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ABBREVIATIONS
ADO

Automotive diesel oil

CIF

Cost, Insurance & Freight

CPUE

Catch per unit effort

DWHL

Deep water hand line

EBITDA Earnings before interest, taxes, depreciation and amortization
ECF

Energy costs and fishing

EEZ

Exclusive Economic Zone

ENSO

El Niño-Southern Oscillation

EPO

Eastern Pacific Ocean

FAD

Fish aggregating device

FFA

Forum Fisheries Agency

FOB

Free on board

FSM

Federal States of Micronesia

IDO

Industrial diesel oil

IPP

Import Parity Price

IUU

Illegal, Unregulated and Unreported

KL

Kiloliter

LCT

Local coastal tanker

LL

Longline

MDO

Marine diesel oil

MEC

Marshall Islands Electricity Company

MGO

Marine gas oil

MOPS

Mean of Platts Singapore

PFPM

Pacific fuel price monitor (of the Forum Secretariat)

PIC

Pacific Island Country

PS

Purse seine

RMI

Republic of the Marshall Islands

ULP

Unleaded Petrol

ULT

Ultra low temperature

VAT

Value added tax

VA

Value Added

WCPO

Western Central Pacific Ocean

WEIGHTS AND MEASURES
1 Barrel of oil = 158.987L
Density of ADO = 0.85 Kg/L

GLOSSARY
High seas: Oceans, seas, and waters outside of national jurisdiction
Offshore: Beyond territorial seas, but normally excluding the high seas

NOTE(S)
Historical exchange rates sourced from http://www.oanda.com/convert/fxhistory for all
currencies.
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SUMMARY
1. This Annex summarizes the findings of the Energy Costs and Fishing Study - which will
be separately published by the World Bank - commissioned as part of the Benefish
Study. The Energy Costs and Fishing Study assesses the direct impact of fuel price
fluctuations on ongoing fishing operations of domestic fishing fleets in Pacific Island
Countries (PICs), covering both changes in the financial performance and operating
patterns. The study includes analysis of fuel supply arrangements (prices, sources,
infrastructure), fuel consumption characteristics of the main fleets and changes in
product. The field work for the study was carried out in September / October 2008 by
consultants James Wilson and Mike McCoy.
Fuel supply markets
2. Almost all fuel for domestic fleets and locally based foreign fleets in the Pacific is
supplied via domestic bunkering. Fuel is sourced through established global distributors
who stock in country tank farms which they themselves usually own. From here fuel will
be supplied to the fishing industry either via public fuel wharfs, company fishing wharfs or
normal retail outlets. In general the market of fuel in the region is small, fragmented and
diffuse and countries suffer from negative economies of scale, made worse by the very
small number of suppliers.
3. High seas and Exclusive Economic Zone (EEZ) purse seine fleets are normally able to
bunker at sea, thereby avoiding some commercial margins and any national taxes. High
seas bunker is normally only possible for heavier fuel grades, which are not suitable for
smaller engined vessels such as domestic long-liners. Under exceptional conditions
domestic companies have been given concessions to bring in their own fuel for their own
consumption, at a saving of around 6%. All domestic bunker fuel is supplied as
automotive diesel (ADO), the regional market being too small for suppliers to consider
offering other heavier (and cheaper) grades of fuel.
4. The largest component of domestic fuel price, the international bulk price, has risen
dramatically over the past ten years from under US$20 per barrel for diesel in 1998 to a
peak of US$170 per barrel mid 2008, as illustrated in the figure below.
Bulk Fuel Prices Singapore 1997-2008
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5. At the time of the study the Singapore spot price for ADO was US$0.76 per liter, whilst
the average price paid by the fishing industry (amongst the countries for which data was
collected) was US$1.33 per liter, of which US$0.11 per liter was tax. There were very
significant variations in prices fuel prices between countries, the lowest being in French
Polynesia (US$0.56) and the highest in Vanuatu (US$1.87). The taxation rate varies
from -34% (subsidy) in French Polynesia to 39% in Samoa. Fuel prices and taxation are
summarized in the following figure. Note that data was not obtained from all PICs and
the values are those paid by domestic fleets.
Current Automotive Diesel Oil Prices
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6. Governments have sought to reduce the impacts of fuel price fluctuations by various
measures, some of which have benefited all consumers, and other have been
specifically targeted at the fisheries sector. Tax reductions on fuel have been the most
immediate and responsive tool used to lessen the impact of price rises and in many PICs
have been specifically targeted at the fisheries industry. The potential for tax reduction is
obviously limited to the degree of taxation in each country, and tax cuts will be at the
expense of fiscal receipts. In some countries (Marshall Islands, Papua New Guinea) tax
reductions were planned but enactment was slow or delayed, thereby reducing the
impact of the measure.
7. More favorable supply arrangements have been attempted through: (i) the introduction of
competitive bidding (Samoa) for bulk supply contracts; (ii) Hedging and forward contracts
for fuel purchase (Samoa) (iii) the control of fuel storage infrastructure (Samoa, Marshall
Islands, Federal States of Micronesia), being key to opening up the possibility of
alternative suppliers entering the market; (iv) support for the development of a Regional
Bulk Purchase Arrangement. The latter aims to achieve strategic cost reductions
through the aggregation of demand, and although it has the potential of providing some
widespread and common benefits (especially to smaller markets), many of the
implementation details remain to be developed; and (v) the permitting, under exceptional
circumstances, of individual direct imports of fuel by companies for their own
consumption. This is only feasible for larger companies, such as group purse seine
operators, with high fuel demand and sufficient financial and technical resources to be
able to bring in fuel.
8. The development of bio-fuels in the region as a potential alternative energy source has
focused on coconut diesel. Although it can be used with few engine modifications
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(especially if mixed with ADO) the price of bio-diesel has also risen along with fossil
fuels. The potential for production of bio-fuels is limited in PICs by access to suitable
land, with the exception of Papua New Guinea. In the future other potential sources of
bio-fuels may include macro-algae.
Exposure to fuel price fluctuations
9. The exposure to fuel price fluctuations, being the degree to which financial results are
affected by fuel price changes, of a selection of fleets in the Western Central Pacific
Ocean (WCPO) can be analyzed in terms of the specific fuel consumption (tonnes of fuel
consumed per tonne of catch) and a valued version of the same indicator, the cost of fuel
consumed per dollar of catch value. The specific fuel consumption is a factor of fishing
method, proximity to grounds, operational arrangements, onboard catch preservation,
speed, maintenance, vessel design, engine-size and resource productivity. Some of
these factors can be considered variables and are under the immediate control of vessel
operators (such as speed), whilst others are parameters which are essentially fixed such
as hull form or fishing method. The figure below shows the specific fuel consumption for
a selection of fleets:
Indicative specific fuel consumption for a selection fleets in the region
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10. Of the cases examined, the consumption of fuel per tonne of catch in small-scale
fisheries is less that of long-liners but about twice as much as seiners. Long-liners with
on board freezing do not show significantly higher fuel consumption than those using ice
to cool the fish, indicating that both technical (design, machinery) and operational factors
play important roles in determining fuel consumption.
11. The financial exposure linked with specific fuel consumption is illustrated in the following
figure showing the costs of fuel per dollar of catch value. The financial exposure of longliners is still greater that that of purse seiners but the difference is very much smaller
than the difference in specific fuel consumption. Artisanal fishers are amongst the most
financially exposed of all the fleets analyzed, but with notable variation depending upon
operating patterns.
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Cost of fuel consumed per $ of catch value for a selection of fleets in the region
0.7

