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What is SEAFDEC?

The Southeast Asian Fisheries Development Center (SEAFDEC) is an autonomous
intergovernmental body established as a regional treaty organization in 1967 to
promote fisheries development in Southeast Asia.

Objectives

SEAFDEC aims specifically to develop the fishery potential in the region through
training, research and information services in order to improve the food supply by
rational utilization of the fisheries resources in the region.

Functions
To achieve its objectives, the Center has the following functions:

1. To offer training courses, and organize workshops and seminars in fishing
technology, marine engineering, extension methodology, post-harvest
technology, and aquaculture.

2. To conduct research on fishing gear technology, fishing ground survey, post-
harvest technology and aquaculture, to examine problems related to the
handling of fish at sea and quality control, and to undertake studies on the
fishery resources in the region.

3. To facilitate the transfer of technology to the countries in the region and to
provide information materials to the print and non-print media, including the
publication of statistical bulletins and reports for the dissemination of survey,
research and other data on fisheries and aquaculture.

Membership

SEAFDEC membership is open to all Southeast Asian Countries. The Member
Countries of SEAFDEC at present are Brunei Darussalam, Cambodia, Indonesia,
Japan, Lao PDR, Malaysia, Myanmar, the Philippines, Singapore, Thailand, and

Vietnam.
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SEAFDEC Regional Training Workshop on
Optimizing Energy and Safety at Sea for Small-
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I ntroduction

The oil prices have soared worldwide over the yesdore last to last summer due to the rush for
oil caused by economic development of emerging t@ms such as China and India, the political
uncertainty of oil producing countries and the amfl of speculative money and the “Arabian light @td
which is index of crude in Asia including Japans Isat a record high of $139.72/barrel as of Julf/|ast
year. Subsequently, the oil prices has droppeddshaith the world economy shrinking rapidly duette
financial crisis from the end of last year, ancd&March 18" this year it priced $41.28 per barrel. However,
considering the price trends over the past 30 yé#laesoil prices have still been high and it is esged that
in the near future the demand for oil will go upediw the economic recovery. In addition to the aspe
mentioned above, the price drop in crude will sibawn the development of oilfield and another concer
following this is the skyrocketing crude oil pricgteep rise in the price of crude oil has a graweaict on
fishing industry. Above all, the cost of fuel ircépture fishery accounts for a large percentages ast,
and due to the trends of consumers and the retiisiries, it is not easy to pass the higher dosigato
them. The percentage of fuel cost in the cost ofipction of the capture fishery accounted for 10320
until 2004, however in 2005 it accounted for ov@%® and this year at the fuel oil price peak, the
percentage of fuel cost of deep-sea fishing, adafighing of skipjack and tuna and squids-fishfistning
accounted for over 40%. Therefore, curbing consignpon fuel cost is a significant challenge from a
business standpoint. Furthermore, it is necessamevise the energy consumption structure of fighin
industry, and also to make shift to energy savimdustry which is not influenced by fuel price fdret
purpose of being able to respond to the future ajl@nvironment problems and also to develop and
maintain as a sustainable marine industry. Theeefare “The Fisheries Research Agency “(hereinafter
referred to as the “FRA”) have established the Bete Committee of Saving Energy Technology in
Fishing Industry (hereinafter referred to as thes®&arch Institute”) consisting of academic expeith a
goal of considering the current condition of enesgywing technology in the fishing industry incluglin
capture fishery and the desirable future directibanergy consumption. The Research Institute bamdd
3 research groups “Rationalization of energy wtiizn”, “LED introduction propulsion research” and
“proper temperature management setting of fisheoglypcts” and has studied issues regarding the rurre
condition and utilization of research and developitrad energy saving technology. In addition to e
institute has made pamphlets towards the fisherfesh explain the specific technical content arsbdias
begun the process of figuring out the amount dfeardioxide emissions which will become a basislier
future fishery in our country to be able to utilidee energy reasonably and effectively. This repomipiles
proposals for future efforts towards energy savinghe fishing industry as well as the result afdsés

from each research group.

March 18", 2009
Fisheries Energy Technology Research Institute
Chairperson Kiyoshi Inoue
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I. Actual condition of energy consumption of fishing vessels

In the capture fishery, except for the gasolineduseoutboard engine, most of the deep-sea and
offshore fishing vessels use fuel oil A and asciastal fishing vessels they use fuel oil A agttlioil. In
2008 according to the study on global warming cetmeasures in the field of agriculture, forestrg an
fisheries of the project to promote environmeninédss (Ministry of Agriculture, Forestry and Fislesrf
Japan), fuel consumption of the capture fisherguncountry in 2005(except for gasoline, total antoaf
light oil and fuel oil A) is 2,160,000 kI-2,450, OkI. According to the annual statistics of resegrand
energy, the volume of sales of light oil in our ntry in 2005 was 42,180,000 ki, and that of fuélfoivas
35,000,000 kl. Therefore, fuel consumption of captiishery accounts for 2.8%-3.2% of the total antou

of the sales volume of fuel oil A and light oil.

Reflecting considerable reduction in the numbemetlium and large scale deep-sea and offshore
fishing vessels, and fishery employees due to gfiregaof fishery employees and the downturn in theep
of fish, fuel consumption of fishing vessels hawmtinued to decrease every year. However, consigleri
that the amount of gross domestic product in ountry is 503,200,000,000,000 yen and the grossyatod
of the fishing industry is 880,000,000,000 yen (d#mount which is calculated on a product basis by
economic calculation of Agriculture and Food refaiedustry), therefore considering that the fishing
industry accounts for only 0.17%, it can be saidt tthe fishing industry is a fuel intensive-indystr

compared to other industries.

I'1. Actual condition of energy saving technology by fishing vessels
1.Visualization fuel consumption

When considering about energy saving of fishingsebs it is fundamental to first know the
amount of fuel consumption of fishing vessels. Fighvessels require complicated operational teakesq
for the purpose of fish haul and it is completeiffedent from merchant vessels of which purpos¢ois
simply carry products and people. For the reasahghime power inboard may vary greatly depending o
the condition of the operation, the fuel consumptaf main engine and auxiliary engine also undergo
significant fluctuation. It is expected that thessel operator will be aware of fuel cost and wikhka
efforts to operate thinking about energy savingskiting fuel flow gauge in the main engine and the

auxiliary engine and display the result in the geidind machinery control room on a real time basis.

In general, fuel flow gauge is set between fuektarside engine room and engine for both the
main engine and auxiliary engine. In most engities,amount of fuel oil sent to the engine by a pusnp
more than the amount of actual consumption, theeeSome amount of oil return to fuel tank, therefir
is necessary to measure the flow volume both inettieance and the exit of engine and calculate the
difference as fuel consumption. Some of medium lange scale fishing vessels have flow devices which
measures the fuel which pumps up from bottom tangetrvice tank, there are almost no fishing vessels
which can display how much fuel is consumed onahtimme basis, when the vessel is in operatiorthist

moment, flow gauge and display system which arg &mstall to fishing vessels are not availaliiés
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recommended the fuel flow gauge which is easystalhto fishing vessels will be developed in theufe.
2.Trend of fuel consumption rate by fishing vesseajiras

Diesel engines used in fishing vessels are supgritarms of thermal efficiency among practical
internal-combustion engines. Since 1970s energiscniesearch and development toward energy saving

has continued and there has been an effort to ecidiet consumption rate.

However in 2005, global regulation against exhagest emission which is intended to reduce
nitrogen oxide (NOx) for marine engines of whichipat are more than 130Kw was introduced, what'’s
more second emission control will start in 2012 uiggg more reduction of nitrogen oxide and
continuously there will be third emission controlléwing this second control. In order to reductagen
oxide, it is necessary to lower combustion tempeeatvhich will also lead to a decrease in thermal
efficiency. The key point of technical developmento pass the emission control which will be eveore

reinforced in the future without deteriorating fauensumption rate.
3.Specific energy saving technology by fishing vessel

Here | would like to explain about current conditiof energy saving technology which is
applicable to existing fishing vessels as follo)Energy saving by operational technique, (2)Eperg
saving technology by proper re-equipping of hulBEnergy saving technology by proper conversion of
engine (4)Energy saving technology using fishing geb)Energy saving technology which is available

at the time of vessel constructiorf6)Energy saving technology to be considered ferftture
(1) Energy saving by operational technique
1) Slowing down (Control of navigation speed)

This operational measure is applicable to all fighvessels regardless of types of fisheries, size
and hull forms. It needs output requiring propuiswhich is approximately proportional to the culiehe
speed of the vessels. Therefore, a slight decri@aspeed will considerably reduce the output reqgir

propulsion and the fuel consumption will as wellrbduced.

This rule is applicable to the offshore or deep-glsing vessels which are called displacement
type of fishing vessels. The length of these vessebver 20m in length and the navigation speddsis
than 13 knot. Practically, slowing down the sped@mvnavigating the same distance will decreaséuttle
consumption with the square of the correspondeddsppproximately and it is due to the fact thattiime

which navigating requires will increase in propontito the corresponded speed.

