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Introduction

The oil prices have soared worldwide over the year before last to last summer due to the rush
for oil caused by economic development of emerging countries such as China and India, the
political uncertainty of oil producing countries and the inflow of speculative money and the
“Arabian light crude” which is index of crude in Asia including Japan, has set a record high of
$139.72/barrel as of July 14™ last year. Subsequently, the oil prices has dropped sharply with
the world economy shrinking rapidly due to the financial crisis from the end of last year, and as
of March 16" this year it priced $41.28 per barrel. However, considering the price trends over
the past 30 years, the oil prices have still been high and it is expected that in the near future the
demand for oil will go up due to the economic recovery. In addition to the aspects mentioned
above, the price drop in crude will slow down the development of oilfield and another concern
following this is the skyrocketing crude oil price. Steep rise in the price of crude oil has a grave
impact on fishing industry. Above all, the cost of fuel in f capture fishery accounts for a large
percentage of its cost, and due to the trends of consumers and the retail industries, it is not easy
to pass the higher cost along to them. The percentage of fuel cost in the cost of production of
the capture fishery accounted for 10-20 % until 2004,however in 2005 it accounted for over
20%, and this year at the fuel oil price peak, the percentage of fuel cost of deep-sea fishing,
adjacent fishing of skipjack and tuna and squids-fishing fishing accounted for over
40%.Therefore, curbing consumption on fuel cost is a significant challenge from a business
standpoint. Furthermore, it is necessary to revise the energy consumption structure of fishing
industry, and also to make shift to energy saving industry which is not influenced by fuel price
for the purpose of being able to respond to the future global environment problems and also to
develop and maintain as a sustainable marine industry. Therefore, we “The Fisheries Research
Agency “(hereinafter referred to as the “FRA”) have established the Research Committee of
Saving Energy Technology in Fishing Industry (hereinafter referred to as the “Research
Institute”) consisting of academic experts with a goal of considering the current condition of
energy saving technology in the fishing industry including capture fishery and the desirable
future direction of energy consumption. The Research Institute has formed 3 research groups
“Rationalization of energy utilization”, “LED introduction propulsion research” and “proper
temperature management setting of fishery products” and has studied issues regarding the
current condition and utilization of research and development of energy saving technology. In
addition to that, the institute has made pamphlets towards the fisheries which explain the
specific technical content and also has begun the process of figuring out the amount of carbon
dioxide emissions which will become a basis for the future fishery in our country to be able to
utilize the energy reasonably and effectively. This report compiles proposals for future efforts
towards energy saving in the fishing industry as well as the result of studies from each research

group.

March 18", 2009
Fisheries Energy Technology Research Institute Chairperson Kiyoshi Inoue



MG PAU

Trén thé gisi, gia dau mo ting vot trong sudt thoi ky tir ndim 2006 do yéu cau dau mo
ting manh dé phat trién kinh té cua cac nude dién hinh nhu Trung Quéc va An D9, véi chinh
sach khong nhat quan cia cac nudc san xuat dau mo, dong tién dau co va gia ban kiéu “dau nhe
ctia ngudi A Rap” 1am cho chi sé dau tho & Chau A bao gom Nhat Ban di dat dinh cao ky luc &
muc 139,72 USD/thung vao ngay 14/07/2008. Tuy nhién, sau d6 gia dau lai rét mot cach dot
ngot véi su thu hep nhanh chong kinh té thé giéi do khung hoang tai chinh vao cudi nim 2008,
va vao 16/03/2009 gia dau chi & mic 42,28 USD/thung. Tuy nhién, nghién ctru xu hudéng gia dau
mo trén thé gidi trong hon 30 nim qua cho thay rang gia dau mé van giir & mac cao va dy doan
trong thoi gian sip toi yéu cau tiéu thu dau lai ting 1én khi nén kinh té bat dau hdi phuc. Thém
vao d6, cac van dé nhu da noi & trén, viéc rét gia dau mo s& lam cham lai sy phat trién cua cac
viing dau mé, diéu nay lai lam gia dau tho phi ma. Gia dau mo quéa cao anh hudng nghiém trong
dén cong nghiép nghé ca. Gia nhién liéu trén cac tau ca chiém ty 1é quan trong trong chi phi san
xuat, do hoat dong cua ngudi tiéu dung va cong nghiép ban l¢, diéu d6 khong dé dang dé vuot
qua vai chi phi cao cua cac bo phan nay. Cho dén nam 2004, s6 phan tram chi phi nhién liéu
chiém khoang 10-20 % trong toan bd chi phi ctia cac tau khai thac trong nghé c4, tuy nhién vao
nam 2005 nd vuot qua 20%, khi gia nhién liéu ting dat dinh trong nim 2009, ty |é phan tram chi
phi cho nhién liéu cua cac tau khai thac khoi, cac tau ven bd danh ca ngir van, ca ngir va tau ciu
muc dat trén 40%. Vi vay, han ché chi phi cho nhién liéu la mét thach thic 16n trén quan diém
kinh doanh. Hon nira, diéu nay cho thay sy can thiét phai xem xét lai thanh phan tiéu hao nhién
liéu trén cac tau khai thac ca, ciing nhu thay d6i theo huéng st dung cong nghé tiét kiém ning
luong ma khéng phu thudc vao gia ca nhién liéu nham co thé dap ung duoc cac van d& moi
truong toan cau trong twong lai, ciing nhu dé phat trién va duy tri nén cong nghiép bién bén
viing. Vi 18 d6, chiing t6i “Cuc Nghién ctru Nghé ca” ( FRA) thiét 1ap Uy ban vé Tiét kiém ning
luong ciia Cong Nghiép Ca (Vién Nghién ciru) bao gom cac chuyén gia trinh d6 cao véi muc
dich nghién ctu cac didu kién hién nay vé cong nghé tiét kiém nang luong trong lanh vuc nghé
ca bao gom cac tau thuyén khai thac va huéng tiéu thy nhién liéu mong doi trong twong lai. Vién
Nghién ctiru ¢6 ba nhom nghién ctiru “Hop 1y hoa sir dung ning lugng”, “Nghién ctu thiét bj day
va ung dung LED” va “Quan ly nhiét do thich hop cho san pham nghé ca” nghién ctru cac van dé
theo diéu kién hién nay, sir dung cac két qua nghién ctu va phat trién cong nghé tiét kiém nang
luong. Thém vao d6, vién di xuat ban tap tai liéu voi muc dich giai thich noi dung k¥ thuat cu
thé, ciing nhu dua ra tong lugng phat thai dioxit cacbon 1am co sé cho nghé ca trong tuong lai &
dat nude chang ta dé co thé sir dung nang luong hop Iy va hiéu qua. Bao cao nay hoan thanh theo
muc dich nd luc cho twong lai theo hudng tiét kiém ning lugng trong nén cong nghiép ca thuy
san ciing nhu két qua nghién ctu cua timng nhom.

Ngay 18 thang 3 nam 2009
Kiyoshi Inoue

Chu tich, Vién Nghién ctru Cong nghé nang luong Nghé ca



. Current condition of energy consumption of fishing vessels

In the capture fishery, except for the gasoline used in outboard engine, most of the deep-sea and
offshore fishing vessels use fuel oilA and as for coastal fishing vessels they use fuel oil A and
light oil. In 2008 according to the study on global warming countermeasures in the field of
agriculture, forestry and fisheries of the project to promote environment biomass (Ministry of
Agriculture, Forestry and Fisheries of Japan), fuel consumption of the capture fishery in our
country in 2005(except for gasoline, total amount of light oil and fuel oil A) is 2,160,000
kl-2,450, 000kl. According to the annual statistics of resources and energy, the volume of sales
of light oil in our country in 2005 was 42,180,000 kI, and that of fuel oil A was 35,000,000 KI.
Therefore, fuel consumption of capture fisheryaccounts for 2.8%-3.2% of the total amount of
the sales volume of fuel oil A and light oil.

Reflecting considerable reduction in the number of medium and large scale deep-sea and
offshore fishing vessels, andfishery employees due to the aging of fishery employees and the
downturn in the price of fish, fuel consumption of fishing vessels have continued to decrease
every year. However, considering that the amount of gross domestic product in our country is
503,200,000,000,000 yen and the gross product of the fishing industry is 880,000,000,000 yen
(the amount which is calculated on a product basis by economic calculation of Agriculture and
Food related industry), therefore considering that the fishing industry accounts for only 0.17%,
it can be said that the fishing industry is a fuel intensive-industry compared to other industries.

1. Current condition of energy saving technology by fishing vessels

1. Visualizationfuel consumption

When considering about energy saving of fishing vessels, it is fundamental to first know the
amount of fuel consumption of fishing vessels. Fishing vessels require complicated operational
techniques for the purpose of fish haul and it is completely different from merchant vessels of
which purpose is to simply carry products and people. For the reason that prime power inboard
may vary greatly depending on the condition of the operation, the fuel consumption of main
engine and auxiliary engine also undergo significant fluctuation. It is expected that the vessel
operator will be aware of fuel cost and will make efforts to operate thinking about energy
saving by setting fuel flow gauge in the main engine and the auxiliary engine and display the
result in the bridge and machinery control room on a real time basis.

In general, fuel flow gauge is set between fuel tank inside engine room and engine for both the
main engine and auxiliary engine. In most engines, the amount of fuel oil sent to the engine by
a pump is more than the amount of actual consumption, therefore some amount of oil return to
fuel tank, therefore it is necessary to measure the flow volume both in the entrance and the exit
of engine and calculate the difference as fuel consumption. Some of medium and large scale
fishing vessels have flow devices which measures the fuel which pumps up from bottom tank



I.  HIEN TRANG TIEU THU NANG LUQNG CUA CAC TAU KHAI THAC CA

Céc tau khai thac c4, trir cac dong co lip bén ngoai tau chay bang xing, hau hét cac tau ca khai
thac xa bd va ving bién khoi déu st dung nhién liéu A, trong khi nhién liéu A va nhién liéu nhe
duogc dung cho cac tau khai thac ven bo. Theo nghién ciiu cac bién phap chdng hién tuong néng
1én toan cau vao nam 2008, trong lanh vuc ndéng nghiép, 1am nghiép va nghé ca thong qua du an
thac day phat trién sinh khdi méi truong (Bo Nong nghiép, Lam nghiép va Nghé ca Nhat Ban),
tiéu thu nhién liéu cua cac tau khai thac ca ¢ trong nuéc vao nam 2005 (trir xang, tong $6 nhién
liéu nhe va dau A) 1a 2.160.000 ki — 2.450.000 kl. Theo sé liéu théng ké hang nim vé tai nguyén
va ning luong, s6 lwong dau nhe ban ra trong toan quéc vao nam 2005 1a 42.180.000 ki va nhién
liéu A la la 35.000.000 KI. Vi vay, tiéu thu nhién li¢u ctua cac tau ca chiém khoang 2,8 — 3,2 %
téng lwong nhién liéu A va nhién liéu nhe ban ra.

Twong (ng VGi su giam dang ké cac tau khai thac ¢ viing bién sau va xa bo, ngudn nhén lyc nghé
ca bi gia hoa va su suy giam gia ban hai san, tiéu thu nhién liéu trén cac tau ca lién tuc giam hang
nam. Tuy nhién, vai tong s6 san pham ndi dia trong nuée 1a 503.200.000.000.000 Yén, trong d6
cong nghiép nghé ca chiém 880.000.000.000 Yén (tinh trén mot co s& san pham do tinh toan
kinh té cua nganh lién quan Nong nghiép va Thuc pham) chi chiém 0,17%, diéu nay cé thé noi
rang nghé ca la mot nganh yéu cau tiéu thy nhién liéu cao so vai cac nganh cong nghiép khac.

Il.  HIEN TRANG VE CONG NGHE TIET KIEM NANG LUQNG CUA CAC TAU CA

1. Khai niém vé tiéu thu nhién liéu

Khi xem xét vé tiét kiém ning luong cua cac tau danh c4, nén tang dau tién 1a hiéu biét vé luong
tiéu thu nhién liéu cia tau ca, chung doi hoi ky thuat van hanh kha rac rdi, dac biét la thay doi
huéng tau nham dat myc dich bat duoc ca, chung hoan toan khac biét vai cac thuong thuyén co
muc dich don gian la van chuyén hang hoa va hanh khach. Do d6 ma cong suét toan bo trén tau
c6 thé rat 16n phu thudc vao loai nghé khai thac, luong tiéu thu nhién liéu caa dong co chinh va
cac may phu ciing phai chiu thay do6i trong mot dai rong. Piéu nay doi hoi nguoi diéu khién tau
phai c6 kién thirc vé chi phi nhién liéu va phai nd luc van hanh trén quan diém tiét kiém nhién
liéu bang cach lip dong hd do lwong tiéu thu nhién liéu cua may chinh va may phy, hién thi
thong tin & dai chi huy va phong diéu khién budng may trén co sé thoi gian thuec.

Nhin chung cho ca hai trudng hop may chinh va may phu, dong hé do luu lwong duoc dit gitra
két nhién liéu va dong co. Trén hau hét cac dong co, tong sé lwong nhién liéu dugc chuyén dén
nd bang mot bom vai lugng nhién liéu nhidu hon luong tiéu thu thuc té, vi vay mét lwong dau
thira duoc quay vé két nhién liéu. Cho nén can phai do thé tich cua ca hai dong nhién liéu vao va
ra khoi dong co, dong thoi tinh gia tri chénh 1éch dé xac dinh lwong tiéu thu nhién lidu. Trén mot
s6 tau ca kich thudc 16n hodc trung binh c¢6 dung cu do luu lwong nhién liéu khi bom tir két day
(Két du trir) dén két nhién liéu hang ngay, tuy nhién hau hét cac tau ca khong thé hién thi tong sé



to service tank, there are almost no fishing vessels which can display how much fuel is
consumed on a real time basis, when the vessel is in operation. At this moment, flow gauge and
display system which are easy to install to fishing vessels are not available, it is recommended
the fuel flow gauge which is easy to install to fishing vessels will be developed in the future.
2. Trend of fuel consumption rate by fishing vessel engines

Diesel engines used in fishing vessels are superior in terms of thermal efficiency among
practical internal-combustion engines. Since oil shock in 1970, research and development
toward energy saving has continued and there has been an effort to reduce fuel consumption
rate.

However in 2005,global regulation against gas emission which is intended to reduce nitrogen
oxide (NOXx) for marine engines of which output are more than 130Kw was introduced, what’s
more second emission control will start in 2012 requiring more reduction of nitrogen oxide and
continuously there will be third emission control following this second control. In order to
reduce nitrogen oxide, it is necessary to lower combustion temperature which will also lead to
a decrease in thermal efficiency. The key point of technical development is to pass the emission
control which will be even more reinforced in the future without deteriorating fuel
consumption rate.

3. Specific energy saving technology by fishing vessels

Here 1 would like to explain about current condition of energy saving technology which is
applicable to existing fishing vessels as follows. (1)Energy saving technology which is capable
of being handled by software (2)Energy saving technology by proper remodeling of hull
(3)Energy saving technology by proper conversion of engine (4)Energy saving technology
using fishing gear (5)Energy saving technology which is available at the time of vessel
construction  (6)Energy saving technology to be considered for the future

(1) Energy saving technology capable of being handled by software

1) Control of navigation speed
It is a technology which is applicable to all fishing vessels regardless of types of fisheries, size
and hull forms. It needs output requiring propulsion which is proportional to the cube of the
speed of the vessels. Therefore, a slight decrease in speed will reduce the output requiring
propulsion and the fuel consumption will as well be reduced.

This rule is applicable to the offshore and deep-sea fishing vessels which are called
displacement type of fishing vessels. The length of these vessels is over 20m and the navigation
speed is less than 13 knot. Practically, slowing down the speed when navigating the same
distance will decrease the fuel consumption with the square of the speed, and it is due to the



lwong nhién liéu tiéu thu trén co sé thoi gian thuc, trong khi tau dang khai thac. Cho dén lac nay,
ddng hd luu lwong va hé thdng hién thi d& Iap dit cho cac tau ca la chua sin sang, vi vay loai
ddng hd do luu lugng d& lap dat cho tau ca s& dugc dé nghi phat trién trong twong lai.

2. Xu huéng suét tiéu hao nhién liéu trén cac dong co tau ca

Trong s cac loai dong co dét trong dung trong thuc té, cac dong co diesel ldp trén tau ca c6 hiéu
suat nhiét cao nhat. Tir khi khung hoang dau mo vao nam 1970, cac nghién ctu va phat trién theo
dudi hudng tiét kiém nang lugng va nd luc giam suit tiéu hao nhién liéu.

Tuy nhién vao nam 2005, diéu luat toan cau vé chong 6 nhidm phat thai khi xa da dugc thong
qua, hudéng vao viéc giam oxit nito (NOx) dbi vai cac dong co tau thuy co cong suat 16n hon 130
KW. Thém vao d6, diéu luat vé kiém soat phat thai khi xa lan tht hai, c6 hiéu luc vao nam 2012,
yéu cau giam nhiéu hon ham lugng oxit nito va lién tuc s& ¢6 diéu luat kiém soat phat thai thir ba
ké tiép. Dé giam oxit nito, can phai giam thap nhiét do chay cua nhién liéu, diéu nay lai lam giam
hiéu suat nhiét. Quan diém cbt Ii cua su phat trién ky thuat 1a phai vuot qua duoc kiém soat phat
thai khi xa ngay cang thét chat trong tuong lai nhung khong dugc lam xau di suat tiéu hao nhién
ligu.

3. Cong nghé tiét kiém nang luong dic trung cho cac tau ca

Tinh trang cong nghé tiét kiém ning lwong hién nay cé thé ap dung cho cac tau danh ca hién tai
nhu sau: (1) Cong nghé tiét kiém niang lwong bang quan Iy béi phan mém; (2) Coéng nghé tiét
kiém nang lugng nho sira d6i than tau hop ly; (3) Cong nghé tiét kiém ning luong nho thay doi
hop Iy dong co; (4) Cong nghé tiét kiém ning luong nhd st dung cac thiét bi nghé ca; (5) Cong
nghé tiét kiém nang lugng cé duoc trong thoi ky dong tau; (6) Cong nghé tiét kiém nang lugng
xem xét trong tuong lai.

(1) Cong nghé tiét kiém niang lwong bang quan 1y bai phan mém

1) Kiém sodt téc dg hang hdi

Pay 1a cong nghé co thé tng dung cho tat ca tau ca khong ké nghé nghiép, kich thudc va hinh
dang than tau. Cong nghé nay dua trén cong suét ra cua luc day, no ty 18 bac ba vai toc do tau. Vi
vay, chi can ha nhe toc d6 s& lam giam cong suét ra cho day tau, ciing nhu luong tiéu thu nhién
liéu.

Qui tic nay co thé ap dung cho cac tau ca khai thac xa bd va bién sau, la cac tau da biét duoc
luong chiém nudc. Thong thuong, chiéu dai cac tau nay 16n hon 20m va téc d6 hang hai dudi 13
hai Iy. Trén thuc té, viéc giam téc do khi tau dang chay hanh trinh véi mot khoang cach nhu
nhau, tiéu thu nhién liéu s& giam theo ty 1¢ binh phwong véi tée do, bai vi thuc té thoi gian hanh
trinh can thiét sé tang 1én ty voi tdc d6. Mat khac, hau hét cac tau nho khai thac ven bo duoc goi



fact that the time which navigating requires will increase in proportion to the speed. On the
other hand, most of the small size coastal fishing vessels are called semi-sliding type fishing
vessels with the length of less than 20m and the speed of over 14knot. Bow will be lifted up in
case the speed is over 10 knot for these types of fishing vessels,when the vessel is in the
condition of semi-sliding. The rule of cube does not apply. In this speed range, the reduction of
fuel consumption due to speed down when the same distance is proportional to the speed,

Speed down will prolong the navigation time (days) which might make the fuel consumption of
auxiliary engine to increase in proportion to time and also there might be an influence on fish
catches, therefore it is necessary to take these into consideration and select proper speed.

2) Reduction of vessels’ weight
It is a technology which is applicable to all fishing vessels; however it is especially effective for
small fishing vessels. If amount of vessel weight such as fuel, fishing gear and catches
increases, the displacement as well increases and this will make the fuel consumption to rise
with the growth of propulsion resistance. It is recommended that disused fishing gear be stored
in onshore storage and that the amount of loaded fuel be lessened. As for small size coastal
fishing vessels, it is necessary to pay attention to the methods of loading fishing gear and fish
catches to be able to keep the trim in proper condition. It is also necessary to pay attention to the
methods of loading gears etc. in order to avoid excessive trim. In case of excessive trim by bow
or trim by stern, increase in the fuel consumption and deterioration in sea keepingand
maneuverabilitymay be caused.

3) Cleaning of hull, stern and propeller
It is a technology which is applicable to all fishing vessels regardless of type of vessels, size
and types of fisheries. Immediately after dock, hull, stern, propeller and other parts are kept
clean. However as days go by, those parts will get dirty due to attached algae, shellfish and
other creatures which will make it hard to sail at predefined speed for the reason of increased
friction drag causing growth in fuel consumption. Cleaning periodically will improve in its
quality. If it is not possible to put the vessels into dock frequently, cleaning of propellers by
divers will also show certain effects.

4) Effective utilization of controllable pitch-propeller
Some of the fishing vessels which are operated offshore and in deep-sea such as trawland tuna
long-lines are equipped with controllable pitch propeller. In the bridge of those fishing vessels,
there is usually control board to set “pitch” and “rotating speed”. Controlling the vessel speed
merely by pitch when the engine constantly rotates will decrease the efficiency of propeller
significantly in case of slow down, and this leads to rise in fuel consumption. This depends
on the condition of loading on vessels, speed and the condition of operation; however the



la Kiéu tau nira-luét véi chidu dai dudi 20m va tc do hon 14 hai Iy. Thong thudng, mii cua loai
tau s& dugc nang 1én khi tc do vuot qua 10 hai ly, day 1a dic trung ddi véi tau nira-luét. Khi do,
qui tic bac ba khong 4p dung duoc cho cac loai tau nay. Trong dai toc do do, viéc giam tiéu hao
nhién liéu nho giam tdc do khi tau dang chay trong cang mot quang duong thi ty 1é vai toe do.

Viéc giam téc d6 khi dang boi s& kéo dai thoi gian hanh trinh (ngay) diéu do6 co thé lam luong
tiéu hao nhién liéu cho cac may phu ting 1én ty 1& véi thoi gian, ciing nhu anh hudng dén viéc
danh bt c4. Vi vay can phai xem xét can than dé lua chon téc do tau hop 1y.

2) Giam trong luong tau

Pay 1a cong nghé c6 thé ap dung cho tat ca tau ca nhung né dac biét hidu qua ddi véi cac tau ca
¢& nho. Khi tong trong lugng ciia tau nhu nhién liéu, ngu cu va cac thiét bi ting cuong kha ning
danh bt Ion 1én thi luong chiém nuéc cha tau s& ting twong tng, diéu nay s& lam cho tiéu thy
nhién liéu gia ting theo muc ting ctia sirc can day tau. Vi vay, cac ngu cu khong sir dung nén dé
lai trén bo, khi d6 lugng nhién liéu mang theo tau s& giam xudng. Di vai tau nho khai thac ven
b can phai luu ¥ cach thirc chat hang hop Iy ciia ngu cu va ca khai thac dé gitr can bang doc tau
& diéu kién hop 1y, tranh nghiéng doc tau qua mac. Trong trudng hop nghiéng doc qua muc vé
phai mii hoic phia lai, c6 thé gdy ting cao luong tiéu thu nhién liéu, lam xau tinh ning 6n dinh
va hang hai.
3) Lam sach vo tau, banh lai va chan vit

Cong nghé nay co thé ap dung cho tat ca cac loai tau danh ca bat ké kiéu loai, kich thuéc
va nghé khai thac. Ngay sau khi ra khoi xuong, vo tau, banh lai, chan vit va cac phan khac can
duogc giir sach. Tuy nhién, ngay thang tréi qua, cac bd phan nay s& trd nén bam ban do tao, hau
va cac loai khac 1am cho tau kho khan khi boi & toe d6 dinh trude do gia ting lyc can ma sat va
lam ting luong tiéu hao nhién liéu. Viéc l1am sach dinh ky s& cai thién duoc tinh trang nay, néu
nhu khéng thé dua tau va viing (u) thudng xuyén, viéc 1am sach chéan vit bang tho lan ciing to ra
c6 hiéu qua nhat dinh.

4) Su dung c6 hiéu qua chan vit bién budc

Mot s6 tau ca hoat dong & vang bién khoi va xa bd nhu tau ludi kéo va tau cau-vang ca
ngtr duoc trang bi chan vit bién budc. O dai chi huy cua cac tau nay thong thudng co bang diéu
khién dé thiét lap “budc xo0an” va “toc do quay” cua chan vit. Viéc diéu khién toc do tau chi don
thuan bang budc xodn chéan vit trong khi téc do quay cia dong co duoc giir khong doi s& lam
giam hiéu suat caa chan vit rat I16n trong truong chay cham, vi vay hau qua lam ting luong tiéu
thu nhién liéu. Mac du diéu nay phu thudc vao diéu kién tai caa con tau, toc do va diéu kién hoat
dong, viéc giam tiéu thu nhién lidu co thé thuc hién bang diéu chinh phdi hop cua ca hai budc
x03n va téc d6 quay chan vit. N6i cu thé Ia nén cho tau hoat dong véi su thiét 1ap hop Iy vé



reduction of fuel consumption can be expected by operating both pitch and rotating speed. In
particular, it is encouraged that it is operated with the proper setting and also the “pitch” and
“rotating speed” being controlled simultaneously according to “operation manual” of
controllable pitch-propeller which is provided by propeller manufacturers and building
shipyards.
(2) Energy saving technology by proper remodeling of hull

1) Installment of bulbous bow
Protruding bulb at the bow of a vessel just below the waterline is called bulbous bow and is also
called bow cap or bow bulb. The speed of fishing vessels including offshore and deep-sea
fishing vessels is fast considering the length of the vessel, therefore wave making
resistance(\Vessel resistance which is generated by creation of vessel’s wake) accounts for a
large proportion among the resistance component of the vessels. In order to reduce wave
making resistance, giving large displacement volume to the edge of bow is efficient, and in
theory it has become clear that it is better to give larger displacement volume in the edge of
bow as the speed increases. Therefore it is a technology which is especially efficient for the
vessels which are operated offshore and in deep sea.
Bulbous bow is a special construction method which gives displacement volume to the edge of
bow. For the reason that the proper size depends on speed-length ratio (square root ratio of
speed and the length of vessel), as for specific design and construction there is a need to consult
with research institutes, building shipyards, design consultant which can design effective size
and form. For the reason that big waves occur from the parts of which transverse area changes
significantly, there is a need to put the installed parts of bulbous bow and the main full
smoothly so that the transverse area does not change significantly towards the length direction.
Furthermore, in case the emerging bow hits sea surface in case there are waves, there should be
bulbous shapes such as making the cross-section surface which is able to prevent the vessel
bottom from having big damages and other bulbous shapes in order to avoid any problems in its
structural strength in case there are waves in the ocean.