Small Scale Fisheries

Industrial Fisheries
Longliners

Seiners

$ fuel consumed / $ catch value

0.6

0.5

0.4

0.3

0.2

0.1

I

US
PS

I

RM
PS

n

RM
PS

M

Ja
pa

PS

M

FS
PS

S
dU

FS
PS

LL

Ice

MI

G
LL

Ice
dR

NG

PN
zn

dP

ce

LL
I

LL
F

i

mo
a
Sa

LL

a

Fij

mo

LL

ati

Sa

rib
Ki

LL
ia
Al

Tr
oll

iji

RM
I
us

Va
rio

by
*

*S

pe

ar
F

Fij

i

G

ea
r
Sp

ar

i
Fij

PN

FA
D

* Urban based vessels fishing distant grounds
** Village based vessels fishing local grounds, incl. fuel required for marketing

Ne

sta
nt*

FA
D

Di

DW

HL

To
n

ga

0.0

12. Historical trends in the financial exposure of the main fleets to fuel price fluctuations are
examined through the analysis of the terms of trade between fish and fuel. The fish-tofuel ratio is a measure of the weight of fish catch that is of the equivalent value to the
cost of fixed volume of fuel. In the long-line fishery for sashimi grade tuna this ratio has
grown steadily from 1999 to 2008, increasing by a factor of 4.5. In the purse seine
fishery for cannery grade tuna the pattern over the same period is not so simple (as
shown in the following figure) and there are peaks in 2000 and 2006 that indicate that
during these years the financial impact of high fuel prices was worse than during the
recent peak mid 2008.
Fuel cost in terms of catch for the EEZ Purse Seine fishery
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13. In small-scale fisheries the same indicator was analyzed for fish landed onto the
domestic market in Fiji and showed that the exposure to fuel price had remained
relatively constant.
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14. Estimates were made of country exposure to fuel price fluctuations on the basis of
updated profit and value added ratios, declared catches and the indicators above. The
exposure to a 5% change in fuel price are presented in the following table. PNG has by
far the largest national production and would suffer the largest changes in profits and
value added. In terms of percentage changes to profit however, Tonga is estimated as
being the most exposed.
Indicative country exposure to fuel price fluctuation (5% change)
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15. The exposure of aquaculture to energy cost fluctuations is very dependant on product
and production method. Pearl aquaculture is estimated to consume only about US$3 per
US$100 of product value, considerably less than any capture fishery. Intensive penaeid
shrimp aquaculture is estimated to consume 1.7 tons of fuel per ton of product when
powered off the mains network - a level similar to that of some long-liners. If fuel used in
feed production were to be taken in to account, the estimate of consumption would be
considerably higher.
Operational changes as a result of increased fuel costs
16. Changes in operations as a result of increasing fuel costs in the EEZ/High Seas purse
seine sector have been virtually zero, primarily on account of increased technical efficacy
and favorable prices for skipjack and yellowfin in world canning markets offsetting the
pressure from increased fuel costs. In the same fleet there have also been no significant
increases in the number of FAD based sets - a phenomenon that conventional wisdom
suggests should accompany fuel price increases.
In group purse seine operations
(Japanese style) within national EEZs, operational changes have been instigated as a
result of fuel price increases and these have included: shutting down the main engine
between sets, reduction of speed, closer monitoring of vessel movement and speed via
satellite based vessel monitoring systems, reduced reliance on inefficient service vessels
which have been converted from old pole and liners.
17. Domestic based long-liners have had to face increases in fuel prices together with drops
in catch per unit effort (CPUE) and static product values and the pressure for operational
change has been consequently higher than in the purse seine sector. Changes have
included longer trip lengths, a shift towards frozen fish (linked with longer trip lengths),
closer vessel monitoring by VMS, consolidation of catches of fresh tuna at sea,
concentration on fishing grounds closer to port, reduction of exploratory trips, speed
limitation in transit, shutting down main engine and drifting when conditions permit.
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18. In small scale fisheries operational changes have included: minimization of distance
traveled by sea, achieved by moving the operational base nearer to fishing grounds or
abandoning distant fishing grounds; changes in fishing method away from fuel intensive
techniques such as trolling; changes in marketing strategy to attempt to maximize value
through increased direct sales to consumers.
Market changes
19. The principle market for WCPO cannery grade tuna, Bangkok, has shown price
increases during 2000-2008, quite similar to those of fuel. Consumer demand has risen,
especially in Europe, boosted by the strong Euro. In addition, new markets have
expanded in South America and the Middle East. Global supply of cannery grade tuna
has been down, especially for catch from the Indian Ocean. Newer long-liners that
supply albacore for canning have the ability to switch to sashimi tuna, further limiting
supplies to canneries. Although fish prices have developed favorably, this is not
considered to be a direct consequence of fuel price increases, but rather favorable
market conditions in Europe, helped by preferential trade conditions.
20. In the markets for sashimi grade fresh tuna from long-liners there has been little if any
positive price development 2005-8 in US dollar terms. This is attributed to the economic
downturn in Japan, falls in the value of the Yen against the US dollar, and the availability
of substitute products such as Ultra Low Temperature (ULT) frozen tuna and ranched
bluefin tuna.
21. On the national market in Fiji, supplied by small-scale fisheries, fish prices increased
during 2005-8, in a very similar manner to those for fuel. Although fish price increases
lagged those for fuel, both show similar tendencies and it is reasonable to conclude that
production costs, specifically fuel, have had some influence on consumer prices.
Reduction of Exposure to fuel price fluctuations
22. Vessel related technical issues that can reduce exposure to energy costs can be
grouped under those related to the engine and propulsion and those relate to hull form.
Large scale fisheries:
a. The use of slow or medium speed diesel engines can bring fuel consumption
savings over high-speed engines. The slower revving engines are however
heavier and larger and only suitable for use in larger vessels such as high
seas seiners. In the small-scale fishery, savings could be made through the
use of four stoke outboard motors instead of two stroke. The capital cost
however is greater for the four stroke models.
b. Slow and medium speed diesels can burn heavier and cheaper grades of
fuel, Marine Gas Oil and Marine Diesel Oil which unfortunately are generally
not available in the Pacific region for domestic bunker.
c. Engine capacity should be in keeping with the hull size and application.
Excess capacity is common on vessels brought in from other fisheries, such
as old pole and line vessels currently in use as service vessel in group seine
operations or long-liners. These vessels are capable of running at excessive
service speeds, while fuel consumption could be substantially reduced if
running at more moderate speeds.
d. Hull design parameters as well as the details of external appendages (rudder,
cooling tubes) can contribute to fuel savings. These characteristics are either
fixed at design phase or can only be changed during a refit.
e. Heat recovery, although still an emerging technology, may offer worthwhile
fuel savings in the future through the extraction of energy from the exhaust
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system and using this for: refrigeration via absorbtion, electricity generation
via turbine and mechanical/electrical power via a combined cycle power plant.
Small scale fisheries:
f.