On the other hand, most of the small size coashinfy vessels are called semi-planing type
fishing vessels with the length of less than 20rteirgth and the speed of over 14knot. Bow will ifted
up in case the speed is over 10 knot for thesestgpdishing vessels, when the vessel is in semaniply
condition. The rule of cube of the vessel's speeelschot apply for these types of the vessels.itnsieed

range, fuel consumption in a fixed distance is prépnal to the speed,

Slower speed will however, prolong the navigatiamet (days) which could increase fuel
3
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consumption of auxiliary engine in proportion toné and also influence the fish catch. Thereforis it

necessary to take these matters into consideratidrselect the proper speed.
2) Reduction of vessels’ weight

This technique is applicable to all fishing vessels is especially effective for small fishing
vessels. When the total vessel weight increasdaehsfishing gear and catch increase, the dispiesce
increases as well which will make the fuel consuampto rise with the increasing of the propulsion
resistance. It is therefore recommended that untdisbthg gear should be stored in onshore storage
facilities and that the amount of fuel loaded irsseds be reduced in the necessary minimum. As for
small-sized coastal fishing vessels, it is necgsteapay attention to the proper methods of loadisiging
gear and fish catch to keep the trim of the vedsetgoper condition and avoid excessive trim. Esiee
trim in the bow or stern could lead to increaseel fronsumption and deteriorate the sea keeping and

maneuverability.
3) Cleaning of hull, rudder and propeller

This technology is applicable to all fishing vessedgardless of type of vessels, size and types of
fisheries. Immediately after docking, the hull, retepropeller and other parts should be kept clean.
However as days go by, these parts could get dirg/to the attached algae, shellfish and othetunes
making it difficult to sail at predefined speed &ese of increased friction drag which also increabke
fuel consumption. Cleaning periodically will impmthe situation, and if it is not possible to freqgtly

dock the vessels, cleaning of the propellers bgmiwill surely show certain effects on the sawéngrgy
4) Proper utilization of controllable pitch-propeller

Some fishing vessels which are operated offshoi iandeep-seas such as trawl and tuna
long-lines are equipped with controllable pitchqpeter. At the bridge of those fishing vessels,réhis
usually a control board to set the “propeller giteimd “rotating speed”. Controlling the vessel spee
merely by the pitch when the engine constantlytestawill significantly decrease the efficiency biet
propeller while slowing down, and this could makelfconsumption to rise. Although this dependshen t
condition of the load on vessels, speed and camditf operation, reduction of fuel consumption &en
expected by operating both pitch and rotating spéedparticular, it is encouraged that the vessel i
operated with the proper setting while the “pitcdrid “rotating speed” are controlled simultaneously
according to the “operation manual” of controllabpéch-propeller which is provided by propeller

manufacturers and shipyards.
(2) Energy saving technology by proper remodeling dishu
1) Installation of bulbous bow

The protruding bulb at the bow of a vessel jusbivethe waterline is called a bulbous bow or bow
bulb. The speed —length ratio of fishing vessetduising offshore and deep-sea fishing vesselssislily

high, therefore wave making resistance (vessestasie is generated by the formation of waves as th
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vessel passes through the water) accounts forge faortion among the total resistance of the vessel
order to reduce wave making resistance, givingelatgplacement volume to the edge of the bow is
efficient, and in theory, it has become clear tha better to increase the displacement voluminénedge

of bow as the speed increases for the displacetyeatof vessels. Therefore, this technology is eisfig

efficient for the vessels which are operated offshand in deep-seas.

Bulbous bow is specially constructed to give dispfaent volume to the edge of bow because the
proper size depends on the speed-length ratio sqoat ratio of speed and the length of vessed) fok
the specific design and construction, there isedrie consult with research institutes, buildingpgards,
and design consultants capable of designing effedtize and form. Since big waves occur in the wate
where the transverse area changes significantyetls a need to smoothly put the installed pdrthe
bulbous bow and the main hull in order that thegk@rse area does not change significantly towduels
direction of the length of vessels. Furthermorecase the emerging bow hits the sea surface dbiog
waves, the bulbous shapes making a cross-sectitatsuvould be able to prevent the vessel bottamfr
getting big damages and the other bulbous shapéd peevent any problems in the structural strerggth

the vessel when big waves are present in the ocean.

In general, these methods are not effective forllssimed coastal fishing vessels due to the fact
that these vessels should sail over a speed-leagth of the bulbous bow to be effective. Howeer,
some small-sized coastal fishing vessels, the basvsimilar form and is used for the purpose of engu

the buoyancy of the bow and increasing the len§thewater line.

Offshore and deep-sea fishing vessels which areyabtequipped with bulbous bows and those with
bulbous bows that are not in proper form, couldeexpeduction in fuel consumption by equipping ges

vessels with bulbous bow or improving the formhadit bulbous bows.
2) Fins fitted forward of propeller

This is a device which could enhance propulsioicieficy mainly for deep-sea and offshore
fishing vessels. Several fins are attached in @ahéashion around the stern in front of propelghrough
which the hull attachment current fins commutate flow into the propellers and also recover rotzio
energy. As attachment position of the currentepldrm, size and the number of alignment are edlad
the underwater form of the vessels depending oedspé vessels, it will be essential to pre-consider
carefully about equipping vessels with current elat consultation with appropriate research intgu

building shipyards, design consultants, and others.
3) Shape refinement of the appendages of hull

This is an efficient technology for the fishing sels operated offshore and in deep-seas. There are
many objects around hull creating vortex and makiegjstance. These objects are the attachments or
appendages such as the skeg (skeg is an aggrdgatpant located longitudinally at the center oé th
vessel's bottom which is called “keel”, a fin looi object which sticks out from keel, and is sa@ted so

that vessels could be operated to go straight ahdaithe keel (a plate which is attached to thé&dyo of
5
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hull’s side to reduce rolling. ), sonar, transduckthe fish-finder, and also the aperture of tige shruster.
The function of these attachments will be relagivbigger since the hull of fishing vessel is smalle
compared with that of large commercial vessels.dddmg on the type of fishery, equipment such as
propeller guard may be added. Propulsion resistaoakl be improved by refining the attachmentshtzrt

proper forms along a streamline.

As for large-scale purse seine fishing vesselsarsand transducer of the fish finder which are
scattered around the bottom of the vessel are ugegd altogether within the framework of the hut

keel line. As the result, a certain amount of feekduced.

For long-line tuna fishing vessels, fuel consumptiould be reduced by refining each form of the
bilge keel, the transducer box of the fish-finded eanode protections on hull and rudder. However, i
improving the transducer box of fish-finder, itiecessary to consider the improvement method dbrefu
as there is a possibility of noise occurring in fisk-finder. This is due to the fact that air bldsbwhich
are caused by the waves near the bow could floavthe transducer along the vessel’s bottom in #s=c

of improperly improvement.
(3) Energy saving technology by proper replacemenngfre
1) Replacement of engines
This is a technology which is expected to be eiffector small size coastal fishing vessels.

The replacement from old engines to new ones magegessary for small size coastal fishing
vessels. Improvement in fuel consumption can besetgal by replacing from old engines used over 10
years to the new ones. Fuel consumption rate pepauser may be improved, however, fuel consumption
may increase in case of performance delivery dtapacity owing to the fact that the horse powemew
engines is larger than that of old ones in gendraére were cases that small size pole-and-lieniis
vessels equipped with engines with 600 horsepoveze wsing less than 300 horsepower in order to save
fuel, estimating from measuring result of fuel camption. Using engines of significant power wittwlo
load and bad fuel consumption rate for a long tisneot only inconvenient in sides, fuel consumptiom
initial investment for replacement of engines, ibmay also lead to the damage of engines dueviddad
injury. In case of new construction and replacemselecting proper output engine is the most ingurt

thing in energy saving.
2) Main engine drive of generator and other auxiliamgchines

Concerning generator of offshore and deep-seanfiskiessels, it is possible to save energy by
driving on the main engine which has better fuehstonption rate compared to auxiliary engine.
Transmission efficiency will improve by directlyiding auxiliary machines such as refrigerator byirma
engine and auxiliary engine for that there is neckical conversion. However, as direct-drive of
refrigerator make the system complicated; it hasnbapplied to only small proportion of deep-seatun

long-line fishing vessels.
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In case generator is driven by main engine, itripdrtant to keep the frequency constant. There
are 2 ways to do so, one is the method of usingnifi@ engine in a constant rotation frequency amdrol
the speed merely by controllable pitch propelldPRg. Another method is to install constant freqyanat
between main engine with variable rotation freqyeand generator or behind the generator. As for the
former method, if the propeller is rotating fastemhnavigating slow by tuna long-line fishing vessel
propeller efficiency will drop and will lead to irease in fuel consumption. Of the latter, when gisin
constant frequency unit which maintains regulaating frequency of generator by slipping electratic
or mechanically, the transmission efficiency wi# beduced, in case the main engine is in highivetat
speed. This will lead to the increase in fuel comgtion. There are models which ease negative sftegt
using 2-speed system. Furthermore, as for thyrisi@rter system which converts to constant freqye
alternating current after commutating variable freiocy alternating current, high transmission edficly
can be expected regardless of the number of ragatid main engine. However, it may be difficult to
operate parallel with the generator driven by aamflengine. It is necessary to take measures sigadrise
for measurement equipment and communication defocethe reason that inverters cannot prevent

electrical noise to generate.

Energy saving of the drive of main engine is becmmniess effective with the gap of fuel
consumption between main engine and auxiliary enghrinking compared to the past, although it ddpen
on the output power of engines. Therefore, it iseatial to consider comprehensive cost including
reduction of maintenance cost and so forth by tleénrengine of generator being able to back up the
auxiliary engine completely. Therefore, regarding auxiliary machines and thenreagine drive, you need

to consider the effects with technicians who amiliar with the system.
3) Control of rotating speed of pump and other equipirbg inverter

Seawater coolant pumps which are used in main eagamd auxiliary engines of offshore and
deep-sea fishing vessels are driven at constaetdsbg three-phase induction motor. On the othedhan
while the heat quantity of coolant water and lutiien oil which needs to be cooled may vary depamndi
on the load condition of engines and equipmentgeéneral certain amount of room in addition to the
maximum value is selected for the pump capacity, @so provide cooling device with maximum flow.
Using variable amount pump which is able to adjhst number of rotations and provide the required

coolant water for heat discharge, is an effectivegr saving measurement.

In particular, fuel consumption is reduced by mdthas follows. It can be reduced by controlling
the temperature difference in the doorway for coblgater by making the speed of motor which drithes
coolant water pump of main engine adjustable byiiter regardless of the load of main engine. Second
method is to control discharge pressure to be aoh$ty making the speed of motor which drives aaibla
water pump of several auxiliary engines adjustabigrdless of the number of operating auxiliaryiees
It can be widely-applied by using similar methodstsas trying to save energy by adjusting displasegm
water volume according to the decrease in the nambkve bait fish from operations through makiig

possible to adjust the speed of the pump for warsédo farm live bait at low temperature used ipjakk
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pole-and-line fishing,
4) Improvement of power factor using phase advancmglenser
It is a technology which is applicable and effeetio both offshore and deep-sea fishing vessels.