In general, these methods are not effective for small size coastal fishing vessels due to the fact
that those vessels sail over the speed-length ratio of bulbous bow to be effective. However for
some small size coastal fishing vessels, bow which has similar form is used for the purposes of
ensuring the buoyance of bow and increasing the length water line.

Offshore and deep-sea fishing vessels which are not equipped with bulbous bows and the ones
of which bulbous bows are not in proper form, can expect reduction in fuel consumption by

equipping bulbous bow or improving the form.

2) Hull attachment current plate



“budc x04n” va “tde d6 quay” bang sy diéu khién dong thoi tudn theo “hudng dan van hanh” vé
diéu khién chan vit bién budc cua nha san xuat chan vit va nha may dong tau.

(2) Cong nghé tiét kiém niang luong bang stra d6i vo tau hop Iy
1) Lip mii tau dang qua 1é

Lam mii tau hinh tron nho ra phia trudc, nam ngay phia duéi dudng nude duoc goi miii tau qua
1é hay 1a mii tron hoac mii bau. Téc do cua cac tau ca xa b va bién sau khi chay nhanh c6 lién
quan dén chiéu dai cua no, bai vi né tao ra sic can sinh séng (stc can tau duoc sinh ra do hinh
thanh séng khi con tau r& nuéc) chiém mot ty 18 1on trong cac thanh phan stc can tau, dé giam
stc can sinh séng bang cach cho luong chiém nudc 16n & dau mii tau dem lai hiéu qua, va theo
Iy thuyét diéu d6 tro nén rd rang la tét hon cho lwong chiém nudc 16n & mii tau khi téc do ting
cao. Do d6, cong nghé nay dic biét cé hiéu qua cho cac tau hoat dong xa bd va & viing bién sau.

Miii tau qua 1& phai dugc ciu tao dic biét dé co luong ré nudc & mii tau phu hop, bai vi kich
thudc phy thudc vao ty sé toe do-chiéu dai (ty sb can bac hai cua toc do va chiéu dai tau). Bé
thiét ké va cau tao c6 dic trung riéng can phai ¢ sy tu van cua vién nghién ctru, nha may dong
tau, nha tu van thiét thiét ké dé xay dung mot mii tau co kich thudc va hinh dang hiéu qua. Do
nhitng con song 16n xay & trong nudc tai cac phan dién tich ngang thay doi 16n, nén can phai lam
tron nhan cac phan lap dat cia miii tau qua 1& véi than tau dé phan dién tich ngang khong thay
d6i qua 16n theo hudng chiéu dai cua tau. Hon nita, trong trudng hop miii tau bi nhé 1én va dap
vao mit nuéc bién khi co nhitng dot song 16n, khi d6 hinh dang miii tau qua 1é tao ra mot bé mit
cat ngang dé c6 thé ngan ngira day tau bi pha hoai nghiém trong va no ¢ thé ngan ngira moi van
dé vé stic bén két cdu cua tau trong trudng hop ¢ séng 16n ¢ dai duong.

Nhin chung, cac phuong phép nay khong to ra hiéu qua dbi vai cac tau co kich thude nho khai
thac gan b, do thuc té cac tau nay hoat dong ¢ ché do cao hon ty s6 toc do-chiéu dai cua mii
qua 1& ¢6 hiéu qua. Tuy nhién, dbi voi mot s tau ca ven b, mili tau cé dang twong ty duoc dung
vé6i muc dich dé bao dam sirc ndi cua miii va gia tang chiéu dai duong nudc.

Céc tau khai thac xa bd khong 1dp miii tau qua 18, cling nhu cac tau co lip mii qua 1é nhung hinh
dang khong phu hop cé thé khic phuc dé giam lugng tiéu thu nhién liéu bang cach ldp thém mii
qua 1€ hoac cai thién hinh dang no.

2) Ldp vao vé tau tam hwéng dong



It is a device which enhances propulsion resistance which is mainly for deep-sea and offshore
fishing vessels. Several vanes are attached in a radical fashion around the stern in front of
propellers and by it, hull attachment current plate commutates the flow into propellers and also
recovers rotation energy. As attachment position of current place, form, size and the number
of alignment are related to the form of vessel under the water and the speed of vessel, it will be
essential to pre-consider carefully about equipping current plate with appropriate research
institutes, building shipyards, design consultants and others.

3) Shape refinement of the attachments to vessel’s hull and the bottom
It is an efficient technology for the fishing vessels operated offshore and in deep-sea.

There are things prevent the water from flowing and act as resistance by creating vortex
undersurface, and those things are the attachments such as skeg (Aggregate which is located in
the center of vessel’s bottom longitudinally is called “keel” and fin looking object which sticks
out from keel is called skeg. It is attached in order for vessel to operate in a straight line.) , bilge
keel (A plate which is attached to the bottom of hull’s side to prevent the vessel from rolling.),
sonar, transducer of fish-finder and also the aperture area of side thruster. The function of
attachments will be relatively bigger for that hull of fishing vessel is smaller than that of large
commercial vessel. Depending on the type of fishery, equipment such as propeller guard may
be added. Propulsion resistance is improved by refining attachments to proper form along a
streamline.

As for large scale purse seine fishing vessels, sonar and transducer of fish finder which were
scattered around the bottom of vessel are equipped altogether within the framework of hull on
keel line. And as for long-line tuna fishing vessels, there is an example of reducing fuel
consumption by refining each form of bilge keel, transducer box of fish-finder and corrosion
proof aluminum board. However, in case of improvement in the method of fixing transducer of
fish-finder, it is necessary to consider the improvement method carefully for that there is a
possibility of noise to occur in the fish-finder. It is due to the fact that depending on the
situation, air bubbles which are caused by the waves near the bow may flow near the transducer
along the vessel bottom.

(3) Energy saving technology by proper replacement of engine

1) Replacement of engines
This is a technology which is expected to be effective for small size coastal fishing vessels.
The replacement from old engines to new ones may be necessary for small size coastal fishing
vessels. Improvement in fuel consumption can be expected by replacing from old engines used
over 10 years to the new ones. Fuel consumption rate per out power may be improved, however,
fuel consumption may increase in case of performance delivery at full capacity owing to the



Pay 1a by phan dé cai thién siic can cua tau, chi yéu cho cac tau khai thac xa bo va ¢ bién séu.
Nhiéu chong chéng duoc gin xung quanh phan dudi tau & phia trude chan vit, qua do cac tim
huéng dong gin vao than tau lam thay d6i dong chay vao chan vit ¢6 tac dung cai thién ning
luong chuyén dong quay. Giéng nhu vi tri gan tim hudng dong, hinh dang, kich thudc va sé
lwong lap dat cé quan hé mat thiét dén hinh dang tau ¢ dudi nuée ciing nhu tée d6 cua no, day 1a
diéu thiét yéu dé tinh trudc mot cach can than vé tim hudéng dong lp dat véi su tu van thich hop
cuia cac vién nghién ctu, nha may déng tau, cac nha tu van thiét ké va cac t6 chuc khac.

3) Cai thién hinh dang cua cac bo phan gan vao vo va day tau

Do la mot cong nghé ddi vai tau ca hoat dong xa bo va bién séu.

C6 nhiéu vat ngin can sy chay cia dong nudc va giy ra sic can do tao cac nat xody ¢ dudi
nudc, va cac vat nay 1a phan gan hodc lap thém vao vo tau nhu got ki (got ki la mot vat gan tiép
theo chiéu doc giira day tau dugc goi 1a “ki”, mét vat nhin nhu cai vay gan nho ra tir ki, viéc gan
nhu vay giup cho tau giit hudng theo dudng thang), vay giam lic (I1a mot tim gan vao phia dudi
bén hong tau dé chdng lic), x6-na, dau may do ca va ciing nhu dién tich khe ho bén cua thiét bi
day. Tac dung cua cac phan gan thém nay tuong d6i 16n, do than tau danh ca nho hon so Véi cac
tau thuong mai c6 kich ¢& 16n. Phy thudc vao kiéu tau khai thac, thiét bj nhu bao vé chan vit ¢o
thé duoc lap bd sung. St can day tau duoc cai thién bang cach cai tién cac b phan gin bo sung
dé phu hop véi hinh dang doc theo dong nuéc.

Véi cac tau danh ca vay rat tai ¢& 16n, x6-na va dau do may tim ngu dugc lap quanh khu vuc
day tau tai cac khung suon doc theo duong ki cua than tau. Doi véi tau cau-vang ca ngir, luong
tiéu thy nhién liéu co thé dugc giam bang cach cai tién hinh dang cua vay giam lic, hop dau do
ctia may tam ngu va tim nhom chéng an mon. Tuy nhién, trong trudng hop hoan thién phuong
phap lap dat dau do may tim ngu, can phai xem xét phuong phép cai tién mot cach can than dé
khong xay ra nhidu cho may tim ngu. Do thuc té cho thay ring phu thudc vao trang thai, bot
khong khi do song tao ra & gan miii tau co thé troi theo dong nude dén gan dau do ¢ day tau.

(3) Cong nghé tiét kiém niang luong bang stra d6i hop Iy budng may
1) Thay thé cac dong co

Pay 1a mot cong nghé cé thé dem lai hiéu qua ddi véi cac tau nho khai thac ven bo. Viéc thay thé
cac dong co cil, 18i thoi sang dong co mai 1a rat can thiét d6i véi cac tau cd nho khai thac gan bo.
Sy cai thién tiéu thu nhién liéu c6 thé dat duoc bang cach thay cac dong co cli da st dung trén 10
nam sang cac dong co mai. Mac du suét tiéu hao nhién liéu cho mdi cong suit dau ra co thé duoc
cai thién, lugng tiéu thu nhién lidu co thé ting trong truong hop ¢ ché do toan tai do trong thuc té
nhin chung cong suét cua dong co mai 16n hon cong sut cua dong co cii. Co nhitng truong hop



fact that the horse power of new engines is larger than that of old ones in general. There were
cases that small size pole-and-line fishing vessels equipped with engines with 600 horsepower
were using less than 300 horsepower in order to save fuel, estimating from measuring result of
fuel consumption. Using engines of significant power with low load and bad fuel consumption
rate for a long time is not only inconvenient in sides, fuel consumption and initial investment
for replacement of engines, but it may also lead to the damage of engines due to low load injury.
In case of new construction and replacement, selecting proper output engine is the most
important thing in energy saving.

2) Main engine drive of generator and other auxiliary machines

Concerning generator of offshore and deep-sea fishing vessels, it is possible to save energy by
driving on the main engine which has better fuel consumption rate compared to auxiliary
engine. Transmission efficiency will improve by directly driving auxiliary machines such as
freezing machine by main engine and auxiliary engine for that there is no electrical conversion.
However, as direct-drive of freezing machine make the system complicated; it has been applied
to only small proportion of deep-sea tuna long-line fishing vessels. In case generator is driven
by main engine, it is important to keep the frequency constant. There are 2 ways to do so, one is
the method of using the main engine in a constant rotation frequency and control the speed
merely by controllable pitch propeller (CPP). Another method is to install constant frequency
unit between main engine with variable rotation frequency and generator or behind the
generator.As for the former method, if the propeller is rotating fast when navigatingslow by
tuna long-line fishing vessels, propeller efficiency will drop and will lead to increase in fuel
consumption. Of the latter, when using constant frequency unit which maintains regular
rotating frequency of generator by slipping electronically or mechanically, the transmission
efficiency will be reduced, in case the main engine is in high rotative speed. This will lead to
the increase in fuel consumption. There are models which ease negative effects by using
2-speed system. Furthermore, as for thyristor invertersystem which converts to constant
frequency alternating current after commutating variable frequency alternating current, high
transmission efficiency can be expected regardless of the number of rotations of main engine.
However, it may be difficult to operate parallel with the auxiliary engine. It is necessary to take
measures against noise for measurement equipment and communication device for the reason
that inverters cannot prevent electrical noise to generate.

Energy saving of the drive of main engine is becoming less effective with the gap of fuel
consumption between main engine and auxiliary engine shrinking compared to the past,
although it depends on the output power of engines. Therefore, it is essential to consider
comprehensive cost including reduction of maintenance cost and so forth by the main engine of
generator being able to back up the auxiliary engine completely. Therefore, regarding
auxiliary machines and the main engine drive, you need to consider the effects with technicians



da duoc bao cao 1a cac tau danh ca ngir bang can cau ¢ nho lip dat dong co 600 ma luc nhung
chi dung dudi 300 ma lyc dé tiét kiém nhién liéu, két qua duoc danh gia tir do lwong tiéu thu
nhién liéu. Str dung cac dong co c6 cong suét I6n mang tai thap véi suét tiéu hao nhién liéu kém
hiéu qua trong thoi gian dai khong chi bat tién ¢ phuong dién tiéu hao nhién liéu va dau tu ban
dau cho viéc chuyén ddi dong co, ma con dua dén su pha huy dong co do thudng xuyén & ché do
tai thip. Trong truong hop thay thé tau va dong mai, viéc lya chon cong suat ra cia dong co phu
hop la viéc 1am quan trong nhat dé dat duoc tiét kiém ning luong.

2) Trich luc may chinh dé phat dién va cac may phu khac

Déi véi may phat dién cua cac tau ca khai thac xa bo va bién sau, c6 thé tiét kiém ning
lwong bang cach trich lec may chinh dé dat duoc suit tiéu hao nhién liéu tét hon so thay vi sir
dung dong co phu. Hiéu suat truyén dong duoc cai thién khi dan dong truc tiép may phu nhu
may lanh bang may chinh va dong co phu do khong can chuyén doi qua dang dién niang. Tuy
nhién, khi truyén dong truc tiép cho may lanh s& lam cho h¢ thong trg nén phuc tap, né chi ap
dung cho mot phan nhé cac tau cau-vang ca ngir xa bo. Trong truong hgp may chinh dan dong
may phat dién, diéu quan trong la phai gitr dugc tan sé cua may phat on dinh, c6 2 cach dé lam
diéu d6: mot 1a giir may chinh lam viéc o tan sé quay khong d6i va diéu khién toc do tau don
thuan bang chan vit bién budc (CVBB); phuong phéap khac 1a 1ap mot bo tan s6 khong doi giira
may chinh co toc d6 quay thay d6i véi may phat dién hodc phia sau may phat. Theo phwong phap
truéc, néu chan vit quay nhanh khi tau boi chdm & cac tau cdu-vang ca ngir, hiéu suit chan vit
giam va dan dén gia tang luong tidu thu nhién lidu. Véi phuong phap sau, khi sir dung bo tan sé
khong d6i dé duy tri tan s quay cua may phat dién bang co cau truot dién hodc co khi, hiéu suat
truyén dong s& giam, dic biét khi may chinh cé toc do quay cao. Piéu nay din dén gia ting
luong tiéu thy nhién liéu. Cé nhitng mé hinh lam giam bét anh hudng tiéu cuc nay bang cach sir
dung hé thong 2 téc d6. Hon nira, khi dung bo bién tan bang thysistor dé chuyén thanh dong dién
xoay chiéu co tan sd khong doi sau khi dao mach dong dién xoay chiéu co tan s thay doi, co
hiéu suat truyén dong cao dat duoc & bat ky toe do quay nao cua may chinh. Tuy nhién, né co thé
gap kho khan khi hoat dong song song véi dong co phu. Ciing can c6 bién phap chdng nhiéu cho
cac thiét bi do luong va thiét bi vién thong vi cac bo bién tan khong thé ngin ngira dugc nhiéu
dién phat sinh.

Sy tiét kiém nang luong nho trich lyc tir may chinh dang tré nén kém hiéu qua khi khoang cach
tiéu thy nhién li¢u gitta may chinh va may phu duogc thu hep lai so véi trude day, mac du diéu
nay phu thugc vao cong suét ra cua cac dong co. Vi vay, ton tai kha nang dé nghién ctiu dé cai
thién chi phi bao gém viéc giam gia thanh bao tri va cac van dé khac cho may chinh khi dung dé
trich lyc phat dién va may phu hoan toan chi dé dy phong. Hon nita, ciing can phai danh gia hiéu
qua dan dong caa may phu va may chinh véi su tu van caa cac ki thuat vién am hiéu hé thng.



who are familiar with the system.

3) Control of rotating speed of pump and other equipment by inverter

Seawater coolant pumps which are used in main engines and auxiliary engines of offshore and
deep-sea fishing vessels are driven at constant speed by three-phase induction motor. On the
other hand, while the heat quantity of clear water and lubrication oil which needs to be cooled
may vary depending on the load condition of engines and equipment, in general certain amount
of room in addition to the maximum value is selected for the pump capacity, and also provide
cooling device with maximum flow. Using variable amount pump which is able to adjust the
number of rotations and provide the required coolant water for heat discharge, is an effective
power saving measurement.

In particular, fuel consumption is reduced by methods as follows. It can be reduced by
controlling the temperature difference in the doorway for coolant waterby making the speed of
motor which drives the coolant water pump of main engine adjustable by inverter regardless of
the load of main engine. Second method is to control discharge pressure to be constant by
making the speed of motor which drives coolant water pump of several auxiliary engines
adjustable regardless of the number of operating auxiliary engines. It can be widely-applied by
using similar methods such as trying to save energy by adjusting displacement water volume
according to the decrease in the number of live bait fish from operations through making it
possible to adjust the speed of the pump for warehouse to farm live bait at low temperature
used in skipjack pole-and-line fishing,
4) Improvement of power factor using phase advancing condenser

It is a technology which is applicable and effective to both offshore and deep-sea fishing
vessels.

The loss of electric power in circuit is reduced to the square of current. For that time lag occurs
between the changes of electric pressure and current, there will be a huge loss of electric power
in case high current flows at low voltage. Therefore, setting a condenser (Phase advancing
condenser) which is able to adjust time lag will reduce electric power and will ease loss of
electric power. (Improve power factor) However, if the vessel does not have electric power loss
from the time of new vessel constructed, setting phase advancing condenser will not have much
improvement effect. When introducing the condenser, it is necessary to consult with experts for
that proper condenser volume should be selected depending on the vessel and also that proper
connection method should be chosen.

(4)Energy saving technology using fishing gear
1) Low-resistance fishing gear
It is an effective technology for trawl fishing vessel operated offshore and in deep-sea.



3) Diéu khién téc d6 quay ciia bom va cac thiét bi khac bang bo bién tan

Céac bom nudc bién lam mat dung cho cac dong co chinh va phu trén cac tau ca khai thac xa bo
va bién siu duoc dan dong bing dong co dién cam ung 3 pha véi tbe do quay khong d6i. Trong
khi d6 luong nhiét cuia nude ngot va dau bdi tron can dugc 1am mat c6 thé thay ddi phu thudc
vao diéu kién tai cua dong co va thiét bi, nhin chung mét luong nao dé trong phong may duoc
thém vao dé ning suit ciia bom duoc chon theo gia tri cuc dai, ciing nhu cac thiét bi lam mat
cung cap véi dong chay I6n nhat. Khi sir dung bom c6 ning suit thay doi cé thé diéu chinh bang
téc d6 quay va cung cip luong nudc lam mat can thiét cho lugng nhiét can mang di, day la mot
bién phap tiét kiém ning lwong cé hiéu qua.

Trong thyc té, dé giam lugng tiéu thu nhién liéu bang cac phuong phap sau day: (a) bang cach
kiém soat sy chénh léch nhiét d6 & cac ctra cua thiét bi lam mat va xac 1ap toc do cua dong co
dan dong bom nudc 1am mét caa may chinh bang diéu chinh bo bién tin ma khong phu thudc
Va0 tai cua dong co; va (b) bang cach kiém soat ap suat day khong do6i va xac lap toc do cua
dong co din dong bom nudc lam mat cia nhiéu may phu bang diéu chinh thich hop véi sb lugng
bat ky may phu dang hoat dong. Viéc st dung cac phuong phap twong tu dé cb gang tiét kiém
nhién liéu bang cach diéu chinh thé tich nudc chira theo mirc giam sé lwong cua ca nudi lam moi
trong thoi gian khai thac thong qua diéu chinh tdc d6 cua bom nudc nudi mdi song & nhiét do
thap dung trong nghé cau ca ngir van.
4) Cai thién hé sb cong suat bang cach st dung tu dién bu pha

Pay 1a cong nghé co thé ap dung ¢6 hiéu qua cho ca hai loai tau khai thac xa bo va bién sau.

Sy ton that dién ning trong mach dién duoc giam theo ty 1& bac hai voi dong dién. Tir luc xay ra
cham pha giita cac lan thay ddi ap va dong dién s& gy mot su ton hao I6n dién niang, dic biét
trong trudng hop dong dién cao ¢ dién 4p thap. Vi vay, lip mot tu dién (tu dién bu pha) co thé
lam giam su cham pha ngudn dién ning va s& giam thiéu ton that dién ning (ning cao hé s6 cong
suat). Tuy nhién, néu nhu khong xay ra tén that dién nang tir lac né dugc dong méi, thi viéc lap
dit tu dién bu pha s& khong co hiéu qua cai thién hé s6 cong suét nhiéu lam. Khi dwa vao st dung
tu dién, can phai tham khao véi cac chuyén gia dé chon dién dung hop ly tuy thugc vao con tau,
ciing lya chon nhu cach két néi tu dién vao mach phu hop.

(4) Cong nghé tiét kiém nang lwong bang st dung thiét bi nghé ca
1) Cong cu khai thac cé stc can thap

Pay 1a cong nghé cho tau ca nghé ludi kéo xa bd va bién sau.



The resistance of fishing gear of trawl fishing vessel when trawling nets is proportional to the
output power of main engine when trawling nets. Therefore, energy saving effects can be
expected by reducing the resistance of fishing gear. Nets of trawl fishing vessel are generally
made of polyester. Using ultra high-strength polyester fiber which is 4 times as strong as
normal one in right places of fishing gear will make the diameter of net twine thinner and also
by enlarging the mesh size of parts which do not have big influence on fishing such as wing
-like attachments, the resistance will be reduced. This technique is used in some offshore trawl
fishing vessel and the energy saving effects are confirmed.

Regarding small size coastal trawl fishing vessel, it is difficult to use low —value resistance
fishing gear like the ones used in offshore trawl fishing vessel at this moment, as they generally
use thinner line for nets compared to deep-sea and offshore trawl fishing vessel and it is hard to
find even thinner and proper sized ultra-high-strength fiber. However there is room to think of
alternative ways to reduce resistance such as by enlarging the size of mesh of the parts like
wing-like attachments which do not have much influence on fishing.

2) Operation of hydraulic pump and hydraulic system

Many fishing vessels including offshore trawl fishing vessel drive hydraulic pump which is
power source of fish catching machines such as winch by main engine. Most of those hydraulic
systems use circuit which is a combination of constant-volume motor and constant-volume
pump. As pump is driven by main engine, it discharges certain amount of oil. Winch drum
adjusts flow regulating valve in order to obtain required rotations and it provides hydraulic
motor with necessary quantity of oil. Though excessive oil bypasses down the stream, when
this oil is flowing inside the pipes, it will result in loss of energy. In general, the loss of energy
can be reduced for the reason that pumps with enough room for the volume of hydraulic motor
are equipped and it will lower the discharge volume of pumps by reducing the number of
rotations of main engine. By using constant pressure variable amount hydraulic pump system
which only provides necessary oil quantity for hydraulic motor, there will not be the loss of
energy mentioned above and thus energy could be saved.

(5)Energy saving technology which is available at the time of construction of vessels
1) High efficiency propulsion system such as contra-rotating propellers

Large scale purse seine fishing vessels such as
Nihon-maru is equipped with tandem propulsion
devicewhich has main engine drive propeller and
electric motor drive propeller fitted facing each other.
This is a kind of contra-rotating propellers and




Stic can ngu cu cuia cac tau kéo ching han nhu tai ludi co ty 16 voi cong sudt ra cia may chinh
khi tau khai thac. Vi vay, hiéu qua tiét kiém ning luong co thé dat dwoc bang cach giam sac can
cua ngu cu. Ludi cua cac tau ca nghé kéo da sé duoc lam bang soi poliexte. Khi sir dung soi
poliexte do bén siéu cao c6 dd chic gap 4 1an cua soi binh thudng & cac noi thich hop cho ngu cu
s& cho phép giam duong kinh cua soi xe ludi, ciing nhu mé rong kich thudc mit lugi & nhiing
phan khong anh huong 16n dén viéc bat ca chang han nhu phan canh cua luéi, sic can cua ngu
cu s& giam. K¥ thuat nay duoc dung trong mot sb tau ca ludi kéo xa b va cho thay c6 hiéu qua
tiét kiém nhién liéu.

Ddi vai cac tau ca nghé ludi kéo kich thudce nho hoat dong ven ba rat khé sir dung ngu cu ¢6 stc
can thap gidng nhu dung cho cac tau ludi kéo xa bo vao lac nay, nhin chung ching st dung cac
soi ludi nho hon so véi ludi cua tau kéo xa bd va diéu nay kho ma tim dugc mét kich thude nho
hon hop Iy cia soi bén siéu cao. Tuy nhién, mét cach khac ¢ thé dugce nghién ctu nham lam
giam sac can cua luéi nhu 1am Kich thudc mat lugi I6n hon ¢ cac phan khong anh hudng dén
viéc danh bét ca nhu phan canh cuaa luéi.

2) Van hanh bom thuy lyc va hé théng thuy lec

Nhiéu tau ca bao gom ca tau ca nghé ludi kéo khai thac xa bd dugc truyén dong bang bom thuy
lyc tir may chinh dé lam ngudn ning luong cho cac cong cu khai thac chiang han nhu toi. Hau hét
cac hé thong thuy luc d6 dung mach truyén dong két hop giira dong co thuy luc va bom thuy luc
c6 thé tich khong doi. Khi bom dugc may chinh din dong né day mot lwong dau xac dinh. Tang
trbng cua toi qui dinh van diéu chinh dong chay dé cé duogc tée do quay can thiét cung cap cho
bom thuy lrc véi mot lugng dau yéu cau. Khi dau bom trong dudng ong, phan dau du di qua
van-vong quay lai hé thong gay ra ton that niang lugng. No6i chung, sy mat nang luong nay cé thé
dugc giam khi bom duogc trang bi vira du cho thé tich ciia dong co thuy luc va thé tich day cua
bom thdp hon bing cach giam téc d6 quay ciia may chinh. Khi dung hé théng bom thuy luc 4p
suit khong ddi vai lwong dau thay ddi né chi cung cap mot lugng dau can thiét cho dong co thuy
lyc, khi d6 s& khong bi mat nang luong nhu di noi trén va vi vay tiét kiém duoc ning luong.

