps identify periods of time that are 
a concern and require further attention. Another concern is that some fishermen had no idea of their 
estimated fuel costs as a proportion of total costs. This is not an unexpected outcome as many fishermen 
around the world keep inadequate records. In the future it would be useful to determine why this 
information is unavailable. For example, it could simply mean that someone else on the trawler holds 
this information, or, more concerning that this information has been deemed unimportant and therefore 
never been determined.  

Level 2  

Next, features of the Australian Level 2 and 3 audits were combined and six trawlers deemed 
representative of the fishing fleet were selected for further evaluation. These trawlers were selected 
randomly. Ideally, when a goal is to extrapolate audit data to the wider fishing fleet the characteristics 
(length, power, gear type, etc.) of these trawlers should closely reflect that of the fleet. In this project 
the ratio of trawlers measuring less than 14 m was 2:4, while the corresponding ratio for the 
94 fishermen was 30:65. Therefore, the length of the 6 trawlers is a good representation of the larger 
sample. Further evaluation of their representativeness could have been completed, for example, using 
hull dimensions or engine power, however, similar to determining the number of fishermen to interview, 
protocols to select characteristics for investigation and to precisely guide this process are not available.  

Site visits enabled important specifications and details of all 6 trawlers to be collected, and the 
installation of metering and logging equipment. This was followed by at-sea data collection of energy 
(Appendix 8) and catch information on each trawler (Appendix 9), and enabled an evaluation of the 
expenses and profitability of each trawler over a 10-d period. It also served to demonstrate the 
relationship between engine revolutions, trawler speed, and fuel consumption, so that the impact of 
adjustments in these variables could be evaluated.  

Based heavily on the sea-trial data, this report serves to provide an evaluation of energy consumption 
and costs and to recommend a range of energy saving options. However, unlike the Australian audit 
protocol, precise energy saving costs are not available because of difficulties extrapolating the data to 
capture fishing costs across the entire fishing year. An additional difficulty is the absence of details 
regarding the size and characteristics of the wider Thai trawl fleet. Therefore, while estimates of 
potential fuel savings can be based from this limited data and the results of energy audits in other 
fisheries, they will remainestimates until fuel saving modifications are introduced in the fleet and then 
quantified.  

For 3 of the 6 trawlers expenses were greater than income for the 10-day fishing trip. It is possible that 
these 3 trawlers simply had a ‘bad’ trip where catches of valuable species were lower than expected, 
assuming that fishing activity was as per normal practice and not modified in the presence of SEAFDEC 
staff.  While  the  profitability  of  fishing  trips  is expected to be highly variable, it is surprising that 
50 percent of trawlers in this project had an unprofitable trip. Questioning the skippers of these trawlers 
would be a useful starting point to identify how representative these trips were of other fishing trips. 
This also highlights the importance of gathering Level 1 audit data, which should provide expenditure 
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and income data for the previous 24 months. Without these data it is impossible to know if the results 
of this project are typical for each trawler during the testing period or during the fishing season. It is 
also impossible to know how the relative proportion of expenditure items changes during the fishing 
year, and why the relative proportions of these items differs markedly between trawlers.  

Recommendations – energy audit methodology 

This project represents the first known attempt to formally complete energy audits of Thai fishing 
trawlers. As such this project is a pilot study, testing new equipment and data collection protocols 
including questionnaires of fishermen and evaluation of at-sea data collection, and the results provide 
a benchmark to guide future efforts in this or other fisheries in Thailand or elsewhere. 

The collection of questionnaire data from 94 fishermen across several provinces and regions in Thailand 
was a very impressive effort, particularly given the oft-held notion that fishermen do not like to share 
information with other individuals. The questionnaire was thorough and asked appropriate questions, 
and as a contribution to the energy audit this information was extremely valuable. However, the energy 
audit generally requires the collection of data over a 24-month period or longer. This enables a thorough 
audit of landings, energy, and other expenses to be evaluated over this period. It also helps confirm if 
data variability can be ascribed to periodic or regular variations (annual, seasonal, lunar, or other) or 
are due to happenstance, and provides greater confidence in their reliability. This could also facilitate 
data comparison between trawlers, especially those with similar specifications or operational 
characteristics.   

Another example why data over a long period is required was demonstrated in the high variability of 
all expenditures. Interestingly, for a small number of trawlers expenditure on food was proportionally 
greater than that for any other expenditure, including fuel. While it is tempting to consider these trawlers 
are highly fuel efficient and consistently use less fuel than the remainder of the fleet, inspection of their 
expenditure data indicated that food costs were very high, in some cases 20 or more times that of other 
trawlers. With no explanation for the magnitude of this expenditure it is not possible to know if this is 
due to large crew numbers (although highly unlikely given trawler length) or a data error. 

In the absence of established guidelines, it is unclear if a sample of 94 fishermen, which represents 
approximately 5% of total registered single-boat trawl fishermen, is an adequate sample size or 
otherwise. However, irrespective of sample size, the selection of fishermen to interview requires careful 
consideration to avoid bias. Ideally they should be selected to represent each major gear type and size 
or class of trawler in the fishery, and from all major home ports. Their number should reflect the relative 
proportion of each of these categories in the fishery, and all fishermen within each category should have 
equal chance of selection. 

The collection of trip data provides a useful opportunity to complement the questionnaires, document 
and quantify operational practice, and evaluate fishing expenses and profitability. In this project data 
was collected from 6 trawlers, each over a 10-day trip. For this information to be useful it must be 
collected from a normal fishing trip and on typical, commercial fishing grounds. However, extrapolating 
this data over a longer period such as a fishing year is an imprecise means of determining annual fishing 
costs and expenditure and evaluating their variability during the period of interest. It also means that 
extrapolation across the wider fishing fleet is a difficult assignment, although a first order estimate is 
possible but should be regarded with caution. Importantly, for this to occur the trawlers from which the 
data is collected should be representative of the fleet, at least in terms of hull length, propulsion systems 
and fishing gear. In this project the data suggests these 6 trawlers were reasonably typical of the fleet.  

Consideration should also be given to using standardized terminology and ensuring definitions are well 
understood. In this project the terms, Start period, Trawling period, Change period, and Stop period 
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were used to describe key phases of a fishing trip. While these periods were useful to describe the 
fishing trips of each trawler, several of these terms are seemingly contradictory and cause confusion. 
For example, it is unclear how an “extended period of rest or inactivity with trawl gear onboard” is 
defined. Change period is meant to capture the brief period of time between consecutive hauls or tows, 
however the duration of this period before it becomes a so-called extended period is unknown and 
therefore open to interpretation. For example, if a trawler is required to cease fishing and change or 
repair damage gear over several hours, is this a change period or a stop period because trawling has 
ceased and the trawler is embarking on an extended period of inactivity? To simplify evaluation of a 
fishing trip, consideration can be given to describing the trip in terms of trawling, steaming, and other 
periods. Trawling and steaming periods are self-explanatory. They also typically dominate a fishing trip 
in terms of time and fuel consumption. The other periods include drifting with engine idling or off, and 
at anchor or at port (engine typically off). Using these categories the departure or end-point of steaming 
activity becomes irrelevant because the rate of fuel consumption is relatively similar while steaming 
irrespective of destination. Furthermore, the amount of fuel consumed during other periods is relatively 
minor and inconsequential, as is the activity of the trawler during this period, so grouping all remaining 
periods under this category is unlikely to adversely impact evaluation of audit data and will simplify 
evaluation of remaining data. 

By collecting data from the 6 trawlers, it has been confirmed that most fuel is consumed while trawling, 
and to a considerably lesser extent this is followed by steaming to and from the fishing grounds. This 
information is useful in that it puts a direction on any future fuel saving research. It also begins to raise 
interesting questions about the fishing operation and beg further investigation. For example, why did 
the Chokchanapol spent so much more time changing fishing areas than the remaining trawlers? Was 
this normal or otherwise? Why were labor costs almost one-third of total expenditure for the W. 
Yingeharoen, and why were ice costs proportionally higher for the S. Charoendchai and the 
Chokechanopol than for the remaining trawlers? Why were some trawlers unprofitable during the 10-d 
period?  

Recommendations – project extension 

At the completion of this project and report, wide-spread extension of project results are encouraged. 
Despite being a pilot study, project extension will serve to raise awareness of the options available to 
reduce fuel consumption. Many fishermen are well aware of the need to conserve fuel but often do not 
have information and tools to guide their fuel conservation efforts. An important first step is to highlight 
available fuel saving options and potential impact on profitability. Encouraging fishermen to consider 
the simplicity and benefits of improved trip planning and reduction in engine revolutions are just two 
very simple, low cost options that are immediately available for fishermen to exploit. Also important is 
the provision of information describing sources of gear and trawler drag, and their relative contributions 
to fuel consumption. 