The loss of electric power in circuit is reducedhe square of electric current. For that time lag
occurs between the changes of voltage and elentrient, there will be a huge loss of electric powe
case high current flows at low voltage. Therefardfing a condenser (Phase advancing condensezh whi
is able to adjust time lag will reduce electricremt and will ease loss of electric power. (Impr@aoaver
factor) However, if the vessel does not have degower loss from the time of new vessel constdgct
setting phase advancing condenser will not have hmagprovement effect. When introducing the
condenser, it is necessary to consult with explertshat proper condenser volume should be selected

depending on the vessel and also that proper ctananethod should be chosen.
(4) Energy saving technology for using fishing gear
1) Low-resistance fishing gear

This is an effective technology for trawl fishingssels operated in offshore and deep-seas. The
output power of the main engine while towing, isgrtional to the resistance of fishing gear ofvtea
using such as trawling nets. Therefore, energynsgeffects can be expected by reducing the resistah
the fishing gear. Nets of trawl fishing vessels gemerally made of polyester. Using ultra high+sgté
polyester fiber which is 4 times as strong as thienal fiber in right places of the fishing gearlwilake
the diameter of net twine thinner, and also by rgitg the mesh size of parts which do not have big
influence on fishing such as the wing-like attachtagthe resistance of the fishing gear could deaed.

This technique has been used in some offshore frsiihg vessels and the energy saving effectshieseh

confirmed.

For small-sized coastal trawl fishing vesselssitlifficult to use less resistance fishing geae lik
the ones used in offshore trawl fishing vesselefalis moment, as thinner line is generally usedriets
compared to deep-sea and offshore trawl fishingelssand it is difficult to find even thinner aptbper
sized ultra-high-strength fiber. However, altermativays could be developed to reduce resistande asic
enlarging the size of mesh of the parts like thegalike attachments which do not have much infleean

fishing.
2) Operation of hydraulic pump and hydraulic system

Many fishing vessels including offshore trawl fisgivessels are driven by hydraulic pump which
is the source of power of the main engine for ikl tatching machines such as the winch. Most ef th
hydraulic systems use circuit which is a combinatd constant-volume motor and constant-volume pump
As pump is driven by the main engine, it dischamggsain amount of oil. The winch drum adjusts fibev
regulating valve in order to obtain the requiredations and provides the hydraulic motor with the

necessary quantity of oil. Although excessive gpdisses down the system, when oil is flowing inside
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pipes, the result is loss of energy. In generak lof energy can be reduced when pumps are equigtied
enough room for the volume of hydraulic motor amadr the discharge volume of pumps by reducing the
number of rotations of the main engine. Using camstpressure and variable amount of oil for the
hydraulic pump system which only provides necessprgntity of oil for the hydraulic motor, will not

result in loss of energy as mentioned above ansléhergy could be saved.

(5) Energy saving technology which is availablectmtemplate the construction of a new

fishing vessel
1) High efficiency propulsion system such as contiiating propellers

Large-scale purse seine fishing vessels “NippontVdor example, is equipped with a tandem of
propulsion device such as main engine-driven ptepeind electric motor-driven propeller in rudder,
which are fitted facing each other. The devicerie of the contra-rotating type propeller and prejoul
efficiency improved by rear propeller recovering ttotating energy generated by the main enginesdriv
propeller. This system can be used as stern thrisgteoperating the rudder with electric motor drive
propeller while fishing. Establishing a method sfng tandem propulsion device during fishing ogerat

and navigation, and also analyzing the maintenaostof the system, are should be clarified inftitere.
2) Double reduction of main engine

In fixed-pitch propellers for trawl fishing vessetd which loading depends on whether it is
navigating or trawling, and for set net fishing sels which have huge gap between the ballast on vl

fully loaded, these propellers are so-designed asaid the engine from being in a torque richaitun.

Adapting two-stage deceleration system will makedssible to select the number of rotations
according to the propulsion resistance of two défe situations, such as when it is navigating bemvit is
trawling (or in case the vessel is fully loaded).this way, without using expensive controllablécipi
propeller, it is possible to drive the vessel édfitly as well as optimize the engine performandhaut

overloading, which will subsequently result in enesaving.
3) Cost saving by using economical oils such as Cyhedand AC-blend oil

Using C-heavy oil which is cheaper than fuel oi(fAel oil C costs about 80% of fuel oil A in
Japan) or using AC-blend oil which is a mix of fudl C and fuel oil A is expected to save on coBisel
oil C is made from the residue of gasoline, heatdilgand light oil refined from crude oil, although
sometimes showing large variations in its form tluéhe refinement method and the type of crudessd.
Fuel heater is necessary to make fuel oil C thacki since fuel oil C includes many foreign substarend
impurities, centrifugal cleaning equipment is nseey to get rid of such substances before usingoifl€E.
This requires a lot of energy while the proportmCH could be high compared with that of fuel Ail
which increases the carbon-dioxide emission. Mageoit is also necessary to consider the increasing

amount of hazardous substances such as NOx andl syifle (Sox) in the emissions and particle matter

When starting and stopping the engine, and in cdew loading, using fuel oil C should be
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switched to fuel oil A. Engine parts including fuellve are expected to become run down fasterubkaal.
Nonetheless, past records have indicated the ulesbbil C for 500-ton class domestic vessels. doev,
considering the facility aspect of the engine rotins fuel oil must have been possibly introducety do
large-scale fishing vessels. Maintenance cost aacase of labor or crew members should be taken in
account in determining the economic efficiency #fere, verification test using large-scale fishirgsels
is essential. In addition, the acquisition routdu oil C should also be considered (in genekél;blend

oil cannot be acquired in Japan).

The use of fuel oil C was introduced in the 2-yglan (2008 to 2009) of the “Project to urgently
substantiate the cost-saving technology in fishirggsels” by the Fisheries Agency’s “Technology

development project towards appealing fishing itgus
(6) Energy saving technology to be considered éfftiure
1) fishing vessels with sail-assisted propulsion

When the prices of fuel rise, the idea of usingdvémergy by setting the navigating equipment in
fishing vessels ,that is, a fishing vessel witH-aasisted propulsion, is usually proposed. Howetrés
idea has never become widely-used except for dpfestigng vessels such as small trawlBecause there
are many demerits in using a sail for fishing vesssed those demerits may eliminate the fuel saving
gained by using a sail. The demerits could inclidefact that simple sail navigating equipment widke
it complicated to sail handlings and an automadit control system will increase the initial coktwill
also cause problems such as increased maintenaste toe sail hindering the vision of crew, and

narrowing down the working deck space.

An ocean-going long-line tuna fishing vessel eqagbmvith cybernated hard sail was constructed
in mid 1980s with the aid of Nippon Foundation, ius not sure whether such fishing vessel sgkaithe
sail. Domestic vessels which were constructed tighsame concept are still operating but the saile
been removed. Nevertheless, for large-scale coniaheressels, equipment which resembles a kite which
is called a “kite sail” has been proposed, but tés found to be difficult to introduce to fishingssels.
Depending on both the wind velocity and the wingdiion relative to the vessel's course (wind speedi
wind direction against to the vessel during opergtithe equipment could require more fuel. In &ddj it
is difficult to get the same speed as the conveatispeed by wind energy for high-speed coasthirfis

vessels.

Recently, simple rig using soft sail made of cleths tried to be introduced for ocean going
long-line tuna fishing vessels. The reports is wised on the selection system of most appropriate
meteorological course in order to gain the maximuimd energy. However, this concept is still to be
introduced in the fishing industry. Utilization @find energy is an important research project &s &

propulsion device which does not depend on fossil. f
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2) Wind generation and solar power generation

The use of natural energy such as wind electranity solar power is now drawing much attention.
Utilizing wind energy as new source of energy fishiing vessels include not only using wind energyaa
power source for the rig but also for chargingdrgtusing the electricity generated by installingiadmill
in fishing vessels. This is then used as navigatiewice, fish catching device, onboard pipes and
drive-power of continuous current device such asridp device. In installing solar battery in fisimessels,
the best location would be on the bridge of exgstirssels. However in most cases, navigationaldevi

are already on the bridge and making room for thiilge a windmill would be an issue to consider.
3) Biodiesel Fuel

Biodiesel fuel (BDF) which is a general term foelfuwsed for diesel engine, is a biomass energy
made from biological oil. Based on the idea of carlmeutral, the carbon dioxide generated by burning
BDF, is not counted as global greenhouse gas emissind thus, is considered to be an
environment-friendly fuel. In Japan, vegetabledat! oil such as waste oil of households and coniaierc
tempura oil after getting rid of foreign substaneesl moisture is used mainly as the basic ingréslien
BDF produces fatty acid methyl ester and after rdction with methanol, BDF is completely free of
catalyzer and glycerin as by-product during thedpoion process. Whether mixed with light oil or0%0
BDF, the fuel is used for diesel engine and asrstése fuel to light oil. However, there are contethat
need to be taken into consideration when using BEWst, fuel consumption is not as good since the
amount of heat generated is 10% lower compareigiio ¢il. Second, rubber packing and rubber hosg ma
swell as the dissolving power is strong. Third, witbanging from light oil to BDF, clogging may happ
in filters due to the peeling of grime inside pia®l fuel tank. Although BDF is a good quality fudich

is similar to light oil, it is necessary to enstine stable supply and production cost for its soatality.