(5) Cong nghé tiét kiém nang luong trong thoi gian dong maéi
1) Hé thong day hiéu suat cao bang chan vit déng truc quay nguoc chiéu
Cac tau ca nghé ludi vay rat ¢& lén nhu tau
Nihon Maru duoc lap hé day tau bang hai chan vit lip
k& nhau céi trugc cai sau, may chinh dan dong chan
vit va dong co dién dan dong chan vit Iép ddi dién voi
nhau. Pay 12 loai hai chan vit ¢6 chiéu nguoc nhau va
hiéu suat day dugc ning cao bai dong nudc quay chan
vit sau nhan dugc dong nudc sinh ra tir chan vit do




propulsion effect improved by back propeller collecting rotating flow which is generated
propeller driven by main engine. This system can be used as stern thruster by rotating stern
with electric propulsion device when operating large scale purse seine fishing vessels.
Establishing a method of using tandem propulsion during operation and navigating and also
analyzing maintenance cost are the challenges for the future regarding verification test.

2) Double reduction of main engine

Regarding fixed-pitch propeller for trawl fishing vessel of which loading depends on whether
when it is navigating or when it is trawling and set net fishing vessels which have huge gap
between when it is in ballast or when it is fully loaded, the propellers are designed in order to
avoid engine to be in the torque rich situation.

Adapting two-stage deceleration system will make it possible to select the number of rotations
according to propulsion resistance of two different situations; when it is navigating or when it
is trawling (or in case the vessel is fully loaded). In this way, without using expensive
controllable pitch propeller, it is possible to drive efficiently and also to optimize the engine
performance without overloading. This will result in energy saving too.

1) Cost saving by using economical oils such as C-heavy oil and AC-blend oil

Using C-heavy oil which is cheaper than fuel oil A (Fuel oil C costs about 80% of Fuel oil Ain
our country) or using AC-blend oil which is a mix of fuel oil C and Fuel oil Ais expected to
save cost. Fuel oil C is made of residue of gasoline, heating oil and light oil refined from crude
oil, and it shows large variation in its form due to refinement method and the type of crude oil
used. Fuel heater is necessary for that fuel oil C is thick. Also, as fuel oil C includes many
foreign substances and impurities, centrifugal cleaning equipment is necessary in order to
get rid of them when using fuel oil C. This requires a lot of energy and in addition to that, the
proportion of CH is high compared to fuel oil Awhich increases the carbon-dioxide emission.
What is more, it is necessary to consider that hazardous substances such as NOx and sulfur
oxide (Sox) in emissions and particle matter may increase.

When starting and stopping the engine and in case of low loading, fuel oil C should be switched
to fuel oil A. Engine parts including fuel valve are expected to become run down faster than
usual. As for domestic vessels, there is a past record of fuel oil C being used for 500 ton class
vessels; however, considering the facility aspect of engine room, this will possibly be
introduced to only large scale fishing vessels. Maintenance cost and increase of labor of crew
members should be taken into account in order to determine economic efficiency, therefore
verification test using large scale fishing vessels is essential. In addition, the route of fuel oil C
acquisition should be considered. (In general, AC-blend oil cannot be acquired in Japan.)



may chinh dan d6ng. Hé théng nay cé thé dung nhu 1a bo ddy & dudi tau nho hé ddy dan dong
dién khi tau vay ¢ I6n hoat dong. Thiét 1ap mot phuong phap si dung hé thong day chan vit
dong truc nguoc chiéu trong sudt thoi ky khai thac va hanh trinh, ciing nhu phén tich chi phi bao
tri la mot thir thach cho hoat dong Kiém tra trong tuong lai cta phuong phap nay.

2) Giam gap d6i dong co chinh

Trén cac tau ludi kéo 1ap chan vit dinh budc co tai phu thudc vao tau dang chay hanh trinh hoic
dang kéo ludi, va dbi vai cac tau danh ca bang ludi ¢ dinh c6 khoang cach Ion gitta ché do chay
ba-lat hodc chay day tai, cac chan vit nay duoc thiét ké dé ngin ngira dong co bi qua tai vé
moment.

Lap thém vao hé théng giam téc do hai-cap s& cho phép né co thé lya chon tée do quay theo stc
can day tau ¢ng véi hai truong hop khac nhau, khi tau chay hanh trinh hoic khi kéo luéi (hoic
trong trudong hop tau day tai). Bang cach nay, khong can str dung chén vit bién bude dit tien ma
van c6 thé truyén dong hiéu qua, ciing nhu tdi wu hiéu suat cia dong co ma khong bi qua tai.
Piéu nay ciing sé& cho két qua tiét kiém ning luong.

1) Tiét kiém chi phi bang cach sir dung nhién liéu ré nhu dau nang-C hoic dau pha-AC

Khi st dung dau nang-C gia thanh s& thap hon so v&i dau A (Nhién liéu C c6 gia khoang 80% so
véi nhién liéu A ¢ Nhat Ban) hoac dung nhién liéu pha-AC do la loai nhién liéu hdn hop cua
nhién liéu C va nhién liéu A dé giam gia thanh. Nhién liéu C dugc san xuat tir chat can khi chung
cat xang, dau gia nhiét va dau nhe tinh ché tir dau tho, d6i khi hinh thic ciia né nhin thay rat
khac biét vi do phuong phap tinh ché va loai dau tho st dung. Nhién liéu C rat dic nén yéu cau
gia nhiét dé lam lodng né, va do nhién liéu C chaa nhiéu chat thém vao va khong tinh khiét nén
can bo loc ly tam dé lam sach chung trudc khi st dung nhién liéu C. Piéu nay lam tén nhiéu
ning luong va thém vao dé la ty 1é thanh phan CH cao hon so véi nhién liéu A, do vay lam ting
phat thai dioxit cacbon. Hon nira, ciing can xem xét Vé sy gia tang cac thanh phan doc hai nhu
NOx va oxit sunfua (SOx) va luong bd hong phat thai trong khi xa.

Khi khoi dong va dirng may trong truong hop tai thap, nhién liéu C s& duoc chuyén sang nhién
lieu A. Cac bo phan cia dong co gdm voi phun nhién liéu tré nén chay cham hon binh thuong.
Du sao thi da c6 mét thanh tich trong qua khi vé sir dung nhién liéu C cho cac tau cip 500 tan ¢
trong nudc. Tuy nhién, khi xem xét & goc d6 budng may, loai nhién liéu nay chi co thé dugc ap
dung dbi véi cac tau co kich thude 16n. Chi phi bao tri va cong lao dong cia doi thuyén vién ting
cao s& duoc tinh vao dé xac dinh hiéu qua kinh té, vi vay thir nghiém kiém tra cho cac tau ca kich
thude 16n 1a thiét yéu. Thém vao do, viéc cung cap nhién liéu C ciing can dugc xem xét (nhin
chung, nhién liéu pha-AC khong dugc cung cip & Nhat Ban).



The use of fuel oil C is introduced as 2-year-plan from 2008 to 2009 of “Project to urgently
substantiate the cost-saving technology in fishing vessels” in the project by Fisheries Agency

called “Technology development project towards appealing fishing industry”.

(6)Energy saving technology to be considered in the future
1) Rigged fishing vessels

Whenever the fuel prices rise, the idea of using wind energy by setting navigating equipment in
fishing vessels is proposed. However this idea never became widely-used except for special
fishing vessels such as trawl fishingvessels. The reason for this is that there are many demerits
by using this method and those demerits may eliminate the merit which is fuel saving. The
demerits mentioned here are; simple navigating equipment will make it complicated to sail and
automatizing will increase the initial cost. It will also cause problems such as increasing the
maintenance cost, the sail hindering vision and narrowing down the deck.

An ocean-going long-line tuna fishing vessel equipped with cybernated hard sail was
constructed in mid 1980s with the aid of Nippon Foundation; however it is not sure if it still
uses sail. Domestic vessels which were constructed with the same concept at the same are
operating but the sails were removed. Regarding large scale commercial vessels, equipment
which resembles kite called kite sail is proposed, yet it is difficult to introduce to fishing vessels.
Depending on velocity of the relative wind and direction of relative wind (Wind speed and
wind direction on the vessel during operation), any of those equipment may have more
demerits concerning fuel. This applies especially to those fast small sized coastal fishing
vessels for that it is difficult to get the same speed as the conventional speed by wind energy.

Recently,simpler rig using soft sail is considered to be introduced for ocean going long-line
tuna fishing vessels, and what’s more there is a report detailing about selection system of most
appropriate meteorological course in order to make good use of wind energy. However this still
has not been introduced yet. Utilization of wind energy is important research project as it is
propulsion device which does not depend on fossil fuel.

2) Wind generation and solar power generation

Natural energy such as wind electricity and solar power is drawing attention. Utilizing wind
energy as new energy resource for fishing vessels include not only using wind energy as a
power source for rig but alsocharging battery using generated electricity by method of putting
windmill to fishing vessels and then, use it for navigation device, fish catching device, onboard
pipes and drive-power of continuous current device such as rig device. In case you would like
to install solar battery to the fishing vessels, the best place to locate it is on the bridge as for



Viéc st dung nhién liéu C duoc dwa vao trong ké hoach 2 nam (2008 dén 2009) trong “Du 4an dé
xuit khan cip vé cong nghé tiét kiém chi phi cho doi tau ca” cua Cuc Nghé ca goi la “Du 4n
phét trién cong nghé hudng dén nén cong nghiép ca hap dan”.

(6) Cong nghé tiét kiém nang luong cho tuong lai
1) Tau danh ca lap budm

Khi gia nhién liéu ting cao, y tudng sir dung ning lwong gié bang cach lap dat thiét bi day tau
1én cac tau ca lai duge d& xuat. Tuy nhién y twong nay khong bao gio duoc sir dung rong rai trir
khi cho cac tau ca dic biét nhu cac tau danh bét bang ludi kéo. Ly do 1a vi phuong phap nay co
nhiéu khiém khuyét va cac ton tai nay c6 thé loai bo wu diém vé kha ning tiét kiém nhién liéu.
Céc khuyét diém ¢ chd voi thiét bi day tau don gian s& lam phuc tap viéc chay tau va tu dong
ho4, vi vay lam ting gia thanh ban dau. N6 ciing s& gdy ra cac van dé nhu gia ting gia thanh bao
tri, can tré tam nhin i tau va thu hep mat boong tau.

Mot tau cau ca ngir dai duong trang bi buém ctng diéu khién tu dong duoc dong vao giira nim
1980 cua nha tai tro Nippon, tuy nhién khong biét 1a con tau danh ca d6 c6 con dung budém hay
khong. C4c tau dong trong nudc Vai cing ¥ tudng van con dang hoat dong nhung budém da duoc
g bo. Tuy thé, dbi vai cac thuong thuyén c& I6n, mot thiét bi gidng nhu canh diéu goi 1a “budém
didu” da dugc dé xuat, nhung van khé khan dé ap dung cho tau ca. Phy thudc vao toc do va
hudng cua gio tuong tng (toe do va hudng giod tac dung 1én tau trong sudt thoi gian hoat dong),
thiét bi co nhiéu khuyét diém hon la st dung nhién liéu. Viéc ap dung nay, nhét la ddi véi cac tau
danh ca ven bd ¢& nho chay nhanh kho ma dat dugc cung téc d6 nhu téc do truyén théng bang
nang lugng gio.

Gan day, viéc sir dung budm mém don gian hon duoc nghién ctru dé dua vao cac tau ciu ca ngir
dai duong. D3 co bao cao chi tiét vé hé thong lya chon caa hau hét qua trinh dién bién vé khi
tuong hoc dé st dung tét hon ning lugng gié. Tuy nhién, khai niém nay chi méi dugc gigi thiéu
trong nghé ca. Tan dung ning luong gié dé day tau la dy an nghién ctru quan trong vi thiét bi day
nay khong phu thudc vao ngudn nhién lidu hoa thach.

2) Nang lugng gi6 va nang lugng mat troi

Str dung cac nguon nang lwong tu nhién nhu stc gio va mit troi dé phat dién dang thu hat sy cha
¥ rat 16n hién nay. Sir dung nang luong gié nhu 1a ngudn ning lugng méi cho tau ca khong chi 1a
mot ngudn dong e day tau ma con cé thé nap dién cho dc-qui khi sir dung may phat dién bang
cach lap dat mot chong chong gio & trén tau. Sau d6 sir dung ngudn dién nay cho cac thiét bi
hang hai, thiét bi danh ca, duong 6ng trén tau va dan dong cac thiét bi hoat dong mot cach lién
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existing vessels. However in most cases, navigational devices are already on the bridge and
making room for things like windmill is an issue.

3) Biodiesel Fuel

Biodiesel fuel (BDF) is general term of fuel for diesel engine of biomass energy made from
biological oil. Under the idea of carbon neutral, carbon dioxide which is generated by burning
it, is not counted as global greenhouse gas emission and is considered to be environmentally
friendly fuel. In Japan, mainly vegetable fat and oil such as oil waste of household and
commercial tempura oil after getting rid of foreign substances and moisture is used as basic
ingredient. BDF is produced fatty acid methyl ester after reacting it with methanol BDF which
is completely free of catalyzer and glycerinofby-product during the production process is
required. Mix with light oil or BDF 100%, it is used for diesel engine.as alternative fuel of light
oil. There are things to be taken into consideration when using it. First, fuel consumption is not
good as the amount of heat generation is 10% lower compared to light oil. Second, rubber
packing and rubber hose may swell as the dissolving power is strong. Third, when changing
from light oil to BDF, clogging may happen in filters due to the peeling of grime inside pipes
and fuel tank. BDF is a good quality fuel which is similar to light oil, it is necessary to ensure
stable supply and production cost in order to prevail it.

I11. Actual energy consumption and the estimate of energy consumption reduction effect
by type of fishing method

1. Actual energy consumption and expected energy saving effect

By main type of fishing, in order to estimate the effect of energy saving measure technology in
case (1) to (4) were introduced to fishing vessels and also the effect in case the LED fishing
light and proper adjustment of cooling temperature in fishery warehouse which will be
mentioned below are introduced, we calculated the fuel consumption of main engine and
auxiliary engine separatelyof each operational status (navigating, operating and anchorage) for
fishing vessels of which data of actual operation condition and the condition of fuel
consumption were obtained. The data of the amount of fuel consumption and operational
status are obtained from total of 9 fishing vessels which include deep-sea tuna long-line fishing
vessels(Freeze), coastal tuna long-line fishing vessels (Fresh), deep-sea skipjack fishing
vessels, offshore trawl fishing vessels, small size squid fishing vessels which are operated as
chartered vessels or have been used as charteredvessels in the past and of which data obtained
by FRA is reliable, small size pole and line fishing vessels, small size trawl fishing vessels of
which fuel use is calculated and large scalesaurysquare net fishing vessels which the energy
saving demonstration project by Fisheries Agency is conducted.

The general description for each fishing vessel is as follows. The trial calculation of energy
savingeffect is a maximum value in case all the measures are conducted. This is listed as a



tuc nhu thiét bi thu-tha cap. Khi lap dit pin ning lwong mit troi cho cac tau c4, noi tt nhat dé
dat 14 phia trén dai chi huy cua tau. Tuy nhién, trong hau hét cac truong hop, céc thiét bi hang hai
déu duogc lap trén dai chi huy nén khi phai nhuong chd cho cac vat nhu may phat dién bang sic
gi6 1a mot van dé can phai xem xét.

3) Nhién liéu diesel sinh hoc

Nhién liéu diesel sinh hoc (DSH) 1a thuat ngir chung caa loai nhién li¢u dung cho dong co diesel
dugc lam tir dau sinh hoc, 1a mét dang ning lugng sinh khéi. Theo ¥ tuéng cacbon trung hoa,
dioxit cacbon duoc tao ra khi dét chay DSH s& khong duoc tinh 14 khi phét thai gay hiéu Gmg nha
kinh toan cau, do vay né dugc coi 1a nhién liéu than thién véi moi trudng. Tai Nhat Ban, chu yéu
1a chat béo thuc vat va dau nhu dau phé thai cua cac ho gia dinh va dau chién mén Tem-pu-ra
thuong mai sau khi loai bo cac tap chat va hoi nudc dong lai s& dugc dung nhu mot thanh phan
co ban. DSH duoc tao ra tir methyl este cua axit béo sau khi cho né phan tng véi metanol, DSH
s& duogc sinh ra mot cach hoan toan tu nhién dudi tac dung caa chat xuc tac, glycerin 1a san pham
phu sinh ra trong sudt qué trinh san xuat DSH. C¢6 thé pha DSH véi dau nhe hoic 100% DSH
duogc sir dung cho dong co diesel nhur 13 mot loai nhién liéu thay thé cho dau nhe. Tuy nhién, c6
nhiéu diéu phai duoc can nhac khi sir dung DSH. Trude tién 1a lwong tiéu thy nhién liéu gia ting
do nhiét tri cua no sinh ra thap hon 10% so véi dau nhe. Thir hai, cac dém kin bang cao su va
dng cao su c6 thé phu 1én do kha ning hoa tan rat manh caa nod. Thu ba, khi thay doi tir dau nhe
sang dung DSH, c6 thé xay ra tic nghén trong cac bo loc do 16p bui ban bén trong duong éng va
binh nhién liéu bi bong ra. Mic di DSH 13 mot nhién liéu chéat lugng tot twong ty nhu dau nhe
nhung can phai dam bao su 6n dinh trong cung cap va chi phi san xuat dé ap dung né.

111. TIEU THY NANG LUQNG THUC TE VA PANH GIA HIEU QUA GIAM THAP
NANG LUQNG NHO PHUONG PHAP PANH BAT

1. Tiéu thu ning lweng thuc té va hiéu qua tiét kiém niing lwong dat dwoc

Pé danh gia hiéu qua cua cong nghé tiét kiém niang luong bang cac nghé chinh cua tau ca, sau
day gidi thiéu cac truong hop di dwoc nghién ctu: hiéu qua cua dén danh ca LED va sy diéu
chinh nhiét d6 lanh thich hop cho kho bao quan thuy san. Tiéu hao nhién liéu cua dong co chinh
va dong co phu dugc tinh toan mot cach riéng biét cho mdi ché do hoat dong (hanh trinh, khai
thac va tha neo) cua cac tau ca nham thu thap di liéu vé diéu kién hoat dong thuc té va tinh trang
tiéu thu nhién liéu. Dir liéu V& lugng tiéu thu nhién liéu va tinh trang hoat dong thu duoc tir tong
cong 9 loai tau ca, gdm céac tau cAu-vang ca nglr & vung bién sau (dong lanh), tau cdu-vang ca
ngir gan bo (ca tuoi), tau danh ca ngir van & ving bién sau, tau ludi kéo xa bd, tau cdu myc c&
nho hoat dong nhu tau cho thué hodc da duogc cho thué trong qua khtr, trong d6 dir liéu thu duoc
boi FRA 1a dang tin cdy, cac tau danh ca ngir bang cau chay (pole-and-line fishing vessels), cac
tau ludi kéo kich thudc nho luong tidu thu nhién liéu duoc tinh todn, cac tau danh bat ca thu
bang ludi manh kich thuéc 1on duoc ap dung du an chitng minh tiét kiém nang luong do Cuc
Nghé c4 chi dao.

Mo ta chung cho mdi tau ca duoc trinh bay dudi day, trong d6 bao gom ca tinh toan thir nghiém
vé hiéu qua tiét kiém ning lwong véi gia tri 16n nhat Gng véi tat ca cac bién phap duoc tién hanh.
Bang liét ké nay duoc dung nhu la mét tai liéu tham khao do hi¢u qua cua viéc tiét kiém nang
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reference as energy saving effect may vary greatly depending on the size, specification and
usage of fishing vessel and also energy saving measures were already taken for some vessels.

(1) 489 ton class deep-sea tunalong-line fishing vessel(Freeze)

The total fuel consumption was 849 Kl which is a total of fuel consumption of main engine
503 kI and that of auxiliary engine 346 Kkl of 1 sail which lasted 291 days. (Refer to document
1) Assuming all the possible energy saving measures were able to be conducted, the amount
of fuel consumption would be 615 kl and the energy saving rate is 28%. For deep-sea tuna
long-line fishing vessels which sail for long period of time, it is effective to navigate slowly.
On the other hand, it is important to consider that speed down will increase the amount of fuel
consumption of auxiliary engine due to the fact that the days required for navigating will also
increase. It is necessary to decelerate the navigating speed within the range of not influencing
the length of stay in the fishery. Furthermore, effect can be expected by improving the
attachmentof hull, form of bow and engine parts if there is room for improvement in those
parts.

(2) 149 ton class coastal tuna long-line fishing vessel (Fresh)
The total fuel consumption was 325KI which is a total of fuel consumption of main engine
233kland that of auxiliary engine 92 Kkl of 6 sails which lasted 209 days. (Refer to document
2) Assuming all the possible energy saving measures were able to be conducted, the amount
of fuel consumption would be 231kl and the energy saving rate is 29%.

Decelerating navigating speed is effective for coastal tuna long-line fishing which requires
many sails. It is important to consider that speed down will increase the amount of fuel
consumption of auxiliary engine due to the fact that the days required for navigating will also
increase. It is necessary to decelerate the navigating speed within the range of not influencing
the length of stay in the fishery. Furthermore, effect can be expected by improving the
attachment of hull, form of bow and engine parts if there is room for improvement in those
parts.
(3) 499 ton class deep-sea skipjackfishing vessel (Freeze)

The total fuel consumption was 853KI which is a total of fuel consumption of main engine
507kl and that of auxiliary engine 345kl of 4 sails which lasted 250 days. (Refer to document
3). Assuming all the possible energy saving measures were able to be conducted, the amount
of fuel consumption would be 654kl and the energy saving rate is 23%.

Decelerating navigating speed is effective for deep-sea skipjack fishing vessels which
requires navigating for a long period of time, however it is important to consider that speed
down will increase the amount of fuel consumption of auxiliary engine due to the fact that the



luong co thé thay doi rat Ion tuy thudc vao cac dac diém k¥ thuat, kich thudc va cach stir dung tau
c4, cling nhu cac bién phap tiét kiém ning lwong di duoc ap dung cho mot sé tau.

(1) Céc tau cau-vang ca nglr & ving bién siu loai 489 tan (d6ng lanh)

Tong tiéu thu nhién liéu 1a 849 kl bao gdbm tiéu thu nhién liéu cia dong co chinh (503 ki) va
dong co phu tro (346 ki) cho mot chuyén bién trong thoi gian 291 ngay (tham khao Dan liéu 1).
Tuy nhién, khi tat ca cac bién phap co thé tiét kiém nang lugng dugc thyuc hién thi $6 luong tiéu
thu nhién liéu s& 1a 615 ki va ty 18 tiét kiém ning luong 13 28%. Di véi cac tau cau-vang ca ngir
& ving bién sau c6 hanh trinh di bién dai han, hiéu qua c6 duoc mot mit 1a cho thuyén di cham.
Mt khac, diéu quan trong 1a phai xem xét viéc di chuyén tau cham s& lam tang luong tiéu thu
nhién liéu cua cac dong co phu bai vi s6 ngay can thiét cho cudc hanh trinh ciing sé tang 1én. Do
vay, can phai giam toc téc do tau trong pham vi sao cho khong anh hudng dén téng s ngay khai
thac. Hon nira, hiéu qua ciing c6 thé dat duoc bang cach hoan thién cac vat gan vao than tau,
hinh dang ctia miii tau, cac phan cua dong co néu con chd cho sy cai tién trong cac bo phan nay.

(2) Cac tau cau-vang ca ngir ven bo loai 149 tan (ca twoi)

Tong tiéu thu nhién liéu 1a 325 KI, trong d6 tong s tiéu thy nhién liéu cua dong co chinh 1a 233
kl va dong co phu 1a 92 kl cho 6 chuyén bién kéo dai 209 ngay (tham khao Dan liéu 2). Khi tat
ca cac bién phap c6 thé tiét kiém niang luong duoc thyc hién thi s luong tiéu thu nhién liu sé& 1a
231 Kkl va ty 18 tiét kiém nang luong 1a 29%.

Khi giam tdc d6 hanh trinh s& anh huéng dén thoi gian chuyén bién cua tau cau-vang ca ngir ven
bo. Pay 1a diéu can thiét dé xem xét viéc giam tdc d6 tau s& lam ting luong tiéu thu nhién liéu
clia cac dong co phu, bai vi s6 ngay can thiét cho chuyén bién ciing ting 1én. Vi vay, diéu can
thiét la giam téc do tau phai & trong pham vi khong anh huong dén s6 ngay khai thac. Hon nita,
hiéu qua ciing c6 thé dat duoc bang cach hoan thién cac vat gan vao than tau, hinh dang cia miii
tau, cac phan cua dong co néu con chd cho su cai tién trong cac bo phan nay.

(3) Céc tau danh c4 thu van ¢ ving bién sau loai 499 (dong lanh)

Tong tiéu thu nhién liéu 1a 853 kl: tiéu thu nhién liéu cua dong co chinh 507 kl va dong co phu
345 kI cho 4 chuyén bién kéo dai 250 ngay (tham khao Dan liéu 3). Gia sir tat ca cac bién phap
c6 thé tiét kiém nang luong duoc thyc hién thi sb luong tiéu thu nhién lidu s& 1a 654 kil va ty 1¢
tiét kiém nang luong 1a 23%.

Giam tc d6 tau co hiéu qua cho cac tau danh ca ngir van ¢ vang bién sau vi thoi gian chuyén
bién dai. Tuy nhién, diéu quan trong phai xem xét la khi giam téc do s& lam ting luong tiéu thu
nhién liéu cta cac dong co phu, do sé ngay can thiét cho hanh trinh ciing s& ting 1én. Vi vay,
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days required for navigating will also increase. It is necessary to decelerate the navigating
speed within the range of not influencing the length of stay in the fishery. Furthermore, effect
can be expected by improving the attachment of hull, form of bow and engine parts if there is
room for improvement in those parts.

(4) 349 ton class large scale purse seine fishing vessel

The total fuel consumption was 1,756KI which is a total of fuel consumption of main engine
1,112kl and the total of that of 3 auxiliary engines644kl of 5 sails which lasted 258 days.
(Refer to document 4) Assuming all the possible energy saving measures were able to be
conducted, the amount of fuel consumption would be 1,497 Kkl and the energy saving rate is
15%.

Decelerating navigating speed is effective for large scale purse seinefishing vessels which

requires navigating for a long period of time, however it is important to consider that speed

down will increase the amount of fuel consumption of auxiliary engine due to the fact that the

days required for navigating will also increase. It is necessary to decelerate the navigating

speed within the range of not influencing the length of stay in the fishery. Furthermore, effect

can be expected by improving the attachment of hull, form of bow and engine parts if there is

room for improvement in those parts.

(5) 60 ton class offshore pair trawl fishing vessels

The total fuel consumption was 394Kl which is a total of fuel consumption of 2 main
engines341Kkl and that of auxiliary engine 53kl of 29 sails which lasted 136 days. (Refer to
document 5). Assuming all the possible energy saving measures were able to be conducted,
the amount of fuel consumption would be 257kl and the energy saving rate is 35%. For trawl
fishing vessels, using low-resistance fishing gear is effective. However, you need to consider
that trawling with the fuel handle of engine in the same position as when the conventional
fishing gear was used will make the vessel to operate faster and eventually there will be less
energy saving effect. Furthermore, effect can be expected by improving the attachment of
hull, form of bow and engine parts if there is room for improvement in those parts.