Another recommendation is the provision of fuel saving information translated for local fishermen. For 
example, translating Gulbrandsen (2012) would be an excellent starting point, or even a slightly simpler 
version. Without such information, fishermen are not in a position to consider fuel saving options. 

Recommendations – fuel saving options 

For commercial fishing boats, including bottom trawlers, a wide range of fuel saving options have been 
identified (see BIM, 2009; Wakefield, 2010; Eayrs et al., 2012; and Gulbrandsen, 2012 for examples). 
Many of these options can conceivably be applied to the Thai trawl fishing fleet, however, their 
application may not be considered feasible depending on financial circumstances of individual 
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fishermen or trawler owners, and to a lesser extent, the available time and experience available to 
develop, install, and operationalize these options.  

Based on the results of this project, any estimate of fuel savings and associated reduction in expenditure 
should be considered with a degree of caution, primarily because of concern over the long-term 
accuracy of details provided by the 94 fishermen and inherent limitation 
of  extrapolating  data  from  10-d fishing trips from only six trawlers. However, estimates of this kind 
are useful in providing a baseline and to evaluate and compare the estimated magnitude and impact of 
potential  fuel  saving  options.  Here, the average  annual  fuel expense  based  on  data  provided by 
94 fishermen (Table 4) is used to calculate potential fuel savings across a fleet size estimated by DOF 
(2012) to consist of 2 256 trawlers. Based on these data, the entire trawl fleet spends 5.3 billion THB 
on fuel annually. At an assumed 25 THB per litre, this means that approximately 212.4 million liters of 
fuel are consumed by this fishing fleet annually.  

When first considering fuel saving options, a useful first step by fishermen and trawler owners is to 
categorize fuel savings options into those that can be applied to the fishing gear and those that can be 
applied to the fishing vessel. In this project, fuel consumption while trawling by the six trawlers 
accounted for over 70 percent of total fuel consumption, hence a focus on saving fuel when trawling is 
an obvious first step. 

Fishing gear modifications 

Options for fishing gear should focus mainly on the trawl net and otter boards, as these are responsible 
for approximately 60 percent and 20 percent of total drag generated by the fishing gear respectively. 
Reducing the drag of the trawl net can be achieved by decreasing twine area in the net, for example, by 
reducing twine diameter or increasing mesh size. Both options can be applied simultaneously, and Eayrs 
et al. (2012) reported a 23 percent reduction in fuel consumption when both were applied. The 
availability of high performance polyethylene twines such as Sapphire®, with higher knot breaking 
strength compared to traditional twines, makes use of this material an attractive modification. 
Furthermore, despite a higher cost per unit weight, a reduction in twine area and the associated fuel 
savings contribute substantially to offsetting this higher cost. An alternative to this option is to modify 
the top panel of the trawl only, for example, by reducing twine diameter. This modification will not 
only reduce fuel consumption but it also reduces concerns that heavier netting is required to provide 
adequate abrasion resistance. Another alternative is to redesign the trawl net to reduce headline height 
or trawl spread, both of which can reduce the amount of netting that is normal to the towing direction. 
These modifications may place catch rates at risk, so it is important to consider the trade-offs associated 
with the use of low-drag trawl net designs. A crude estimate of fuel savings using these latter options is 
about 10 percent (Table 8), with an estimated payback period of approximately 3 years. 

The use of more hydrodynamically efficient otter board designs is a consideration that is gaining 
increasing traction in fisheries around the world. In developing countries, the use of flat, rectangular 
otter boards constructed from timber remains common in many fisheries, however, according to Eayrs 
et al. (2012) their replacement with multi-foil otter boards has the potential to reduce fuel consumption 
by 10 percent or more. A less attractive characteristic of these otter boards is their relatively high initial 
cost and relatively high payback period of approximately 4–5 years (Table 8). The cambered foils are 
also more difficult to repair and their steel construction may reduce their longevity due to problems 
with corrosion. On smaller trawlers, where otter boards are often simply thrown overboard and free-fall 
to the seabed at the commencement of trawling, the deployment of multi-foil otter boards may 
necessitate modification this operation. 
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Table 8. Recommended fuel saving options for the Thai fishing fleet with first order estimates of 
fuel savings and payback periods. Estimated costs for each recommendation are based on Eayrs et 
al. (2012) study of 12 – 16 m groundfish trawlers in Maine, USA. It is assumed that Thai trawlers 
complete 25 10-d fishing trips annually and that 75 percent of total fuel consumption occurs when 
trawling. Estimated total fuel costs for each fishing trip was THB30 000. 

Recommendation Estimated cost 
(US$) 

Estimated 
annual fuel 

saving (percent) 

Estimated annual 
fuel saving (THB) 

Estimated 
payback 

period (years) 

Reduce engine revolutions 0 5 37 500 - 

Install fairing pieces 500 5 37 500 0.43 

Reduce underwater fouling 1 000 5 37 500 0.87 

Modify ventilation to engine room 1 000 5 37 500 0.87 

Install streamlined rudder 2 000 5 37 500 1.73 

Install fuel flow meter 3 000 15 112 500 0.87 

Install more efficient propeller 5 000 15 112 500 1.44 

Install larger mesh netting or finer twine 5 000 10 56 250 2.89 

Install autopilot 8 000 5 37 500 6.93 

Install hydrodynamic otter boards 8 000 10 56 250 4.62 

Install propeller nozzle 20 000 20 150 000 4.33 

Increase waterline length  30 000  15 112 500 8.66 

Fishing trawler modifications 

A wide range of fuel-saving options can also be applied to the fishing vessel, although their initial cost, 
fuel-saving potential, and estimated payback periods can vary widely (Table 8). A characteristic of 
trawlers is their operation at low speed when trawling and at high speed when steaming to and from 
fishing grounds. While many fuel saving options are applicable to both characteristics, some such as 
the engine, gearbox, and propeller may need to be considered primarily with trawling in mind as this 
activity usually demands the greatest amount of most fuel. 

Perhaps the simplest, low-cost option, that also can be applied immediately, is to improve trip planning. 
This includes timing departures to the fishing ground to utilize favorable tidal movement, ensuring the 
shortest course possible is used, trimming and ballasting the trawler correctly, and the judicious use of 
engine revolutions (throttle). The reason for throttling back and reducing engine revolutions is that 
engine power is approximately proportional to engine revolutions cubed. This means that a modest 20 
percent reduction in revolutions reduces engine power by almost 50 percent, thus providing a substantial 
fuel saving with relatively little loss of steaming speed. Gulbrandsen (2012) provides an excellent 
example of the benefits of reduced steaming speed on fuel consumption that also highlights the impact 
on trip duration and questions the rationale for high steaming speeds. Based on sea trial data in this 
project, reducing steaming speed from 7 to 6 knots would reduce the rate of fuel consumption of the W. 
Yingcharoen and the Chokchanapol – these trawlers representing the extremes in fuel consumption 
(Figure 8) – by around 40 percent each. Assuming a 5 percent annual savings can be made through 
improved trip planning this modification can reduce fuel costs by approximately THB 37 500 annually 
(Table 8). 
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Ensuring the trawler does not exceed her hull speed is another low-cost and effective fuel saving option 
(BIM, 2009; Gulbrandsen, 2012). Hull speed (knots) is the product of 2.1 times the square-root of 
waterline length, and for a 14 m trawler hull speed is 7.9 knots. A penalty of exceeding hull speed is 
that it substantially increases fuel consumption because hull drag is approximately proportional to speed 
squared. Furthermore, an inefficient hull shape will demand more power and fuel to achieve the hull 
speed, while an efficient hull shape can more easily achieve this speed and demand less fuel. Another 
option is to reduce hull, propeller, and rudder fouling by weed and barnacles. Fouling can increase fuel 
consumption by 5 percent or more (Eayrs et al., 2012; Gulbrandsen, 2012) and so regular inspection of 
the hull and propeller is important (and any water intake or outtake pipes). Beaching the trawler to 
expose the hull at low-tide may provide an opportunity to manually clean the hull at low cost. The use 
of antifouling paint is also a commonly applied alternative although some antifouling paints have 
serious environmental consequences. Importantly, because the cost of applying these options is low, the 
return on investment or payback period is almost immediate, probably less than one year (Table 8). 