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

fishing method
1. Actual energy consumption and expected ener gy saving effect

The total expected energy saving effect for mapetgf fishing vessels is estimated by applying
the energy saving measures described above ameasures described in chaptdW ( setting reasonable
temperature for cold storage in fish hold) aWdenergy saving technology utilizing LED lightiruel
consumption of the main engine and auxiliary engifas estimated separately for each operationalsstat
(navigating, operating and anchorage) of the fighiessels after which the data on actual operation
condition and the condition of fuel consumption evebtained. The total expected energy saving teiffec
examined for 9 fishing vessels which the relialkd¢adon the amount of fuel consumption and operation

status were obtained, shown as follows;
(1) deep-sea tuna long-line fishing vessel (Freeze

(2) coastal tuna long-line fishing vessel (Fresh)
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(3) deep-sea skipjack fishing vessel
(4) offshore trawl fishing vessel
(5) small-sized squid fishing vessel

These vessels are operated as chartered vesses/@mbeen used as chartered vessels in the past of

which the data obtained by FRA
(7) small-sized pole-and-line fishing vessel
(8) small-sized trawl fishing vessel
The amount of fuel consumption is measured willedflow meter for these vessels.

(9) large-scale saury square net fishing vessetiwivere used in the energy saving demonstration

project conducted by the Fisheries Agency.

The trial calculation results of energy saving effflor each fishing vessel are shown below. It is
noted that the energy saving ratio is an approxmmaaximum value estimated by applying all possible
energy saving measures described in chapterlVand V. It is most important to recognize that the
energy saving ratio may vary greatly from vesseldssel and fishery to fishery, depending on the,she
hull form and also operation mode of fishing vesselc.. The fuel saving ratio may be also differen
whichever energy saving measures may have alreaely taken for the vessel or not. Therefore thdtsesu

of examples shown below could be used as a referenc

(1)489-ton class deep-sea tuna long-line fishing Vegbeceze)

The total fuel consumption was recorded at 849 ddhgrising fuel consumption of the main
engine (503 kl) and that of the auxiliary engindgXl) in one sailing which lasted for 291 dayddrdo
document 1). However, after all the possible enaa@ying measures had been conducted, the amount of
fuel consumption was estimated at 615 kl indicatmyenergy saving rate of 28%. For deep-sea tuna
long-line fishing vessels which sail for long pefiof time, it is effective on one hand, to navigsl@wly.

On the other hand, it is also important to consttiat slowing down the speed would increase theuato
of fuel consumption of the auxiliary engine sinte thumber of days required for navigating will also
increase. It is therefore necessary to decelehat@avigating speed within a range that does rilieince

the total number of days for fishing operationsrtkermore, the effect could also be expected from
improvements in the appendages of the hull, forrthefbow and engine parts if there are still rodans

improvement for such parts.

(2)149-ton class coastal tuna long-line fishing ves@etesh)

The total fuel consumption was 325 kl which inclsidiee fuel consumption of the main engine at
233 kl and that of the auxiliary engine at 92 ki €osails that lasted 209 days (refer to documgnfRer
all the possible energy saving measures had beetucted, the amount of fuel consumption was eséthat

at 231 kl showing an energy saving rate of 29%.
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Decelerating the navigation speed is effective doastal tuna long-line fishing which requires
many sails. It is important to consider that slayvidown the speed will increase the amount of fuel
consumption of the auxiliary engine because thesdayuired for navigating will also increase. It is
therefore necessary to decelerate the navigatiegdspvithin the range which would not influence the
number of days for fishing operation. Furthermaine, effect can be expected by improving the appgesia

of the hull, form of the bow and engine parts grare still rooms for improvement of such parts.

(3)499-ton class deep-sea skipjack fishing vessetede)

Total fuel consumption was 853 kl: fuel consumptadmain engine 507 kl and that of auxiliary
engine 345 kl for 4 sails lasting 250 days (referdbcument 3). Assuming all possible energy saving
measures had been conducted, the amount of fuslingation would be estimated at 654 kl and an energy

saving rate of 23%.

Decelerating the navigation speed is effectivedieep-sea skipjack fishing vessels navigating for
a long period of time. However, it is importantdonsider that slowing down the speed will incretise
amount of fuel consumption of the auxiliary enggiece the number of days required for navigatint)y wi
also increase. It is therefore, necessary to dextelé¢he navigation speed within the range thatlevoot
influence the total number of days for the fishefyurthermore, the effect can also be expected by
improving the appendages of the hull, form of tlevkand engine parts where improvements of the parts

are still possible.

(4)349-ton class large-scale purse seine fishing iesse

Total fuel consumption was 1,756 ki, comprisingl foensumption of the main engine at 1,112 ki
and that of 3 auxiliary engines 644 kl for 5 sd#lsting 258 days (refer to document 4). Assumirg al
possible energy saving measures had been condtistedmount of fuel consumption would be estimated

at 1,497 kl and an energy saving rate of 15%.

Decelerating the navigation speed is effective lémge-scale purse seine fishing vessels which
navigate for long period of time. However, it isgartant to consider that slowing down the speed wil
increase the amount of fuel consumption of the leuyi engine because the number days required for
navigation will also increase. It is therefore, @&zary to decelerate the navigating speed witld@nahge
that will not influence the number of days for tfighery. Furthermore, the effect can be expected by

improving the appendages of the hull, form of tbevland engine parts that could still be improved.

(5)60-ton class offshore pair trawl fishing vessels

The total fuel consumption was 394 ki, of which thel consumption of 2 main engines is 341 kI
and that of the auxiliary engine is 53 kil for 29Is#asting 136 days (refer to document 5). Whé#n a
possible energy saving measures had been condtistedmount of fuel consumption would be estimated
at 257 kl indicating an energy saving rate of 3% trawl fishing vessels, using low-resistancéifig
gear is effective. However, it should be consideted trawling with the fuel handle of the engimetie

same position as with the conventional fishing geidirmake the vessel navigate faster and eventubté
13



al o o

ausiginifigiundsiiug AR samaghmiininms mﬁgmnmgmmjjsﬁquémﬁs

igfusgsismufimaiphopmitdstsw  wiwsgsigifiulnmbaygiaifsigiasain
y| ﬁuig:ﬂiﬁmfﬁﬂmf{iﬁﬁmmﬁﬁimﬂSiﬁﬁiﬁfﬂﬁﬁfjﬁjﬁ’[ﬁ IHUw S sNWBSH RGNk
6ss%ﬁmmﬁjmﬁmﬁij“ﬁmﬁsm9‘1 uGeofiis: iGjﬁ Rgnninsmmsiinswnimindngi
moisgn siphnpuan Shignthas wasiinsugtinlnunvignnin:

(M) SINESANGIS Skipjack WIELSHIIET-GINGEEIMS (UHF)

MM auhais camk: muimaiphuipoigsans donk Shdastgw
Maekl {sedinh (5y) iMumsno:inm Weoiy Sunnan my9 mumiggnminaiii
miggjoishsnudunoizunsd vTnanismnfimaiphi Ddck  Shaiugjls
IHAN VM%*]

mma{itmﬂsﬁsﬁufnnn“jﬁjﬁmﬁmsmﬁsmnﬁjmi’jmmsm%ﬁ Skipjack fUH{g G R
igoiinniiaoyg opviwinuing  ineindaamfinw hasgsameagumiiniams
msmmnnmmmﬂ%ms SmifciginbgsismmPmanphupntndetsw Wiwsssis
Siihnmaoyigniisigiashis¢ g ﬁmmﬁnmMﬁamwﬁmmj]smumnﬁmﬁmiﬁﬁﬁ
sigsnwitust:sgautntgsiguuupnumisans ubaiiis:ig)s anmuin:inme
mﬁmﬁﬁnmnﬁmﬁgamﬁmsqm gipinpusn Shignthas inuisimoinlimsighis]
5

(G) SINISANSHSUIZHE-DIRMEEINS

miBmaipiaud 9,Addk TwnSMIPMAPRUNAsaNs 9,99k
Sutndistswigsmi Dack wpnvadiins (v inumsio:inn vaciy adunnani ¢)9
MuMIugHMIN T MISRIBO BN U HNHUTE UM SIG v anismimasipai
9,G &Nk SUHIM USROG 98%

o

mmgﬁtmjjmﬁﬁufnstn“jﬁjawﬁm SR gmauEnUQNisaeystinns iffidhind

YoM inuihg g :dmhuhaamaih hagsphmiiniInme mﬁf‘s;mmgmmjjs
swo: S sigihuinanismnfmanuhopnohdetsw iwsgsisifidhnG wus
Swifisigihnnigig gigs ﬁmmﬁnmﬁjﬁamwﬁmmﬂsmmnnnmmmsmmm Sl GTET
g:agnunuGssiguuamomnsansy  lalisig)s  ainminmmsiiaswnimin

EphUnsIssOn sdnpunn Saignthds inuistinmsinamns

(&) SINISANSHSHAIGISTAIYSIM-D1A D 0IMS

miBmaiphud meck R MBPMOTIUTTHASINSVE mcokl 8
NASHSWw dmkl vV edian (it Bumsiwnn omaiy (duhnant )9 ighinn
MmNt MmO HITnu Ak M Si§ vimanismiiimaipiiams Venk sHu
MUBHMUGAIENEAUE Mm% pninisansEsEumssinuidmaiime
guniANisangiamsmins vy in:fmuhuamAihw hainimioinms Mg
tasiaufimaipy Agominguninhisansidumsifima hEnifejanifiidhiny w
grging) sy fawdgmnismingiaioiunSis: nunwonng Wafie:g)s pagmn

13



energy saving effect will be less. Furthermore, éffect can be expected by improving the appendafies

the hull, form of the bow and engine parts thatdatill be improved.

(6)133-ton class saury square net fishing vessel (fonlthe operation of saury fishing)

The total fuel consumption was 324 kl of which thel consumption of the main engine is 192 ki
and that of the auxiliary engine is 132 ki for 1€dls lasting 136 days (refer to document 6). A#kr
possible energy saving measures had been condtistedmount of fuel consumption would be estimated
at 195 kl and an energy saving rate of 40%. Inysaquare net fishing, using LED fishing light igaod
way of saving energy. Changing from incandescempland metal halide lamp for a total of 628 kW to
LED fishing light 86 kW, with the electricity on bod remains at the same amount, about 71% of efmergy
expected to be saved during the fishing operatmrtain amount of effect can be expected by impigvi
the appendages of the hull, form of the bow andinengarts in case the navigation speed can be

decelerated or in case there is room for improginch parts.