(6) 133 ton class saurysquare net fishing vessel (Only for the operation of saury fishing)
The total fuel consumption was 324Kl which is a total of fuel consumption of main engine
192kl and that of auxiliary engine 132kl of 103 sails which lasted 136 days. (Refer to
document 6). Assuming all the possible energy saving measures were able to be conducted,
the amount of fuel consumption would be 195kl and the energy saving rate is 40%. In
saurysquare net fishing, using LED fishing light is a good method to save energy. Assuming
that we change from incandescent lamp and metal halide lamp which adds up to 628 kW to
LEDfishing light 86kW, with the electricity on board being the same amount, about 71% of



viéc giam téc do tau phai & trong pham vi khong anh hudng dén tong sé ngay khai thac. Hon
nira, hiéu qua ciing c6 thé dat duoc bang cach hoan thién cac vat gan vao than tau, hinh dang cua
miii tau, cac phan cua dong co néu cac bd phan nay con cé thé cai tién.

(4) Cac tau lu6i vay rat (tai) ¢ 1on loai 349 tin

Téng tiéu thu nhién liéu 1a 1.756 kl, bao gém lugng tiéu thu nhién li¢u ctia dong co chinh Ia
1.112 Kl va cta 3 dong co phu 1a 644 kI cho 5 lan di bién kéo dai 258 ngay (tham khao Dan Liéu
4). Gia sir tat ca cac bién phap cé thé tiét kiém nang lugng dugc thyc hién thi $6 luong tiéu thu
nhién liéu s& 1a 1.497 kl va ty Ié tiét kiém ning lwong 13 15%.

Giam tc d6 tau co hiéu qua cho cac tau ca ludi vay c& 16n do thoi gian chuyén bién dai. Tuy
nhién, diéu quan trong 13 phai xem xét khi giam toc do tau s& lam tang luong tiéu thu nhién liéu
cua cac dong co phu, do sé ngay can thiét cho chuyén bién ciing s& ting 1én. Do vay, can phai
giam téc do tau trong pham vi khong anh hudng dén tong sé ngay danh bat. Hon nita, hiéu qua
ciing co thé dat dugc bang cach hoan thién cac vat gin vao than tau, hinh dang ctia miii tau, cac
phan caa dong co néu cac bo phan nay con cé thé cai tién.

(5) Cac tau ludi kéo ddi xa bo loai 60 tan

Tong tiéu thu nhién liéu 1a 394 kl, gdm luong tiéu thu nhién liéu cia 2 dong co chinh 1a 341 kI
va cac dong co phu 1a 53 kI cua 29 chuyén bién kéo dai 136 ngay (tham khao Dan liéu 5). Khi tat
ca cac bién phap c6 thé tiét kiém niang luong duoc thyc hién thi s luong tiéu thu nhién liu sé& 1a
257 ki va ty I¢ tiét kiém ning luong 1a 35%. B4i véi tau ludi kéo khi sir dung ngu cu sac can
thap s& co hiéu qua. Tuy nhién, can phai luu ¥ rang khi kéo loai lugi d6 véi vi tri tay thudc nhién
liéu ciia dong co twong ty nhu khi ding lugi thong thuong s& lam cho tdc d6 tau nhanh hon va
cudi cung tiét kiém ning luong s& it hon. Hon nira, hiéu qua ciing c6 thé dat duoc bang cach
hoan thién cac vat gin vao than tau, hinh dang ctua miii tau, cac phan cia dong co néu cac bo
phan nay con cé thé cai tién.

(6) Cac tau ludi manh danh bat ca thu dao loai 133 tan (chi dung danh bit c4 thu dao)

Téng tiéu thy nhién lidu 1a 324 kI, gom lwong tiéu thu nhién lidu ciia dong co chinh 14 192 kl va
dong co phuy 1a 132 ki vai 103 chuyén bién trong thoi gian 136 ngay (tham khao Dan liéu 6). Khi
tat ca cac bién phép co thé tiét kiém niang lugng duoc thyc hién thi sé lugng tiéu thy nhién liéu s&
1a 195 ki va ty I¢ tiét kiém nang luong 12 40%. Trong nghé ludi manh deén danh ca ca thu dao, khi
st dung dén danh ca LED la phuong phép tot dé tiét kiém nang luong. Khi thay ddi tir bong dén
soi d6t va dén halogen c6 tong cong suat la 628 kW bang dén LED loai 86kW, voi dién ning
trén tau nhu nhau, vao khoang 71% nang luong co thé tiét kiém duoc trong qué trinh khai thac.
Mot sb hiéu qua co thé dat duoc bang cach hoan thién cac phan gan vao than tau, hinh dang mii
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energy is expected to be saved during operation.  Certain amount of effect can be expected
by improving the attachment of hull, form of bow and engine parts in casethe navigating
speed can be decelerate or in case there is room for improvement.

(7) 14 ton class small size squid fishing vessel

The fuel consumption of main engine was 85 kl with the annual operation of 3,144 hours.
(Refer to document 7)Assuming all the possible energy saving measures were able to be
conducted, the amount of fuel consumption would be 59kl and the energy saving rate is
31%.1In squid fishing, using LED fishing light is a good method to save energy.Assuming that
we change from metal halide lamp of 628 kW to using both LED fishing lightof 45kW and
metal halide lamp of 45 kW, with the electricity on board being the same amount, about 34%
of energy is expected to be saved during operation.

(8) 7 ton class small size pole and line fishing vessel
The fuel consumption of main engine was 32 kl with the annual operation of 1,674 hours.
(Refer to document 8) Assuming all the possible energy saving measures were able to be
conducted, the amount of fuel consumption would be 26 kl and the energy saving rate is
20%.The load factor during inward voyage was up to about 50% and there is a need to
decrease engine power next time in the case of replace of new engine. It signifies that there is
a big effect of energy saving by replacing the engine to the one with proper power.

(9)9.9 ton class small size trawl fishing vessel

The fuel consumption of main engine was 65 kl with the annual operation of 2,395 hours.
(Refer to document 9) Assuming all the possible energy saving measures were able to be
conducted, the amount of fuel consumption would be 61kl and the energy saving rate is7%.
Decelerating speed during operating is not effective way to save energy for small size trawl
fishing vessels as the fisheries grounds are close. Reviewing the composition of fishing gear
to reduce the resistance to the extent possible may be able to save energy during operation.
As for small size coastal fishing vessels, 5%-10% of energy saving can be expected by
replacing the engine which is used for a long time to a new one, however it is not profitable to
do so with the sole goal of energy saving.

2. Evaluation of existing energy saving technology and the challenges for the future

As shown above, the estimate of energy saving effect and the actual consumption condition by
size and type of fishing vessels is conducted. As a result, it became clear that energy saving
technology in software field such as the speed down is effective in saving energy. Operational
measures in the software field can be taken without too much cost, however it is hard to say that
people on site are aware of the fact and the measures are implemented. In the future, it is



tau, cac phan cia dong co trong truong hop tée d6 tau ¢ thé giam xudng hoic trong trudng hop
cac bo phan do6 con co thé cai tién.

(7) Céc tau cau muc kich thudc nho loai 14 tan

Luong tiéu thu nhién liéu ctia dong co chinh 1a 85 kl vai muc d6 khai thac hang nam 1a 3.144 gio
(tham khao Dan liéu 7). Gia sir tit ca cac bién phap co thé tiét kiém ning luong dugc thuc hién
thi s6 lugng tiéu thu nhién liéu s& 1 59 kl va ty 18 tiét kiém ning luong 14 31% . Trong ciu muc,
bang cach str dung dén danh ca LED 1a mdt phuong phép tét dé tiét kiém nang luong. Khi thay
dbi tir bong dén halogen 628 kW dé sir dung ca dén LED loai 45 kW va dén halogen loai 45 kW,
Vv6i dién ning trén tau 13 nhu nhau, vao khoang 34% ning luong co thé tiét kiém duoc trong qua
trinh khai thac.

(8) Cac tau cau chay (pole and line fishing vessels) kich thudc nho loai 7 tan.

Luogng tiéu thu nhién liéu cua dong co chinh 1a 32 kl vai mac khai thac hang nam 1a 1.674 gio
(tham khao Dan liéu 8). Gia sir tit ca cac bién phap co thé tiét kiém ning luong dugc thuc hién
thi s6 lugng tiéu thy nhién liéu s& 1a 26 kl va ty 1¢ tiét kiém nang luong 1a 20%. Yéu t6 tai trong
trong suét chuyén tro vé co thé tiang 1én khoang 50% va can thiét phai giam cong suat dong co
néu nhu dong co cii dugc thay bang cai méi. Piéu nay c¢6 ¥ noéi rang hiéu qua tiét kiém ning
luong s& 16n khi dong co duoc thay thé bang mot cai khac ¢ cong sudt thich hop.

(9) Cac tau ludi kéo kich thudc nho loai 99,9 tan.

Luogng tiéu thu nhién liéu cua dong co chinh 1a 65 kl vai mac khai thac hang nam 1a 2.395 gio
(tham khao Dan liéu 9). Gia sir tit ca cac bién phap co thé tiét kiém ning luong dugc thuc hién
thi s6 lugng tiéu thy nhién liéu s& 1a 61 ki va ty 1¢ tiét kiém nang luong 1a 7%. Giam tdc d6 cho
tau trong thoi gian khai thac khong phai 1a cach hiéu qua dé tiét kiém ning luong cho cac tau
danh ca ludi kéo kich thudc nho, boi vi ngur trudng khong xa. Ra soat lai lugi kéo dé giam suc
can la mot kha nang ma rong coé thé dat duoc tiét Kiém nang lugng trong qué trinh khai thac. Déi
VGi cac tau danh ca ven bo kich thudc nho, khoang 5% -10% nang lugng c6 thé tiét kiem dugc
bang cach thay d6i cac dong co da duogc sir dung da 1au bang cic may méi, cach tiép can nay co
thé khong dem lai loi nhuan néu nhu chi muc dich duy nhat 1a tiét kiém ning luong.

2. Dénh gia cong nghé tiét kiém nang luong hién c6 va nhiing thach thirc cho tuong lai

Cac trudng hop nodi trén cho thay hiéu qua tiét kiém niang luong di duoc danh gia trong
diéu kién thuc té theo kich thudc va loai nghé khai thac cua cac tau ca. Tur diéu kién da cho, r3
rang cong nghé tiét kiém nang luong trong lanh vuc phan mém nhu giam tc do co thé 1a mot
bién phap hiru hiéu dé tiét kiém niang luong. Cac bién phap vé khai thac trong lanh vyc phan
mém cé thé dugc thyc hién ma khong tén quéa nhiéu chi phi. Tuy nhién, rat kho dé néi rang con
nguoi trong cac co s& danh ca chap nhan tinh thuc té va cac bién phap nhu thé da duoc thuc
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necessary to actively bring it to the fishing on sites through meetings for stake holders as
discussed below.

On the other hand, the necessary cost of energy saving technology concerning fishing method,
fishing gear and remodeling of engine and hull may vary greatly depending on the specification
of fishing vessel, and the expected effect may as well vary greatly depending on each vessel
and the type of fishery. As the fuel oil price continues to fluctuate, it is difficult to show
uniformly the cost-benefit performance of introducing energy saving technology, making it
difficult to extend and apply the technology. In the future, we should work towards
accumulating more cases through the research by FRA and projects by Fisheries Agency. It is
necessary to draft a guideline on how to determine cost-benefit performance and the suitability
between different technologies based on the cases. Also, most of the existing technologies that
we have classified are applicable to the fishing vessels operated offshore and in the deep-sea,
however the measures is not adequate for small size coastal fishing vessels except for the
operational software aspect. Urgent consideration concerning countermeasures for small size
coastal fishing vessels is required in the future. Basically, making it more efficient to search
fishby the method of group operation and also by utilizing satellite informationand also
shortening the navigating time and distance in order to reduce energy consumption per fish
catches through making small group of fishing vessels by purse seine fishing are important. We
need to tackle the issue in a comprehensive manner not only saving energy, saving cost but
alsoimproving the safety, working environment of crews and profitability in order to change
structure of capture fishery.

Furthermore, in order to introduce specificenergy saving technology, engineering in the fishery
(bridge between fishermen and experts on research and development side) and respective
technical instructions and advices are necessary. Therefore, in addition to the meetings in the
fishing on sites as mentioned above, there is a need for concerned research institute,
administrative department, shipyards, fishing gear manufacturers and fishing organizations to
cooperate with each other and establish a framework to support engineering including
development of human resources.

IV.  Setting proper temperature for cold storage in fishery warehouse

In fishery industry, especially in fishery product processing industry, cold storage is important
in order to manage hygiene control of fishery products, maintain freshness, control quality,
keep the high quality of products and keep it high value-added. It has been considered that the
lower the storage temperature is, the more effective it is to keep the quality high. However,
keeping the temperature low consumes a lot of energy and this also increases the burden for the
people who are involved with the process of production to processing and marketing. Frozen



hién. Trong twong lai, can phai day manh maot cach tich cuc cac bién phap nay vao cac co so
danh bat ca thong qua viéc to chirc cac cudc hop va sy hoi ¥ vai cac nha dau tu.

Tuy nhién, ciing can hiéu rang chi phi can thiét cia cong nghé tiét kiém ning lwong lién quan
dén phuong phap danh bét c4, cong cu danh bit va sira ddi dong co, than tau c6 thé khac nhau rat
nhiéu tuy thudc vao dic diém ki thuat cia tau c4, va hiéu qua mong mudn cé thé ciing rat khac
nhau tily thudc vao mdi tau va loai hinh khai thac. Khi gia dau van tiép tuc bién dong, that kho
dé chi ra sy danh gia dang muc vé hiéu qua chi phi-lgi nhuan trong viéc tng dung cong nghé tiét
kiém ning luong, ciing nhu gay kho khian dé phd bién va ap dung cac cong nghé ndy. Trong
tuong lai, can phai thu thap nhiéu truong hop hon nita thong qua cac nghién ciru cuia FRA va cac
du an thuc hién bai Cuc Nghé c4. Hon nira, can phai phac thao mot ban hudng dan dé lam thé
nao xac dinh hiéu qua chi phi-lgi nhuan va sy phu hop gitra cac cong nghé khac nhau dya trén
két qua cua cac truong hop da nghién ciu. Ngoai ra, hau hét cac cong nghé hién tai duoc thu
thap 13 c¢6 kha ning ap dung d6i vai cac tau ca hoat dong ngoai khoi va ving bién sau, tuy nhién
cac bién phap nay chua dy du cho cac tau danh ca ven bo kich thude nho, ngoai trir & khia canh
phan mém trong khai thac. Vi vay, viéc xem xét khan cip lién quan dén bién phap ky thuat cho
cac tau danh c4 ven b kich thuéc nho 13 can thiét trong tuong lai. V& co ban, s& ¢6 hiéu qua hon
khi tim kiém ddi tugng danh bét thong qua hoat ddng nhom, sir dung thong tin vé tinh, ciing nhu
rit ngan thoi gian hanh trinh va khoang cach dé giam tiéu thu ning lugng trén mdi san luong
danh bat. Viéc hinh thanh cac nhom nho cac tau khai thac dé danh bat bang nghé 1udi vy 1a rat
quan trong. Van dé nay duoc xem la cach (ng xir khong chi trong khuon kho tiét kiém ning
lugng va giam chi phi ma con nang cao Sy an toan, moi truong lam viéc cua thuy thu va lgi ich
nhiam thay ddi cau triac ciia nganh danh bat thity san.

Hon nita, dé dua vao ung dung cong nghé tiét kiém nang luong dic trung, ky thuat nghé ca (cau
ndi khoang cach giita cac ngu dan véi cac chuyén gia nghién ciru va phat trién), chi dan ki thuat
turong tng va thiét bi 1a rt can thiét. Vi vay, thém vao cac cudc hop da dé xuit tai co s& cong
ddng nghé ca nhu da dé cap & trén, can phai co cac vién nghién ctu lién quan, b phan hanh
chinh, nha may dong tau, cac hang san xuat thiét bi danh ca va cac t6 chic nghé ca dé nang cao
su hop tac véi nhau va thiét 1ap mot khudn kho dé hd tro ky thuat nghé ca bao gdm su phat trién
nguon nhan lyc.

IV. PAT NHIET PQ HQP LY TRONG BAO QUAN LANH VA KHO THUY SAN

Trong nganh thuy san, dac biét 1a trong cong nghiép ché bién thuy san, kho lanh la quan trong dé
kiém soat vé sinh cua cac loai thuy san, duy tri sy tuoi song, kiém soat chit lugng, gitt cho san
pham c6 chat luong cao va duy tri cho san pham co gia tri cao. Diéu phai can nhéc 1 nhiét do
bao quan phai thap cho hiéu qua tét hon dé giir chat lwong cao. Tuy nhién, giit nhiét do thap s&
tiéu thy rat nhidu niang luong va didu nay ciing lam ting ganh ning cho nhiing ngudi dang tham
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tuna in particular is treated completely different from other frozen fish as it is considered an
extremely product. Immediately after being caught, tuna are rapidly frozen (-55 degrees) and
the temperature of storage of products is extremely low (under -50 degrees) as well, therefore a
great deal of energy is consumed in the fishery warehouse on the vessel and in onshore
facilities. It is necessary to understand accurately the relation between the storage
temperature of fishery products and quality preservation and reconsider proper storage
temperature of fishery products in order to promote energy saving.

1. Refrigerant gas of refrigerating appliance

Domestic supplied amount of sashimi tuna in 2006 was 408,000 tons and among them, frozen
products accounted for 291,000 ton. (Domestic: 123,00 tons, Imported: 168,000 tons ) (2006;
Distribution Statistics of fishery products/ Japan Trade Statistics). Extreme low temperature
storage of Tunas was supported by designated chlorofluorocarbon (R22) which was used as
refrigerant gas of refrigerating appliance. However, regulation for chlorofluorocarbon (R22)
has started according to Montreal Protocol due to global environmental issues, and its
production should be abolished totally by 2012. Ozone depletion potential of alternative for
chlorofluorocarbon (R134a, R404A etc.) is 0, yet it has a high global warming potential.
Therefore, there is emission constraint  against it.Natural refrigerant (NH3, CO2)
refrigerating appliance is more expensive than the conventional products making it difficult to
control temperature under -45 degree with about the same cost as fluorocarbon refrigerant.
Therefore tackling the issue is urgent as currently it is common to store under -50 degrees on
fishing vessels and in the onshore facilities.

2. Processing and storage of tuna after being caught

Tuna which were caught by deep-sea tuna long-line fishery will be processed by removing
nerves, blood, gut and head , and after removal, rapid freezing will be done for 36-48 hours (air
blast freezing) which will make it frozen products by making the temperature of the center of
fish under -55 degrees. Many fishing vessels store frozen tuna in fishery warehouse in
extremely low temperature (under -50 degrees) which is as cold as the temperature inside the
fishery warehouse of carrying vessels and freezing containers. The time required from fishing
of tuna until catching landing is shorted 6months, generally within 12 months and in rare cases
it may take as long as 18 months.

After catch landing, fish will go through a various processing and distribution routes and will
reach the consumers. In general, the storage period in onshore refrigerators is 2 to 6 months for
lean fish such as Thunnusobesus and Thunnusalbacares which are carried in all year round and
12 months for fish with a lot of fat such as southern bluefin tuna and bluefin tuna as they are
sold until next season. Both of them are stored in general under -50 degrees in extreme
low-temperature refrigerator. Furthermore, cold storage period for extreme low-temperature



gia vao day chuyén tir san xuit dén ché bién va tiép thi. Ca ngir dong lanh, dic biét duoc xir Iy
hoan toan khéc véi ca dong lanh khac nhu 1a mot san pham dé bj hu hong. Ngay sau khi danh
bit, c4 nglr dwoc cAp dong nhanh (& -55 °C) trong khi nhiét @6 trong kho bao quan cho san phdm
nay ciing rat thap (dudgi -50 °C). Do d6 mot luong 16n ning luong duoc tiéu thu trong kho thuy
San & trén tau va trong cac co s trén bo. VAn dé can thiét 1a phai chinh xac méi quan hé giira
nhiét d6 bao quan hai san voi viéc duy tri chat luong va xem xét lai nhiét do bao quan hai san
thich hop dé thic day tiét kiém ning luong.

1. Moi chét lanh cia may u6p dong

S6 luong ca ngtr Sashimi cung cip trong nuéc vao nim 2006 1a 408.000 tin, trong d6 cac san
pham dong lanh chiém 291.000 tan, gdm cung cip trong nuéc 123.000 tan va lugng nhap khau
168.000 tan (Théng ké Phan phéi Thuy san: Thong ké Thuong mai Nhat Ban, 2006). Nhiét do
cuc thap caa kho bao quan ca ngir, dugc cung cap bai chat chlorofluorocarbon (R22), no dugc sir
dung 1am mai chét lanh cho may u6p dong. Tuy nhién, quy dinh vé str dung chlorofluorocarbon
(R22) phai phit hop véi Nghi dinh thu Montreal vé van d& méi trudng toan cau va Viéc san xuat
n6 s& duge bai bo hoan toan vao nim 2012. Kha ning pha hily ting 6z6n cia cac chat thay thé
cho chlorofluorocarbon (R134a, R404A, v.v.) biang khong, nhung né c6 kha ning gy hién tuong
am 1én toan cau cao. Vi vay, c6 ap luc vé phat thai chdng lai viéc sir dung nd. Chat 1am lanh ty
nhién (NHs, CO2) ung dung cho céc thiét bi lanh co6 gia thanh dat hon so véi cac san pham thong
thudng, diéu nay gy khé khan dé kiém soat nhiét do dudi -45 °C véi cung chi phi nhu moi chét
fluorocarbon. Vi vay, viéc can luu ¥ cip bach hién nay l1a thuc hién phd bién diéu nay dé bao
quan thuy san duéi -50 °C trén tau ca va tai cic co sé trén bo.

2. Ché bién va bao quan ca ngir sau khi d4nh bat

Ca ngir duge dénh bat boi cac tau cau-vang & ving bién sau s& duoc xir 1y bang cach loai bo cac
day than kinh, mau, diu va ndi tang bén trong, sau d6 lam dong lanh nhanh trong vong tir 36-48
gio (dong lanh bang dong khong khi) dé chuyén ca ngir thanh san pham dong lanh véi nhiét 46 &
trong long ca dudi -55 °C. Nhiéu tau ca gitr ca ngir dong lanh trong kho bao quan & nhiét do rat
thap (dudi -50 °C), nhiét do nay lanh bang nhiét do bén trong kho thuy san cia tau van chuyén va
contener dong lanh. Thoi gian can thiét tir khi ca nglr dugc danh bat cho dén khi vé bo it nhét 1a
6 thang, mac du thuong 1a trong vong 12 thang va trong truong hop hiém c6 thé kéo dai dén 18
thang.

Sau khi vé b, ca danh bat s& qua mot qua trinh xtr 1y khac nhau va dugce phan phdi qua cac
tuyén trude khi dén nguoi tiéu dung. No6i chung, thoi gian bao quan trong ta déng & trén bo tir 2
dén 6 thang dbi véi ca ngir-gay nhu Thunnus obesus va Thunnus albacares, bao quan quanh nim
cho ca ngir chira nhiéu chit béo nhu ca nglr Uc va ca ngir vdy xanh, do chang thuong duoc ban
cho t&i mua sau. Ca hai loai ca ngir nay dugc bao quan, noéi chung duéi -50 °C trong tu dong co
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refrigerator near consuming region including the storage period for fish with a lot of fat is about
2 months.

As just described, frozen tuna are storage under -50 degrees without temperature change inside
the fishery warehouse on the vessel, during transport by carrying vessel and containers and in
onshore. However the temperature of fish body may change when being exposed to outdoor air
such as when moving from fishing vessels to carrying vessels, during transfer from carrying
vessels to extreme low-temperature refrigerator in onshore, when being on the market, when it
is being processed , during transfer and at the time of sale. According to the survey by FRA, if
the fish is exposed to outdoor air of 18 degrees for 3 hours when being on the market, it is
confirmed that the temperature of the center of fish increases about 17 degrees.

3. Energy saving effect after turning up the storage temperature

According to preliminary calculation by FRA, raising the temperature of fishery warehouse to
store frozen tuna from extreme low-temperature -50 degrees to -40 degrees, in terms of fuel 7%
of annual consumption is expected to be reduced. Average fuel consumption rate per 1 sail
day of deep-sea tuna long-line fishing vessels is 3.0 kl. Assuming that annual operation period
is 320 days and the total number of vessels is 360 (As of May, 1997), annual fuel consumption
rate by deep-sea tuna long-line fishing vessels would be 345,000 kl. If it will be possible to
raise the temperature of fishery warehouse from conventional extreme low-temperature (-50
degrees) to -40 degrees to ~ 45 degrees, 15~40 % of power consumption can be reduced.
Furthermore, general packing material can be used instead of special packing material for
extreme low-temperature and this may lead to cost saving.

4. Agenda concerning frozen storage of tuna to be examined in the future

Frozen tuna are stored in extreme low-temperature. (Under -50 degrees)However, scientific
basis concerning the relation between quality and the storage temperature is not clear.
Deep-sea tuna long-line fishing vessels in particular received requests from stake holdersto
differentiate it from other fishing vessels which deal with frozen productsas if it is competing
with other fishing vessels. Using extreme low-temperature in cold storage became widespread
on a parallel with the increase in performance of cooling system due to the use of fluorocarbon
refrigerant. According to experimental research and literature in the past, there is no scientific
knowledge which say that cold storage in the temperature lower than -40 degrees is necessary
in order to ensure quality when storing tuna for a long period of time.

According to quality assurance period by temperature during onshore storage of tuna frozen on
vessel (Quality assurance period judging from the degree of discoloration of tuna meat) in the
collection of papers by Japan Society of Refrigerating (Vol. 1 No.1-2,1984), quality assurance



nhiét d6 rat thap. Hon nira, thoi gian bao quan lanh ddi véi tu déng co nhiét do rat thip gan khu
vuc tiéu thy bao gdm ca thai gian bao quan cho ca co ham luong chat béo cao 1a khoang 2 thang.

Nhu vira md ta, c4 nglr dong lanh dwoc bao quan dudi -50 °C ma khong hé thay d6i nhiét d6 bén
trong cac kho thuy san trén tau, cling nhu trong sudt qua trinh van chuyén bang tau va cac cong-
te-no trong dét lién. Tuy nhién, nhiét do cua co thé ca c6 thé thay doi khi duoc tiép xuc voi
khong khi ngoai troi nhu khi van chuyén tir cac tau khai thac ca sang tau van tai, trong lac van
chuyén tir tau van tai vao ti déng nhiét d6 thap & trén bo, khi xuat hang ra cho, khi ché bién,
trong ltc van chuyén va trong thoi gian ban. Theo khao sat cia FRA, néu ca dugc tiép xac voi
khong khi ngoai troi 18 °C trong vong 3 gior khi dugc xuit ra cho, thi nhiét do bén trong than céa
cao hon 17 °C.