A range of options are also available that are relatively low-cost and provide rapid return on investment. 
For example, the installation of a fuel flow meter can provide immediate savings up to 15 percent when 
steaming  and  fishing  (Eayrs et al., 2012) and the return on investment may be less than one year 
(Table 8). In most instances fishermen only have a vague idea of their rate of fuel consumption under 
various operational conditions, be it steaming or trawling, or the impact of tide and current. However, 
once the meter is installed they pay significant attention to the information provided by the meter. Their 
awareness of fuel consumption under various operational conditions increases significantly and in 
response they usually make more frequent throttle adjustments to conserve fuel. These meters are also 
useful to alert fishermen of unexplained increases in fuel, such as problems with fuel injectors, poor 
quality fuel, and propeller damage or fouling. Remedial action can be taken quickly, thus saving further 
on fuel costs. Other low-cost options include the use of a streamlined, foil-shaped rudder or fairing 
around hull protuberances such as transducers. It also includes ventilation to the engine room to reduce 
air temperature, and servicing the engine and other machinery at specified intervals using recommended 
parts and materials.   

More expensive options than can provide significant fuel savings include improved propeller design 
and the installation of an auto-pilot. Gulbrandsen (2012) argues that for fuel efficiency a trawler should 
use as large a propeller as possible, preferably with 4 blades, high blade pitch, and with a blade area of 
50 percent or higher. Fuel savings of up to 15 percent may be possible with this option 
(Gulbrandsen, 2012) and payback period may be less than two years (Table 8). The installation of an 
auto-pilot maintains the trawler on a steady heading when both steaming and trawling, and efficiently 
compensates for cross tides and currents. This option contributes significantly to improved trip 
planning, and it reduces the necessity for manual steering and frees up a fisherman to focus on other 
duties. Another option is the use of a gearbox with large reduction so that propeller revolutions are 
reduced. With a correctly designed and appropriately sized propeller and a nozzle surrounding the 
propeller, fuel savings up to 20 percent can be achieved (Gulbrandsen, 2012). The installation of an 
engine that is correctly rated for the trawler is another important option. It is generally desirable that 
the engine is sufficiently powered so the trawler can be operated at 70 – 80 percent of maximum engine 
revolutions. In this region, engine power is about 80 – 85 percent of maximum continuous power 
(the power that can be provided continuously without damage) and fuel consumption will be minimized 
(BIM, 2009; Gulbrandsen, 2012). 

While relatively uncommon, the application of wind propulsion using sails to a trawler is feasible and 
can contribute substantially to reduced fuel consumption. Savings in fuel consumption up to 15 percent 
have been reported by Gulbrandsen (2012) and Thomas and Frost (2012). Depending on the design of 
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the trawler, including location of wheelhouse and rigging, the application of sail propulsion maybe 
somewhat straightforward. This option can be utilized when the trawler is steaming or trawling, 
although its effectiveness is variable depending on relative wind direction and strength. 

Additional fuel saving options includes increased waterline length, fuel efficient hull design and shape, 
and variable pitch propeller. These options usually require considerable planning and consideration, 
and may require the trawler being out of the water for a considerable period. It is also likely that these 
options are deemed by many small scale fishermen and trawler owners as being too expensive for their 
consideration. 

6. CONCLUSION 

This project is the first known formal attempt to complete energy audits of the Thai fishing fleet. It has 
provided an invaluable opportunity to learn energy audit data collection protocols and to identify areas 
for improvement in readiness for possible future audits of fishing trawlers in Thailand or elsewhere. A 
number of fuel saving options and their fuel saving potential were identified for the Thai fishing fleet, 
the application of which by fishermen has the potential to substantially reduce fuel consumption and 
increase their profitability. It also has significant implications for associated greenhouse gas emissions 
and carbon footprint.  

The fuel saving estimates provided in this report should be considered a guide only and not considered 
to be accurate and concrete. With limited supporting information, assumptions were required to provide 
these estimates which ultimately may not be correct. Furthermore, there is a need to source accurate 
capital and installation costs of fuel saving options so that a more accurate evaluation of their efficacy 
and payback period can be achieved. This will also require the services of an individual with experience 
in optimizing propulsion systems of trawlers to identify the specifications and suitability of fuel saving 
options for a given trawler size and design. However, despite these limitations, this project has 
successfully provided an insight into the variety and possible impact of fuel saving options for the Thai 
trawl fleet and their relative contribution to fuel conservation. It has also provided an excellent 
foundation from which future studies can be launched and guidance for further research. 
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APPENDIX 1 

Energy audit guidelines from AS/NZS 3598:2000 and the audit procedure for fishing businesses. 
Adapted from Wakeford, 2010. 

The minimum requirements for a walkthrough 
audit (AS/NZS 3598:2000) 
 

Level 1 audit – fishing business 
 

• Ascertain the following information: 
i) Building construction type and fabric 
ii)  Type and configuration of services 
iii) Appropriate unit of production and its 
quantity (e.g. net let-able area for office 
space, number of students for a school, 
number of beds for a hospital). 
 
 
 
 
 
 
 
 
 
• Determine total consumption of all fuels for 
the twenty four month period prior to the 
audit (ascertained from billing data provided 
by the energy user). If this data is unavailable 
the auditor shall estimate the consumption(s) 
based on the installed loads, clearly stating the 
relevant assumptions in the report. 
 
 
• Evaluate load profile data, if available. 
 
 
 
 
 
 
 
• Prepare monthly or seasonal energy 
consumption profiles (i.e. kWh/month, 
MJ/month), of all fuels for the previous two 
years. 
 
 

• Acquire the following data: 
i) Fishing method and vessel characteristics 
- fishing gear classification (FAO) 
- vessel size (length, approx. displacement) 
- vessel construction (e.g. steel, fiberglass, etc.) 
- vessel type (disp. or planning hull etc.) 
- fishing location 
ii) Composition of harvested catch 
- target species 
- byproduct species 
- bycatch 
iii) Unit of production 
- $ of revenue 
- Fishing day (ie. log book fishing day) 
- Joules (energy yield from edible protein) 
 
• Determine total energy input from billing 
data and/or installed loads (over 24 months) 
i) diesel 
ii) other 
 
 
 
 
 
• Evaluation of  load profile data, if possible 
i) produce load profile, at an appropriate time 
scale (eg. 24 hours or trip) based on a 
description of the operating cycle supplied by 
the energy manager (eg owner or skipper). 
ii) assign fuel usage to different phases of the 
operation and produce a pie chart 
 
• Monthly energy utilization profiles 
i) plot monthly energy consumption profiles 
over 2 years 
ii) prepare energy performance indicators 
- $ fuel costs/$ revenue (easiest? From 
accounting records)  
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• Prepare appropriate energy performance 
indicators (e.g. kWh/production unit, 
$/production unit kWh/m2, MJ/m2, $/m2, 
kWh/student, MJ/student $/student) and 
compare with industry norms, if available. 
 
• Evaluate the tariff against comparable norms 
to determine the possibility of savings from 
alternative tariffs and/or tendered supply 
arrangements. 
 
• Identify potential for reduction of energy 
consumption and cost at the site with regard 
to the above indices, and provide 
recommendations for further action which 
may include staff training, capital works, 
maintenance, substitution of fuels, tariff 
changes and a higher level energy audit. 
 
• Meet with the auditors contact on site and 
carry out an inspection of the audit site 
observing energy usage patterns, plant and 
equipment operation and maintenance, and 
 

- l of fuel/$ revenue (fuel litres from invoices) 
- l of fuel/fishing day (important internal 
performance indicator with respect to technical 
alterations) 
- j of fuel/j of protein energy (EROI – allows 
comparison across food production industries, 
if required) 
(iii) compare the above with available norms 
 
 
• Prepare appropriate energy performance 
indicators (e.g. kWh/production unit, 
$/production unit kWh/m2, MJ/m2, $/m2, 
kWh/student, MJ/student $/student) and 
compare with industry norms, if available. 
 
• Perform tariff analysis 
i) compare prices from alternative suppliers 
ii)  compare prices for alternative fuels 
 
 
• Identify opportunities for reduced fuel 
consumption and costs and form 
recommendations for further action (eg. 
Training, capital works, maintenance, 
alternative fuels, higher level energy audit) 
 
 
Meet with the auditors contact on site and 
carry out an inspection of the audit site 
observing energy usage patterns, plant and 
equipment operation and maintenance, and 
 

Additional input for Level 2 audit 
 

Additional input for Level 2 audit 
 

• Prepare energy consumption targets and 
indicators (e.g. kWh/m2, MJ/m2, 
kWh/student, MJ/student) of energy end use 
throughout the audit site (e.g. lighting, 
HVAC, domestic hot water) which compare 
actual, predicted, and post audit target levels. 
Where disaggregated energy consumption 
data are not available to determine these 
indicators, estimate the indicators based on 
observed loads, clearly stating relevant 
assumptions in the report. 