Correct specification and installation of the propeller and gearbox is essential
for an efficient installation. The matching of these components with each
other and the engine is particularly relevant after refit or the after transferring
the vessel to a different application.

g. Alternative fuels may offer savings in the future, but at the moment are not
available in sufficient quantities, nor have commercial vessel trials been
carried out.
h. The use of sails together with motors in small-scale fisheries can offer
considerable fuel savings. However the equipment is an added expense,
takes up space in the boat, requires adequate structure and hull form and
trained and experienced crew. Experience with the re-introduction of sail is
not encouraging, as many fishermen refuse to use sails when they can use
engine power.
23. Operational issues that can minimize exposure to fuel price fluctuations include the
following:
a. Awareness and knowledge is fundamental to fuel saving. The easiest step to
take, slowing down, requires self-imposed restraint. Small reductions in
speed can yield significant fuel saving savings. The penalty however will be
more time at sea, possibly less time fishing and / or less time in port between
trips.
b. Consolidation of catch, whereby the majority often fleet remain fishing whilst
one or two vessels bring the catch of the whole fleet to port.
c. The use of FADs eliminates hunting for pelagics and increases the likelihood
of successful seine sets.
d. Individual fuel supply arrangements, if permitted, can lead to useful savings.
e. Hull and machinery maintenance will help to reduce fuel consumption, and
should include regular antifouling of underwater surfaces, cleaning the
propeller etc.
24. Policy options and tools that are relevant to what governments can do to reduce the
impact of fuel price fluctuations include:
a. Competitive and efficient sourcing of fuel, either through competitive
processes or via a regional bulk supply arrangement. The control of relevant
infrastructure is very relevant to competitive supply arrangements.
b. Direct impact on operating costs via the adjustment of taxation and excise on
fuel. With care these can be targeted to particular sectors of the economy (if
desirable). This has been widely used in PICs during the recent peak.
However there are potentially negative impacts including the reduction of
fiscal receipts, the lowering of incentives to use fuel efficient technologies and
practices and the suppression of changes in comparative advantage (or lack
thereof) and competitiveness of Pacific fisheries.
c. The establishment of fiscal and other incentives to encourage operators to
adopt fuel saving measures or more fuel efficient fishing technologies,
diversify fuel usage, and to raise of awareness through education and
training.
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Recommendations

25. The Forum Secretariat FS reestablishes its regional fuel price collection and reporting
system.
There is a lack of basic data necessary to monitor the development and impact of fuel
prices and availability in the Pacific region. The most basic of these is a mechanism for
monitoring long-term fuel price changes on national markets. Previously this function
was performed by the Forum Secretariat through the Pacific Fuel Prices Monitor, but the
data have not been updated for several years. Data collection should be integrated as
far as possible it into national government data collection systems and the process of
reporting automated, or at least standardized. It is desirable for the system to
periodically report in a transparent manner on prices and the tax component, as well as
tax concessions available to particular sectors of the economy.
26. The fish-to-fuel exchange indicator be compiled and analyzed on a regular basis
This tool, illustrating the terms of trade, is useful for tracking the basic financial status of
the fishing industry, especially with respect to the impact of changes in relative fuel and
fish prices. Compilation and analysis could be made at several levels. At a fleet level,
Singapore spot ADO prices could be compared with current market prices from Bangkok
(cannery grade) and Japan (sashimi) in a similar way as has been done in this report. At
a national level, achieved export prices could be compared against actual fuel prices
charged to the industry, net of any tax or duty concessions. The measure could be used
as a tool to indicate when and where interventions, such as the temporary suspension of
excise, might be justified. The data required for this exercise is already being collected
by some national governments and regional bodies such as he Forum Fisheries Agency
(FFA).
27. Collection of market data for small scale fisheries should be expanded
The collection of market data for small-scale fisheries is equally important and only being
performed in few PICs. This information, together with premix or gasoline prices should
be collected and used to monitor the fish-to-fuel exchange for important small-scale
fisheries. The system needs to be focused on a few, relevant markets in order to
minimize operating expenses, and could be supported directly by national budgets or via
regional organizations.
28. In the absence of a regional fuel supply arrangements, national governments to continue
to promote competitive supply
Competitive fuel supply is one of the basic mechanisms whereby the impact of changes
in energy costs can be lessened. It can be promoted through competitive tendering for
supply contracts, regaining or retaining state control over key infrastructure such as fuel
wharves and storage facilities, and the establishment of a suitable facilitating regulatory
framework.
29. Change in the basis for fuel taxation should be considered.
National governments should examine the economic and political acceptability of
changing the taxation structure on fuel from one based on percentage of value to a fixed
rate per unit of volume. This would reduce the impact of international price fluctuations
on fuel prices (to the benefit of both national industrial fisheries as well as national
consumers of products from small scale fisheries), safeguard government receipts but be
vulnerable to exchange rate fluctuations between national currencies and the US dollar.
30. Continued monitoring of the development of alternative fuels, especially coconut bio-fuel.
The Forum Secretariat should resume the monitoring of the development of bio-fuels and
their markets and serve as a clearing house for published data and research that might