3. Hiéu qua tiét kiém ning luong sau khi ting nhiét do bao quan

Theo tinh toan so bo cua FRA, khi ning cao nhiét 6 cua kho thuy san dé bao quan ca
ngir dong lanh tir nhiét do cuc thap -50 °C dén -40 °C thi lugng tiéu thy nhién liéu hang nim dy
kién s& giam khoan 7%. Mt tiéu thu nhién liéu trung binh cho mdi 1 ngay hanh trinh cua tau
cAu-vang ca ngir & ving bién sau 1a 3,0 kl. Gia sir rang thoi gian hoat dong hang nam 1a 320 ngay
va téng s6 tau 1a 360 (theo 5/1997), hang nam ty 18 tiéu thu nhién lidu cla tau cau-vang ca ngir
xa bo s& 1a 345.000 kl. Néu co thé tang nhiét do kho thity san tir nhiét d6 cuc thap thong thuong
(-50 °C) dén khoang -40 °C ~ 45 °C thi ning luong tiéu thu c6 thé giam tir 15% dén 40%. Hon
nira, vat liéu dong goi phd thong cé thé dung thay thé cho vat liéu dong géi dic biét & nhiét do
cuc thap, diéu nay ciing co6 thé dua dén tiét kiém chi phi.

4. Vin d s& duoc nghién ctiu trong twong lai vé bao quan lanh ca ngir

Cé ngir dong lanh dugc bao quan & nhiét do cyc thip (dudi -50 °C). Tuy nhién, co sé khoa hoc
lién quan dén méi quan hé gitra chat luong va nhiét 46 bao quan 1a khong rd rang. Tau cau-vang
c4 nglr & viing bién sau, néi riéng nhan dugc yéu cau tir cac chi dau tu dé tao su khac biét caa no
véi cac tau ca khac vé phuong dién san pham dong lanh nhu 13 sy canh tranh giita cac tau voi
nhau. Str dung nhiét do cuc thap trong kho lanh tré nén phd bién song song véi su gia ting hiéu
suit cua hé théng lanh nho viéc st dung méi chat lanh fluorocarbon. Theo nghién ciu thuc
nghiém va tai liéu trong qua khir, khong cé bang ching khoa hoc nao néi rang kho lanh & nhiét
d6 thap hon -40 °C 1a can thiét dé dam bao chit lugng cua ca ngir khi bao quan trong mot thoi
gian dai.

Theo kiém dinh chit luong qua nhiét d6 trong suét qua trinh bao quan dong lanh ca ngir trén tau
(kiém dinh chat luong bang danh gia mac d6 thay doi mau cua thit ca ngilr) duoc tim thay trong
bo suu tap cac bai bao luu gitr caa Higp hoi bién lanh Nhat Ban (Tap 1, S6 1-2, 1984) gidi han
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limit of Thunnusobesus which is a typical lean fish used for sashimi is more than 17 months
when stored under -40 degrees judging from metmyoglobin condition which is an index of
browning of fish meat. This indicates that if tuna which are frozen rapidly on the vessel as usual
are stored under -40 degrees in fishery warehouse and in onshore facility, the quality (color) is
controlled. As there is no knowledge about the relation between quality preservation and cold
storage temperature of bluefin tuna and other fish which have a lot of fat and the effect to
quality when storing for a long period of time which exceeds the usual term from fish catch
until consumption. (Generally about 1 year and half), there is a need to examine more in the
future. Currently, thanks to the progress of equipment and management technology, it is
possible to store in nearly constant temperature in the fishery warehouses of Japanese fishing
vessels and inside onshore refrigerators. However, when frozen tuna are exposed to outdoor air
such as when transshipment, catch landing and being sold in the market, the temperature rises.
In order to accurately understand the influence which temperature change of frozen tuna
through production to consumption may have over the quality and condition, it is necessary to
make a temperature measurement carefully in each process. Also, it is important to get
evaluation from intermediary and other stake holders about extreme low-temperature stored
tuna and frozen tuna which were stored about -40 degrees on vessels and considers the energy
saving effects due to the difference of store temperature in fishery warehouses.

We need to work on the research concerning the influence on quality by different condition
such as freeze speed, difference of cold storage temperature, fat content, temperature change
and long term storage, using degeneration of protein, ice crystal formation, lipid oxidation and
metmyoglobin condition as index in order to understand the relation between quality and cold
storage temperature of frozen tuna. Also, frozen tuna for sashimi from the point of domestic
transaction volume is broadly divided into 1)  Medium size Thunnusobesus and
Thunnusalbacares which are dealt in mass merchandiser markets 2) Large scale
Thunnusobesus which is typical lean fish 3) bluefin tuna and southern bluefin tunawhich have
high fat content, therefore it is necessary to narrow down the type of fish we should start
research on.

In promoting the development research of temperature control method regarding proper
storage of frozen tuna, it is important to present the result quickly and clearly not only to
fishery operators but also frozen tuna handling business operators (processing, refrigerating
and transporting) and encourage self-help efforts of the industry towards improvement of
system in production and distribution and cost saving. Not only tuna, but the frozen products
that deep-sea skipjacklong-line fishing vessels have caught (skipjack, B1 products of albacore
tuna) are also stored in extreme low-temperature of under -50 degrees on the vessel and
onshore as well as tuna. There is also a need to clarify the relation between quality and cold
storage temperature and develop a proper cold storage method.



bao dam chat lwong cua Thunnus obesus la loai ca ngir nac dién hinh dwoc st dung cho mén
Sashimi dwoc bao quan hon 17 thang la ¢ nhiét ¢ dudi -40 °C, viéc danh gia bang diéu kién
metmyoglobin - d6 1a mot chi s6 mau nau cua thit ca. Diéu nay cho thay ring, néu ca ngir dugc
cap dong nhanh ¢ trén tau nhu binh thuong va bao quan dudi -40 °C trong kho thaly san va cac
co so trén bo thi chat lwong (mau sic) duoc bao dam. Tuy nhién, mdi quan hé giira duy tri chat
lwong va nhiét 6 bao quan lanh ca ngir vy xanh va cac loai ca khac c6 ham lwong chét béo cao,
su anh huong chit lwong khi bao quan trong mét thoi gian dai viot qua thoi han thong thudng tir
khi danh bat cho dén khi tiéu thu (thong thuong khoang 1 nam rudi) 1a chua duoc biét. Vi vay,
can phai nghién cru méi quan hé nay trong tuwong lai. Nho vao su tién bo caa cac thiét bi va cong
nghé quan 1y, ca co thé bao quan & nhiét do gan nhu khong doi trong kho thuy san trén cac tau ca
Nhat Ban va cac ta dong trén dat lién. Tuy nhién, khi c4 ngir déng lanh tiép xuc voi khong khi
ngoai troi Chéng han nhu khi van Chuyén, dua 1én bo va dugc ban trén thi truong, nhiét do tang
1én. Dé hiéu dugc chinh xac anh hudng cua su thay doi nhiét do cia ca nglr dong lanh trong sudt
day chuyén tir san xuét ti tiéu dung dén chat luong, can phai do nhiét d6 mot cach can than
trong mdi qua trinh. Ciing nhu, diéu quan trong dé tim kiém su danh gia phan hoi tir cac bén
trung gian va cac chii dau tu khac vé ca ngir duoc bao quan & nhiét do cuc thap va ca ngir dong
lanh duoc bao quan khoang -40 °C trén tau, roi xem xét hidu qua tiét kiém nang lugng do sy
khac biét vé nhiét d6 bao quan trong kho thay san.

Chinh vi vay, can phai nghién ciru sy lién quan anh huong cua cac diéu kién khac nhau dén chat
luong nhu toe @6 1am lanh, su khac biét nhiét d6 bao quan lanh, ham Iuong chét béo, sy thay doi
nhiét do va thoi gian bao quan, khi st dung cac chi thi nhu phan hay cua protein, sy hinh thanh
nude da, oxy hoa chat béo va diéu kién metmyoglobin dé hiéu duoc mdi quan hé gitra chat lwong
va nhiét d6 bao quan lanh cua ca ngir wdp déng. Ciing can xem Xét ca nglr déng lanh cho moén
Sashimi trong thoi gian giao dich trong nudc, khdi lwong ca duge phan chia mot cach rong rai
thanh: 1) kich thu6c trung binh Thunnus obesus va Thunnus albacares da duoc thoa thuan vé
khéi lugng véi thi truong cia ngudi ban hang; 2) kich thudc 16n Thunnus obesus 1a ca ngir gy
dién hinh; 3) ca ngir vay xanh va ca ngir Uc c6 ham luong chat béo cao, do d6 can thiét thu hep
cac loai ca dé bat dau nghién cuu.

Trong viéc thac ddy nghién cttu vé su cai tién phuong phap kiém soat nhiét d6 ddi véi kho bao
quan ca ngir dong lanh thich hop, diéu quan trong 14 phai trinh bay cac két qua mot cach nhanh
chong va 16 rang khong phai chi cho cac nha khai thac thiy san ma con cho cac nha kinh doanh
ca ngir dong lanh (ché bién, dong lanh va van chuyén), khuyén khich su nd luc giap d& cua chinh
cac nganh cong nghiép theo hudng khong chi cai thién hé théng san xuat va phan phdi ma con
tiét kiém chi phi. Tuy nhién, diéu nay khong chi ddi véi ca ngir, ma con cho cac san pham dong
lanh khac duoc cac tau cau-vang ca ngir van danh bat & ving bién sau (chang han ca ngir van,
cac san pham B1 cua ca ngir vay dai) ciing duoc bao quan & nhiét d6 cuc thap dudi -50 °C & trén
tau va trén bd nhu ca ngr. Ciing can phai 1am rd méi quan hé giita chat lwong va nhiét do bao
quan lanh ddi véi cac loai ca nay ciing nhu dé phat trién mot phuong phap bao quan lanh thich
hop.
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Frozen products of neon flying squids are, as requested by people concerned with the market,
stored in fishery warehouse which is -35 degrees on vessel, and are landed. However, they are
stored in refrigerators under -20 degrees on land. Therefore, it is needed to consider optimum
temperature zone for storage from the point of quality preservation and energy saving.

V. Energy saving technology utilizing LED

1. Environment surrounding fishery using lights
Among the fisheries which are operated using lights, squid fishing and saury square net fishing
are conducted utilizing a fish collecting lamp which uses a large amount of light. Electricity is
supplied by setting substantial auxiliary machines (by main engine for some small size vessels)
due to the usage of fish colleting lamp. A large amount of fossil fuel (mainly heavy oil A) is
used to drive auxiliary machines. As fishing industry is suffering financially these days, cost
saving is an urgent problem. In order to save fuel cost by controlling consumed power used for
fish collecting lamp, LED fish collecting lamp (light-emitting diode) were introduced for as
lamps on board and underwater lamps in saurysquare net fishing and purse seine fishing. Metal
halide which is a mainstream light source of fish collecting lamp contains mercuryinside its
bulb, therefore there is a risk of mercury contamination in case it breaks. As for incandescent
lamp, European Union has decided to stop the sale of the incandescent lamps for family use by
2012 and will switch to energy efficient fluorescent lamps. Also, in our country all the
incandescent lamps will be switched to energy-saving fluorescent lamps or LED lamps by
2012. Introducing LED fish collecting lamps is also important from the perspective of reducing
the global environmental burden.
Moreover, in this text we will use fishing lamps instead of fish collecting lamps for the reason
that depending on light, the behavior of the creatures are controlled such as gathering them
toward the light source of lamps or moving away from it.

2. Background and actual condition of the effort to experimentally introduce LED-fishing lamp
As for saurysquare net fishing, from 2004 to 2005 private companies have used governmental
incentivesand in 2006, fishery operators themselves acted as primary actor and used
governmental incentives to experimentally introduce it. As for large scalesaurysquare net,
20% to 40% of fuel consumption was reduced by switching incandescent lamps to
concentrated light-distribution type LED lights (LED lamps of which light is concentrated in
smaller irradiation range) and switching metal halide lamps to diffusion light-distribution type
LED lamps (LED lamps of which light is diffused by making the irradiation ranger bigger) and
still could obtain about the same result as other fishing vessels of same size,

The same result was shown for small size saurysquare net fishing vessels as well. Considering



Hon nira, san pham dong lanh ciia muc bay né-6ng, theo thi hiéu cua thi trrong ti€u dung phai
duoc bao quan trong kho hang thity san & nhiét d6 -35 °C trén tau trudc khi vé bo. Trén dit lién
ching dugc bao quan trong cac ti lanh dudi -20 °C. Vi vay, can phai nghién ciu ving nhiét do
t6i wu cho bao quan trén quan diém duy tri chat lugng va tiét kiém ning luong.

V. CONG NGHE TIET KIEM NANG LUQNG BANG SU DUNG PEN LED
1. Chung quanh méi truong khai thac ca dung anh sang

Trong s6 cac tau ca danh bat bang anh sang, nghé cau muc va nghé manh bit ca thu dao dwoc
thuc hién bang cach dung dén dé thu hat ca véi mot ngudn 16n anh sang. Bién ning cung cap tur
cac may phu (tr may chinh cho mot sé tau kich thuéc nho) dé sir dung cho dén thu gom ca. Mot
luong I6n nhién lidu héa thach (chii yéu 1a dau nang A) duoc st dung dé chay cac may phu. Khi
véan dé tai chinh nganh ctia cong nghiép ¢4 ngay nay tré nén nang né, tiét kiém chi phi 1a mot van
dé cap bach. Dé tiét kiém chi phi nhién liéu bang cach kiém soat dién nang tiéu thy stir dung cho
dén thu hat ca, dén thu hat ca LED (light-emitting diode) da dugc ap dung nhu 1a dén ¢ trén tau
va dén dudi nude trong nghé manh bat ca thu dao va ludi vay rat. Bén halogen la mot ngudn anh
sang chinh dé thu hat ca c6 chira thay ngan bén trong bong dén, do dé c6 nguy co 6 nhiém thay
ngan trong truong hop bi va. V6i dén soi ddt, Lién Minh Chau Au da quyét dinh dirng viéc ban
loai dén nay cho gia dinh sir dung vao nam 2012 va s& chuyén sang dén dung nang lugng huynh
quang c6 nang suat cao. O Nhat Ban, tat ca cac bong dén soi dbt s& duoc chuyén sang dén huynh
quang hoic dén LED dé tiét kiém niang luong vao nim 2012. Ap dung dén LED dé thu hat ca
ciing rit quan trong tir vién canh giam nhe cac vin dé vé mai truong toan cau.

Hon ntta, cling luru y trong van ban nay, st dung dén danh ca thay vi dén thu hat ca vai 1y do tuy
thudc vao anh sang, hanh vi cua cac sinh vat dugc Kiém soat dé tap trung chiung trudc nguon
sang cua den hoac l1a du6i chung di xa nguon sang.

2. Bdi canh va diéu kién thyc té cia nd lyc dua vao thyc nghiém dén LED danh ca

D4i voi nghé manh danh bét ca thu dao, cac cong ty tu nhan da dugc nguon trg cap cua chinh
phui tir 2004 dén 2005, va trong nam 2006, cac nha khai thac thuy san ty thuc hién véi vai tro dau
tién va st dung tro cip cua chinh phu dé ap dung thir nghiém dén danh ca LED. Trong trudng
hop lugi manh danh ca thu dao cé ty 18 16n, 20% dén 40% muc tiéu thu nhién liéu duoc giam
bang cach thay d6i bong deén soi ddt sang cac den LED kiéu phan b anh sang tap trung (dén
LED trong d6 anh sang duoc tap trung trong pham vi phat sang nho hon), ciing nhu chuyén tir
deén halogen sang cac dén LED kiéu phan b6 anh sang khuyéch tan (dén LED trong d6 anh sang
duoc khuéch tan bang cach 1am cho pham vi phét sang I6n hon) ma van c6 thé dat duoc két qua
tuong tu nhu céc tau ca khac co cung kich thudc.

Céc tau danh ca bang lugi manh kich thuée nho ciing thu duoc két qua twong tw. Xem xét cac két
qua do, ca hai loai tau dénh bat c4 thu dao bang ludi manh kich thuéc nhé va kich thudc 16n da
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those results, both small size and large scalesaurysquare net fishing vessels wholly changed
from concentrated light-distribution type LED lamps to diffusion light-distribution type LED
lamps and operated experimentally, and as a result it is confirmed that by usingdiffusion
light-distribution type LED about the same amount of fish can be caught. It also indicated
downsizing and reduction of auxiliary machines mounted as fishing lamp.

In squid fishing, since 2000 private companies have done experimental introduction utilizing
governmental incentives. Most were targeted at sagittatedcalamari. Experimental operation of
changing from metal halide fishing lamps to lights and another experimental operation of using
both LED and metal halide fishing lamps were conducted. Concerning the technology using
LED as lamps on board, it first started with verification test of using only concentrated
light-distribution type LED lamps or using with metal halide lamps. The amount of fish catches
declined for both small size and medium size fishing vessels in experimental operation which
only used LED and the experimental operation when the usage rate of metal halide lamps is low.
Therefore, as well as the exam done to saurysquare net fishing vessels we have done an
experimental operation after changing to diffusion light-distribution type LED as lamps on
board. As a result, the same amount of fish as conventional metal halide lamps used for small
and medium size squid fishing vessels operated through spring to fall was caught while
reducing fuel consumption. However, after fall there are some cases which saw reduction in the
amount of fish catches in case only LED lamps are used even if it is diffusion light-distribution
type or in case the usage rate of metal halide fishing lamps is low.

On the other hand, as for the utilization technology of LED underwater lamps, according to the
daytime operation which targeted at neon flying squid in North pacific ocean by water research
institute, about the same amount of fish was caught using LED underwater lamps compared to
the operation using conventional metal halide underwater fishing lamps. Currently, the
research development for the utilization technology of operation at night time is continuing.
Furthermore, since August of 2008, Fisheries institute of Ishikawa prefecture has started test
towards utilization technology of LED for sagittatedcalamari and the characteristics of light
source of LED underwater fishing lamps and reaction behavior of sagittated calamari to
underwater lamps are becoming clear.

Among large scale purse seine fisheries, fishing lamps are used as vessel on board lamp and
underwater lamp for the fishing vessels which are operated in marine area where it is allowed
to lightsuch as East sea, yellow sea and Japan sea. As it uses less light compared to squid
fishing and saurysquare net fishing, the fuel consumption by utilization of fishing lamps is
relatively low. Experimental introduction of LED fishing lamp is conducted as governmental
incentives project since 2006 and also as incentive project by Nagasaki prefecture. All of these



thay ddi toan b tir loai dén LED kiéu phan b anh sang tap trung sang dén LED kiéu phan bd
anh sang khuyéch tan. Mac du la khai thac thir nghiém, két qua da khang dinh rang viéc st dung
den LED kiéu phan bd anh sang khuyéch tan vé luong ca cé thé danh bat duoc nhu nhau, giam
kich thudc va sb lwong may phu lap dat nhu khi dung dén danh ca thong thuong.

Trong viéc danh bit myc, tir naim 2000 c4c cong ty tu nhan di tién hanh cac tng dung thir
nghiém dén LED bang ngudn trg cip cua chinh pha. Hau hét da duoc nhdm muc tiéu vao loai
muc bat. Hoat dong thir nghiém thay doi dén danh ca halogen sang cac dén va cac thir nghiém
khac bang cach st dung ca hai loai dén danh ca LED va dén danh ca halogen. Su phat trién cong
nghé st dung cac dén LED trén tau, ddu tién n6 bat dau véi cac thir nghiém dé xac minh viéc chi
str dung cac dén LED kiéu phan b anh sang tap trung hoic sir dung voi dén halogen. S6 luong
ca danh bat bi giam ddi véi ca hai loai tau danh ca kich thudc nho va trung binh trong khai thac
thir nghiém chi st dung dén LED va trong thir nghiém khi ty 1€ st dung cac loai dén halogen
thap. Cuing voi mot danh gia cho cac tau danh bét ca thu dao bang lugi manh trong mot khai thac
thir nghiém bang thay cac dén trén tau bang cac dén LED kiéu phan bd anh sang khuyéch tan.
Mot két qua khac cho cac tau danh muc kich thuéc nhé va trung binh khai thac tir muia xuan dén
mua thu di dat cung san luong danh bat nhu khi sir dung dén halogen truyén théng nhung luong
tiéu thu nhién liéu dwoc giam xuéng. Tuy nhién, sau mua thu cac trudng hop dé chiu sy giam sat
san luong danh bat khi chi dung c6 dén LED tham chi ngay ca khi dung loai dén phan bé 4nh
sang khuéch tan hodc trong truong hop ty & sir dung céac loai dén halogen thap.

Vé phan cong nghé ung dung cac dén LED dudi nudc, két qua thoi gian khai thac ban ngay véi
d6i twong la myc bay né-ong ¢ Bic Thai Binh Dwong do Vién Nghién ciu Nudc thyuc hién, co
cing mot san luong danh bt bang cach sir dung dén LED dudi nudc so voi dén halogen dudi
nudéce truyén théng. Hién nay, nghién citu phat trién cong nghé ung dung anh sang vao ban dém
van dang tiép tuc. Hon nira, tir thang 8 nam 2008, Vién Thay san quan Ishikawa da bat dau thir
nghiém cac cong nghé sir dung dén LED cho muc but, cic dic tinh ngudn sang cia dén LED
dudi nudce va hanh vi phan tng cua myc bat véi anh dén dudi nude dang trd nén rd rang.

Trén cac tau nghé ludi vay rat, dén danh ca duoc dung nhu dén ¢ trén tau va dén dudi nudc cho
cac tau ca dang hoat dong trong ving bién ma dugc phép pha dén nhu Bién Pong, Hoang Hai va
Bién Nhat Ban. Vi dén sir dung anh sang it hon so véi cdu muc va danh bt ca thu dao bang luéi
manh, luong nhién liéu tiéu thu khi st dung cac dén nay twong ddi thap. Viéc ung dung thu
nghiém dén danh ca LED duogc thuc hién nhu 1a dy 4n tro cip caa chinh phu ké tir ndm 2006 va
cling la dy an tai tro cua quan Nagasaki. Tét ca cac thuc nghiém nay da xem xét st dung den
danh ca LED nhu 14 dén dudi nuéc. Cac két qua cho thiy ¢ cing mot sé lugng ca danh bat duoc
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have considered using it as underwater lamp. There is about the same amount of fish catches
compared to conventional metal halide lamps and halogen lamps while the fuel reduction effect
is also seen. Moreover, there is a report saying that by using characteristic of LED fishing light
such as blinking light, it may be possible to collect certain types of fish more effectively.
Development and improvement of utilization technology which leads to fish catches more
effectively through controlling the behavior of fish school by establishing method of utilization
of LED underwater lamps which suits the type of fish and constructing combined utilization
technology of underwater lamps and as lamps on board, is expected in the future.

2. Research directions for the future

In fishing using light, there are 4 issues we need to tackle in order to promote introduction of
LED. (1) Conduct general verification test of LEDthroughout the fishing season , (2) Collect
necessary data to understand the structure of total energy consumption of fishing vessel, (3)
clarify the influence light wavelength, strength and gap of light emission have over the
behavior of major marine creatures and develop technology to control fish school by light, (4)
Based on the result above, there is a need to promote development of fisheries production
system using the characteristic of LED light source.

VI.  Estimate emission of greenhouse gases in the fishing industry

With the purpose of making framework for Post Kyoto Protocol, reduction of greenhouse gas
emission is required in many sectors. To promote the measures against reduction in fishing
industry, it is necessary to evaluate each measurement towards reduction on a regular basis and
also to have basic information about it. As for fishing industry, there are examples of estimate
amount of carbon dioxide emissions which is calculated by fuel consumption of fishing vessel.
However, amount of carbon dioxide emissions of fishing industry as a whole which includesso
called postharvest process including fishery production, aquaculture industry, fish processing
and distribution are not yet fully understood. In order to reduce greenhouse gas effectively in
the future, it is needed to estimate the greenhouse gas emission of fishing industry as a whole
from the sample survey and recent statistic data using the information obtained from research
data in the past. It is effective to quantitatively evaluate the effect of each reduction
measurement and present the effects in a visual manner to reduce greenhouse gas emission in
fishing industry. However given the present circumstances, it is unknown how much
greenhouse gas is emitted through what kind of action in each process of fish catching,
distribution and processing. In considering the measurement for greenhouse gas emission,
understanding the greenhouse gas emission in each process from fish catch to consumption is
pressing issue. In the future, “Carbon print” which displays the amount of energybeing used in
production and distribution process, converted into carbon will be introduced. It is effective for
consumers to select products which have less carbon emission when selecting. However, as for



S0 V@i cac den halogen thong thuong, trong khi hiéu qua cua viéc giam Iugng nhién liéu 1a nhin
thiy duoc. Hon nita, c6 mot bao céo néi rang bang cach sir dung dic tinh ciia anh sang dén LED
Chéng han nhu anh sang nhép nhay, nd co thé thu hat mot sd loai ca mot cach hiéu qua hon. Sy
phat trién va hoan thién vé cong nghé tng dung s& dan dén viéc khai thac c4 hiéu qua hon thong
qua viéc kiém soat hanh vi ctia dan ca va thiét 1ap mot phuong phap (ng dung cac loai dén LED
dudi nude cho phu hop véi ting loai ¢4, ciing nhu xay dung cong nghé tng dung két hop cac
loai dén dudi nudc vaoi cac dén trén tau s€ dat dugc mot vi tri trong tuong lai.

2 Cac huong nghién ctru hudng trong tuong lai

Trong cac deén dung dé danh c4, c6 4 van d& ching ta can phai giai quyét dé thuc ddy ung dung
dén danh ca LED. D6 la: (1) Tién hanh kiém tra xic minh chung ciia dén ca LED trong sudt mua
danh bét ca; (2) Thu thap dir liéu can thiét dé hiéu duoc cau tric cia tong tiéu thu ning luong
Cua tau ca; (3) Lam ro anh hudng ctia budc song anh sang, cuong do va khoang cach phat sang
dén hanh vi ctia cac loai sinh vat bién chii yéu va phat trién cong nghé dé kiém soat dan ca bang
anh sang; va (4) Dua vao két qua ciia 3 phan trén, thiuc day phét trién hé thong san xuat nghé ca
bang cach sir dung cac dic tinh cia ngudn anh sang LED.