• With assistance of the auditors contact (ie 
energy manager) acquire data on: 
i) Energy usage patterns during periods of 
fishing activities and inactivity. (For active 
periods – align consumption rate to distinct 
phases within the operation) 
ii) Plant and equipment operation and 
maintenance 
iii) document key vessel and gear 
characteristics, for audit purposes 
iv) Rate the business approach to energy 
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• Provide an itemized list of recommendations 
to reduce energy consumption and cost. This 
shall include both capital works and general 
management options. 
 
• Identification of measures or potential 
measures for which additional investigation 
(such as a Detailed Energy Audit) is required, 
with an explanation as to why such 
investigation is required, what the benefits 
will be and what the expected costs are. 
 
• Recommend changes to the energy 
management program. 
 
• Detail a cost effective program to implement 
the energy audit recommendations, including 
a prioritized list of capital works and general 
management activities. (eg. Training, capital 
works, maintenance, alternative fuels, tariff 
changes, higher level energy audit) 
 

management (score against EM matrix 
parameters) Preferably by undertaking a sight 
visit and inspection and undertaking a fishing 
trip, 
 
• Acquire an analysis of the site’s energy use 
i) sources of energy 
ii) amount of energy supplied 
iii) detail what the energy is used for 
iv) identify important factors affecting energy 
use (e.g. environment conditions, steaming 
speed etc.) 
 
• Prepare energy consumption targets and 
indicators of energy end-use. 
 
• Provide itemized list of recommendations to 
reduce energy consumption and cost, which 
shall include both capital works and general 
management options. 
 
• Identification of measures or potential 
measures for which additional investigation 
(such as a Detailed Energy Audit) is required, 
with an explanation as to why such 
investigation is required, what the benefits 
will be and what the expected costs are. 
 
• Recommend changes to the energy 
management program. 
 
• Detail a cost effective program to implement 
the energy audit recommendations, including 
a prioritized list of capital works and general 
management activities. (eg. Training, capital 
works, maintenance, alternative fuels, tariff 
changes, higher level energy audit) 
 

Deliverables Deliverables 
- A report detailing energy audit findings and 
recommendations shall be prepared in 
accordance with this specification and include 
any findings and recommendations arising 
from carrying out tasks as described above. 
 

Prepare a audit report in accordance with 
section 14 (AS/NZS 3598:2000) with the 
following amendments. 
i) Description of fishing method, vessel 
characteristics and harvested catch. 
(ii) Observations on vessel operation, process 
and plant. 
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APPENDIX 2  

Baseline questionnaire survey for fishing trawlers energy audit pilot project 

Dimension of ship hull. 

 
Name of fishing vessel…………………………………………………………………………. 
 
Type of vessel:        Wooden              Steel           FRP           Other…………… 
 
Name of owner…………………………………………………………………………………. 
 
Address of owner………………………………………………………………………………. 
 
Registration No. of Vessel………………………………………………………………… 
 
Flag………………………………… …………….Port……………………………………….. 
 
Year of build…………………………… Name of shipyard…………………………………. 
 
 

LOA (Length overall) 
(m/feet) 

LWL (Length water 
line)(m/feet ) 

B (Breadth) 
(m/feet ) 

D (Draft) 
(m/feet) 

  
 

  

Gross tonnage Engine power 
(Hp/KW) 

Cruising speed 
(Knot) 

Crew No. 
 

  
 

  

 
No. of crew         Male……….          Female………… 
 
 
Age of crew 
 
 5 – 10 Year   10 – 20 Year   20 – 30 Year   30 – 40 Year 
 
 40 – 50 Year   50 – 60 Year   More than 60 Year 
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Nationality of crew ……………………………………………………………………. 
 
Method of payment for the crew …………………………………………………….. 
 
Cost of food and drinks per trip …………………………………………………………….. 
 
Cost of lubricant oil for main engine …………………………………………………… 
 
Period for exchanging the lubricant oil ………………………………………………… 
 
 
Wheel house 
 
Navigation equipment 
 
 Magnetic Compass   GPS   Radar   Plotter 
 
 Navigation light   Other………………………… 
 
Electronic/Hydro acoustic device 
 
 Eco-sounder   Sonar   Other……………………. 
 
Accommodation onboard 
 
 Air ventilation  Lighting 
 
 Air condition   Entertainment (TV/Radio)   Other 
 
 
Main deck machinery 
 
Hauling device 
 
 Anchor winch   Net hauler   Rope/ line hauler 
 
 Power block   Other ……………………………………………………. 
 
 
 
Fish hold. 
 
Number of fish holds…………………Total capacity of all fish hold………………….….(m³) 
 
Preservation method…………………………………………………………………………… 
 
Average ice volume required/trip ……......……… (m³) Cost of ice/trip …....……………… 
 
Average total catch/trip …........................…………………………………………………….. 
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Main engine 
 
 Diesel engine   Gasoline engine   Other …………………… 
 
Type of engine installation? 
 
 Inboard   Outboard    Other……………. 
 
Reduction gear ratio(engine rpm/propeller rpm) ………….Propeller blade No. (blade)……… 
 
Propeller size (Diameter in Inc/cm)…………………………………………………………… 
 
 
Auxiliary engine 
 
Total number of generator ………………………………… 
 
Capacity of generator No.1……………………………..Kw 
 
Capacity of generator No.2……………………………..Kw 
 
 
Regular maintenance of main engine? 
 
 3 months   6 months   1 year   Other…............. 
 
A) Engine and components 
 
1……………………………………………………………………………. 
 
2……………………………………………………………………………. 
 
3……………………………………………………………………………. 
 
4……………………………………………………………………………. 
 
B) Ship hull cleaning and maintenance (Lower waterline) 
 
1……………………………………………………………………………. 
 
2……………………………………………………………………………. 
 
3……………………………………………………………………………. 
 
4……………………………………………………………………………. 
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Total no. of days for one fishing trip? 
 
 1-3 days   4-6 days    7-9 days 
 
 10-12 days   More than 12 days   Other ………….. 
 
 
Age of fishing boat? 
 
 Less than 5 Years   5 – 10 Years   10 – 15 Years   15 – 20 
Years  
 
 20 – 25 Years    More than 20 Years 
 
Age of main engine? 
 
 Less than 5 Years   5 – 10 Years   10 – 15 Years   15 – 20 
Years 
 
 20 – 25 Years    More than 20 Years 
 
The total fuel consumption per trip (liters)? 
 
Diesel/Biodiesel/gasoline ………………………………………………………..…Liters 
 
Other types of fishing gear/method. 
 
 Gillnetting   Set netting       Trolling         Seining                 Longlining 
 
 Trawling   Diving       Jigging               Pot fishing               Other……. 
 
Estimated cost of fuel spent? 
 
 Less than 10 percent   10-20 percent   20-30 percent 
 
 30-40 percent    40-50 percent   more than 50 percent 
 
Did you ever manage to reduce the use of fuel? If yes, what did you do? 
 
Answer …………………………………………………………………………………............. 
………………………………………………………………………………………………….. 
………………………………………………………………………………………………….. 
………………………………………………………………………………………………….. 
………………………………………………………………………………………………….. 
………………………………………………………………………………………………….. 
………………………………………………………………………………………………….. 
………………………………………………………………………………………………….. 
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APPENDIX 3  

Equipment fitted to each boat to record fuel consumption performance. 