Final Report, April 2009

Energy Costs and Fishing

ix

allow PICs to replicate successes from research and development in other parts of the
world.
Such support can be provided on a national or regional basis, as developments in
alternative fuels may benefit smaller countries through assurance of regional supply in
the absence or reduction of imported petroleum-based products. A program to trial such
fuel in a commercial fishing vessel should be considered.
31. Governments should take a more active role in the promotion of fuel saving
technologies.
Where Value Added Tax (VAT) and duty is still applied on outboard engines, exemptions
should be considered for fuel efficient (four stoke) engines when purchased for use in
small scale fisheries. The same should be applied to other equipment specifically
targeting improvements in energy efficiency such as heat recovery. Where either
government or the private sector have experimented with innovative fuel saving
mechanisms (such as flapped rudders) results and experience should be compiled and
presented in an appropriate public forum.
32. Governments should consider re-equipment loans to the industry, under preferential
terms, to support the installation of more modern and more efficient engines.
It is understood that there are rarely discrete funds available for such purposes, however
institutions such as national development banks might be more amenable to such loans
if part of an overall government program to re-equip and improve the financial viability of
the domestic industry. Other avenues such as allocation of fisheries foreign aid grants
should also be explored for this purpose.
33. The provision and maintenance of FADs for use by small-scale fisheries should be a
priority for national governments in support of domestic fisheries
The need for FADs to support small-scale fisheries is vital to the maintenance of some
specific small scale fisheries in the region, including those in PNG and Fiji. The need is
underscored by the high degree of exposure of such fisheries to fuel price increases and
fuel usage.
34. A focused regional program should be developed to heighten awareness of fuel price
impacts and mitigating measures
The program should be aimed at both government and the private sector to raise
awareness of the degree and nature of impacts of fuel price fluctuations in fisheries and
the measures that can be taken to minimize them. Such a program might entail the
organization of meetings and seminars and the production of suitable training and
informative material.
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I. INTRODUCTION
A.
General
The Asian Development Bank (ADB), Australian Overseas Aid Program (AusAID) and the
World Bank (WB) are financing an update of the 2001 Gillett and Lightfoot report “The
Contribution of Fisheries to the Economies of the Pacific Island Countries”, known as the
Benefit study. As part of this update three parallel studies will be commissioned covering (i)
the “Wealth” of the fishing sector in selected countries; (ii) the extent and the impact of
Illegal, Unregulated and Unreported (IUU) fishing on selected Pacific Island economies and
(iii) the impact of the recent energy price fluctuations on fisheries in the Pacific, with
emphasis on the tuna industry.
The study on the impact of energy price fluctuations is divided into two parts: an
investigation into the impact of energy costs on the value chain (IVEC), and an assessment
of the direct impact of fuel price fluctuations on ongoing fishing operations or Energy Costs
and Fishing (ECF) study. This report presents the findings of the ECF study.
The primary objective of the ECF study is to provide an assessment of the impact of
changes in energy costs on the financial performance and fishing patterns of domestic
(industrial, coastal and subsistence) fishing fleets in Pacific Island Countries (PICs), and
Territories (including selected coastal fisheries) and representative foreign fleets. The
secondary objective is to provide PICs, Forum Fisheries Agency (FFA) and SPC
recommendations for scenarios and policies to mitigate in the short- and long-term the
exposure of PICs to energy cost fluctuations.
The study presents a review of fuel costs in the region, including relevant fiscal policies; an
assessment of the financial and operational impact of fluctuating energy costs on selected
fishing activities, including both industrial and coastal fisheries as well as aquaculture, and a
review of technical and policy options available that may mitigate the impact of fuel price
fluctuations. The terms of reference for the study are included in Appendix 1.
The information and data presented has been collected from field visits and consultations
with governments and the private sector in Papua New Guinea. Fiji and the Republic of the
Marshall Islands during September-October 2008. Further data has been gathered from
fishing companies in other PICs as well as from a variety of published material and project
reports. The work was carried out by consultants James Wilson and Mike McCoy.
The analysis and data presented is subject to a number of notable constraints. Firstly, the
study has been made during a period of rapidly changing fuel prices and exchange rates,
making collation and comparison of price data collected over the course of the ECF and the
Benefit studies problematic. Only three PICs were visited during the field work and although
these were specifically chosen for the diversity and importance of their fisheries sectors, this
resulted in only a small sample of governments and fisheries enterprises contacted. The
results however are considered to be indicative of the major trends. The brevity of field visits
limited the detail and scope of some of the information that could be collected from fisheries
enterprises. This was especially the case regarding data related to company profits and
value added.

B.