(7)14-ton class small-sized squid fishing vessels

The fuel consumption of the main engine was 8%5oKkltlie total annual operation of 3,144 hours
(refer to document 7). Assuming that all the pdss#nergy saving measures had been conducted, the
amount of fuel consumption would be estimated akl5@dicating an energy saving rate of 31%. Inidqu
fishing, using LED fishing light is a good meanssafving energy. Changing the metal halide lamp2&f 6
kW to LED fishing light of 45 kW and metal halidanhp of 45 kW, and with the electricity on board

remains the same amount, about 34% of energy ot to be saved during the operation.

(8)7-ton class small-sized pole-and-line fishing visse

Fuel consumption of the main engine is 32 kl fae #tmnual operation of 1,674 hours (refer to
document 8). Assuming all the possible energy samieasures had been conducted, the amount of fuel
consumption would be estimated at 26 kl and anggneaiving rate of 20%. The load factor during imvar
voyage could be up to about 50% and it would beessary to decrease the engine power when the old
engine is replaced with a new one. This implied tha effect of energy saving is big if the engise

replaced by another one with proper power.

(9) 9.9-ton class small-sized trawl fishing vessels

The fuel consumption of the main engine is 65 kitfe annual operation of 2,395 hours (refer to
document 9). Assuming all the possible energy samieasures had been conducted, the amount of fuel
consumption would be estimated at 61 kl and ensegyng rate is 7%. Decelerating the speed during
operation is not an effective way to save energysioall-sized trawl fishing vessels as the fishgngunds
are close. Reviewing the composition of the fishgegar to reduce the resistance to the extent gessib
could save energy during the operation. As for bsiaéd coastal fishing vessels, 5%-10% of energy
saving can be expected by replacing the enginehwhéd been used for a long time to a new one, this

approach may not be profitable if the sole goalnergy saving.
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2. Evaluation of existing energy saving technology #relchallenges for the future

The abovementioned cases show the estimated esawyyg effect and the actual consumption
condition by size and type of fishing vessels. e ttesults, it is clear that the operational messsuch as
the slowing down the speed could be most effeatieans of saving energy. In addition, it is impottan
note that operational measures will required norsgw equipment or more cost, that is, cost-freavéier,
it is possible that people onsite are not awartheffact and such measures have been implementéuk |
future, it is necessary to actively promote suclasoees to the fishing industry onsite through nmggstiand

consultations with stake holders.

Nevertheless, it should also be understood thah#wessary cost of energy saving technology
concerning fishing method, fishing gear, and renindeof engine and hull may vary greatly dependimg
the specifications of fishing vessels, and the etgueeffect which will also vary greatly dependorgeach
vessel and the type of fishery. As the price ofl foik continues to fluctuate, it would be difficutb
uniformly estimate the cost-benefit performanceantfoducing energy saving technology, making ials
difficult to extend and apply the technology. I tluture, it would be necessary to work towards iting
more cases through the research conducted by FRAp@jects implemented by the Fisheries Agency.
Moreover, it would also be necessary to draft aejline on how to determine the cost-benefit peréoroe
and the suitability among the different technolsdiased on the results of the case studies. Marenost
of the existing technologies that have been comple applicable to fishing vessels operating fahafre
and in the deep-seas, but such measures are rptedddor small-sized coastal fishing vessels exfep
the operational software aspect. Urgent consideratoncerning countermeasures for small-sized abast
fishing vessels is therefore necessary in the éutBasically, it would be more efficient to seaffith
through group operations and also utilizing saeeiinformation as well as shortening the navigatiore
and distance in order to reduce the energy consomper fish catch. Forming small groups of fishing
vessels to do purse seine fishing would also beoitapt. This issue should be addressed in a
comprehensive manner not only in terms of savirgrgghand saving on costs but also in improving the

safety, working environment of crews and profitipiin order to change the structure of capturbdiges.

Furthermore, in order to introduce specific enespving technology, fisheries engineering
(bridging the gap between fishermen and expertsesaarch and development) and respective technical
instructions and advice are necessary. Thereforeggddition to the suggested meetings in the fishing
communities onsite as mentioned earlier, there need for concerned research institutes, admitigtra
departments, shipyards, fishing gear manufactusmend, fishing organizations enhance cooperation and

establish a framework to support fisheries engingencluding the development of human resources.
V. Setting proper temperature for cold storagein fishery warehouse

In fishery industry, especially in fishery prodyrbcessing industry, cold storage is important in
order to manage hygiene control of fishery produptaintain freshness, control quality, keep thehhig
quality of products and keep it high value-addadhds been considered that the lower the storage

temperature is, the more effective it is to keep dqality high. However, keeping the temperatong |
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consumes a lot of energy and this also increasedtinden for the people who are involved with the
process of production to processing and markefingzen tuna in particular is treated completelyedé&nt
from other frozen fish as it is considered an ewely product. Immediately after being caught, tane
rapidly frozen (-55 degrees) and the temperaturestofage of products is extremely low (under -50
degrees) as well, therefore a great deal of erisrggnsumed in the fishery warehouse on the vesgkin
onshore facilities. It is necessary to undersiaealrately the relation between the storage terhperaf
fishery products and quality preservation and reier proper storage temperature of fishery pradirct

order to promote energy saving.
1. Refrigerant gas of refrigerating appliance

Domestic supplied amount of sashimi tuna in 2006 ¥&8,000 tons and among them, frozen
products accounted for 291,000 ton. (Domestic: A23pns, Imported: 168,000 tons ) (2006; Distribati
Statistics of fishery products/ Japan Trade Sies)st Extreme low temperature storage of Tunas was
supported by designated chlorofluorocarbdi®22) which was used as refrigerant gas of refaieg
appliance. However, regulation for chlorofluoroaanb (R22) has started according to Montreal Protocol
due to global environmental issues, and its pradncthould be abolished totally by 2012. Ozone ekéqh
potential of alternative for chlorofluorocarbon @h, R404A etc.) is 0, yet it has a high globalmiag
potential. Therefore, there is emission constraimgainst it. Natural refrigerant (NH3, CO2) refrigting
appliance is more expensive than the conventiomalyzts making it difficult to control temperaturader
-45 degree with about the same cost as fluorocaréfrigerant. Therefore tackling the issue is utgen

currently it is common to store under -50 degraefishing vessels and in the onshore facilities.
2.Processing and storage of tuna after being caught

Tuna which were caught by deep-sea tuna long-igteefy will be processed by removing nerves,
blood, gut and head , and after removal, rapidzfrepwill be done for 36-48 hours (air blast frewpi
which will make it frozen products by making thengerature of the center of fish under -55 degrees.
Many fishing vessels store frozen tuna in fishegretouse in extremely low temperature (under -50
degrees) which is as cold as the temperature inb&léishery warehouse of carrying vessels andzinge
containers. The time required from fishing of twnail catching landing is shorted 6months, gengrall

within 12 months and in rare cases it may tak®ag As 18 months.

After catch landing, fish will go through a variopsocessing and distribution routes and will
reach the consumers. In general, the storage periodshore refrigerators is 2 to 6 months for I&ah
such as Thunnus obesus and Thunnus albacares areicarried in all year round and 12 months fdr fis
with a lot of fat such as southern bluefin tuna &hgefin tuna as they are sold until next seasanh Bf
them are stored in general under -50 degrees neragt low-temperature refrigerator. Furthermored col
storage period for extreme low-temperature refdg@rnear consuming region including the storagegde

for fish with a lot of fat is about 2 months.

As just described, frozen tuna are storage undedegrees without temperature change inside the
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fishery warehouse on the vessel, during transpgricdrrying vessel and containers and in onshore.
However the temperature of fish body may changemwbeing exposed to outdoor air such as when
moving from fishing vessels to carrying vesselsrirdy transfer from carrying vessels to extreme
low-temperature refrigerator in onshore, when beingthe market, when it is being processed , during
transfer and at the time of sale. According toghesey by FRA, if the fish is exposed to outdoorcdil8
degrees for 3 hours when being on the market, ébidfirmed that the temperature of the center sif fi

increases about 17 degrees.
3.Energy saving effect after turning up the storageperature

According to preliminary calculation by FRA, raiginhe temperature of fishery warehouse to
store frozen tuna from extreme low-temperatured&@rees to -40 degrees, in terms of fuel 7% of ahnu
consumption is expected to be reduced. Averagecugsumption rate per 1 sail day of deep-sea tuna
long-line fishing vessels is 3.0 kl. Assuming thanhual operation period is 320 days and the tataiber
of vessels is 360 (As of May, 1997), annual fuehstonption rate by deep-sea tuna long-line fishing
vessels would be 345,000 kl. If it will be possiltte raise the temperature of fishery warehouse from
conventional extreme low-temperature (-50 degréesy0 degrees to ~ 45 degrees, 15~40 % of power
consumption can be reduced. Furthermore, genecéimgamaterial can be used instead of special packi

material for extreme low-temperature and this neagllto cost saving.
4.Agenda concerning frozen storage of tuna to be eexin the future

Frozen tuna are stored in extreme low-temperatuheder -50 degrees) However, scientific basis
concerning the relation between quality and theagt® temperature is not cleaDeep-sea tuna long-line
fishing vessels in particular received requestsnfrgtake holders to differentiate it from other figh
vessels which deal with frozen products as if it@npeting with other fishing vessels. Using exiem
low-temperature in cold storage became widesprea @arallel with the increase in performance of
cooling system due to the use of fluorocarbongefiant. According to experimental research andalitee
in the past, there is no scientific knowledgehich say that cold storage in the temperature tdhen -40

degrees is necessary in order to ensure qualitywtoging tuna for a long period of time.