• Fuel Oil Flow Meter 

Specifications: 
Inlet and outlet size:     4  mm 
Operating pressure:     25 bar 
Maximum operating temperature:   60  oC 
Maximum flow rate (Qmax):   80 l/hr 
Operational flow rate (Qn):   50 l/hr 
Minimum flow rate (Qmin):   1 l/hr 

 
 
 

• Digital Counter 

 
A specification part of MP5W Autonics counter 

Display method 7 segment LED type  
Display range 19999 – 99999 
Power supply 100-240 VAC 50/60 Hz 
Power for external 
sensor 

12 VDC, 80 mA 

Input specification [Voltage input] Input impedance: 4.5 kΩ 
                      ON voltage : 4.5 – 24 VDC, OFF voltage : 0-1.0 VDC 
[No-voltage input] Impedance at short-circuit : Max. 300 Ω 
                           Residual voltage at short-circuit: Max. 1 V 
                           Impedance at open-circuit: Min. 100kΩ  

Measuring accuracy F.S. ±0.05 percent rdg ±1Digit 
Operation mode Number of revolution/Speed/Frequency (F1) 

 
 

• Water Current Meter 

General oceanic mechanical flow meter 

 

 

• Cup animometer. Model: AM4221 

       
Display   LCD size : 28 mm x 19 mm.    
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Wind speed  m/S (meters per second)    
  Unit Km/h ( kilometers per hour )   
  Knot ( nautical miles per hour )    
  ft/min ( feet per minute )    
  mile/h ( miles per hour )    
Temp. unit  ℃ ℉      

Measurement  Range   Resolution  
 Accuracy @ 
reading 

m/S   0.9 - 35.0 m/S  0.1 m/S   ± ( 2%+0.2 m/S) 

Km/h   2.5 - 126.0 Km/h  0.1 Km/h  
± ( 2%+0.8 
Km/h) 

Knot   1.4 - 68.0 Knots  0.1 Knots  
± ( 2%+0.4 
Knots) 

Ft/min   144 - 6895 Ft/min  1 Ft/min   
± ( 2%+40 
Ft/min) 

Mile/h   1.6 - 78.2 Mile/h  0.1 Mile/h  
± ( 2%+0.4 
Mile/h) 

 
 
 
 

• Digitial Video Recorder: AVTECH  MDR752PV 

 

             
 

 MDR752PV 
Video System NTSC/PAL (Auto Detect) 
Video Compression Format H.264 
Video Input 4 Channels 
Record Resolution CIF/Field/Frame/ Full D1 
Audio Input 4 
Audio Output 1 
HDD Storage 1 HDD 

(Capacity up to 2TB) 
Event Notification Push Video 1 Port 
Alarm In 4 
Alarm Out 1 
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• GPS 

Map 585 Garmin specifications: 

Unit Dimensions, Wxhxd: (15.0 X 16.3 X 7.4 Cm) 
Display Size, Wxh: 120.7X75.8Mm 
Display Resolution, Wxh: 480X272 Pixels 
Display Type: Wqvga 
Weight: 390G 
Waterproof: (Ipx7)  
Maps & Memory: 
Basemap        Ability To Add Maps 
Accepts Data Cards: Sd Card Slot 
Waypoints / Favorites / Locations: 6000 
Route: 150 Tracks/250 Points  

Features: 
Supports Ais (Tracks Target Ships Position ') 
Supports Dsc (Displays Position Data From Dsc Vhf Radio) 
Audible Alarm 
Tide Tables: Yes              Sun And Moon Information     Dual-Frequency Sonar 
Split-Screen Zoom            Split-Screen Sonar / Gps 
Ultrascroll &Trade; (Fish Targets At Higher Boat Speeds) 
See-Thru &Reg; Technology (Exposes Fish Hidden In Cover) 
Fish Symbol Id (Helps Identify Fish Targets) 
Autogain Technology (Minimizes Clutter, Maximizes Targets) 
Whiteline (Indicates Hard Or Soft Bottom) 
Adjustable Depth Line (Measure Depth Of Underwater Objects) 
A-Scope (Real Time Display Of Fish Passing Through Transducer Beam) 
Bottom Lock (Shows Return From The Bottom Up) 
Water Temperature Log And Graph 
Water Temperature Sensor Included: (Need To Equipt With The Correct Transducer) 
Sonar: 
Frequency: 50/200 Khz 
Transmit Power: 500W (Rms), 4,000 W (Peak To Peak) 
Voltage Range: 10-36 Vdc 
* Maximum Depth: 1,500 Ft 
Cone Angle: 20 Degrees 
* Depth Capacity Is Dependent On Water Salinity, Basic Type And Other Water Conditions. 
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APPENDIX 4  

Photographic record of trawlers and project equipment. 

 
a)

 

b) 

 
  
c)

 

d)

 
  
e)

 

f) 

 
  

Figure A.4.1. a) The Wor Yingcharoen, b) the 180 HP Gardiner diesel engine, c) engine revolution 
sensors, d) fuel line placed with oil flow meter, e) RPM meter and CCTV monitor, f) GPS and ship 

speed. 
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a)  

 

b) 

 
  
c)  

 

d)  

 
e) 

  
 

 
 

  
  

Figure A.4.2. a) The Subsaitong, b) the 130 
HP Hino diesel engine, c) engine revolution 
sensors, d) RPM metre and CCTV monitor, e) 
the fuel flow meter. 
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a)  

 

b) 

 
  
c)  

 

d)  

 
  
Figure A.4.3. a) The Chokpanthawee, b) the revolution sensor mounted beside the injector pump, c) 

fuel flow meter, d) RPM meter and CCTV monitor. 
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a)  

 

b) 

 
  
c)  

 

 
 

  
Figure A.4.4. a) The Chokmimitr, b) the 150 HP Hino engine, c) fuel flow meter, d) RPM meter and 

CCTV monitor. 



42 

a)  

 

b) 

 

  
c)  

 

d)  

 
  
Figure A.4.5. a) The Sor Charoenchai 1, b) the engine revolution sensor, c) RPM meter and CCTV monitor 

fuel flow meter, d) the EK 275 HP Cummins engine.  
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Figure A.4.6. a) The Chokchanapol.
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APPENDIX 5  
Trawl details for each of the 6 trawlers in this project. 

 
Figure A.5.1. Trawl details for the W. Yingcharoen.
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Figure A.5.2. Trawl details for the Chokepanthawee. 
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Figure A.5.3. Trawl details for the Supsaitong. 
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Figure A.5.4. Trawl details for the Chokenimtr. 
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Figure A.5.5. Trawl details for the Chokchanapol. 
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Figure A.5.6. Trawl details for the S. Charoenchai 1. 
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APPENDIX 6  

General information of surveyed  trawlers sorted by LOA. 

Q no. LOA 
(m) 

LWL 
(m) 

B     
(m) 

D 
(m) 

Gross 
tonnage 

Engine 
power 
(HP) 

Service 
Speed 
(Kt) 

Reduction 
gear ratio 

Propeller 
blade no 

Propeller 
size  

(inch) 

Year 
of 

build 
(years) 

Annual 
maintenance 

31 4.6   1.7 1.2   85.0 6.0 6:1 4 35 30   
76 5.5 2.5 2.5 1.0 1.0 130.0 6.0 4:1 3 45 21 1 time/year 

63 6.0   2.5 1.0 6.0 150.0 6.0 6:1 4 44 10 1 time/year 
1 7.0   2.3 1.2   24.0 5.0   3 26 5-6 1 time/2-3 years 

9 7.0   1.9 1.5   41.0 5.0   4 32 7-8 1 time/year 
29 7.0   2.2 0.8   25.0 6.0 4.7 3 28 4 1 time/year 

17 8.0   3.0 2.0   24.0   4:1 4 28 5-10 1-2 times/year 
24 8.0   2.5 0.9 4.3 29.5    4 44 <5 1 time/year 
39 8.1   1.7 1.1 6.2 63.4 5.0 6.5 4  <5 1 time/year 

43 8.1   2.1   4.0 85.0 6.0 6:1 4 40 10 1 time/year 
12 8.4   2.5 1.2     6.0   4 50 3 1 time/year 

3 9.0   2.3 1.0   16.0 5.0   3 18 10 When convenient  
8 9.0   2.3 1.5   130.0 6.0   4 50 2 1 time/year 

10 9.0   1.3 1.0   38.0 7.0   3 30 6 2-3 times/year 

11 9.0   1.2 0.8   25.0 7.0   3 25 6 1 time/year 
15 9.0   2.5 1.5 7.0 74.6   5:1 4 40 5-10 1 time/year 

37 9.0   2.3 1.3   120.0 6.0   4 48 3-4 1 time/year 
61 9.0   4.0 1.0 5.0 150.0 7.0 6:1 4 46 23 1 time/year 

66 9.0   3.0 1.0 3.0 114.0 7.0   4  30 1 time/year 
22 9.2   2.5 1.1 5.6 63.4     4 44 <5 1 time/year 
16 9.5 9.5 2.5 1.2 10.0 85.0   6:1 4 38 5 1 time/year 

27 9.5   2.7 1.1 6.8 67.1   6:1 4 48 5-10 1 time/year 
14 9.7   2.6 1.1 6.3 67.1   6:1 4 40 20-25 1 time/year 