Description of major fleet operations in Western and Central Pacific Ocean

1.
Purse seine
The purse seine fishery in the Western and Central Pacific Ocean (WCPO) is essentially a
skipjack fishery, although yellowfin are also an important component of the catch and have a
higher value as cannery-grade fish. Skipjack account for around 70—85% of the purse seine
catch, with yellowfin accounting for 15—30% and bigeye comprising only a small proportion
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(Williams and Terawasi 2008). This catch composition is stated as a long-term average in
the fishery but significant variations among fleets can and do occur1.
Operational patterns and the resultant fuel used in searching for and catching schools of
tuna are highly influenced by association the fish school may or may not have with floating
objects.
In describing changes in fishing activities in this fishery, it is appropriate to characterize tuna
purse seine vessels operating in the tropical region of the WCPO as engaged in one of two
types of operations:
(1) vessels that tend to operate in multiple Exclusive Economic Zones (EEZs) and
high seas areas, setting on schools associated with unanchored floating objects
(either natural flotsam or objects that have been launched and tracked by the
seiners) and unassociated or “free” schools;
(2) vessels that are based in a Pacific island country and fish primarily on schools
associated with anchored fish aggregating devices (FADs) within that country’s EEZ.
The fleets in the first category are generally composed of large (>1000 tons carrying
capacity) vessels that either deliver their catch directly to port for processing or transship
their catch in port to refrigerated fish carriers destined for canneries outside the region. The
vessels in this category are identified with five major fleets: Japan (35 vessels), Taiwan
(34), Korea (28), USA (132), and vessels fishing under the FSM Arrangement (32)3. Other
recent entries into the fishery include China (10), Spain (3), and New Zealand (4). The
Japanese fleet lands its catch in Japan; most of the catch by the US fleet has traditionally
been landed at canneries in American Samoa, and some of the catch from FSM
Arrangement vessels is landed at a processing plant in Papua New Guinea (PNG). The
remaining vessels in the FSM Arrangement transship their catch in various ports in the
Pacific islands region.
Fleets in the second category are those associated with companies operating in Papua New
Guinea (34 vessels) and a much smaller fleet (four vessels) associated with a company
operating in Solomon Islands. The PNG-based seiners operate primarily in a “group”
configuration, utilizing carrier vessels to take the catch to port. These carriers or
“motherships” provide supplies to the purse seiners which stay at sea for extended periods.
Other support vessels in a group place and maintain anchored FADs, as well as monitor the
FADs for aggregations of tuna4.
Purse seine fishing strategies are developed as a result of knowledge of tuna school
availability and movements. The geographic range of fishing activities for fleets that fish on
anchored FADs are limited by the locations of FAD placement, which are generally within
archipelagic waters. The major fleets and those like them range much further across the
WCPO where the availability of fish is more strongly influenced by oceanographic
conditions of the El Niño-Southern Oscillation Index (ENSO). In years experiencing El Niño
conditions, fishing effort is typically distributed towards eastern areas of the WCPO , east of

1

For example, the small Solomon Islands purse seine fleet operating almost exclusively in the Solomon Islands’
EEZ has recorded an annual yellowfin catch average of almost 40 percent since 2003 while the much larger
Korean fleet fishing a broader area across the WCP-CA averaged 17 percent yellowfin during the same period.
2
The US fleet began rebuilding in 2007 and by early 2008 numbered 21 vessels, with further increases in the
number of vessels occurring during 2008.
3
The FSM Arrangement is a regional agreement providing for reciprocal access to the EEZs of the Parties to the
Nauru Agreement (PNA), a sub-set of FFA member countries. Vessels fishing under the FSM Arrangement
(2007) are those managed by the Pacific island “Home Parties” of Papua New Guinea (19 vessels), the Marshall
Islands (5 vessels), FSM (4 vessels), Kiribati (1 vessel) and Solomon Islands (3 vessels).
4
PNG manages the placement of FADs through a FAD Management Plan. Approximately 1000 anchored FADs
have been set or maintained yearly in support of domestic or joint venture purse seine activity in the Bismarck
Sea: roughly between New Britain and the western limit of the PNG zone.
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about 165-170 deg. E longitude. By comparison, during La Niña periods there is a
contraction of effort westward of that area.
2.
Longline
Domestic-based longliners in the Pacific islands region are typically vessels of less than 100
gross registered tons and 25—28 meters in length that undertake trips of about one month
or less5. The targeted catch can be tropical tunas for fresh sashimi export markets, or
albacore for frozen cannery use. Some vessels in the South Pacific deliver both product
types, while others (mostly smaller fleets in Cook Islands and Tonga) tend to sell much of
their catch fresh to domestic markets. The catch destined for domestic or export sashimi
markets is retained using ice or chilled seawater. Tuna, primarily albacore, for cannery use
is frozen. Species such as billfish, mahimahi and wahoo caught incidentally to tuna
targeting can either be landed fresh or frozen and either exported or sold on domestic
markets, depending on the situation.
The domestic-based fishing fleets described here are components of (1) the South Pacific
offshore albacore fishery, and (2) the tropical offshore bigeye/yellowfin-target fishery.
The operations of a third longline component in the WCPO, that of the mostly Asian distant
water high seas longline fleets, are not addressed here. Although these fleets may operate
in the EEZs of some Pacific island countries and adjacent high seas in the central and
eastern portions of the WCPO, most vessels transship and obtain fuel and other supplies at
sea. Information on the detailed nature of the operations of these fleets in Pacific island
countries is thus sparse. There are, however, reports from industry and other sources
indicating that increases in fuel prices have had an especially large impact on the operations
of these vessels, with some ceasing operations completely and others returning to port to
await better economic conditions.
The South Pacific domestic-based offshore albacore fishery includes fleets in Samoa, Fiji,
French Polynesia, New Caledonia, and a small fleet (7 to 12 vessels) based in Tonga.
Vessels based in Fiji include a number from China and Taiwan (Chinese Taipei) that fish in
the EEZs of Solomon Islands, Vanuatu and adjacent high seas areas.
The tropical offshore bigeye/yellowfin-target fishery includes a domestic-based fleet in
Papua New Guinea and mostly Asian longliners based north of the Equator in the Federal
States of Micronesia (FSM), Palau and Marshall Islands. These vessels generally limit
activities to the EEZs of the countries in which they are based and target bigeye and
yellowfin, primarily for sashimi markets in Japan and elsewhere. As a general rule, the
highest grades of a particular catch are exported to Japan, while lower grades can find
markets in the US, Australia, and elsewhere depending on air freight cost and availability.
The small, locally-based fleet of seven or eight vessels also operates in the Cook Islands
and targets both tuna and swordfish.