VI. PANH GIA PHAT THAI KHI HIEU UNG NHA KiNH TRONG NGHE CA

Phu hop véi khudn kho cua Nghi dinh thu Kyoto, viéc giam phét thai khi gdy hiéu tmg nha kinh
(KHNK) 1a can thiét trong nhiéu lanh vuc. Dé thic day viéc giam phat thai KHNK trong nganh
cong nghiép thay san, can phai danh gia ting bién phap giam phat thai mot cach thuong xuyén
va thu thap thong tin co ban vé phat thai KHNK. Trong nganh cong nghiép thuy san co cac vi du
vé su udc tinh lugng khi dioxit cacbon phat thai trén co s¢ murc tiéu hao nhién liéu cua tau ca.
Tuy nhién, lugng khi thai dioxit cacbon ciia nganh cong nghiép thay san nhu mét tong thé bao
gom ca qua trinh sau thu hoach gom ca san xuét thuy san, nudi trong thuy san, ché bién thay san
va phan phdi vin chua dugc hiéu k§. Dé giam phat thai KHNK mét cach ¢ hiéu qua, trong
tuong lai can phai wéc luong phat thai KHNK cta nganh cong nghiép thity san nhu mot téng thé,
thong qua Khao sat tidu biéu va cac sb liéu thong ké gan day bang cach str dung cac thong tin thu
dugc tir cac dit liéu nghién ciru trong qua khir. Didu d6 c6 higu qua dé danh gia tac dung cua mdi
phuong phap giam thai mot cach ¢6 sb lugng va trinh bay cac anh huéng mot cach truc quan dé
thiic day viéc giam phat thai KHNK trong nganh cong nghiép thuy san. Tuy nhién, hoan canh
hién nay 1a khong biét bao nhiéu KHNK dugc phét thai thong qua cac hoat dong trong ca day
chuyén, tir qua trinh danh bét ca, phan phdi va ché bién. Trong xem xét cac bién phap giam phat
thai KHNK, viéc thau hiéu ban chét phat thai KHNK trong ting qua trinh tir khi danh bét ca cho
dén luc tiéu thy 1a van dé cip bach. Trong twong lai, "d4u vét cacbon” hién thi sé lwong ning
luong duoc str dung trong qua trinh san xuat va phan phdi chuyén thanh cacbon s& duoc dua vao
ng dung cho phép nguoi tiéu ding lua chon san pham cé it phat thai cacbon hon trong str dung
va tiéu thu cia ho. Tuy nhién, v&i cac san pham chi yéu gém cac loai hai san, mdi qua trinh tir
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primary products includingfishery products, each process from production to consumption is
separated and it is impossible to provide consumers with information of carbon emission with
the effort of only one company. Understanding the condition of emission in each process of
fishery products such as fish catch, distribution and processing, estimating the emission
amount and announcing the result officially will be basic data in order to conduct
measurements towards the reduction of greenhouse gas emission in fishing industry.

Estimate of greenhouse gas emission is conducted by “Research of measurements towards
global warming in the field of Agriculture, Forestry and Fisheries (National Research Project)
“bycommission project of deputy vice-minister of the ministry of Agriculture, Forestry and
Fisheries in 2008. We would like to describe general appearance of it below.

Research of measures against global warming in the field of Agriculture, Forestry and
Fisheries collected the data such as fuel consumption of fishing industry and aquaculture
industry, analyzed and considered method for calculating greenhouse gas emission concerning
fishery production, storage, distribution and processing and currently estimating the amount
of emission.When estimating, the target is narrowed down to carbon dioxide among
greenhouse gas, it is categorized by field of industry as shown in Image 1 and the amount of
carbon dioxide is estimated. The fields which were estimated at present are capture fishery and
aquaculture industry (Eel farming industry, laver farming industry and bait farming industry) at
the stage of fish catch. At the stage of production area, the amount of emission from
fridge-freezer, ice making industry and processing industry is estimated. Furthermore, estimate
of CO2 emission during distribution process of fishery products is divided into 3 as below and
estimated based on “Improved ton kilo method” of “Guideline on the method for calculating
concerning CO2 emission in the distribution field” drew up by Ministry of Economy, Trade
and Industry and Ministry of Land, Infrastructure, Transport and Tourism. (1) Distribution near
production area (from fishing port to the prefecture where the fishing port is located) (2)
Wide-area distribution ( Inter-prefectural distribution: Production process of distribution of
production area to outside the prefecture of production) (3) Distribution within the
consumption area (Fishery products distribution process within the consumption area). It is
important to continue the estimate and improve estimating the amount of other greenhouse gas
not only carbon dioxide and also the fields which are not estimated yet.

Research agenda for the future should also include generation status other greenhouse gases
not only carbon dioxide. There is also a need to see things from the viewpoint of life cycle
assessment and estimate the amount of generation in fields which are not conducted yet (for
example: 1.Fish box industry, 2.Tray industry 3.fishnet, disposal process of FRP fishing vessels,
4. Disposal process of residuum emitted from fish processing industry, 5.Disposal process of
residuum emitted from the industry of last stages of distribution such as mass retailers) in fish



san xuat dén tiéu thu duogc tach ra va hau nhu khong thé cung cp cho ngudi tidu dung thong tin
vé lugng phat thai cacbon vai chi nd lyc duy nhat tir mot cong ty. Thau hiéu diéu kién phat thai
trong mdi qua trinh san xuat thuy san nhu danh bét, phan phdi va ché bién, udc tinh lwong phat
thai va cong b cac két qua chinh thirc s& dugc 1am dit liéu co ban dung dé lam thudce do dbi voi
viéc giam phat thai khi gay hiéu (rng nha kinh trong nganh cong nghiép thuy san.

U'Gc tinh phat thai khi gdy hiéu (mg nha kinh dwoc thuc hién boi du 4n "Nghién ctru xac dinh sy
nong 1én toan cau trong linh vue Nong nghiép, Lam nghiép va Thuy san (Du an nghién ciru quéc
gia)" - mot du an uy thac cta Thi truong Bo Nong nghi€p, Lam nghiép va Thiy san vao nam
2008. Cac dac trung chung cua dy an dugc mo ta dudi day.

Nghién ctru cac bién phap chdng lai sy néng 1én toan cau trong lanh vuc Nong nghiép, Lam
nghiép va Thuy san dya theo cac dit liéu cua lugng tiéu thu nhién liéu trong khai thac thuy san va
nudi trong thily san, phan tich va nghién citu phuong phap tinh toan luong phat thai KHNK lién
quan dén san xuat thiy san, bao quan, phan phdi va ché bién, ciing nhu ude tinh lugng phat thai
hién nay. Khi danh gia, muc tiéu dugc thu hep chi cho khi dioxit carbon trong s6 cac khi gay
hiéu tng nha kinh, d3 dugc phan loai theo linh vuc cong nghiép nhu thé hién ¢ trong Hinh 1 va
uoc tinh luwong khi dioxit carbon phat thai. Cac linh vuc dugc xem xét hién nay la nganh danh
bat thuy san va nudi tréng thay san (cong nghiép nudi ca chinh, cong nghiép trong tao mat va
cong nghiép nudi con moi) & giai doan danh bit thuy san. O giai doan san xuat, danh gia cho
luong khi phét thai tir cac ta dong lanh, nganh cong nghiép lam nudc da va cong nghiép ché
bién. Hon nita, wéc tinh luong khi thai CO, trong qua trinh phan phdi thuy san dugc chia thanh 3
bo phan nhu trinh bay & phan sau va duge danh gia dua trén co s¢ "Phuong phép kilo tan cai
tién" cua "Hudng dan vé phuong phép dé tinh toan lién quan dén phat thai CO; trong lanh vyc
phan phdi" da duge xay dung boi Bo Kinh té, Thuong mai va Cong nghiép va Bo Tai nguyén
Pat, Co s¢ ha tang, Giao thong van tai va Du lich. Cac bo phan nay gom: (1) Phan phéi gan khu
VuC san xuat (tir cang ca dén quan noi dit cang c4); (2) Phan phdi dién rong (phan phdi lién
quan: phan phdi san pham trong khu vuc san xuat dén quan bén ngoai cia khu vuc san xuat); (3)
Phan phdi trong khu vuc tiéu ding (qua trinh phan phdi hai san trong khu vuc tiéu dung). Diéu
quan trong la tiép tuc qua trinh danh gia va cai thién cach danh gia vé luong khi gay hiéu ung
nha kinh khac khong chi la dioxit carbon, cling nhu céc linh vuc khac ma luwong phat thai KHNK
van chua dugc danh gia.

Van dé nghién ciru cho twong lai ciing nén bao gom tinh hinh chung cua cac loai khi gay hiéu
mg nha kinh khac ma khéng chi 1a dioxit carbon. Ciing can xem xét nhitng van dé trén quan
diém danh gia vong doi va ude tinh s lwong thé hé trong cac 1anh vuc phu thuéc ma chwa duoc
thyc hién (vi du nganh cong nghiép ca hdp, nganh cong nghiép lam khay, cong nghiép lam ludi
danh c4, qua trinh xur Iy chat thai cia tau dénh ca vat liéu composite, qua trinh xir 1y chét thai tur
nganh cong nghiép ché bién thuy san, qua trinh xtr Iy chat thai tir cong nghiép ciia giai doan cudi
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processing related field and gather as basic data for greenhouse gas reduction measures in fish
processing field.



clng trong nganh phan phdi nhu sé déng cac nha ban 1€) va thu thap thong tin co ban cho cac
giai phap giam phat thai khi gay hiéu (g nha kinh trong lanh vic ché bién hai san.
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VII. Proposal-Future efforts toward energy saving in the fishing industry

Fishing industry is a marine industry which is targeted at biological resources which can renew
autonomously, thus it is originally possible to develop and maintain sustainably. From the view
of energy consumption , constructing a system to stably provide safety and safe food for people
in the future, it is a key issue to switch to energy saving type which does not rely too much on
fossil fuel such as petroleum oil, and enhancing competitiveness of our country’s fishing
industry.

In order to do so, while we try to positively come up with applicable energy saving technology
for the time being and also reduce the fuel consumption, it is necessary to understand the actual
condition of energy consumption (CO2 emission) in fishing industry. Based on the
acknowledgment, we should try to promote research and development from medium term to
long term viewpoint and solve current issues. Most important is to come up with the result to
fishing regions as well as successively introduce the result to the field sites of fishing industry.
More specifically, by cooperating with the government, public administration of each
prefecture, research institutes, concerned organizations and concerned companies, we need to
work on the issues keeping the ADCP cycle which is Plan (Understand the actual condition of
energy consumption, bring it to into view), Do (Introduction and extension of existing
countermeasure technology) , Check (Evaluation of technological introduction effects), Action
( Improvement of existing countermeasure technology, development of new technology,
extension and introduction)

1. Efforts toward the prevalence and practical realization of energy saving technology
(1) Holding of on-site meeting
In spite of existing applicable technology both in software field and hardware field, they are not
being utilized fully in the field sites of fisheries. Therefore, for the time being we should
cooperate with Fisheries Agency, prefectural governments, concerned organizations and FRA
and hold on-site meetings timely towards fishing industry concerned parties to explain
regarding the expected effects of existing energy saving technologies and suitability depending
on the type of fisheries, using the brochure which is made and organized through this research
group.
(2) Establishment of technical support system

For medium to long term, it is necessary to establish engineering system (a structure which
works as a bridge between RD sites and fishing sites ) to understand each need in fishing sites,
analyze technical issues and connect to appropriate test research organization when needed. To
be specific, based on the implementation status of on-site meetings described above, in order to
prevail, it is vital to consider and establish a framework including developing budget plan,
arranging role-sharing between Fisheries Agency, FRA, prefectural governments and
concerned organizations, making documents such as improving brochures and developing



VIl.  NHUNG NO LUC PE XUAT TRONG TUONG LAI NHAM TIET KIEM
NANG LUQNG TRONG NGHE CA.

Nghé c4 khai thac cac ngudn loi sinh hoc bién khi co thé tai tao mot cach doc 1ap, nhu thé
ngudn loi gitt dugc trang thai ban dau dé phat trién va duy tri nghé ca bén virng. Tir quan
diém tiéu hao nang luong, su phat trién mot hé théng dé cung cap thuc pham an toan va an
ninh cho con ngudi mot cach bén ving trong twong lai, d6 1a van dé cbt 161 ¢é chuyén
trong tim sang dang tiét kiém ning lwong, khong qua bi 18 thudc vao nhién lidu hoa thach
nhu diu mo va nang cao tinh canh tranh cho nén cong nghiép ca, dac biét la Nhat Ban.
Dé lam duoc nhu vay, Nhat Ban ¢6 gang lién tuc dé phd bién mot cach tich cuc cac kha
ning ap dung cong nghé tiét kiém niang luong trong thoi gian hién nay va giam thap tiéu
hao nhién liéu, viéc nay can phai hiéu tinh hinh thyc té vé tiéu thu nang luong (nghia la
phét thai CO2) trong nén cong nghiép ca. Pugc xem nhu 1a mot kich ban, no tro nén can
thiét @& ddy manh nghién cru va phat trién trén quan diém tir trung dén dai han dé tap
trung vao cac van dé hién nay. Quan trong nhat la pho bién cac két qua ti cac vang nghé
¢4, ciing nhu ap dung thanh cong cac két qua nay vao nhiing co s¢ hoat dong ciia nghé ca.
Cu thé hon, trong sy hop tac véi chinh quyén, Ban quan Iy cong cong cua moi quan, cac
Vién nghién ciru, cac to chirc va cong ty lién quan duoc dé cao dé tap trung vao cac van dé
dang nhé cua chu ky KTKH, trong d6 K 1a Ké hogch (Nhan thic hoan canh thyc té caa
viéc tiéu thu nang lugng, nang no 1én thanh tam nhin); T la Thyec hién (Gidi thiéu va phd
bién cong nghé bién phap dbi pho hién nay); K la Kiém tra (Panh gia cac hiéu qua ang
dung cong nghd); H 1a Hanh déng (Cai tién cong nghé bién phap dbi phé hién nay, phat
trién cong nghé méi, gisi thigu va pho bién rong rai).

1. Nhiing né lyc nham pho bién va thyc hanh cong nghé tiét kiém niang luong
(1) T6 chirc mit-tinh tai hién truong

Mic du ton tai cong nghé wng dung trong ca hai linh vuc phan mém va phan cing, nhung
chung khong duoc sir dung mot cach diy da trong cac co sé nghé ca. Vi vay, diéu can
thiét 1a thiét 1ap su hop tac giita Cuc Nghé c4, cac chinh quyén quan, cac to chic lién quan
va FRA, dic biét to chuc cac budi mit-tinh tai chd dung lac thu hit nghé ca ,cac nhom lién
quan giai thich vé cac hiéu qua mong mudn cia cac cong nghé tiét kiém nang lwong hién
nay va su thich hop tuy thugc vao dang khai thac, sir dung tap sach thong tin dugc bién
soan va an hanh thong qua nhém nghién ciru nay.

(2) Thiét 1ap nhitng thoa thuan hd tro ky thuat.

Déi vai ké hoach trung va dai han, can phai xay dung mot hé thong ki thuat (maot té chire
lam viéc nhu mot cau néi giira cac don vi nghién ciru va phat trién véi don vi nghé ca) dé
linh hi cac nhu cau trong don vi nghé c4, phan tich cac van dé ky thuat va lién két vai to
chie nghién ciru thir nghiém thich hop khi can thiét. Cu thé, xem xét két qua thuc hién cac
budi mit-tinh tai hién trudong da noi trén, do la diéu thiét yéu dé can nhéc va thiét 1ap mot
khuon kho lam viéc, bao gom ké hoach phat trién tai chinh, xay dung mét hé thdng chia sé
vai tro chuan bi gitra Cuc Nghé c4, FRA, cac chinh quyén quan va cac té chuc lién quan
dé chuan bj cac tai liéu can thiét nhu nang cp sach ban tin va phat trién ngudn nhén luc s&
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human resources who will work directly in fishing sites.

2. Directions of future research development
(1) Immediate agendas
As fishing industry is suffering financially, it is difficult to make new investments.
Therefore, FRA should play a central role while cooperating with prefectural
governments and concerned organizations and focus on research and development which
is described as below including applicable technical development towards existing fishing
vessels.

1) Understanding the actual condition of energy consumption in fishing industry
Under existing conditions of capture fishery, there are only cases of fuel consumption of
private fishing vessels chartered by FRA. We will try to understand the actual conditions of
implementation cases of pilot projects and incentive projects by Fisheries Agency. Also,
regarding actual condition of CO2 emission and energy consumption in the process of transport,
distribution and storage of fishery products including aquaculture industry, fishery product
processing and imported fishery products, we should establish the calculation methods using
the examples from the cases of other fields of industry and estimate the amount and organize it
as a basic document of energy saving measures in fishing industry and CO2 emission
measures.

2) Improvement and stabilization of existing technology and development of the
measures to determine the cost-effectiveness of technological introduction
While improved technology of formation of hull and bow and the improved technology of
engine parts require certain cost, currently the effects of it vary significantly depending on the
type of fishing and vessels. Therefore, as well as collecting data which include cases of
technological introduction and verification test in pilot projects and incentive projects by
Fisheries Agency, we should make efforts to improve and stabilize retrofit technology through
water tank test and numerical experiment using model vessel. Furthermore, based on the
comparison between experiments and the data of actual vessel remodeling we should develop
methods to estimate the effects of remodeling and draw up guidelines of cost-effectiveness of
technological introduction. The measures which are applicable to small size coastal fishing
vessels are limited to the ones in the field of software such as reduction of speed and weight.
Through implementation result of a various kinds of verification experiments and
technological introduction projects, model experiment and numerical experiment, specific
guidelines in applying measures of software by type of fishing should be considered and
determined. In addition, balanced fishing vessel which corresponds to sea area, usage and type
of fishery and also considered safety and working environment including hull size, vessel
type, equipment (fishing equipment), formation of engine and power, should be suggested.



lam viéc truc tiép trong cac co s& nghé ca.

2. Huéng phat trién nghién ctru trong twong lai
(1) Van dé trudc mat

Vi nganh cong nghiép ca dang bi ganh nang vé tai chinh, nén khong co dugc suc hap
dan dau tu moi. Vi vay, RFA s& dong mot vai tro trung tam trong su hop tac véi cac
chinh quyén quén va cac tb chire lién quan, trong nhiém vu nghién ctu phat trién nhu
sé& trinh bay dudi day bao gdm phat trién cua tién bo wng dung k¥ thuat tap trung vao
cac tau ca hién nay.

1) Am hiéu diéu kién thyc té vé tiéu thu nang luong trong nghé ca

Trong cac diéu kién hién nay cua nghé ca co duoc, chi mot vai truong hop dugc xem xét
nhu 1a du 4n thi diém dé phan tich tiéu thu nhién liéu ctia cac tau ca riéng biét dugc thué
boi FRA. Tuy nhién, diéu nay can thiét nim bét diéu kién thyc té cua cac trudng hop thuc
hién nhu 1a cac duy 4n thi diém va khuyén khich caa Cuc Nghé Ca. Thém vao dé, theo diéu
kién thyc té vé phat thai CO, va tiéu thu nang lwong trong day chuyén van chuyén, phan
phéi va bao quan thuy san bao gom cong nghiép nudi trong, ché bién thuy san va thuy san
nhap khau, diéu nay can thiét xay dung cac phuong phép tinh toan sir dung cac vi du tir
cac truong hop cua cac nganh cong nghiép khac. S6 lugng danh gia duoc thuc hién va to
chuc thanh mét tai liéu co ban vé thudc do tiét kiém nang lugng trong nghé ca va phat thai
CO..

2) Su tién bo va 6n dinh hoa cong nghé hién hanh va phat trién cac tiéu chuan
danh gia dé xac dinh loi nhuan cua ap dung cong nghé

Trong khi cong nghé phat trién hinh dang than tau va mii tau, ciing nhu cac bo phan dong
co doi hoi cac chi phi xac dinh, hién nay hiéu qua ciia cac cai tién nay thay doi rat Ion phu
thugc vao nghé khai thac va loai tau. Vi vay, tir cac dit liéu thu thap thong qua cac truong
hop tng dung coéng nghé va thr nghiém kiém tra trong cac du an thi diém va du an
khuyén khich cuia Cuc Nghé C4, cac nd lyc s& cai tién va trang bi thém cong nghé thong
qua bé thir nghiém mo phong va thuc nghiém sé st dung tau mé hinh. Sau do, trén co so
s0 sanh gitra s6 liéu thyc nghiém véi tau thuc da sira d6i, phuong phap dé danh gia hiéu
qua cai tién s& dugc thiét 1ap, va sau do rat ra cac nguyén tac chi dao vé loi nhuan cua viéc
ap dung cong nghé. Cac bién phap nay ap dung cho cac tau ca ¢& nho ven b bi han ché vé
mat phan mém nhu giam téc d6 va trong luong, vi vay s& dugc phat trién. Thong qua két
qua thuc hién cua cac loai thir nghiém kiém tra va cac du an ap dung cong nghé khac nhau,
thuc nghiém mé hinh va thuc nghiém sd, cac nguyén tic cu thé trong cac bién phap ap
dung caa phan mém cho cac loai nghé khai thac s& dugc xem xét va dé xuat. Thém vao do,
su can bang gitra s6 lwong tau danh ca vai vang bién hoat dong, cach sir dung, va loai
nghé khai thac, dua vao xem xét sy an toan va moi truong lam viéc bao gom kich thugc
than tau, loai tau, trang thiét bi (thiét bi nghé c4), bé tri dong co va may moc, ciing duoc
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1) Establishment of the technology utilizing LED fishing lamps

Certain effects of using LED fishing lamps are seen in squid fishing, saury square net fishing
and purse seine fishing; however it is necessary to clarify effective usage and position by
understanding reaction characteristic towards LED fishing lamps of targeted creatures in order
to get same amount of fish as when conventional fishing lamps are used. Behavioral
physiological effects of swarming of LED lamps towards targeted fish as well as promoting
verification experiments cooperating with prefectural governments and concerned
organizations should be done at the same time. By reflecting the result for verification
experiments as needed, proper usage using both LED fishing lamps and existing fishing lamps
and effective usage of LED fishing lamps depending on the season, sea area and type of fishing
will be suggested.

Also, we have background of controlling method of using lights to collect fish from the point of
controlling fishing resource. We need to consider from the point of controlling fishing resource
so that utilization of LED fishing lamps shall not excess the proper fish catch level.

2) Scientific verification of proper temperature for cold storage

There is huge energy saving effect by rising temperature for cold storage of skipjack and tuna
which are stored frozen in extreme low-temperature (-50 degrees) now, however it is not yet
clear how the rise in storage temperature will influence the quality in long-term. Also, we need
to pay attention to the reaction of consumers and business practice in distribution process. Thus,
we will clarify the relation between temperature for cold storage and quality change in long
term for tuna and skipjack in order to make clear temperature for cold storage from both side,
energy saving and value of products. Also, we need to understand the condition of temperature
change of products and the condition of temperature control in distribution process from survey;,
evaluate the influence to quality and suggest balanced set value of temperature for cold storage
from the viewpoints of energy saving measures, value of products and current distribution
system.

Furthermore, we need to do research on the condition of temperature for cold storage for other
fishery products than tuna and skipjack in order to collect basic document to consider
low-carbonized and future energy saving in distribution for the whole fishery products.

(2) Medium and long term issues
In order to enhance industrial competitiveness of our country’s fishing industry by switching
fishing industry to energy-saving and changing to low-carbon industrial structure and also to
recover as foundational industry in coastal and isolated islands regions by expanding the range
of fishing industry which result in creating new employment, for medium to long period of
time, FRA should play a central role under cooperation of chamber of commerce , industry,



dé nghi.
1) Xay dung cong nghé stir dung dén danh ca LED

Hiéu qua rd rang cua viéc str dung dén danh ca LED duoc tim thay trong khai thac muc,
nghé manh danh ca thu va nghé vay rat. Tuy nhién, can lam sang té vé hiéu qua sir dung
va vi tri cia n6 bang sy hiéu biét vé phan ng va dic trung cua loai danh bat dbi véi den
danh ca LED dé thu duogc cung san lugng nhu khi sir dung dén danh bt truyén thong. Tac
dung tap quan sinh 1y tu tap thanh dan cua cac loai hai san khai thac di véi dén LED
tuong tw nhu xac tién cac thir nghiém kiém tra trong su hop tac véi cac chinh quyén quan
Va C4c t6 chirc lién quan duoc tién hanh dong thoi. Pao sau suy nghi vé cac két qua thir
nghiém kiém tra la can thiét, viéc sir dung hop 1y véi ca hai loai dén danh ca LED va dén
danh c4 hién hanh va hiéu qua s dung dén LED phu thudc vao mua, vang bién va dbi
tugng danh bat s& dugc xuc tién.

Ngoai ra, co s ciia phuong phap diéu khién st dung anh sang dé thu hat ca xuat phat tir
quan diém quan Iy nguon loi khai thac s& dugc nhan thirc, va can xem xét trén quan diém
bao vé ngudn loi khai thac, vi vay viéc danh bat do sir dung dén danh ca LED sé& khong
vuot qua mue danh bat ca hop 1y.

2) Kiém tra tinh xac thyc vé nhiét 6 hop 1y cho kho lanh

Hiéu qua tiét kiém nang luong khi ting nhiét ¢ cho kho lanh ciia ¢4 ngir van va ca ngir
dugc luu trong kho lanh ¢6 nhiét d6 cuc thap (-50 °C) rat 16n trong thoi gian hién nay. Tuy
nhién, diéu nay chua duoc rd rang la lam thé nao dé gia ting nhiét d6 trong kho lanh ma
khong anh huong dén chat lugng trong thoi gian dai. Ciing nhu can chi y dén phan tng
cua khach hang va cac chi nhanh trong day chuyen phan phéi san pham. Do vay, mbi quan
hé gitta nhiét do cua kho lanh va sy thay d6i chat luong trong thoi gian dai dbi véi ca ngir
va ca ngir van s& dugc lam sang to dé dit nhiét do thich hop cho kho lanh trén ca hai
phuong dién, thac day tiét kiém nang lwong va duy tri gi tri san pham. Ciing quan trong
dé nhan thirc vé diéu kién nhiét do lam thay doi cht luong san pham va diéu kién kiém
so4t nhiét d trong qué trinh phan phdi san pham thong qua cac nghién ctru véi muc dich
danh gia sy anh huong dén chat luong va dé nghi xac 1ap gia tri hop Iy caa nhiét o cho
kho lanh trén quan diém tiét kiém ning luogng, gia tri san pham va trong hé théng phan
phéi hién nay.

Hon nita, viéc nghién ctru diéu kién nhiét do cho kho lanh déi véi cac loai thuy san khac,
hon chi 1a loai ¢4 ngir van va ca ngir ciing dugc xac tién dé thu thap nhimg thong tin co
ban dé lam tai liéu thic day cac giai phap phat thai cacbon thap va tiét kiém nang luong
trong twong lai trong diy chuyén phan phdi toan bo san pham khai thac.