21 9.7   2.6 1.1 6.3 150.0 6.0 6:1 4 54 >20 1 time/year 
44 9.8   2.6   6.3 85.0 6.0 6:1 4 40 15 1 time/year 
28 9.9   2.9 1.5   95.0 5.0   4 32 5-10 1 time/year 

13 10.0   8.0 1.5   30.0 2.6 6:1 4 34 5-10 1 time/year 
19 10.0   3.0 1.0 7.9 150.0 6.0 6:1 4 54 >20 1 time/year 

23 10.0   2.5 2.5     5.0 4.7 4 38 30 1 time/4-5 years 
33 10.0   3.5 1.5   150.0     4 38 30 1 time/year 

35 10.0   2.5 1.5 2.0 130.0 6.0   4 46 20 1 time/year 
36 10.0   2.5 1.5 1.0 150.0 6.0   4 48 10 1 time/year 
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Q no. LOA 
(m) 

LWL 
(m) 

B     
(m) 

D 
(m) 

Gross 
tonnage 

Engine 
power 
(HP) 

Service 
Speed 
(Kt) 

Reduction 
gear ratio 

Propeller 
blade no 

Propeller 
size  

(inch) 

Year 
of 

build 
(years) 

Annual 
maintenance 

56 10.0   3.5 1.5 5.0 185.0 8.0 4:1 4 40 22-34 1 time/year 
62 10.0   2.0 2.0 1.0 170.0 5.0 5:1 4 40 3-4 1 time/1-2 years 
67 10.0   4.0 2.0 2.0 160.0 5.0 4:1 4 36 20 1 time/year 

82 10.0 10.0 5.0 1.2   130.0   6:1 4 51 25 1 time/year 
2 10.2   3.3 1.5         4 48 15-20 1 time/year 

6 10.3   2.7     98.0 8.0   4 50 10 1 time/year 
38 10.5   2.7   7.5 63.4     4 32 30-40 2 times/year 
60 10.5   3.0 1.5 5.0 180.0 8.0   4 38 40 1 time/year 

20 10.7   3.0 1.7 11.1 150.0 6.0 6:1 4 54 >20 1 time/year 
5 11.0   3.0 1.3   150.0 6.0   4 50 2-3 1 time/year 

57 11.0   2.3 1.5 5.0 150.0 7.0 4:1 4 42 20 1 time/year 
58 11.0   3.0 1.5 4.0 180.0 6.0 4:1 4 36 30 1 time/year 

68 11.0   3.5 4.0 -30 180.0 7.0 7:1 4 60 20 1 time/year 
71 11.0   4-4.5   13.0 275.0 9.0 6:1 4 61 30 1 time/year 
75 11.0   2.5     130.0 6.0 6:1 4 51 25 1 time/year 

83 11.0 8.0 3.5 1.5 1.5 120.0 6.0 4:1 3 7 6 1 time/year 
72 11.5   3.5 1.0 4-5 175.0 6.0 6:1 3 52 26 1 time/year 

77 11.5 8.0 3.0 1.2 3.0 180.0 6.0 7:1 4 52 10 1-2 times/year 
4 12.0   3.0 1.5         4 40 6 1 time/year 

30 12.0   3.0 2.0   160.0   6:1 4 46 20 1-2 times/year 

34 12.0   3.0 1.5   33.0 5.0   4 48 8 1 time/year 
40 12.0   1.5 2.0   115.0   5.0 4 40 10-15 1 time/year 

41 12.0   1.5 2.0   100.0   5.0 4 40 10-15 1 time/year 
59 12.0   3.5 1.5 5.0 180.0 8.0 4:1 4 48 30 1 time/year 

65 12.0   2.0 1.5 3.0 300.0 7.0 6:1 4 60 7 1 time/year 
69 12.0   3.2 2.0 10.0 185.0 8.0 6:1 4 60 >10 1 time/year 
78 12.0 10.0 3.5 1.5 3.0 180.0 6.0 7:1 4 52 10 1-2 times/year 

79 12.0 8.0 3.0 1.5 3.0 180.0 6.0 6:1 4 52 3-4 4 times/year 
64 12.4   3.0   4.0 180.0 7.0 6:1 4 52 30 1 time/year 

32 13.0   2.8 1.5 8.8 100.0 7.0 1.7:6 4 52 20 1 time/year 
26 13.5 12.0 4.0 2.0   175.0 7.0 10.7:1 4 74 5-10 1 time/year 
48 13.5   4.0 1.5   275.0 7.0 7:1 4 60 15-20 1 time/year 

51 13.5   2.5 2.0 10.0 330.0 7.0 6:1 4 60 26 1 time/1.5 year 
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Q no. LOA 
(m) 

LWL 
(m) 

B     
(m) 

D 
(m) 

Gross 
tonnage 

Engine 
power 
(HP) 

Service 
Speed 
(Kt) 

Reduction 
gear ratio 

Propeller 
blade no 

Propeller 
size  

(inch) 

Year 
of 

build 
(years) 

Annual 
maintenance 

25 14.0 13.5 3.0 1.0   300.0 8.0 7:1 4 70 6 1 time/year 
47 14.0   8.0 3.0 1.0 180.0 3.0 5:1 4 54 10 1 time/year 
49 14.0   4.0 1.5   300.0 7.0 6:1 4 62 >30 1 time/1.5 year 

52 14.0   3.5 2.5   275.0 6.0   4 64 25 1 time/year  
70 14.0   4.0 2.0 2.0 180.0 8.0 6:1 4 70 8 1 time/year 

73 14.0   9.0 1.5   300.0 6.0 6:1 4 60 15 As necessary 
74 14.0   3.0 2.0   275.0 6.0 4:8 4 52 30-40   
94 14.0   4.0 1.5 5.0 275.0 7.0 5:1 4 56 >20 1 time/year 

42 15.0   3.5 2.0 7.8 150.0 6.0 6:1 4 47 20 1 time/year 
53 15.0   2.5 3.0 15.0 300.0 8.0   4 62 15 1 time/2 years 

84 15.0 4.0 6.0 1.3 10.0 315.0 8.0 6:1 4 58 0.5   
91 15.0 14.0 4.0 1.5 5.0 275.0 5.0 6:1 4 60 25 1 time/year 

46 15.5   3.0 1.5   150.0 6.0   4 60 30 1 time/year 
95 15.5   4.8 1.2 5-7 335.0 8.0 6:1 4 60 8 1 time/year 
96 15.5   4.8 1.2 5-7 315.0 8.0 6:1 4 60 3 1 time/year 

50 16.0   5.0 2.0 20.0 350.0 8.0 6:1 4 70 >20 1 time/1.5 year 
54 16.0   5.0 2.5   350.0 7.0 8.0 4 80 15 1 time/2 years 

55 16.0   3.0 2.0 5.0 185.0     4 48 20 1 time/year 
88 16.0   4.5 5.0   180.0 7.0 5:1 4 62 20 1 time/year 
85 16.5 14.2 2.5 2.5 11.0 335.0 4.0 6:1 4 64 2 1 time/year 

86 16.5 14.2 2.5 2.5 11.0 335.0 4.0 6:1 4 64 2 1 time/year 
80 17.0 15.0       400.0 7.0 7:1 4 72 >10 1 time/2 years 

92 18.0 5.0 4.5 5.0 32.0 180.0 7.0 6:1 4 60 5   
87 18.5   4.8 1.2 5.0 330.0 6.0 5:1 4 56 12 1 time/2 years 

90 18.5 15.0 3.5 2.0 10.0 315.0 9.5 6:1 4 62 15 1 time/year 
81 19.0   5.5     350.0 8.0 7:1 4 52 16 1 time/2 years 
45 19.5   3.0 1.5   150.0 6.0   4 40 <5 1 time/2 years 

93 20.0 16.0 4.0 1.5 40.0 400.0 10.0 12:1 5 102 5-10 1 time/year 
89 21.0   4.0 1.5   500.0 8.0 9:1 4 85 19 1 time/year 
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APPENDIX 7  

Expenditure of surveyed  trawlers sorted by LOA. 

Q 
no. 