C.
An Overview of the Status of Energy Usage in Fisheries in the Region
Fisheries globally have been affected by significant increases in fuel prices which have
grown at an almost consistently increasing rate since the turn of the century. At their recent
peak mid 2008 the cost of fuel was six times that of January 2000. The impact of fuel price
rises has been felt throughout the production and marketing chain, especially in areas where
there is a high dependence on hydrocarbon fuels not only for fishing but also for processing,
storage (refrigeration) and transport [8].

5

Some newer Asian vessels based in Fiji reportedly can stay at sea for up to 3 months.

Final Report, October 2009

4

Energy Costs and Fishing

There appears as yet to have been no adequate technical response to rising fuel costs and,
according to Tyedmers [10], there has even been a general tendency to poorer energetic
performance in fisheries over time. Increases in the amount of energy used per tonne of fish
landed will be influenced primarily by decreases in relative abundance or proximity of
resources and / or increases in the installed power in the fleets fishing those resources.
The consequences of the increase in fuel cost have been somewhat aggravated in the
Pacific region due to a number of factors including: reportedly high intensity of fuel usage in
the principal industrial fisheries [1]; total dependency on fossil fuels in most PICs for
electricity generation; old or inappropriate vessel technologies linked to the use of vessels in
fisheries for which they were not originally intended [2], resulting in mechanical inefficiencies
and high fuel consumption; high costs associated with fuel supply in the region [12]; and
slow development of product markets which have not managed to reflect increases in
production costs, with the notable exception of that for cannery grade tuna.
The result of this combination of unfavorable circumstances has been reduced profits [3], the
partial tie-up of fleet segments [9] and potentially a reduced supply of fish [6]. In one PIC
rising fuel costs, together with the cost of imported foods, led the government to declare a
“State of Economic Emergency” [7]. Increases in fuel costs will however have created some
comparative advantage in less mechanized fisheries production systems including certain
small scale fisheries.
Impacts of fuel price increases will not have been felt uniformly across PICs due to
variations in factors including fleet profiles, operational patterns, fiscal structure and fuel
supply agreements. However, in general, in spite of the increases in fuel cost the major
pacific fisheries continue to operate. Whilst purse seiners appear to have been less
affected, the direct impact of increasing fuel costs, coupled with “declining resources” have
been most apparent in the longline sector which has seen the suspension of operation of
part of the distant water fleets (OPRT 2008).
In examining the use of energy in fisheries, and hence exposure to price increases, two
distinct issues need to be addressed, namely (i) the supply of fuel, including global trends,
sources and fiscal treatment and (ii) the consumption of fuel in the sector including
relationships with fisheries operations and vessel specifications. It is within these two fields
that the private sector and governments are able act to lessen the impact of fuel price
fluctuations on fisheries. The extent to which these factors affect profitability will be
determined by the fuel efficiency of operations and the degree to which markets have
developed in keeping with production costs and exchange rate fluctuations.
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II. FUEL MARKETS
This section describes national and regional supply and price arrangements, with emphasis
on the countries visited during the course of the study: Papua New Guinea, Fiji and the
Republic of the Marshall Islands.
A.

Supply

1.
Sources
The fishing industry in the Pacific region is supplied by fuel from two categories of sources:
domestic bunkering and high seas bunker.
a. Domestic Bunkering
The primary regional sources of fuel supplying PICs are Singapore, Australia and New
Zealand usually via established global producers of petroleum products such as BP,
Mobil/Exxon, Shell and Total. These suppliers normally own the local storage and offloading
infrastructure and therefore command considerable control over supply conditions. There
are two notable exceptions the Republic of the Marshall Islands (RMI), Papua New Guinea
(PNG) and Samoa. The former has broken ties with the multinational supplier and now
sources most of its petroleum needs (especially for power generation and fuel sales to the
fishing industry) from a bulk supplier based in South Korea. PNG has its own production of
oil, currently at 42,000 barrels per day (2007), an estimated 24% in excess of internal
consumption [11]. The only national refinery, owned by InterOil, has a protected monopoly
on the supply of fuels within the country, and sources raw material both from national
production and imports. In Samoa and American Samoa the terminals are publicly owned
and periodically both countries call for international tenders for fuel supply and terminal
operation [12].
The nature of the fuel market in the region is an important determinant of the patterns of
supply: in general PIC markets are too small to benefit from competitive practices and are
dominated by a very small number of suppliers. In addition factors such as geographic
spread, storage infrastructure and port facilities influence the economies of scale that can be
achieved even within the relatively small national markets. Infrastructure consideration are
particularly important and limit the amount of fuel than can be purchased at any one time.
Larger ports may be able to receive a medium range tanker (20-30,000 tonnes) but if this is
not possible then deliveries are limited to local coastal tankers of 1-5,000 tonnes capacity.
This is the case for Tonga which receives all its fuel via local coastal tanker (LCT) from Fiji
[16].
The result of these factors is a regional market that is diffuse and fragmented, heavily
influenced by distribution, handling and storage costs (both within and between PICs) and
subject to monopolistic or oligopolistic tendencies. The supply market in the region has
been relatively stagnant with a virtual absence of new suppliers of land based fuels over the
past 20-30 years [12].
Some advantages of scale are gained by PICs that have sufficient infrastructure to act as
entrepots, redistributing fuel to neighboring island states with lesser facilities. This is
particularly the case in Fiji, New Caledonia [13] and French Polynesia [14]. Guam is also an
important pole for the redistribution of fuel products, especially for Micronesia.
Fuel will be physically supplied to fleets by a variety of means depending upon the scale of
fishing operation. Larger companies with their own wharfs and fuel storage facilities will
have these supplied by a national distributor, whereas smaller operations will use a fuel
wharf. In the case of small scale fisheries fuel will either be purchased at a fuel wharf, if
available, or at a normal retail gas station.
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b. High Seas Bunker
Under conditions of license, most purse seine fleets operating on the High Seas and in EEZ
waters are permitted to bunker fuel at sea. Domestic and foreign longline fleets though are
normally obliged to bunker in a port of the licensing country. In the case of Fiji both foreign
and local longline fleets are obliged to bunker in Fiji albeit under different price conditions, as
described in the following section. In RMI foreign seiners based in Majuro are however able
to bunker at sea, and buy about 75% of their fuel requirements in this way. Fuel bunkered at
sea is invariably priced very much closer to the Singapore bulk price, and at the time of
writing represented a saving of 10-20% compared to that paid in RMI.
It is important to note three important considerations with respect to bunkering at sea:
(i). Bunkering at sea is normally only possible for heavier (lower quality and cheaper) grades
of fuel such as Marine Gas Oil (MGO), Marine Diesel Oil (MDO) and Industrial Diesel Oil
(IDO). If a vessel has an engine that is not suitable for these heavier fuels, then
bunkering at sea is unlikely to be an option. As a rule, the smaller the engine the less
versatile its fuel system and more likely that it will be unable to run on these fuels.
Larger vessels, including typical tuna seiners, will be able to use these grades;
(ii). Fleet operators outlined considerable risks associated with bunkering at sea particularly
that of the quality of fuel supplied and the difficulty of verification of both quality and
quantity. There is a high perceived risk of being under supplied or being supplied with
contaminated fuel with little possibility of recourse. Some Asian companies mitigate
these risks by operating their own tankers;
(iii).Bunkering at sea is usually uncontrolled and there is an un-quantified but real risk of
pollution from fuel spills during bunkering operations.
c. Self Supply
In very particular circumstances domestically based fishing companies have obtained
concessions from government to import fuel for their own consumption. This is the case of
the domestic purse seine fleet based in Madang, PNG, which operates a small tanker from
the company’s foreign base in the Philippines. The tanker will bring IDO, MGO or MDO from
Taiwan or the Philippines and bunker the company’s seiners at sea but still within PNG
archipelagic waters, at a saving reported to be in the order of 6%.