(2) Cac véan dé trung va dai han

Dé nang cao tinh canh tranh cua nghé cé trén dat nudc chang ta bang cach chuyén
nén nganh cong nghiép ¢ sang tiét kiém nang luong va Chuyén d6i co cau huéng téi mot
nén cong nghiép phat thai cacbon thap, ciing nhu khoi phuc nén cong nghiép ha tang ¢
vung duyén hai va hai ¢ao bang cach mo rong pham vi ciia nghé ca, két qua sé& tao ra
luong cong viéc méi. Trong thoi gian trung dén dai han, FRA s& dong vai tro trung tam
VGi su hop tac cua cac phong thuong mai, cong nghiép, nong nghiép va nghé ca khi sir
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agriculture and fishery using existing and currently developing technologies as a base and need
to work on the research development as described below.

1) Development and use of renewable energy

(1) Development of complex utilization technology of natural energy

Regarding fishing villages and isolated islands regions, we need to consider basic facility for
fishing industry such as fishing ports, processing and storage facilities, introduction of wind,
solar, sea, tide current power generation as a power supply for back settlements and effective
supply and utilization system which includes complex utilization of those.

(2) Development of cyclic use of technology using biomass resources in regions

It is necessary to develop cyclic use technology of local production for local consumption of
biomass resources such as production of biodiesel fuel (BDF) utilizing biomass of fishery
products wastes, marine alga and seaweed.

(3) Development of regenerable energy supply technology for production in fishing and
aquaculture industry

It is necessary to arrange system and technology between producers and suppliers in order to

make it possible to use BDF and other resources mentioned above for production of fishing and

aquaculture industry in regions.

2) Establishment of low carbon emission fishing industry and aquaculture industry
production system

(1) Establishment of production system for fishing industry which is described as “Safe, Close,

Short”

We need to construct database and monitoring system of ocean information and fish school
location information in natural fisheries and artificial fisheries (medium rise and bottom rise
fish reef area) near our country and also improve information transmission technology and
fishing site formation estimate due to numerical model. Also, regarding the construction of
artificial fishing sites and maintenance of fishing sites environment, they should actively be
promoted in sea area where swarming of fish school and cultured resources effects are expected.
By doing so, we can form fixed fishing sites in coast and offshore in our country, which will
stabilize the production and reduce operating cost including search for capture fisheries. In
addition, the effect may be expected in ensuring the safety of maritime labor.

(2) Development of fisheries forecasting model with high accuracy
Energy saving and cost saving are implemented by changing from a group of vessel operation
to single vessel operation. In general, single vessel operation is hampered by low ability to



dung cac cong nghé phat trién hién nay nhu 1a nén tang. Linh vuc nghién ctu va phat trién
bao gom:

1) Phat trién va tng dung ning luong tai tao
(1)Phat trién cong nghé st dung phuc hop ngudn ning luong tu nhién

Déi vai cac lang ca va cac ving dao biét 1ap, diéu quan trong la xem Xét co s& ha tang cua
nghé ca nhu cang cé, cac co s& bao quan va ché bién, viéc tng dung stc gio, mat troi,
dong thuy triéu dé phat dién cung cap lai cho cac khu déan cu, hé thong tan dung va cung
cap c6 hiéu qua gom sir dung phirc hop cac ngudn ning luong nay.

(2) Phat trién cong nghé tai sir dung nguoén sinh khi & dia phuong.

Day 1a diéu thiét yéu dé phat trién cong nghé tai sir dung cac san pham & dia phuong cho
viéc tidu dung ning luong tir cac ngudn sinh khéi nhu san xuat nhién liéu diesel sinh hoc
tir tan dung sinh khéi 1a phé liéu caa nghé c4, tao va rong bién.

(3) Phat trién cong nghé cung cAp nguodn ning luong tai tao cho san xuat nghé ca va nudi
tréng thuy san.

Diéu nay can c6 mot hé thdng sap xép va cong nghé giira cac nha san xuat va cung cap dé
dua kha ning st dung nhién liéu diesel sinh hoc va cac ngudn ning luong khac da noi o
trén cho viéc san Xuit nang cao gia tri tir Nghé ca va cong nghiép nudi trong thuy san trong
vung.

2) Xay dung hé thong san xuat cong nghiép ca va cong nghiép nudi trong thuy san phat
thai cacbon thap

(1) Thiét lap hé théng san xuat cho nghé c4 véi tinh chat “An toan, Gan, Ngan”.

Can phai xay dung mot co s dit liéu va hé théng giam sat thong tin bién nhu thong tin vé
Vi tri dan ca trong tu nhién va nudi nhan tao (cac ving da ngam ca ndi, ting giira va tang
day) gan véi dat nude, cling nhu cai thién cong nghé truyén thong va sy hinh thanh co s
nghé ca danh gia thong qua cac mé hinh k§ thuat sd. Sy xay dung cac co s nudi ca nhan
tao va duy tri méi truong co sé nghé ca co thé thiic ddy mot cach tich cuc & cac ving bién,
noi c¢6 hiéu qua tu tap cua cac dan ca va nguon loi nudi trong nhu mong doi. Trong cong
viéc nhu thé, cac co s nghé ca ¢b dinh co thé duoc hinh thanh & cac ving duyén hai va
ngoai khoi trong nuéc, trong d6 s& 6n dinh san xuat va giam chi phi hoat dong, dic biét la
& nhitng noi tim kiém ngudn loi cho viéc danh bit. Thém vao d6, hiéu qua s& bao dam su
an toan cho cac lao dong di bién.

(2) Phat trién mé hinh dy bao nghé ca co do chinh xac cao.
Murc d6 tiét kiém chi phi va nang lugng duoc thuc hién bang sy thay doi tir hoat dong caa

nhom tau dén ting chiée riéng 18. Nhin chung, hoat dong cua ting tau riéng 18 kém hiéu
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search targeted fish compared to operation by a group of vessel. How to find targeted fish
school more effectively is important issue in energy saving. These days, accuracy of numerical
model to express ecosystem including fish which lives close to the surface is extremely high.
Also, accuracy of oceanic condition forecasting model utilizing satellite information is
improving and it used to forecast the appearance of large size jelly fish. As well as
establishing fishery production system which is described as “Safe, Close, Short”, we should
actively promote the development of fisheries forecasting model with high accuracy to reduce
searching cost and make efforts to save energy by production system based on scheduled
production. Moreover, technological development of real time monitoring system of targeted
fish school by unmanned airborne vehicle to verify the forecast of fisheries forecasting model
is an agenda to be examined in the future.

(3) Development of energy-saving and cost-saving fishing vessels (Super-eco fishing vessels)
With the purpose of preparing to alternate existing fishing vessels which will be needed in the
future, it is necessary to utilize regenerable natural resources mentioned above (electric and
hybrid propulsion), implement drastic energy saving and cost saving in hull form, engines and
equipment and develop technology to operate/construct super-eco fishing vessel which is
equipped with abilities to analyze and utilize various fisheries information mentioned above.
We need to consider promoting energy saving by effective utilization of facility. To be more
specific, we need to disperse risks by constructing a multiple versatile fishing vessel
(multiple-purpose vessel) instead of vessel of which operation is only targeted at one specific
kind of fish in order to convert to the production structure which is able to utilize the facilities
all year round.

Energy saving by establishing transportation system on the ocean should also be taken into
consideration. For example, in saury square net fishing, each vessel brings in the saury that
they caught to markets. By establishing transportation system on the ocean, a large amount of
energy can be conserved.

(4) Technological development for energy saving and cost saving in aquaculture industry

It requires the implementation of energy saving and cost saving by improvement in ability to
keep the temperature of breeding water tank warm, introduction of automatic feeder and
automatic taking up device in existing aquaculture production process. It is necessary to
promote developing required technologies by considering development and direct utilization
technology of regenerable energy which is mentioned above and also the forms and locations
of aquaculture production which is preferred for the utilization. (For example: Moored/ Ocean
floating method coastal aqua farming, onshore aqua farming etc.)

Furthermore, it is vital to produce new breeds which are excellent at growth and improve feeds
in order to reduce feeds in aqua farming which requires feeding in parallel with creating



qua do kha niang dé tim kiém muc tiéu danh bét thip so véi hoat dong cua nhom tau. Viéc
tim kiém dan ca muc tiéu danh bét c6 hiéu qua hon 1a mét van dé quan trong trong tiét
kiém nang lwong. Ngay nay, 6 chinh xac cua cac mé hinh sb khi sy danh gia hé sinh thai
cuia ca sbng gan mit nudce rat cao. DO chinh xac cia mé hinh du bao trong diéu kién dai
duong bang thong tin tir Vé tinh cling dang duoc phat trién va co thé duoc sir dung dé du
bao sur xuét hién cua cac dan sta kich ¢& 16n. Trong xay dung mot hé théng san xuat nghé
c4 ¢o tinh chat “An toan, Gan, Ngin”, diéu quan trong la diy manh mét cach tich cuc su
phat trién mé hinh du bao nghé ca co do chinh xac cao dé giam thap chi phi tim kiém va la
su nd luc dé tiét kiém ning lwong nho hé théng san xuit trén co so thuc hién theo chuong
trinh. Hon nita, sy phat trién cong nghé cuia hé thong giam sat theo thoi gian thyuc dbi véi
cac dan ca danh bat khi st dung may bay khong ngudi lai dé xac minh mé hinh dy bao
nghé ca la mot van dé nghi su s& dugc xem Xét trong twong lai.

(3) Phat trién cac tau danh ca tiét kiém chi phi va nang luong (tau danh ca siéu sinh thai).

Véi muc dich lya chon thay thé sy phat trién cho cac tau ca hién hanh la can thiét trong
tuong lai, diéu nay can thiét dé sir dung cac ngudn niang luong tai tao trong ty nhién nhu
da luu ¥ trude day (hé day tau bang dién va lai ghép), thuc hién tiét kiém chi phi va ning
luong vuot bac trong hinh dang vo tau, cac dong co va thiét bi, phat trién cong nghé dé
hoat dong/xay dung cac tau ca sicu sinh thai trang bi voi cac kha nang phén tich va st
dung cac thong tin nghé ca khac nhau nhu da noéi & trén. Didu nay ciing can xem xét su
thac day tiét kiém ning luong nhd sir dung c6 hiéu qua cac phuong tién. Bac biét, diéu
quan trong dé giam cac rui ro la dong nhirng tau ca da chirc nang (cac tau ding vao nhiéu
muc dich) thay cho cac con tau hoat dong chu yéu chi cho mét déi tuong trong thoi gian
danh bat. Piéu nay s& chuyén ddi cu trac san xuat va co thé tan dung cac phuong tién
quanh nam.

Tiét kiém nang luong bang cach thiét 1ap hé thdng van chuyén trén bién ciing s& duoc dua
vao xem xét. Vi du, trong danh ca thu dao bang ludi ré, mdi con tau tic thoi mang ca bat
dugce dem dén chg. Bang cach thiét 1ap mot hé thdng van chuyén trén bién, mot lwong 16n
nang luong sé duoc tiét kiém.

(4) Phat trién cong nghé tiét kiém ning luong va tiét kiém chi phi trong nganh nuéi trong
thuy san.

Vin dé nay can thyc hién cac bién phap tiét kiém nang lwong va tiét kiém chi phi nho cai
thién kha nang gitr nhiét do du am cua bé nudce gay giong, khi dua vao bo cung Cap nuéc
tu dong va Iap thiét bi trong qua trinh san Xuat nuodi trong hién nay. Biéu can thiét la tiép
tuc phat trién cac cong ngh¢ yéu cau bang phat trién nghién ciru va cong nghé sir dung
tryc tiép cac nQUOn nang lugng tai tao nhu da luu ¥ & trén, cling nhu cac dang va dia diém
cia nghé nuoi trong thuy san thich hop cho sy tan dung boi cong nghiép. Vi du nhu
phuong phap phao ndi trén bién/ddm ¢ nghé nuéi nuée, nghé nudi trén dat lién, v.v.

Hon nira, diéu séng con dé san xuat giéng mai c6 chat lwong wu ta vé muc dich truong
thanh va nuéi dudng tot & chd giam chi phi thuc pham & trai nudi. Diéu nay yéu cau su
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measures to reduce (collect) environmental burdens by combination with resources biomass
(marine alga, plants etc.) production.

3) Establishment of low-carbon fishing industry and aquaculture industry production system
Against a backdrop of scientific verification result regarding proper temperature for cold
storage, it is necessary to examine technical problems for establishing low-carbon consuming
distribution and storage system of frozen fishery products which is consistent from production,
processing to consumption and resolve the problems. In such case, understandings of
consumers and distribution industry are essential. To be more specific, we need to continue
improving element technology and system and also examining the issues through alternating
from transportation by cars and airplanes to transportation by rail and marine vessels (modal
shift) and implementing milk run to collect from markets to rail and marine vessels. Moreover,
it is necessary to pay attention to cooperation with distribution system of other industries.



qua trinh cung cép dinh dudng song song vai cac bién phap dé lam giam chat thai (thu
thap) ra moi truong thong qua su két hop vai san xuat nguon loi sinh khoi (tao bién, thuc
vat, v.v.).

3) Xay dung hé théng hé thdng phan phdi lién tuc phat thai cachon thap.

Dua vao co sd két qua kiém tra co ky thuat cao di véi nhiét do hop 1y cho kho lanh, can
phai kiém tra cac van dé ki thuat cho viéc thiét 1ap hé théng phéan phdi va bao quan phat
thai cacbon thap cua thuy san déng lanh sao cho né van giir duoc tinh 6n dinh cua san
pham, ché bién dé tiéu thu, va chi ra cac van dé xay ra trong toan bd day chuyén. Trong
truong hop nay, su hiéu biét caa khach hang va cac nha phan phéi la mot yéu té can thiét.
Dic biét hon nita, can phai tiép tuc cai thién cong nghé va hé théng vé nguyén 1y co ban,
ciing nhu kiém tra cac van dé bang cac dang thay thé dang xem xét, nhat la trong van
chuyén bang 6-t6, may bay thay bang duong sat va tau thuy (thay doi phuong thuc), va
thue hién cac 16 trinh da dinh san dé thu gom san pham tir cac cho dén ga duong sét va tau
thuy. Ngoai ra, can phai luu ¥ hop tac véi hé thong phan phdi cua cac nganh khac dé hiéu

qua dugcC nang cao.
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Estimate of energy saving effects and fuel consumption amount by major fishing types

As for each fishing vessel of which data of operational condition and fuel consumption condition were obtained, we estimated fuel consumption of
main engine and auxiliary engine and estimated the effects, depending on each operational condition such as during sailing, operation and
anchorage, by type of fishing, in order to estimate the effects in case energy saving measures are implemented for fishing vessels. The estimate of
energy saving effects which is shown from following page is maximum value as a reference in case all the measures are implemented.

In case it is difficult to input numerical values, it is shown only in the color of cell. Green shows roughly 5%, light blue shows roughly less than 5%,
red on the other hand shows increase of fuel consumption and white shows that it does not fall under any of these. Energy saving effects may vary
significantly depending on statues of use, specification and size of fishing vessel. Also, as for fishing vessels which are already equipped with
devices for energy saving such as bulbous bow, concerning corresponding article shown in yellow “if the equipment corresponds, it is effective”,
please be noted that there is no energy saving effects.




Panh gia hiéu qua tiét kiém ning lwong va lweng tiéu thu nhién liéu cha cac loai tau ca cha yéu

Dbi véi mdi loai tau ca c6 s6 liéu vé didu kién hoat dong va tiéu thy nhién liéu da thu thap dwoc, chiung t6i danh gid tiéu thy nhién liéu cua
may chinh va may phu ciing nhu u6e lwong hiéu qua caa ching, phu thudc vao mdi diéu kién hoat dong, chang han nhu trong subt thoi ky
chay hanh trinh, khai thac va tha neo, theo loai nghé khai thac, dé tién hanh danh gia hiéu qua trong trudng hop ap dung cac bién phap tiét
kiém ning luong & trén tau. Viéc danh gia hiéu qua tiét kiém nang lugng duoc thé hién trong cac biéu do ¢ trang sau véi gia tri cuc dai nhu
la mot dai lugng tham khao trong trudng hop ap dung tt ca cac bién phap. Trong trudng hop kho khin dé nhap dit liéu bang sé, biéu do chi
thé hién bang mau sic ¢ trong 6. Mau xanh |4 cay thé hién vao khoang 5%, mau xanh dwong nhat khoang dué6i 5%, nguoc lai, mau do6 chi
su gia tang tiéu thy nhién liéu va mau tring cho thiy khong giam dudi bat ky trudng hop nao. Hiéu qua tiét kiém nhién liéu c6 thé rat khac
nhau phu thudc vao tinh trang sir dung, dic diém va kich thudc tau ca. Ciing nhu vay, dbi véi cac tau ca duoc lap dat cac thiét bi tiét kiem
nang luong nhu mii tau qua 16, lién quan dén cac muc tuong tmg dwoc thé hién bing mau vang “cé hiéu qua néu thiét bi phu hop”, xin luu
¥ rang né khong co6 hiéu qua tiét kiém ning luong.

31



Document 1. 489-ton class deep-sea tuna long-line fishing ship (Freeze)

For deep-sea tuna long-line fishing vessels which require long time for sailing, decelerating operation would be effective. However, it is necessary to pay attention to the fact that decelerating operation will increase the days required for sailing, and this may increase the fuel
consumption of auxiliary engine.

Please consider decelerating operation which does not influence the period of fishing operation.

489-ton class deep-sea tuna long-line fishing ship (Freeze) 1 sail for 291 days
Main engine Auxiliary engine
During stay in fisheries During stay in fisheries Total
Outbound — Anchorage | Inward | Subtotal | Outbound —— Anchorage | Inward Subtotal
Lasso  [Salvaging 9 € | Drifting Lasso Salvaging S Drifting

Operating time (h) 542 973 2,339 1,357 0 761 5,971 589 973 2,339 1,360 876 216 823 7,176 13,147
Hourly fuel consumption (L/h) 139 134 8 134 127 37 52 52 52 52 32 37
Fuel consumption (L) 75175| 130155 19,471| 181,574 0| 96,789] 503,164 21,690 50,236 50,236 70,271 45,250 6,976 30,552 345,785 848,949
Subtotal during stay in fisheries (L/h) 331,200 286,567

After 'mp'emnfgzﬂfe”s‘;lfjh“)ergy saving 42074| 76,083| 12,108| 101,623 o| 56,578 288466 21,194| 38335 38,335| 56304 34,530 5323| 24,013 271,889 560,355
Energy saving effects (5) 44% 42% 38% 44% 42% 43% 2% 24% 24% 20% 24% 24% 21% 21% 34%
Energy saving menu Listed page| Examples of effects after using energy saving menu
*Energy saving which can be responded by
software
speed down, decelerating sailing 3%, o 3 B
reduction of hourly fuel consumption 6% 2 & 50 =
speed down, decelerating sailing 5%, 3 0 = e
reduction of hourly fuel consumption 10% 2 e 0 % >%
speed down, decelerating sailing 10%, 2
reduction of hourly fuel consumption 19%
Weight saving of vessels by reducing loads 3
(Displacement: 5%)
Cleaning of hull, helm and propeller 4 10% 10% 10% 10% 10%
I(Eéf:;;cive utilization of controllable pitch propeller 5 8% 8% 8% 8% 8%
Setting qf p_roper temperature for cold 6 18% 18% 18% 18% 18% 18%
storage in fishery warehouse
*Energy saving by proper remodeling of hull
Balbous bow 7 12% 12% 12% 12% 12%
Hull attachment current plate 8 5% 5% 5% 5% 5%
Shape refinement of the appendages of hull 9 7% 7% 7% 7% 7%
and the bottom
*Energy saving technology by proper
remodeling of hull
Conversion of engines 10
Main engine drive of generator and other 1
auxiliary machir_1es
Con_trol of rota_tlng speed of pump and other 12 6% 6% 6% 6% 6% 6% 6%
equipment by inverter
Improvement of power factor using phase 13
advancing condenser
*Energy saving technology using fishing equipment
LED fishing lamps 14
Low-resistance fishing equipment 15

| Very effective _ If the equipment corresponds, it is effective. Adverse effect | None of these




Document 1. 489-ton class deep-sea tuna long-line fishing ship (Freeze)

For deep-sea tuna long-line fishing vessels which require long time for sailing, decelerating operation would be effective. However, it is necessary to pay attention to the fact that decelerating operation will increase the days required for sailing, and this may increase the fuel
consumption of auxiliary engine.

Please consider decelerating operation which does not influence the period of fishing operation.

489-ton class deep-sea tuna long-line fishing ship (Freeze) 1 sail for 291 days
Main engine Auxiliary engine
During stay in fisheries During stay in fisheries Total
Outbound — Anchorage | Inward | Subtotal | Outbound —— Anchorage | Inward Subtotal
Lasso  [Salvaging 9 € | Drifting Lasso Salvaging S Drifting

Operating time (h) 542 973 2,339 1,357 0 761 5,971 589 973 2,339 1,360 876 216 823 7,176 13,147
Hourly fuel consumption (L/h) 139 134 8 134 127 37 52 52 52 52 32 37
Fuel consumption (L) 75175| 130155 19,471| 181,574 0| 96,789] 503,164 21,690 50,236 50,236 70,271 45,250 6,976 30,552 345,785 848,949
Subtotal during stay in fisheries (L/h) 331,200 286,567

After 'mp'emnfgzﬂfe”s‘;lfjh“)ergy saving 42074| 76,083| 12,108| 101,623 o| 56,578 288466 21,194| 38335 38,335| 56304 34,530 5323| 24,013 271,889 560,355
Energy saving effects (5) 44% 42% 38% 44% 42% 43% 2% 24% 24% 20% 24% 24% 21% 21% 34%
Energy saving menu Listed page| Examples of effects after using energy saving menu
*Energy saving which can be responded by
software
speed down, decelerating sailing 3%, o 3 B
reduction of hourly fuel consumption 6% 2 & 50 =
speed down, decelerating sailing 5%, 3 0 = e
reduction of hourly fuel consumption 10% 2 e 0 % >%
speed down, decelerating sailing 10%, 2
reduction of hourly fuel consumption 19%
Weight saving of vessels by reducing loads 3
(Displacement: 5%)
Cleaning of hull, helm and propeller 4 10% 10% 10% 10% 10%
I(Eéf:;;cive utilization of controllable pitch propeller 5 8% 8% 8% 8% 8%
Setting qf p_roper temperature for cold 6 18% 18% 18% 18% 18% 18%
storage in fishery warehouse
*Energy saving by proper remodeling of hull
Balbous bow 7 12% 12% 12% 12% 12%
Hull attachment current plate 8 5% 5% 5% 5% 5%
Shape refinement of the appendages of hull 9 7% 7% 7% 7% 7%
and the bottom
*Energy saving technology by proper
remodeling of hull
Conversion of engines 10
Main engine drive of generator and other 1
auxiliary machir_1es
Con_trol of rota_tlng speed of pump and other 12 6% 6% 6% 6% 6% 6% 6%
equipment by inverter
Improvement of power factor using phase 13
advancing condenser
*Energy saving technology using fishing equipment
LED fishing lamps 14
Low-resistance fishing equipment 15

| Very effective _ If the equipment corresponds, it is effective. Adverse effect | None of these




Document 2. 149-ton class adjacent sea tuna long-line fishing ship (Raw)

149-ton class adjacent sea tuna long-line fishing ship (Raw) 6 sails for 209 days
Main engine Auxiliary engine
During stay in fisheries During stay in fisheries Total
Outbound — Anchorage| Inward | Subtotal | Outbound — Anchorage | Inward Subtotal
Lasso Salvaging S Drifting Lasso Salvaging S Drifting
Operating time (h) 472 521 1,281 1,239 6 320 3,839 507 521 1,281 1,145 486 162 384 4,487 8,326
Hourly fuel consumption (L/h) 100 66 4 90 109 19 21 21 21 21 13 17
Fuel consumption (L) 47,264] 34,378 5,627 111,101 68] 34.813| 233251 9,500] 11,162 27,419 24,518] 10,396 2,138 6,524 91,657 324,908
Subtotal during stay in fisheries (L/h) 151,106 73,495
ﬁqt‘:;;?e'l'i’l’/i’;tat'on of energy saving 28,753 21,843]  3,804] 67,588 68| 221,120| 144,175|  9,283| 10387| 25516 23,958 9,674 1,990 6,253|  87,061/231, 236
Energy saving effects (5) 39% 36% 32% 39% 0% 36% 38% 2% 7% 7% 2% 7% 7% 4% 5% 29%
Energy saving menu Listed page Examples of effects after using energy saving menu
*Energy saving which can be responded by
software
speed down, decelerating sailing 3%, o o =
reduction of hourly fuel consumption 6% 2 6% 6% 3%
speed down, decelerating sailing 5%, o o = -
reduction of hourly fuel consumption 10% 2 10% 10% % %
speed down, decelerating sailing 10%, )
reduction of hourly fuel consumption 19%
Weight saving of vessels by reducing loads 3
(Displacement: 5%)
Cleaning of hull, helm and propeller 4 10% 10% 10% 10% 10%
Effective utilization of controllable pitch 5
|propeller (CPP)
Setting of proper temperature for cold 6
storage in fishery warehouse
*Energy saving by proper remodeling of hull
Balbous bow 7 12% 12% 12% 12% 12%
Hull attachment current plate 8 5% 5% 5% 5% 5%
Shape refinement of the appendages of hull 9 7% 7% 7% 7% 7%
and the bottom
*Energy saving technology by proper
remodeling of hull
Conversion of engines 10
Main engine drive of generator and other 1
auxiliary machines
ConFroI of rota.tlng speed of pump and other 1 6% 6% 6% 6% 6% 6% 6%
equipment by inverter
Improvement of power factor using phase 13
advancing condenser
*Energy saving technology using fishing
eguipment
LED fishing lamps 14
Low-resistance fishing equipment 15
[ Very effective [ Effective I the equipment corresponds, it is effective. I Adverse effect I None of these

For adjacent sea tuna long-line fishing vessels which require many sails, decelerating operation would be effective. However, it is necessary to pay attention to the fact that decelerating operation will increase the days required for sailing, and this
may increase the fuel consumption of auxiliary engine.

Please consider decelerating operation which does not influence the period of fishing operation.
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Energy saving effects (5) 39% 36% 32% 39% 0% 36% 38% 2% 7% 7% 2% 7% 7% 4% 5% 29%
Energy saving menu Listed page Examples of effects after using energy saving menu
*Energy saving which can be responded by
software
speed down, decelerating sailing 3%, o o =
reduction of hourly fuel consumption 6% 2 6% 6% 3%
speed down, decelerating sailing 5%, o o = -
reduction of hourly fuel consumption 10% 2 10% 10% % %
speed down, decelerating sailing 10%, )
reduction of hourly fuel consumption 19%
Weight saving of vessels by reducing loads 3
(Displacement: 5%)
Cleaning of hull, helm and propeller 4 10% 10% 10% 10% 10%
Effective utilization of controllable pitch 5
|propeller (CPP)
Setting of proper temperature for cold 6
storage in fishery warehouse
*Energy saving by proper remodeling of hull
Balbous bow 7 12% 12% 12% 12% 12%
Hull attachment current plate 8 5% 5% 5% 5% 5%
Shape refinement of the appendages of hull 9 7% 7% 7% 7% 7%
and the bottom
*Energy saving technology by proper
remodeling of hull
Conversion of engines 10
Main engine drive of generator and other 1
auxiliary machines
ConFroI of rota.tlng speed of pump and other 1 6% 6% 6% 6% 6% 6% 6%
equipment by inverter
Improvement of power factor using phase 13
advancing condenser
*Energy saving technology using fishing
eguipment
LED fishing lamps 14
Low-resistance fishing equipment 15
[ Very effective [ Effective I the equipment corresponds, it is effective. I Adverse effect I None of these

For adjacent sea tuna long-line fishing vessels which require many sails, decelerating operation would be effective. However, it is necessary to pay attention to the fact that decelerating operation will increase the days required for sailing, and this
may increase the fuel consumption of auxiliary engine.