LOA 
(m) 

Engin
e  

power 
(HP) 

Fuel 
consumption 

/year (฿) 

 percent of 
fuel spent 

Fuel 
consumption 

(L/hr) 

Crew 
payment 
/year (฿) 

Food 
/year (฿) 

Main engine 
lubricant 
/year (฿) 

Ice 
/year (฿) 

31 4.6 85.0 
         

764 400  
more than 
50% 2.92            91 000  

         
72 800  

                       
8 400             20 070  

76 5.5 130.0         728 000  Don't know 2.78          192 000  
       

254 800  
                     

10 800             55 750  

63 6.0 150.0 
      

1 310 400  
more than 
50% 5.00          364 000  

         
36 400  

                       
9 600             16 725  

1 7.0 24.0 
         

327 600  30-40% 1.25  no crew          18 200  
                       

3 600               6 690  

9 7.0 41.0 
         

655 200  
more than 
50% 2.50          218 400  

       
223 000  

                       
4 560             13 380  

29 7.0 25.0 
         

546 000  
more than 
50% 2.08          273 000  

         
72 800  

                     
25 200             20 070  

17 8.0 24.0        327 600  
more than 
50% 1.25            91 000  

         
21 840  

                       
4 800               6 690  

24 8.0 29.5      1 092 000  
more than 
50% 4.17          436 800  

         
36 400  

                     
10 800             13 380  

39 8.1 63.4 
         

764 400  
more than 
50% 2.92          546 000  

         
36 400  

                       
8 400             60 210  

43 8.1 85.0 
         

655 200  
more than 
50% 2.50          127 400  

       
182 000  

                       
2 000             89 200  

12 8.4   
      

1 310 400  
more than 
50% 5.00          273 000  

         
54 600  

                       
6 000           200 700  

3 9.0 16.0         327 600  
more than 
50% 1.25            91 000  

         
36 400  Never            13 380  

8 9.0 130.0 
      

7 623 000  
more than 
50% 29.17  no crew  

         
75 000  

                     
12 000               7 500  

10 9.0 38.0 
         

655 200  
more than 
50% 2.50          182 000  

       
182 000  

                       
4 560           111 500  

11 9.0 25.0         382 200  40-50% 1.46  no crew  
         

18 200  
                       

5 400               6 690  

15 9.0 74.6 
      

1 092 000  
more than 
50% 4.17          273 000  

         
54 600  

                       
1 200               6 690  

37 9.0 120.0 
         

764 400  
more than 
50% 2.92          182 000  

         
36 400  

                     
15 600             22 300  

61 9.0 150.0 
      

1 310 400  
more than 
50% 5.00          364 000  

         
36 400  

                       
2 400             16 725  

66 9.0 114.0 
      

1 310 400  
more than 
50% 5.00          182 000  

       
182 000  

                       
6 000             11 150  

22 9.2 63.4 
      

1 092 000  
more than 
50% 4.17          436 800  

         
36 400  

                       
9 000             13 380  

16 9.5 85.0 
         

873 600  
more than 
50% 3.33          218 400  

         
72 800  

                       
2 100             13 380  

27 9.5 67.1 
      

1 092 000  30-40% 4.17          218 400  
         

72 800  
                       

8 000           149 400  

14 9.7 67.1 
         

873 600  
more than 
50% 3.33          436 800  

         
36 400  

                       
2 200             13 380  

21 9.7 150.0 
      

1 485 000  
more than 
50% 5.68          379 050  

         
90 250  

                       
9 600             99 000  

44 9.8 85.0 
         

764 400  
more than 
50% 2.92          254 800  

         
72 800  

                       
6 000           100 350  

28 9.9 95.0         655 200  
more than 
50% 2.50          327 600  

       
109 200  

                       
4 560             20 070  
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Q 
no. 

LOA 
(m) 

Engin
e  

power 
(HP) 

Fuel 
consumption 

/year (฿) 

 percent of 
fuel spent 

Fuel 
consumption 

(L/hr) 

Crew 
payment 
/year (฿) 

Food 
/year (฿) 

Main engine 
lubricant 
/year (฿) 

Ice 
/year (฿) 

13 10.0 30.0         546 000  
more than 
50% 2.08          182 000  

       
109 200  

                       
1 520               6 690  

19 10.0 150.0 1 841 100  
more than 
50% 7.08          379 050  90 250  

                       
9 600             99 000  

23 10.0   
      

1 092 000  
more than 
50% 4.17          327 600  

       
109 200  

                       
4 200             67 230  

33 10.0 150.0 1 620 000  
more than 
50% 6.25          216 000  

         
72 000  

                       
9 600             18 720  

35 10.0 130.0 
      

7 581 000  
more than 
50% 29.17          379 050  

       
184 000  

                     
12 000             55 200  

36 10.0 150.0      1 310 400  
more than 
50% 5.00          254 800  

       
182 000  

                       
4 800           178 400  

56 10.0 185.0      1 965 600  
more than 
50% 7.50          382 200  

         
36 400  

                       
6 000             16 725  

62 10.0 170.0      1 310 400  
more than 
50% 5.00          436 800  

         
72 800  

                       
4 000             16 725  

67 10.0 160.0 
      

1 255 800  
more than 
50% 4.79          182 000  

         
72 800  

                     
24 000             11 150  

82 10.0 130.0      2 812 500  Don't know 12.50          326 700  
       

375 000  
                     

12 000             74 250  

2 10.2        1 092 000  
more than 
50% 4.17          218 400  

       
109 200  

                       
4 000             20 070  

6 10.3 98.0 
      

1 092 000  
more than 
50% 4.17          218 400  

         
14 560  

                       
3 000             20 070  

38 10.5 63.4 
         

873 600  
more than 
50% 3.33          127 400  

         
54 600  

                     
62 400             22 300  

60 10.5 180.0      1 638 000  
more than 
50% 6.25          436 800  

       
109 200  

                       
6 000             44 600  

20 10.7 150.0      1 841 100  
more than 
50% 7.08          379 050  

         
90 250  

                     
10 200             99 000  

5 11.0 150.0 
         

726 000  
more than 
50% 3.33          217 800  

         
75 000  

                     
14 400             67 500  

57 11.0 150.0 
      

1 500 000  
more than 
50% 6.94          436 800  

       
223 000  

                       
9 000           111 500  

58 11.0 180.0 
      

4 914 000  
more than 
50% 18.75          436 800  

       
182 000  

                       
6 000           223 000  

68 11.0 180.0 1 638 000  
more than 
50% 6.25          382 200  

         
72 800  

                     
36 000             33 450  

71 11.0 275.0 2 475 000  
more than 
50% 12.50          579 200  

         
66 000  

                     
36 000           198 000  

75 11.0 130.0 1 650 000  40-50% 36.67          254 100  
       

187 500  
                     

10 800             67 500  

83 11.0 120.0 334 500  10-20% 1.25          120 000  
       

436 800  
                       

6 360           100 350  

72 11.5 175.0 1 875 000  
more than 
50% 8.33          435 600  

       
150 000  

                     
18 000           112 500  

77 11.5 180.0 1 500 000  40-50% 6.67          381 150  
    

 875 000  
                     

12 000             67 500  

4 12.0   1 092 000  
more than 
50% 4.17          145 600  

         
72 800  

                       
2 100               6 690  
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Q 
no. 

LOA 
(m) 

Engin
e  

power 
(HP) 

Fuel 
consumption 

/year (฿) 

 percent of 
fuel spent 

Fuel 
consumption 

(L/hr) 

Crew 
payment 
/year (฿) 

Food 
/year (฿) 

Main engine 
lubricant 
/year (฿) 

Ice 
/year (฿) 