2.
Products
Automotive diesel oil (ADO) is used throughout the fishing industry in the Pacific region, with
the exception of vessels bunkering at sea. Other products such as MDO and MGO are
simply not available, reflecting the small size of national markets which only permit the
stocking of fuels with the highest turnover; unleaded gasoline (ULP), ADO and kerosene. In
many cases, such as in RMI, economies of scale are achieved in this way as ADO is used
not only for local automotive transport, but also for power generation as well as in the fishing
industry. If a variety of grades of diesel were offered, unit storage and transportation costs
would increase and the distributors cash flow would tend to stagnate with the turnover of
individual products becoming slower.
It is however interesting to note that in the case of RMI some of the scale advantages are
potentially lost in the form of retained margins by the electricity company, which is also the
main importer and distributor of diesel. The Marshall Island’s Energy Company (MEC) in
2005 cross subsidized about 17% of domestic energy costs with margins derived from sales
of fuel to the fishing industry [15].
For small scale fisheries some PICs with a sufficiently large demand for fuel, including
Samoa, Fiji and PNG, offer premixed gasoline for sale at fuel wharfs and filling stations
which already includes the correct lubricant for use in two-stroke outboard motors. In PICs
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where this is not available small scale fishers using outboard motors are obliged to buy two
stroke oil and gasoline separately and add the oil in the correct proportions to each tank of
gas.