Please consider decelerating operation which does not influence the period of fishing operation.




Document 3. 499-ton class deep-sea bonitofishing ship (Freeze)

499-ton class deep-sea bonito fishing ship (Freeze) 4 sails for 250 days

Main engine

Auxiliary engin

Outbound

- - Anchorage
Fishing Moving to suitable Drifting

water

Subtotal | Outbound

[

Fishing

Moving to suitable
water

Drifting

Anchorage

Inward

Subtotal

Total

Operating time (h)

242

0 2,980 0 9

93

3,923 480

227

2,980

657

275

632

5,251

9,174

Hourly fuel consumption (L/h)

191

91 247

70

69

69

69

35

57

Fuel consumption (L)

84,420

©

271,080 0 2,100

4
304
,820

507,420 33,420

15,755

205,888

45,397

9,620

35,820

345,900

853,320

Subtotal during stay in fisheries (L/h)

271,080

267,040

After implementation of energy saving
measures (L/h)

53,861

0 172,953 0 2,100

95,588

324,502 32,034

14,662

197,347

42,246

8,952

34,334

345,900

670,402

Energy saving effects (5)

36%

36% 0%

36%

36% 4%

7%

4%

7%

7%

4%

0%

21%

Energy saving menu

Listed page|

*Energy saving which can be responded by
software

Exam

ples of effects after using

energy saving menu

speed down, decelerating sailing 3%,
reduction of hourly fuel consumption 6%

6%

6%

6%

-3%

-3%

-3%

speed down, decelerating sailing 5%,
reduction of hourly fuel consumption 10%

speed down, decelerating sailing 10%,
reduction of hourly fuel consumption 19%

Weight saving of vessels by reducing loads
(Displacement: 5%)

Cleaning of hull, helm and propeller

N

10%

10%

10%

Effective utilization of controllable pitch
|propeller (CPP)

Setting of proper temperature for cold
storage in fishery warehouse

*Energy saving by proper remodeling of hull

Balbous bow

12%

12%

12%

Hull attachment current plate

5%

5%

5%

Shape refinement of the appendages of hull
and the bottom

O

7%

7%

7%

*Energy saving technology by proper
remodeling of hull

Conversion of engines

10

Main engine drive of generator and other
auxiliary machines

11

Control of rotating speed of pump and other
equipment by inverter

12

6%

Improvement of power factor using phase
advancing condenser

13

*Energy saving technology using fishing
eguipment

6%

6%

6%

6%

6%

LED fishing lamps

14

Low-resistance fishing equipment

15

Very effective

_ If the equipment corresponds, it is effective.

| Adverse effect |

None of these

For 499-ton class deep-sea bonitofishing ship which require long time for sailing, decelerating operation would be effective. However, it is necessary to pay attention to the fact that decelerating operation will increase the days required
for sailing, and this may increase the fuel consumption of auxiliary engine.

Please consider decelerating operation which does not influence the period of fishing operation.




Document 3. 499-ton class deep-sea bonitofishing ship (Freeze)

499-ton class deep-sea bonito fishing ship (Freeze) 4 sails for 250 days

Main engine

Auxiliary engin

Outbound

- - Anchorage
Fishing Moving to suitable Drifting

water

Subtotal | Outbound

[

Fishing

Moving to suitable
water

Drifting

Anchorage

Inward

Subtotal

Total

Operating time (h)

242

0 2,980 0 9

93

3,923 480

227

2,980

657

275

632

5,251

9,174

Hourly fuel consumption (L/h)

191

91 247

70

69

69

69

35

57

Fuel consumption (L)

84,420

©

271,080 0 2,100

4
304
,820

507,420 33,420

15,755

205,888

45,397

9,620

35,820

345,900

853,320

Subtotal during stay in fisheries (L/h)

271,080

267,040

After implementation of energy saving
measures (L/h)

53,861

0 172,953 0 2,100

95,588

324,502 32,034

14,662

197,347

42,246

8,952

34,334

345,900

670,402

Energy saving effects (5)

36%

36% 0%

36%

36% 4%

7%

4%

7%

7%

4%

0%

21%

Energy saving menu

Listed page|

*Energy saving which can be responded by
software

Exam

ples of effects after using

energy saving menu

speed down, decelerating sailing 3%,
reduction of hourly fuel consumption 6%

6%

6%

6%

-3%

-3%

-3%

speed down, decelerating sailing 5%,
reduction of hourly fuel consumption 10%

speed down, decelerating sailing 10%,
reduction of hourly fuel consumption 19%

Weight saving of vessels by reducing loads
(Displacement: 5%)

Cleaning of hull, helm and propeller

N

10%

10%

10%

Effective utilization of controllable pitch
|propeller (CPP)

Setting of proper temperature for cold
storage in fishery warehouse

*Energy saving by proper remodeling of hull

Balbous bow

12%

12%

12%

Hull attachment current plate

5%

5%

5%

Shape refinement of the appendages of hull
and the bottom

O

7%

7%

7%

*Energy saving technology by proper
remodeling of hull

Conversion of engines

10

Main engine drive of generator and other
auxiliary machines

11

Control of rotating speed of pump and other
equipment by inverter

12

6%

Improvement of power factor using phase
advancing condenser

13

*Energy saving technology using fishing
eguipment

6%

6%

6%

6%

6%

LED fishing lamps

14

Low-resistance fishing equipment

15

Very effective

_ If the equipment corresponds, it is effective.

| Adverse effect |

None of these

For 499-ton class deep-sea bonitofishing ship which require long time for sailing, decelerating operation would be effective. However, it is necessary to pay attention to the fact that decelerating operation will increase the days required
for sailing, and this may increase the fuel consumption of auxiliary engine.

Please consider decelerating operation which does not influence the period of fishing operation.




Document 4. 349-ton class roundhaul fishing ship for operation in foreign seas

349-ton class roundhaul fishing ship for operation in foreign seas, 5 sails for 258 days
Main engine Auxiliary engine
Outbound | Operation | Anchorage | Inward | Subtotal | Outbound | Operation | Anchorage | Inward | Subtotal Total
Operating time (h) 861 2,164 1,177 320 4,203 2,272 9,743 769 3,742 16,525 20,728
Hourly fuel consumption (L/h) 265 260 273 109 34 39 60 37
Fuel consumption (L) 228,340 561,920 321,800] 34,813|1,112,170 76,940 380,790 45,880] 140,220| 643,830]1,756,000
Subtotal during stay in fisheries (L/h)
After implementation of energy saving measures (L/h) 136,912 561,920 192,950 221,120] 891,893 73,748 354,363 42,696| 134,403 605,211|1,497,103
Energy saving effects (5) 40% 0% 40% 36% 20% 4% 7% 7% 4% 6% 15%
Energy saving menu Listed page Examples of effects after using energy saving menu
*Energy saving which can be responded by software
speed down, decelerating sailing 3%, reduction of hourly fuel consumption 6% 2 6% 6% 6% -3% -3%
speed down, decelerating sailing 5%, reduction of hourly fuel consumption 10% 2
speed down, decelerating sailing 10%, reduction of hourly fuel consumption 19% 2
Weight saving of vessels by reducing loads (Displacement: 5%) 3
Cleaning of hull, helm and propeller 4 10% 10%
Effective utilization of controllable pitch propeller (CPP) 5 8% 8%
Setting of proper temperature for cold storage in fishery warehouse 6
*Energy saving by proper remodeling of hull
Balbous bow 7 12% 12%
Hull attachment current plate 8 5% 5%
Shape refinement of the appendages of hull and the bottom 9 5% 5%
*Energy saving technology by proper remodeling of hull
Conversion of engines 10
Main engine drive of generator and other auxiliary machines 11
Control of rotating speed of pump and other equipment by inverter 12 6% 6% 6% 6%
Improvement of power factor using phase advancing condenser 13
*Energy saving technology using fishing equipment
LED fishing lamps 14
Low-resistance fishing equipment 15
Very effective - If the equipment corresponds, it is effective. Adverb effect None of these

For roundhaul fishing ship for operation in foreign seas which require long time for sailing, decelerating operation would be effective. It is necessary to pay attention to the fact that decelerating operation will increase the days
required for sailing, and this may increase the fuel consumption of auxiliary engine.

Please consider decelerating operation which does not influence the period of fishing operation.



Document 4. 349-ton class roundhaul fishing ship for operation in foreign seas

349-ton class roundhaul fishing ship for operation in foreign seas, 5 sails for 258 days
Main engine Auxiliary engine
Outbound | Operation | Anchorage | Inward | Subtotal | Outbound | Operation | Anchorage | Inward | Subtotal Total
Operating time (h) 861 2,164 1,177 320 4,203 2,272 9,743 769 3,742 16,525 20,728
Hourly fuel consumption (L/h) 265 260 273 109 34 39 60 37
Fuel consumption (L) 228,340 561,920 321,800] 34,813|1,112,170 76,940 380,790 45,880] 140,220| 643,830]1,756,000
Subtotal during stay in fisheries (L/h)
After implementation of energy saving measures (L/h) 136,912 561,920 192,950 221,120] 891,893 73,748 354,363 42,696| 134,403 605,211|1,497,103
Energy saving effects (5) 40% 0% 40% 36% 20% 4% 7% 7% 4% 6% 15%
Energy saving menu Listed page Examples of effects after using energy saving menu
*Energy saving which can be responded by software
speed down, decelerating sailing 3%, reduction of hourly fuel consumption 6% 2 6% 6% 6% -3% -3%
speed down, decelerating sailing 5%, reduction of hourly fuel consumption 10% 2
speed down, decelerating sailing 10%, reduction of hourly fuel consumption 19% 2
Weight saving of vessels by reducing loads (Displacement: 5%) 3
Cleaning of hull, helm and propeller 4 10% 10%
Effective utilization of controllable pitch propeller (CPP) 5 8% 8%
Setting of proper temperature for cold storage in fishery warehouse 6
*Energy saving by proper remodeling of hull
Balbous bow 7 12% 12%
Hull attachment current plate 8 5% 5%
Shape refinement of the appendages of hull and the bottom 9 5% 5%
*Energy saving technology by proper remodeling of hull
Conversion of engines 10
Main engine drive of generator and other auxiliary machines 11
Control of rotating speed of pump and other equipment by inverter 12 6% 6% 6% 6%
Improvement of power factor using phase advancing condenser 13
*Energy saving technology using fishing equipment
LED fishing lamps 14
Low-resistance fishing equipment 15
Very effective - If the equipment corresponds, it is effective. Adverb effect None of these

For roundhaul fishing ship for operation in foreign seas which require long time for sailing, decelerating operation would be effective. It is necessary to pay attention to the fact that decelerating operation will increase the days
required for sailing, and this may increase the fuel consumption of auxiliary engine.

Please consider decelerating operation which does not influence the period of fishing operation.



Document 5. 60-ton class offshore snurrevaad fishing vessels (salvaged by 2 vessels)

60-ton class offshore snurrevaad fishing vessels (salvaged by 2 vessels) 29 sails for 136 days
ain_engine Auxiliary engine
Sail Operation | Drifting | Anchorage | Subtotal Sail Operation | Drifting | Anchorage | Subtotal Total
Operating time (h) 3,334 1,363 0 38 4,736 3,334 1,279 1,014 156 5,783 10,520
Hourly fuel consumption (L/h) 86 38 72 72 7 18 7 8 9 37
Fuel consumption (L) 286,689 51,604 0 2,769] 341,062] 22,087 22,749 6,714 1,269 52,819 393,881
Subtotal during stay in fisheries (L/h)
After implementation of energy saving measures (L/h) 168,279 33,036 0 2,769] 204,084 21,170 21,170 6,248 1,181 49,770 253,854
Energy saving effects (5) 41% 36% 0% 40% 4%|7& 7% 7% 6% 36%
Energy saving menu Listed page Examples of effects after using energy saving menu
*Energy saving which can be responded by software
speed down, decelerating sailing 3%, reduction of hourly fuel consumption 6% 2 6% 6% -3%
speed down, decelerating sailing 5%, reduction of hourly fuel consumption 10% 2
speed down, decelerating sailing 10%, reduction of hourly fuel consumption 19% 2
Weight saving of vessels by reducing loads (Displacement: 5%) 3
Cleaning of hull, helm and propeller 4 10% 10% 10%
Effective utilization of controllable pitch propeller (CPP) 5 8%
Setting of proper temperature for cold storage in fishery warehouse 6 8%
*Energy saving by proper remodeling of hull
Balbous bow 7 12% 12%
Hull attachment current plate 8 5% 5% 5%
Shape refinement of the appendages of hull and the bottom 9 7% 7% 5%
*Energy saving technology by proper remodeling of hull
Conversion of engines 10
Main engine drive of generator and other auxiliary machines 11
Control of rotating speed of pump and other equipment by inverter 12 6% 6% 6% 6%
Improvement of power factor using phase advancing condenser 13
*Energy saving technology using fishing equipment
LED fishing lamps 14
Low-resistance fishing equipment 15
Very effective _ If the equipment corresponds, it is effective. Adverb effect None of these

For snurrevaad fishing vessels , use of low-resistance fishing equipment would be effective. However, there is a need to consider that trawling with the fuel handle of the engine in the same position as with the conventional
fishing equipment used will make the ship operate faster and eventually there will be less energy saving effect.



Document 5. 60-ton class offshore snurrevaad fishing vessels (salvaged by 2 vessels)

60-ton class offshore snurrevaad fishing vessels (salvaged by 2 vessels) 29 sails for 136 days
ain_engine Auxiliary engine
Sail Operation | Drifting | Anchorage | Subtotal Sail Operation | Drifting | Anchorage | Subtotal Total
Operating time (h) 3,334 1,363 0 38 4,736 3,334 1,279 1,014 156 5,783 10,520
Hourly fuel consumption (L/h) 86 38 72 72 7 18 7 8 9 37
Fuel consumption (L) 286,689 51,604 0 2,769] 341,062] 22,087 22,749 6,714 1,269 52,819 393,881
Subtotal during stay in fisheries (L/h)
After implementation of energy saving measures (L/h) 168,279 33,036 0 2,769] 204,084 21,170 21,170 6,248 1,181 49,770 253,854
Energy saving effects (5) 41% 36% 0% 40% 4%|7& 7% 7% 6% 36%
Energy saving menu Listed page Examples of effects after using energy saving menu
*Energy saving which can be responded by software
speed down, decelerating sailing 3%, reduction of hourly fuel consumption 6% 2 6% 6% -3%
speed down, decelerating sailing 5%, reduction of hourly fuel consumption 10% 2
speed down, decelerating sailing 10%, reduction of hourly fuel consumption 19% 2
Weight saving of vessels by reducing loads (Displacement: 5%) 3
Cleaning of hull, helm and propeller 4 10% 10% 10%
Effective utilization of controllable pitch propeller (CPP) 5 8%
Setting of proper temperature for cold storage in fishery warehouse 6 8%
*Energy saving by proper remodeling of hull
Balbous bow 7 12% 12%
Hull attachment current plate 8 5% 5% 5%
Shape refinement of the appendages of hull and the bottom 9 7% 7% 5%
*Energy saving technology by proper remodeling of hull
Conversion of engines 10
Main engine drive of generator and other auxiliary machines 11
Control of rotating speed of pump and other equipment by inverter 12 6% 6% 6% 6%
Improvement of power factor using phase advancing condenser 13
*Energy saving technology using fishing equipment
LED fishing lamps 14
Low-resistance fishing equipment 15
Very effective _ If the equipment corresponds, it is effective. Adverb effect None of these

For snurrevaad fishing vessels , use of low-resistance fishing equipment would be effective. However, there is a need to consider that trawling with the fuel handle of the engine in the same position as with the conventional
fishing equipment used will make the ship operate faster and eventually there will be less energy saving effect.



Document 6. 133-ton class saury stick-held dip net fishing ship

133-ton class saury stick-held dip net fishing ship, 36 sails for 103 days
Main engine Auxiliary engine
Sail Operation | Anchorage | Subtotal Sail Operation | Anchorage | Subtotal Total
Operating time (h) 1,609 443 420 2,472 1,609 443 420 2,472 4,944
Hourly fuel consumption (L/h) 120 0 0 27 177 27
Fuel consumption (L) 192,276 0 0 192,276 42,960 78,278 11,214 132,452 324,728
Subtotal during stay in fisheries (L/h)
After implementation of energy saving measures (L/h) 122,169 0 0 122,169 41,178 20,834 10,436 72,448 194,617
Energy saving effects (5) 36% 36% 4% 73% 7% 45% 40%
Energy saving menu Listed page Examples of effects after using energy saving menu
*Energy saving which can be responded by software
speed down, decelerating sailing 3%, reduction of hourly fuel consumption 6% 2 6% -3%
speed down, decelerating sailing 5%, reduction of hourly fuel consumption 10% 2
speed down, decelerating sailing 10%, reduction of hourly fuel consumption 19% 2
Weight saving of vessels by reducing loads (Displacement: 5%) 3-
Cleaning of hull, helm and propeller 4 10%
Effective utilization of controllable pitch propeller (CPP) 5
Setting of proper temperature for cold storage in fishery warehouse 6 8%
*Energy saving by proper remodeling of hull
Balbous bow 7 12%
Hull attachment current plate 8 5%
Shape refinement of the appendages of hull and the bottom 9 7%
*Energy saving technology by proper remodeling of hull
Conversion of engines 10
Main engine drive of generator and other auxiliary machines 11
Control of rotating speed of pump and other equipment by inverter 12 6% 6% 6%
Improvement of power factor using phase advancing condenser 13
*Energy saving technology using fishing equipment
LED fishing lamps 14 71%
Low-resistance fishing equipment 15
Very effective - If the equipment corresponds, it is effective. Adverb effect None of these

For saury stick-held dip net fishing vessels, assuming that change is made from incandescent lamp and metal halide lamp which adds up to 628 kW to LED fishing torch 86kW, with the electricity on board being the
same amount, about 71% of energy is expected to be saved during operation.



Document 6. 133-ton class saury stick-held dip net fishing ship

133-ton class saury stick-held dip net fishing ship, 36 sails for 103 days
Main engine Auxiliary engine
Sail Operation | Anchorage | Subtotal Sail Operation | Anchorage | Subtotal Total
Operating time (h) 1,609 443 420 2,472 1,609 443 420 2,472 4,944
Hourly fuel consumption (L/h) 120 0 0 27 177 27
Fuel consumption (L) 192,276 0 0 192,276 42,960 78,278 11,214 132,452 324,728
Subtotal during stay in fisheries (L/h)
After implementation of energy saving measures (L/h) 122,169 0 0 122,169 41,178 20,834 10,436 72,448 194,617
Energy saving effects (5) 36% 36% 4% 73% 7% 45% 40%
Energy saving menu Listed page Examples of effects after using energy saving menu
*Energy saving which can be responded by software
speed down, decelerating sailing 3%, reduction of hourly fuel consumption 6% 2 6% -3%
speed down, decelerating sailing 5%, reduction of hourly fuel consumption 10% 2
speed down, decelerating sailing 10%, reduction of hourly fuel consumption 19% 2
Weight saving of vessels by reducing loads (Displacement: 5%) 3-
Cleaning of hull, helm and propeller 4 10%
Effective utilization of controllable pitch propeller (CPP) 5
Setting of proper temperature for cold storage in fishery warehouse 6 8%
*Energy saving by proper remodeling of hull
Balbous bow 7 12%
Hull attachment current plate 8 5%
Shape refinement of the appendages of hull and the bottom 9 7%
*Energy saving technology by proper remodeling of hull
Conversion of engines 10
Main engine drive of generator and other auxiliary machines 11
Control of rotating speed of pump and other equipment by inverter 12 6% 6% 6%
Improvement of power factor using phase advancing condenser 13
*Energy saving technology using fishing equipment
LED fishing lamps 14 71%
Low-resistance fishing equipment 15
Very effective - If the equipment corresponds, it is effective. Adverb effect None of these

For saury stick-held dip net fishing vessels, assuming that change is made from incandescent lamp and metal halide lamp which adds up to 628 kW to LED fishing torch 86kW, with the electricity on board being the
same amount, about 71% of energy is expected to be saved during operation.



Document 7. 14-ton class small-sized squid fishing ship, 7-ton class small-sized single-hook fishing ship, 9.9-ton class small-sized snurrevaad fishing ship

14 ton class small size squid fishing ship

7 ton class small size single-hook fishing

9.9 ton class small size snurrevaad fishing

ship ship
Main engine Main engine Main engine
Sail Operation Drifting Total Sail Operation Inward Total Sail Operation Inward Total

Operating time (h) 786 1,179 1,179 3,144 440 934 300 1,674 100 2,200 95 2,395
Hourly fuel consumption (L/h) 48 40 0 24 4 60 27 27 32

Fuel consumption (L) 37,728 47,160 0 84,888] 10,560 3,736 18,000 32,296 2,700 59,400 3,040 65,140
Subtotal during stay in fisheries (L/h)

After implementation of energy saving measures (L/h) 29,419 29,569 0 58,988] 8,234 3,549 14,036 25,819 2,105 56,430 2,370 60,906
Energy saving effects (5) 22% 37% 31% 22% 5% 22% 20% 22% 5% 22% 7%

Energy saving menu

Listed page

Examples of effects after

using energy saving menu

Examples of effects after using energy saving menu

Examples of effects after using energy saving menu

*Energy saving which can be responded by software

speed down, decelerating sailing 3%, reduction of hourly fuel
consumption 6%

B B B B

- - = -
speed dovyn, decelerating sailing 5%, reduction of hourly fuel 2 50 50 50 50 50
consumption 10%
speed down, decelerating sailing 10%, reduction of hourly fuel 3
consumption 19%
Weight saving of vessels by reducing loads (Displacement: 5%) 4-
Cleaning of hull, helm and propeller 5 10% 10% 10% 10% 10%
Effective utilization of controllable pitch propeller (CPP) 6
Setting of proper temperature for cold storage in fishery warehouse
*Energy saving by proper remodeling of hull 7
Balbous bow 8
Hull attachment current plate 9
Shape refinement of the appendages of hull and the bottom
*Energy saving technology by proper remodeling of hull 10
Conversion of engines 11 5% 5% 5% 5% 5% 5% 5% 5%
Main engine drive of generator and other auxiliary machines 12
Control of rotating speed of pump and other equipment by inverter 13
Improvement of power factor using phase advancing condenser

*Energy saving technology using fishing equipment 14
LED fishing lamps 15 34%
Low-resistance fishing equipment 14

Very effective _ If the equipment corresponds, it is effective. Adverb effect None of these |

Fishing method for squid fishing vessels using LED fishing lamps is currently under development. If the same amount of fish catch as when conventional lamp is used, LED fishing lamp is expected to be an effective device for energy saving. Assuming that we change from metal halide lamp of 180
kW to using both LED fishing torch of 45kW and metal halide lamp of 45 kW, with the electricity on board being the same amount, about 34% of energy is expected to be saved during operation. As for small-sized snurrevaad fishing vessels, reviewing the composition of fishing equipment to reduce
the resistance to the extent possible, energy may be conserved during operation. If decelerating operation is already conducted as a part of energy saving measures, the unit power sshould be checked during the subsequent change of parts.



Document 7. 14-ton class small-sized squid fishing ship, 7-ton class small-sized single-hook fishing ship, 9.9-ton class small-sized snurrevaad fishing ship

14 ton class small size squid fishing ship

7 ton class small size single-hook fishing

9.9 ton class small size snurrevaad fishing

ship ship
Main engine Main engine Main engine
Sail Operation Drifting Total Sail Operation Inward Total Sail Operation Inward Total

Operating time (h) 786 1,179 1,179 3,144 440 934 300 1,674 100 2,200 95 2,395
Hourly fuel consumption (L/h) 48 40 0 24 4 60 27 27 32

Fuel consumption (L) 37,728 47,160 0 84,888] 10,560 3,736 18,000 32,296 2,700 59,400 3,040 65,140
Subtotal during stay in fisheries (L/h)

After implementation of energy saving measures (L/h) 29,419 29,569 0 58,988] 8,234 3,549 14,036 25,819 2,105 56,430 2,370 60,906
Energy saving effects (5) 22% 37% 31% 22% 5% 22% 20% 22% 5% 22% 7%

Energy saving menu

Listed page

Examples of effects after

using energy saving menu

Examples of effects after using energy saving menu

Examples of effects after using energy saving menu

*Energy saving which can be responded by software

speed down, decelerating sailing 3%, reduction of hourly fuel
consumption 6%

B B B B

- - = -
speed dovyn, decelerating sailing 5%, reduction of hourly fuel 2 50 50 50 50 50
consumption 10%
speed down, decelerating sailing 10%, reduction of hourly fuel 3
consumption 19%
Weight saving of vessels by reducing loads (Displacement: 5%) 4-
Cleaning of hull, helm and propeller 5 10% 10% 10% 10% 10%
Effective utilization of controllable pitch propeller (CPP) 6
Setting of proper temperature for cold storage in fishery warehouse
*Energy saving by proper remodeling of hull 7
Balbous bow 8
Hull attachment current plate 9
Shape refinement of the appendages of hull and the bottom
*Energy saving technology by proper remodeling of hull 10
Conversion of engines 11 5% 5% 5% 5% 5% 5% 5% 5%
Main engine drive of generator and other auxiliary machines 12
Control of rotating speed of pump and other equipment by inverter 13
Improvement of power factor using phase advancing condenser

*Energy saving technology using fishing equipment 14
LED fishing lamps 15 34%
Low-resistance fishing equipment 14

Very effective _ If the equipment corresponds, it is effective. Adverb effect None of these |

Fishing method for squid fishing vessels using LED fishing lamps is currently under development. If the same amount of fish catch as when conventional lamp is used, LED fishing lamp is expected to be an effective device for energy saving. Assuming that we change from metal halide lamp of 180
kW to using both LED fishing torch of 45kW and metal halide lamp of 45 kW, with the electricity on board being the same amount, about 34% of energy is expected to be saved during operation. As for small-sized snurrevaad fishing vessels, reviewing the composition of fishing equipment to reduce
the resistance to the extent possible, energy may be conserved during operation. If decelerating operation is already conducted as a part of energy saving measures, the unit power sshould be checked during the subsequent change of parts.
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