30 12.0 160.0 4 368 000  
more than 
50% 16.67          327 600  

       
267 600  

                     
13 500           133 800  

34 12.0 33.0 866 400  
more than 
50% 3.33          379 050  

         
54 150  

                       
6 000             96 600  

40 12.0 115.0 1 089 000  
more than 
50% 4.17          217 800  

       
145 200  

                       
6 000               6 750  

41 12.0 100.0 1 089 000  
more than 
50% 4.17          254 100  

         
72 600  

                       
8 000               6 750  

59 12.0 180.0 2 184 000  
more than 
50% 8.33          546 000  

       
446 000  

                     
15 000           334 500  

65 12.0 300.0 2 184 000  
more than 
50% 8.33          637 000  

       
109 200  

                     
14 400           278 750  

69 12.0 185.0 3 450 000  
more than 
50% 15.63          480 000  

       
460 000  

                       
8 000           138 000  

78 12.0 180.0 1 500 000  40-50% 6.67          381 150  
    

 875 000  
                     

12 000             67 500  

79 12.0 180.0 1 500 000  40-50% 6.67          381 150  
    

 875 000  
                     

12 000             67 500  

64 12.4 180.0 2 184 000  
more than 
50% 8.33          436 800  

         
36 400  

                       
3 600             33 450  

32 13.0 100.0 2 628 000  40-50% 10.00          328 500  
         

54 750  
                       

6 300           109 500  

26 13.5 175.0 4 950 000  
more than 
50% 18.94          541 500  

       
144 400  

                       
6 000           237 600  

48 13.5 275.0 1 841 100  40-50% 7.08          433 200  
       

132 000  
                     

18 000           184 800  

51 13.5 330.0 2 880 000  
more than 
50% 11.11          648 000  

       
360 000  

                     
32 400           168 000  

25 14.0 300.0 1 841 100  
more than 
50% 7.08          451 250  

       
108 300  

                     
12 600           198 000  

47 14.0 180.0 1 856 400  
more than 
50% 7.08          384 000  

       
218 400  

                       
7 200           535 200  

49 14.0 300.0 3 960 000  
more than 
50% 15.15          420 000  

       
216 600  

                     
18 000           148 500  

52 14.0 275.0 4 320 000  
more than 
50% 16.67          588 000  

       
180 000  

                     
28 000           216 000  

70 14.0 180.0 1 863 000  
more than 
50% 8.44          450 000  

       
460 000  

                     
48 000           230 000  

73 14.0 300.0 2 415 000  40-50% 10.94          420 000  
       

161 000  
                     

14 400           386 400  

74 14.0 275.0 2 812 500  
more than 
50% 62.50          435 600  

       
112 500  

                       
4 800           135 000  

94 14.0 275.0 2 296 875  
more than 
50%  10.42          544 500  

       
108 900  

                     
24 000           105 000  

42 15.0 150.0 2 250 000  
more than 
50% 8.33          254 100  

       
181 500  

                     
12 000           150 000  

53 15.0 300.0 2 970 000  
more than 
50% 11.36          840 000  

       
722 000  

                     
12 000           198 000  

84 15.0 315.0 3 750 000  20-30% 16.67          544 500  
       

600 000  
                       

6 360           202 500  

91 15.0 275.0 2 400 000  40-50% 11.11          547 500  
    

2 190 000  
                     

36 000           248 200  

46 15.5 150.0 4 332 000  
more than 
50% 16.67          240 000  

    
 083 000  

                     
43 200           207 000  
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Q 
no. 

LOA 
(m) 

Engin
e  

power 
(HP) 

Fuel 
consumption 

/year (฿) 

 percent of 
fuel spent 

Fuel 
consumption 

(L/hr) 

Crew 
payment 
/year (฿) 

Food 
/year (฿) 

Main engine 
lubricant 
/year (฿) 

Ice 
/year (฿) 

95 15.5 335.0 3 846 750  
more than 
50%  14.38          509 600  

       
109 200  

                     
20 000         248 800  

96 15.5 315.0 4 772 500  
more than 
50%  9.58          330 000  

       
109 200  

                     
16 000           597 600  

50 16.0 350.0 3 240 000  
more than 
50% 12.50          588 000  

       
360 000  

                     
36 000           237 600  

54 16.0 350.0 4 320 000  
more than 
50% 16.67          972 000  

       
720 000  

                     
18 000           432 000  

55 16.0 185.0 4 140 000  
more than 
50% 15.63          384 000  

    
 083 000  

                     
12 800           179 400  

88 16.0 180.0 2 475 000  20-30% 11.36          648 000  
       

165 000  
                     

23 200           264 000  

85 16.5 335.0 2 625 000  20-30% 11.67          726 000  
       

637 500  
                   

180 000           286 875  

86 16.5 335.0 2 625 000  20-30% 11.67          726 000  
       

637 500  
                   

180 000           286 875  

80 17.0 400.0 4 200 000  
more than 
50% 19.44          504 000  

       
480 000  

                     
72 000           480 000  

92 18.0 180.0 2 970 000  40-50% 12.50          672 000  
       

165 000  
                     

23 200           264 000  

87 18.5 330.0 1 384 830  Don't know 4.79          300 000  
       

109 200  
                       

2 400           602 100  

90 18.5 315.0 1 610 000    7.29          648 000  
    

2 070 000  
                     

15 600           165 600  

81 19.0 350.0 4 950 000  30-40% 22.73          576 000  
       

330 000  
                     

20 800           594 000  

45 19.5 150.0 2 184 000  
more than 
50% 8.33          273 000  

       
109 200  

                     
24 000             26 760  

93 20.0 400.0 14 490 000    65.63       3 000 000  
    

2 300 000  
                   

168 000           662 400  

89 21.0 500.0 17 250 000  30-40% 78.13       1 932 000  
       

322 000  
                     

16 800           621 000  
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APPENDIX 8  

Catch revenue and expenditures over a 10-day period. 

Category  Boat name 

 

W
. Y

in
gC

ha
R

oe
n 

C
ho

ke
pa

nt
ha

w
ee

 

Su
ps

ai
to

ng
 

C
ho

ke
ni

m
itr

 

C
ho

kC
ha

N
aP

ol
 

S.
 C

ha
re

an
ch

ai
1 

Catch revenue (THB) 134 961 46 589 53 797 45 000 46 000 33 002 
       
Expenditures (THB)       

Fuel costs  47 523 29 308 28 650 38 612 26 436 25 868 
Labor costs  26 000 4 000 4 000 8 000 12 000 8 000 
Provisions  5 000 2 000 2 000 3 000 3 000 3 000 
Ice  4 500 750 750 750 9 000 9 000 

       
Total  83 023 36 058 35 400 50 362 50 436 45 868 

       
       
Expenditures (percent)       

Fuel costs 57.24 81.28 80.93 76.67 52.42 56.40 
Labor costs 31.32 11.09 11.30 15.88 23.79 17.44 
Provisions 6.02 5.55 5.65 5.96 5.95 6.54 
Ice 5.42 2.08 2.12 1.49 17.84 19.62 

       
Total  100.00 100.00 100.00 100.00 100.00 100.00 
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APPENDIX 9 

Catch and processing methods on each trawler that was part of the Level 2 audit. 

a) 

 

b) 

 
 

c)  d) 

  
 
e)  

 
f)  
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g) 

 

h) 

 
   

i) j)  

 
 

 

  
Figure A.9.1. Catch from the W. Yingcharoen a) small crabs, b) octopus and sepia, c) small 

fish, d) medium fish, e) tiger shrimp, f) shrimp, g) fish, h) squid, i) scallop, j) blue crab.  
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a) 

 

b) 

 
  
c) 

 

 

  
Figure A.9.2. Preservation techniques on W. Yingcharoen. a) blocks of ice placed on shrimp 
catch in an insulated container, b) circulating seawater to keep blue crab and mantis shrimp 

alive, c) chilled seawater with catch in an insulated container.  
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a) 

 

b) 

 
  

Figure A.9.3. Preservation techniques on Subsaitong and Chokpanthawee. a) & b) Squid and 
tiger shrimp in seawater and ice slurry in an insulated container. 

 
 

a) 

 

b) 

 
  

Figure A.9.4. Preservation techniques on Choknimitr. a) & b) Blue crab and mantis shrimp in 
seawater to keep them alive. 
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a) 

 

b) 

 
  
c) 

 

 

  
Figure A.9.5. Preservation techniques on S Charoenchai 1. a) catch preserved with ice b) ice 

on baskets of squid, c) shrimp with ice about to stored in ice room. 
 
 

a) 

 

b) 

 
  

Figure A.9.6. Preservation techniques on Chokchanapol. a) catch preserved with ice b) catch 
on ice and stored in ice room. 

 
a) b) 



63 

  
  

c) 

 

 

  
Figure A.9.7. Sorting catch on W. Yingcharoen. a) catch sorting on front deck b) catch being 

placed into baskets, c) catch ready to be unloaded. 
 
 
a) 

 

b) 

 
Catch sorted by crews on front deck Catch sorted and placed into baskets 

 
Figure A.9.8. Sorting catch on Subsaitong. a) catch sorting on front deck b) catch being 

placed into baskets. 
 
a)  b) 
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c) 

 

 

  
Figure A.9.9. Sorting catch on Choknimitr. a) catch sorting on front deck b) catch being 

placed into baskets c) catch ready for transport to fish market. 
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a) 

 

b) 

 
  

c) 

 

 

  
Figure A.9.10. Sorting catch on S. Charoenchai 1. a) catch composition b) catch being placed 

into baskets c) unloaded catch. 
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a) 

 

b) 

 
  

c) 

 

 

  
Figure A.9.11. Sorting catch on Chjokhanapol. a) catch composition b) catch sorting c) unloaded catch. 
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