According to quality assurance period by tempeeturing onshore storage of tuna frozen on
vessel (Quality assurance period judging from tbgrele of discoloration of tuna meat) in the coitecbf
papers by Japan Society of Refrigerating (Vol. 11N$1984), quality assurance limit of Thunnus oises
which is a typical lean fish used for sashimi isrenthan 17 months when stored under -40 degregigid
from metmyoglobin condition which is an index oblamning of fish meat. This indicates that if tunaieth
are frozen rapidly on the vessel as usual aredtonder -40 degrees in fishery warehouse and ihavas
facility, the quality (color) is controlled. As theis no knowledge about the relation between tali
preservation and cold storage temperature of biuefia and other fish which have a lot of fat ane t
effect to quality when storing for a long periodtmhe which exceeds the usual term from fish caictil
consumption. (Generally about 1 year and half)tethie a need to examine more in the future. Cugrent

thanks to the progress of equipment and managet@emology, it is possible to store in nearly canst
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temperature in the fishery warehouses of Japanisbing vessels and inside onshore refrigerators.
However, when frozen tuna are exposed to outde@uah as when transshipment, catch landing amdybei
sold in the market, the temperature rises. In otd@ccurately understand the influence which teatpee
change of frozen tuna through production to condionpmay have over the quality and condition, it is
necessary to make a temperature measurement tariefubach process. Also, it is important to get
evaluation from intermediary and other stake haa@drout extreme low-temperature stored tuna arzeffro
tuna which were stored about -40 degrees on veaselconsiders the energy saving effects due to the

difference of store temperature in fishery warelesus

We need to work on the research concerning thednfte on quality by different condition such as
freeze speed, difference of cold storage tempexatat content, temperature change and long tevrag,
using degeneration of protein, ice crystal formatilipid oxidation and metmyoglobin condition asiéx
in order to understand the relation between quaitg cold storage temperature of frozen tuna. Also,
frozen tuna for sashimi from the point of domestamsaction volume is broadly divided into 1Medium
size Thunnus obesus and Thunnus albacavdsch are dealt in mass merchandiser marketsL2¥rge
scale Thunnus obesus which is typical lean fishl@gfin tuna and southern bluefin tuna which haigdh

fat content, therefore it is necessary to narrowrdthe type of fish we should start research on.

In promoting the development research of tempegatantrol method regarding proper storage of
frozen tuna, it is important to present the reguickly and clearly not only to fishery operatonst lalso
frozen tuna handling business operators (processgifrigerating and transporting) and encouragehssp
efforts of the industry towards improvement of system in production andrithistion and cost saving. Not
only tuna, but the frozen products that deep-sggasik long-line fishing vessels have caught (skijj B1
products of albacore tuna) are also stored in edrlow-temperature of under -50 degrees on theeless
and onshore as well as tuna. There is also a meelrify the relation between quality and coldrate

temperature and develop a proper cold storage metho

Frozen products of neon flying squids are, as retgaeby people concerned with the market,
stored in fishery warehouse which is -35 degreevassel, and are landed. However, they are stored i
refrigerators under -20 degrees on land. Therefbie,needed to consider optimum temperature Zone

storage from the point of quality preservation andrgy saving.
V. Energy saving technology utilizing LED lights
1.Circumstances around fishing using lights

Among the fisheries which are operated using lighgsiid fishing and saury square net fishing are
conducted utilizing a fish collecting lamp whichegsa large amount of light. Electricity is supplieg
setting substantial auxiliary machines (by mainieador some small size vessels) due to the ushfisho
colleting lamp. A large amount of fossil fuel (migimeavy oil A) is used to drive auxiliary machindés
fishing industry is suffering financially these dayost saving is an urgent problem. In order tee Sael

cost by controlling consumed power used for fishecting lamp, LED fish collecting lamp (light-ertiiig
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diode) were introduced for as lamps on board amtbwater lamps in saury square net fishing andepurs
seine fishing. Metal halide which is a mainstreagitl source of fish collecting lamp contains meycur
inside its bulb, therefore there is a risk of meycoontamination in case it breaks. As for incaceées
lamp, European Union has decided to stop the daleeadncandescent lamps for family use by 2012 and
will switch to energy efficient fluorescent lampslso, in our country all the incandescent lampd v
switched to energy-saving fluorescent lamps or L&Dps by 2012. Introducing LED fish collecting lasnp

is also important from the perspective of redu¢hmyglobal environmental burden.

Moreover, in this text we will use fishing lampssiead of fish collecting lamps for the reason that
depending on light, the behavior of the creatumescantrolled such as gathering them toward thiet lig

source of lamps or moving away from it.
2. Background and actual condition of the efforexperimentally introduce LED-fishing lamp

As for saury square net fishing, from 2004 to 2@divate companies have used governmental
incentives and in 2006, fishery operators themselaeted as primary actor and used governmental
incentives to experimentally introduce itAs for large scale saury square net, 20% to 40%uef
consumption was reduced by switching incandescanps$ to concentrated light-distribution type LED
lights (LED lamps of which light is concentrateddmaller irradiation range) and switching metaldel
lamps to diffusion light-distribution type LED lamgLED lamps of which light is diffused by makirigget

irradiation ranger bigger) and still could obtaboat the same result as other fishing vesselsmésize,

The same result was shown for small size sauryrequet fishing vessels as well. Considering thesalts,
both small size and large scale saury square sbin§i vessels wholly changed from concentrated
light-distribution type LED lamps to diffusion ligddistribution type LED lamps and operated
experimentally, and as a result it is confirmed thausing diffusion light-distribution type LED abt the
same amount of fish can be caught. It also inditatewnsizing and reduction of auxiliary machines

mounted as fishing lamp.

In squid fishing, since 2000 private companies hdweee experimental introduction utilizing
governmental incentives. Most were targeted atttsdgil calamari. Experimental operation of changing
from metal halide fishing lamps to lights and amotaxperimental operation of using both LED andainet
halide fishing lamps were conducted. Concerningtdodnology using LED as lamps on board, it first
started with verification test of using only contrated light-distribution type LED lamps or usingthw
metal halide lamps. The amount of fish catchesidet!for both small size and medium size fishing
vessels in experimental operation which only use® land the experimental operation when the usage ra
of metal halide lamps is low. Therefore, as welttzs exam done to saury square net fishing veseels
have done an experimental operation after changindjffusion light-distribution type LED as lamp$ o
board. As a result, the same amount of fish asemtnal metal halide lamps used for small and oadi
size squid fishing vessels operated through spanépll was caught while reducing fuel consumption.
However, after fall there are some cases which aluction in the amount of fish catches in case onl

LED lamps are used even if it is diffusion lighstlibution type or in case the usage rate of medéitle
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fishing lamps is low.

On the other hand, as for the utilization technglo§ LED underwater lamps, according to the
daytime operation which targeted at neon flyingiddn North pacific ocean by water research ingtitu
about the same amount of fish was caught using uB@erwater lamps compared to the operation using
conventional metal halide underwater fishing lamp€urrently, the research development for the
utilization technology of operation at night tinsedontinuing. Furthermore, since August of 2008he&iies
institute of Ishikawa prefecture has started testards utilization technology of LED for sagittated
calamari and the characteristics of light sourckBb underwater fishing lamps and reaction behawior

sagittated calamari to underwater lamps are beapuoiaar.

Among large scale purse seine fisheries, fishingpk are used as vessel on board lamp and
underwater lamp for the fishing vessels which grerated in marine area where it is allowed to lgth
as East sea, yellow sea and Japan sea. As itesselght compared to squid fishing and saury sfjnaet
fishing, the fuel consumption by utilization ofHisag lamps is relatively low. Experimental introdioa of
LED fishing lamp is conducted as governmental itives project since 2006 and also as incentiveeptoj
by Nagasaki prefecture. All of these have consilleiging it as underwater lamp. There is about #mees
amount of fish catches compared to conventionabhtelide lamps and halogen lamps while the fuel
reduction effect is also seen. Moreover, thererispart saying that by using characteristic of Lighing
light such as blinking light, it may be possiblectlect certain types of fish more effectively.\@opment
and improvement of utilization technology whichdsao fish catches more effectively through cotitrgl
the behavior of fish school by establishing methbdtilization of LED underwater lamps which sutite
type of fish and constructing combined utilizatteehnology of underwater lamps and as lamps ondpoar

is expected in the future.
3.Research directions for the future

In fishing using light, there are 4 issues we nieethckle in order to promote introduction of LE[®)
Conduct general verification test of LED throughdtl¢ fishing season , (2) Collect necessary data to
understand the structure of total energy consumptib fishing vessel, (3) clarify the influence Hig
wavelength, strength and gap of light emission haver the behavior of major marine creatures and
develop technology to control fish school by ligh{4) Based on the result above, there is a need to

promote development of fisheries production systising the characteristic of LED light source.
V1. Estimate emission of greenhouse gases in thefishingindustry

With the purpose of making framework for Post Kydmtocol, reduction of greenhouse gas
emission is required in many sectors. To promogertieasures against reduction in fishing industrig i
necessary to evaluate each measurement towardstimdwn a regular basis and also to have basic
information about it. As for fishing industry, tleeare examples of estimate amount of carbon dioxide
emissions which is calculated by fuel consumptibfishing vessel. However, amount of carbon dioxide

emissions of fishing industry as a whole which inigds so called postharvest process including fisher
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production, aquaculture industry, fish processind distribution are not yet fully understood. Irder to
reduce greenhouse gas effectively in the futurés iteeded to estimate the greenhouse gas emigkion
fishing industry as a whole from the sample suraegl recent statistic data using the informatioraioied
from research data in the past. It is effectiveqt@ntitatively evaluate the effect of each redurctio
measurement and present the effects in a visuahenato reduce greenhouse gas emission in fishing
industry. However given the present circumstanieis, unknown how much greenhouse gas is emitted
through what kind of action in each process of iatching, distribution and processing. In considgthe
measurement for greenhouse gas emission, undergjatite greenhouse gas emission in each process
from fish catch to consumption is pressing issnehé future, “Carbon print” which displays the ambof
energy being used in production and distributioocpss, converted into carbon will be introduceds It
effective for consumers to select products whickehass carbon emission when selecting. Howevdnras
primary products including fishery products, eaobcpss from production to consumption is separatet]

it is impossible to provide consumers with inforioatof carbon emission with the effort of only one
company. Understanding the condition of emissioeanh process of fishery products such as fisthcatc
distribution and processing, estimating the emisgimount and announcing the result officially viié
basic data in order to conduct measurements towhedseduction of greenhouse gas emission in fishin

industry.

Estimate of greenhouse gas emission is conductéBédsearch of measurements towards global
warming in the field of Agriculture, Forestry andskeries (National Research Project) “ by commissio
project of deputy vice-minister of the ministry Africulture, Forestry and Fisheries in 2008. We ldou

like to describe general appearance of it below.

Research of measures against global warming iffiglte of Agriculture, Forestry and Fisheries
collected the data such as fuel consumption ofirfgstindustry and aquaculture industry, analyzed and
considered method for calculating greenhouse gassem concerning fishery production, storage,
distribution and processing and currently estintgathe amount of emission. When estimating, thgetar
is narrowed down to carbon dioxide among greenhgaseit is categorized by field of industry aswho
in Image 1 and the amount of carbon dioxide isnested. The fields which were estimated at present a
capture fishery and aquaculture industry (Eel fagnindustry, laver farming industry and bait farmin
industry) at the stage of fish catch. At the stadeproduction area, the amount of emission from
fridge-freezer, ice making industry and procesdimiustry is estimated. Furthermore, estimate of CO2
emission during distribution process of fisherydurots is divided into 3 as below and estimated dhase
“Improved ton kilo method” of “Guideline on the rhetd for calculating concerning CO2 emission in the
distribution field” drew up by Ministry of EconomyJrade and Industry and Ministry of Land,
Infrastructure, Transport and Tourism. (1) Disttibo near production area (from fishing port to the
prefecture where the fishing port is located) (2id&area distribution ( Inter-prefectural distrilout
Production process of distribution of productioreaarto outside the prefecture of production) (3)
Distribution within the consumption area (Fishempglucts distribution process within the consumption

area). Itis important to continue the estimateé iamprove estimating the amount of other greenhgase
21
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not only carbon dioxide and also the fields whioh ot estimated yet.

Research agenda for the future should also inchederation status other greenhouse gases not
only carbon dioxide. There is also a need to sewshfrom the viewpoint of life cycle assessmend an
estimate the amount of generation in fields whighraot conducted yet (for example: 1.Fish box itguis
2.Tray industry 3.fishnet, disposal process of FiRlfing vessels, 4. Disposal process of residuunttean
from fish processing industry, 5. Disposal proceksesiduum emitted from the industry of last s&agé
distribution such as mass retailers) in fish pssogg related field and gather as basic data ®ergrouse

gas reduction measures in fish processing field.
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VII. Proposal-Future efforts toward energy saving in the fishing industry

Fishing industry is a marine industry which is &teyl at biological resources which can renew
autonomously, thus it is originally possible to di®p and maintain sustainably. From the view ofrgye
consumption , constructing a system to stably plegiafety and safe food for people in the futuns, a key
issue to switch to energy saving type which dodgsely too much on fossil fuel such as petroleumanid
enhancing competitiveness of our country’s fishimdustry.

In order to do so, while we try to positively coo@with applicable energy saving technology for the
time being and also reduce the fuel consumptias,riecessary to understand the actual conditi@nefgy
consumption (CO2 emission) in fishing industry. 8h®n the acknowledgment, we should try to promote
research and development from medium term to lerg iewpoint and solve current issues. Most ingoutrt
is to come up with the result to fishing regionsvadl as successively introduce the result to iblel sites of
fishing industry. More specifically, by cooperatingith the government, public administration of each
prefecture, research institutes, concerned orgamiaand concerned companies, we need to worken t
issues keeping the ADCP cycle which is Plan (Unidersthe actual condition of energy consumptioimghit
to into view), Do (Introduction and extension ofsing countermeasure technology) , Check (Evabumabf
technological introduction effects), Action ( Impement of existing countermeasure technology,
development of new technology, extension and intctidn)

1.Efforts toward the prevalence and practical reibmaof energy saving technology

(1) On-site training

In spite of existing applicable technology botlsaftware field and hardware field, they are nohgei
utilized fully in the field sites of fisheries. Thefore, for the time being we should cooperate Wisheries
Agency, prefectural governments, concerned orgénizaand FRA and hold on-site meetings timely tasa
fishing industry concerned parties to explain rdgay the expected effects of existing energy saving
technologies and suitability depending on the tgbdisheries, using the brochure which is made and
organized through this research group.

(2) Establishment of technical support arrangement

For medium to long term, it is necessary to esshldingineering system (a structure which works as
a bridge between RD sites and fishing sites ) tteustand each need in fishing sites, analyze teahisisues
and connect to appropriate test research orgamizatthen needed. To be specific, based on the
implementation status of on-site meetings descridgalve, in order to prevail, it is vital to congidend
establish a framework including developing buddahparranging role-sharing between Fisheries Agenc
FRA, prefectural governments and concerned orghoirg making documents such as improving brochures
and developing human resources who will work diyeict fishing sites.

2. Directions of future research development

(1) Immediate agendas
As fishing industry is suffering financially, it difficult to make new investments. Therefore, FRA

should play a central role while cooperating witefpctural governments and concerned organizatods
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focus on research and development which is destabebelow including applicable technical developme
towards existing fishing vessels.
1) Understanding the actual condition of energyscmmption in fishing industry
Under existing conditions of capture fishery, thare only cases of fuel consumption of private
fishing vessels chartered by FRA. We will try taderstand the actual conditions of implementaticsesaf
pilot projects and incentive projects by Fishedggncy. Also, regarding actual condition of CO2 ssion
and energy consumption in the process of transp@tribution and storage of fishery products iciihg
aquaculture industry, fishery product processing anported fishery products, we should establish th
calculation methods using the examples from thesagother fields of industry and estimate the @mand
organize it as a basic document of energy savirgsares in fishing industry and CO2 emission measure
2) Advancement and stabilization of existing tedbgy and development of the
measures to determine the cost-effectiveness bhtdogical introduction
While improved technology of formation of hull abdw and the improved technology of engine
parts require certain cost, currently the effedti @ary significantly depending on the type o$Hing and
vessels. Therefore, as well as collecting data kvhiclude cases of technological introduction and
verification test in pilot projects and incentiveojects by Fisheries Agency, we should make efftots
improve and stabilize retrofit technology throughter tank test and numerical experiment using meekel.
Furthermore, based on the comparison between expets and the data of actual vessel remodeling we
should develop methods to estimate the effectsrabdeling and draw up guidelines of cost-effectagsnof
technological introduction. The measures whichagmgicable to small size coastal fishing vesseaddiarited
to the ones in the field of software such as radoatf speed and weight. Through implementationltesxf a
various kinds of verification experiments and temlbgical introduction projects, model experimentian
numerical experiment, specific guidelines in applyimeasures of software by type of fishing showdd b
considered and determined. In addition, balancrfg vessel which corresponds to sea area, usaggze
of fishery and also considered safety and working environimehiding hull size, vessel type, equipment
(fishing equipment), formation of engine and povefiould be suggested.
3) Establishment of the technology utilizing LED
Certain effects of using LED fishing lamps are seenquid fishing, saury square net fishing and
purse seine fishing; however it is necessary tofglaffective usage and position by understandigagction
characteristic towards LED fishing lamps of targeteeatures in order to get same amount of fisiwhaen
conventional fishing lamps are used. Behavioralsgiiggical effects of swarming of LED lamps towards
targeted fish as well as promoting verification esiments cooperating with prefectural governmemid a
concerned organizations should be done at the 8amaeBy reflecting the result for verification esqiments
as needed, proper usage using both LED fishingdaamp existing fishing lamps and effective usagekid
fishing lamps depending on the season, sea areypadf fishing will be suggested.
Also, we have background of controlling method sihg lights to collect fish from the point of cooiting

fishing resource. We need to consider from thetpaficontrolling fishing resource so that utilizatiof LED
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fishing lamps shall not excess the proper fishititeel.
4) Scientific verification of proper temperature faia storage

There is huge energy saving effect by rising temujpee for cold storage of skipjack and tuna which
are stored frozen in extreme low-temperature (€@rees) now, however it is not yet clear how tke m
storage temperature will influence the qualityond-term. Also, we need to pay attention to thetiea of
consumers and business practice in distributiongs®. Thus, we will clarify the relation betweemperature
for cold storage and quality change in long termtfima and skipjack in order to make clear tempeeafor
cold storage from both side, energy saving andevafyroducts. Also, we need to understand theitionabf
temperature change of products and the conditidaroperature control in distribution process framvsy,
evaluate the influence to quality and suggest lualdrset value of temperature for cold storage ftben
viewpoints of energy saving measures, value ofipcts and current distribution system.
Furthermore, we need to do research on the condifiemperature for cold storage for other fishegducts
than tuna and skipjack in order to collect basicuhoent to consider low-carbonized and future ensayyng
in distribution for the whole fishery products.

(2) Medium and long term issues

In order to enhance industrial competitivenessusfamuntry’s fishing industry by switching fishing
industry to energy-saving and changing to low-carimalustrial structure and also to recover as fatindal
industry in coastal and isolated islands regiongxyyanding the range of fishing industry which tesu
creating new employment, for medium to long perafdtime, FRA should play a central role under
cooperation of chamber of commerce , industry, caffire and fishery using existing and currently
developing technologies as a base and need toavotthe research development as described below.

1) Development and use of renewable energy

(1) Development of complex utilization technology otural energy

Regarding fishing villages and isolated islandsaes; we need to consider basic facility for fighin
industry such as fishing ports, processing andagtffacilities, introduction of wind, solar, seidgetcurrent
power generation as a power supply for back settiésnand effective supply and utilization systeniciwh
includes complex utilization of those.

(2) Development of cyclic use of technology using bé@sresources in regions

It is necessary to develop cyclic use technologgpadl production for local consumption of biomass
resources such as production of biodiesel fuel (BiRi#izing biomass of fishery products wastes, imaalga
and seaweed.

(3) Development of regenerable energy supply technolfmyy production in fishing and

aquaculture industry

It is necessary to arrange system and technologyele® producers and suppliers in order to make it
possible to use BDF and other resources mentiobedeafor production of fishing and aquaculture isitiy

in regions.
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2) Establishment of low carbon emission fishingusttly and aquaculture industry production system
(1) Establishment of production system for fishing isialy which is described as “Safe, Close,
Short”

We need to construct database and monitoring systemean information and fish school location
information in natural fisheries and artificial Hisries (medium rise and bottom rise fish reef ane@y our
country and also improve information transmissieahfhology and fishing site formation estimate due t
numerical model. Also, regarding the constructibmntificial fishing sites and maintenance of fisisites
environment, they should actively be promoted ia aeea where swarming of fish school and cultured
resources effects are expected. By doing so, wefaran fixed fishing sites in coast and offshoreour
country, which will stabilize the production andluee operating cost including search for captuteefiies. In
addition, the effect may be expected in ensuriegstifety of maritime labor.

(2) Development of fisheries forecasting model withhhégcuracy

Energy saving and cost saving are implemented bygihg from a group of vessel operation to
single vessel operation. In general, single vesgetation is hampered by low ability to searchatag fish
compared to operation by a group of vessel. Ho¥intb targeted fish school more effectively is imfzmt
issue in energy saving. These days, accuracy oericah model to express ecosystem including fiskctvh
lives close to the surface is extremely high. Asocuracy of oceanic condition forecasting modiizirtg
satellite information is improving and it used todcast the appearance of large size jelly fists wall as
establishing fishery production system which isctiéed as “Safe, Close, Short”, we should actiyelymote
the development of fisheries forecasting model Witth accuracy to reduce searching cost and madesef
to save energy by production system based on stdtedroduction. Moreover, technological developnant
real time monitoring system of targeted fish scHmplunmanned airborne vehicle to verify the foréads
fisheries forecasting model is an agenda to be meahin the future.

(3) Development of energy-saving and cost-saving fighigssels (Super-eco fishing vessels)

With the purpose of preparing to alternate exisfisiging vessels which will be needed in the future
it is necessary to utilize regenerable natural uesss mentioned above (electric and hybrid propo)si
implement drastic energy saving and cost savirfwihform, engines and equipment and develop telciyyo
to operate/construct super-eco fishing vessel wisamquipped with abilities to analyze and utilizwious
fisheries information mentioned above. We needttsitler promoting energy saving by effective uiiian
of facility. To be more specific, we need to diswerisks by constructing a multiple versatile fighvessel
(multiple-purpose vessel) instead of vessel of whiperation is only targeted at one specific kifhfish in
order to convert to the production structure whghble to utilize the facilities all year round.

Energy saving by establishing transportation sysiarthe ocean should also be taken into consider.afor
example, in saury square net fishing, each vessefd in the saury that they caught to markets. By
establishing transportation system on the ocetarga amount of energy can be conserved.

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

It requires the implementation of energy saving @mst saving by improvement in ability to keep the
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temperature of breeding water tank warm, introaurctif automatic feeder and automatic taking upakein
existing aquaculture production process. It is ssagy to promote developing required technologigs b
considering development and direct utilization tealbgy of regenerable energy which is mentionedvabo
and also the forms and locations of aquaculturdymtion which is preferred for the utilization. fFexample:
Moored/ Ocean floating method coastal aqua farmonghore aqua farming etc.)
Furthermore, it is vital to produce new breeds Wwhace excellent at growth and improve feeds in otde
reduce feeds in aqua farming which requires feedingarallel with creating measures to reduce éo)l
environmental burdens by combination with resoutiemass (marine alga, plants etc.) production.
3) Establishment of low-carbon fishing industry aggiaculture industry production system

Against a backdrop of scientific verification retsggarding proper temperature for cold storags, it
necessary to examine technical problems for estahlj low-carbon consuming distribution and storage
system of frozen fishery products which is consisteom production, processing to consumption asblve
the problems. In such case, understandings of comisuand distribution industry are essential. Tanoee
specific, we need to continue improving elemenitetogy and system and also examining the issuesgh
alternating from transportation by cars and airptato transportation by rail and marine vesselgl@hshift)
and implementing milk run to collect from markedgail and marine vessels. Moreover, it is necgssapay

attention to cooperation with distribution systefrother industries.
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Fishing industry energy technology research intitu

Chairpersons

Kiyoshi Inoue Fisheries Research Agency

Hisaharu Sakai Tokyo university of Marine Scieaocd Technology

Takeshi Hamada Tokyo University of Marine Scieand Technology

Yutaka Fukuda National Fisheries University

Keichi Komai The Energy saving Center, Japan

Masashi Kiue Japan Fisheries Association

Koji Aoyanagi JF Zengyoren

Tokuo Nagashima Fishing boat and system engirgasaociation

Tokio Wada Fisheries Research Agency National Rebkednstitute of

Fisheries Engineering

Head office
Tokumasa Baba Fisheries Research Agency
Toshihiro Watabe Fisheries Research Agency

Fishing industry energy technology research ingtiRroper utilization project committee

Chairpersons Tokuo Nagashima Fishing boat and mystgineering association
Kyoji Yano
Koki Kondo
Keichi Komai The Energy savingn@s, Japan
Koji Aoyanagi JF Zengyoren
Head office

Kenichi Oda Fisheries Research Agency National &eselnstitute of Fisheries Engineering

Sumio Hirokawa  Fisheries Research Agency InstitfifResearch and development

Yukio Tasaka Fisheries Research Agency Central&elsénstitute of Fisheries

Fishing industry energy technology research ingi€@ommittee of promotion of LED introduction resda

Chairpersons

Tokuo Nagashima Fishing boat and system eiegiing associatio
Hiroshi Inada Tokyo University of Mairscience and Technology
Takafumi Sihou Ishikawa Prefecture Fisheries ReteAgency
Michio Ogawa Fisheries Research Agency InstitutResearch and development
Head office
Michio Ogawa Fisheries Research Agency InstituteResearch and development Yosuke
Ochi Fisheries Research Agency Institute of Reteand development

Fishing industry energy technology research ingti@ommittee of controlling proper temperaturesimrage

of fishery products
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?Gjl Gy SLﬁﬂiLﬁ]iUiQﬁ?Gﬁ NG IPNUNRYIS NG (Fishing Industry Energy Technology Research
Institute)
[UMSIGNANS (Chairpersons):

Kiyoshi Inoue - Fisheries Research Agency

Hisaharu Sakai - Tokyo university of Marine Science and Technology

Takeshi Hamada - Tokyo University of Marine Science and Technology

Yutaka Fukuda - National Fisheries University

Keichi Komai - The Energy Saving Center, Japan

Masashi Kiue - Japan Fisheries Association

Koji Aoyanagi - JF Zengyoren

Tokuo Nagashima - Fishing Boat and System Engineering Association

Tokio Wada - Fisheries Research Agency, National Research Institute of Fisheries

Engineering

[UMSMIUNA (Head Office):

Tokumasa Baba - Fisheries Research Agency

Toshihiro Watabe - Fisheries Research Agency
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Engineering

Sumio Hirokawa - Fisheries Research Agency, Institute of Research and Development

Yukio Tasaka - Fisheries Research Agency, Central Research Institute of Fisheries
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Lmﬁ'j LED (Fishing Industry Energy Technology Research Institute, Committee on Promotion of LED
Introduction Research)
[UMSHANAYMI (Chairpersons):

Tokuo Nagashima - Fishing Boat and System Engineering Association

Hiroshi Inada - Tokyo University of Maine Science and Technology

Takafumi Sihou - Ishikawa Prefecture Fisheries Research Agency

Michio Ogawa - Fisheries Research Agency, Institute of Research and Development
[UMSMIUNA (Head Office):

Michio Ogawa - Fisheries Research Agency Institute of Research and Development

Yosuke Ochi - Fisheries Research Agency Institute of Research and Development
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Iﬁﬁﬁﬂ?ﬁﬁ fULIfUTIfU (Fishing Industry Energy Technology Research Institute, Committee on
Controlling Proper Temperature for Storage of Fishery Products)
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Yasunori Takaba  Toyo Reizo
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Yutaka Fukuda - National Fisheries University
Yasunori Takaba - Toyo Reizo
Shinichi Yamaue - MAYEKAWA MFG. CO., LTD.
Kazu Tsuchiya - Federation of Japan Tuna Fisheries Co-operative Association
Yukitoshi Kotani - Tottori Prefecture Industrial Technology Research Institute
Kaname Matsumoto - Shinyo Suisan
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Yukio Tasaka - Fisheries Research Agency, Central Research Institute of Fisheries
Houshin Hiraoka - Fisheries Research Agency, Central Research Institute of Fisheries

Sumio Hirokawa - Fisheries Research Agency, Institute of Research and Development
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Estimate of energy saving effectsand fuel consumption amount by major fishing types

As for each fishing vessel of which data of operadi condition and fuel consumption condition web¢ained, we estimated fuel consumption of mairirengnd
auxiliary engine and estimated the effects, depgndin each operational condition such as durirligngabperation and anchorage, by type of fishinggrder to
estimate the effects in case energy saving meaatgeémsplemented for fishing vessels. The estimbtmergy saving effects which is shown from foliogvpage is
maximum value as a reference in case all the measue implemented.

In case it is difficult to input numerical valuétsis shown only in the color of cell. Green shawaghly 5%, light blue shows roughly less than &6, on the other
hand shows increase of fuel consumption and whitevs that it does not fall under any of these. gysaving effects may vary significantly dependimgstatues
of use, specification and size of fishing vessédoAas for fishing vessels which are already gugtlwith devices for energy saving such as bulbous concerning

corresponding article shown in yellow “if the equient corresponds, it is effective”, please be nttatithere is no energy saving effects.
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