B.
Prices
Fuel price in the region is composed of the following elements:
Base FOB Price + (Transport, Insurance, Handling, Storage, Excise Duties,
Commercial Margins, Distribution)
The relevance and weight of each element varies across PICs determined by a range of
factors including the competitiveness of supply arrangements, scale and ownership of
infrastructure, fiscal policy and logistic considerations within the country. It should be noted
that only a very few of the elements of price, namely duties and allowable commercial
margins are within the control of PIC governments.
1.
International Price History
The most significant element of price is the Free on Board (FOB) base price, and this will be
very similar across PICs for a given product on a given date. The bulk price of fuel out of
Singapore is invariably taken as the reference price in the Western Pacific, even though fuel
may not actually be shipped from Singapore. The evolution of oil prices globally over the
past 30 years has been highly influenced by major geo-political events, as illustrated in
Figure 1 below.
Figure 1: Average Annual Crude Oil Prices 1977-2008
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As expected, the bulk prices of fuel products out of Singapore have followed a very similar
pattern. Figure 2 shows the development of Singapore spot prices for Unleaded Gasoline
(ULP) and Automotive Diesel Oil (ADO) for the period from January 1997 to October 2008.
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Figure 2: Bulk Prices Singapore 1997-2008
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Note that during the period gas and diesel prices rose ten and thirteen fold respectively from
a low at the end of 1999 to a peak mid 2008.
2.
National Price Histories
There is no ongoing collection and monitoring of fuel prices in the Pacific Region, although
this function was performed by the Forum Secretariat between 2002-6. It was however
possible to collect a limited amount of time series data for Fiji and PNG, presented in Figure
3 below together with the data for bulk ADO Singapore for reference.
Figure 3: ADO Prices in Fiji (Suva), PNG (Port Moresby) and Singapore
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The two data sets illustrate the difference in pricing mechanisms practiced in each country:
in PNG changes in the bulk market are clearly visible in the retail price of fuel, with lag of
about two months. In Fiji, although the general increasing trend is evident, there appears to
have been a less direct link between the bulk Singapore price and that practiced in Fiji.
Benefits from the drop in bulk ADO price seen at the end of 2006 for example was not
passed on to consumers.
The delay between changes in international bulk and national wholesale / retail prices has
drawn some criticism by the consumers and industry in the region, and even warranted
specific attention in a public statement by the Minister of Finance, Fiji [18]. The issue was
particularly prominent during the study as the period coincided with a phase of declining bulk
prices. The delay however is a characteristic of the fuel supply chain as it takes time for
existing stock to be consumed as well as for new stock to be delivered. Had the study
coincided with a period of rising fuel prices the delay would have drawn considerably less
attention.
At company level, individual supply arrangements are often more complicated than a single
supplier agreement. In PICs where more than one wholesaler supplier exists fishing
companies will seek the most favorable terms for each lot purchased and their actual fuel
cost history may not follow the trends illustrated above. When fuel is be bunkered at sea as
well as in the port base the picture becomes even further complicated. Figure 4 below
illustrates the buying price histories for a small number of companies operating in the region.
Significant differences in fuel costs due to access to differing supply markets are evidenced
for example between the two companies based in RMI. The first, RMI(i) in the figure, only
purchases fuel locally through the Marshall’s Electricity Company, whilst the second, RMI(ii)
purchases part at sea and part through MEC. At the peak of difference in July 2006, the
company buying locally paid about 45% more per liter that its neighbor. Both of the
companies illustrated from FSM bunker at sea and even between them there are significant
differences in achieved prices, the most notable being that one company, FSM(i) in the
figure, managed to avoid the highest part of the price peak mid 2008. It is of note that the
company based in Japan is consistently buying fuel close to or even below the bulk price in
Singapore, implying that a subsidy may be present.
Figure 4: Company buying price histories
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In addition to differences resulting from sources of supply, the terms of delivery will also
affect the price that is achieved. There is a tendency amongst both companies supplying
bunker at sea and those supplying ashore to favor cash payment on delivery, as a normal
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response to try to minimize cash flow problems in the face of increasing product costs. The
premium for a 30 day payment term is reported to be in the order of 0.01USD per liter,
around 1% at current prices, and may be given by either the fuel agent of the supplier.
3.
Current Prices across PICs
During the course of the field work for this study and for the Benefit study (August - October
2008) spot retail prices were collected in the countries visited as well as information on
excise.
a. Base Prices
Prices in each of the countries are presented in Figure 5, showing the cost of fuel (including
CIF cost, storage, handling, commercial margins) plus the net tax paid by the fisheries
industry. All tax elements that are reclaimable by fisheries operators have been taken into
account.
Fuel prices in the region appear to fall into two distinct groups, with distinctly higher and
lower CIF+Margins: the first group with higher base prices in the range of 1.43-1.64 USD/L
includes FSM, PNG, Solomon Islands, Tuvalu and Vanuatu. The second group with lower
prices (in the range of 0.85-1.10 USD/L) includes Cook Islands, Fiji, Kiribati, RMI, Palau and
Tonga. Samoa and French Polynesia have pretax prices either very close to or below the
Singapore bulk price implying that either a subsidy in present or (in the case of Samoa) fuel
is being purchased via a significantly more competitive mechanism.
It is surprising that the CIF+Margins price for PNG is so high especially considering that
PNG has its own production of crude and national refinery. The pricing structure for fuel in
PNG is tightly controlled by the Independent Consumer and Competition Commission and
the structure of allowable prices and margins are outlined in Box 1 below.
It should be noted that the period of price data collection coincided with phase of rapid
change in base oil prices, the effect of which was just beginning to reach consumers. This
led to some significant local fuel price changes over the period, exacerbated further by rapid
changes in exchange rates to the US Dollar. It is considered that the data should not be
used for rigorous comparison.
Figure 5: Current PIC ADO Prices
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The figure above indicates that the CIF price is not simply a function of the Singapore bulk
price + transport + normal margins, as this would imply cheaper CIF costs nearer to
Singapore. High pre tax prices in Solomon and Vanuatu imply that the size of purchases,
storage capacity and procurement strategy must be of greater relevance than transport
costs.
Figure 5 hides some significant price increments within PICs, reflecting the distribution of
fuel from bulk storage locations to provincial ports or further still to rural landing sites.
Localized price increases of this nature are particularly relevant to locally based industrial
fleets and small scale fishers. In PNG premix prices are reported to be three times higher in
a rural landing site than at an urban fuel quay or pump, after distribution by private
(unofficial) fuel vendors.

Box 1: PNG Fuel Pricing Structure
The Independent Consumer & Competition Commission review of petroleum industry process
structure [78] sets out the pricing principles for fuel in PNG and this can be summarized as
follows:
Ex Refinery & Landed Prices
• Fuel purchased from the InterOil refinery is priced ex refinery at the equivalent of
internationally benchmarked import parity prices (IPP) landed in PNG. The IPP is
determined on the basis of Singapore Refinery Products Postings and international
benchmarks for sea freight.
• Fuel imported via other wholesalers (should the refinery be unable to supply) is priced under
normal market mechanisms.
Wholesale
• The Price Controller sets a wholesale margin (reflecting operating costs, depreciation, return
on product held in stock) of 0.24k/l ($0.092). Operating costs and depreciation are based on
industry averages, and return on product in stock on the basis of the Weighted Cost of
Capital (reflecting the cost of debt and equity).
• If fuel is supplied wholesale in drums a further 0.03k/l ($0.012) is permitted
• Transport charges are included in at rates set by the Price Controller reflecting actual costs
from the refinery to the main ports via chartered vessel. These range from 0.024-0.419k/l
($0.009-$0.016) depending on the destination.
Retail
• Retail margins are set at 0.15k/l ($0.057)
Typical total costs and margins from the refinery to the ports of Madang, Lae or Rabaul would be
0.47K/L ($0.18)
All the elements in the equation are subject to review and the refinery price may be adjusted
monthly, and freight costs on a quarterly basis

b. Taxation
The levels of net taxation on fuel varies significantly across the region, as illustrated in
Figure 5 above and Table 1 below, with the highest percentage of tax payable is in Samoa
and the lowest in PNG. The exception is French Polynesia which continues to subsidize fuel
for all ‘professional’ sectors at an annual cost of 1.8 billion CFP (19million USD), and
attributes the highest subsidy to fisheries [17]. Although French Polynesia has been
subsidizing fuel costs for some time, the measure is becoming higher up the agenda in other
countries in the Pacific in order to prevent “collapse”. Japan recently announced potential
fuel subsidies covering up to 90% of fishermen’s fuel cost increases [21] at a cost of 8bn¥
(USD 82m) [20], and fishers in the Philippines requested P5 (USD 0.10) per liter subsidy.
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The tax element in the fuel price may be composed of either duty/excise and/or other nonreclaimable taxes such as a General Sales Tax or General Consumption Tax.
The competitive structure of Samoa’s supply contracts has allowed the government to
impose a higher tax burden on the industry and still remain regionally competitive. In PNG
the higher pre tax price of fuel had the opposite effect and reduced the amount that the
government has been able to tax. It is likely that in the case of PNG the government may
gain other revenues from the fuel supply chain, including tax and license revenues from the
oil refinery and production companies.
Table 1: Taxation of Fuel

/a

Country
Cook Islands
F S Micronesia
Fiji
French Polynesia
Kiribati
Marshall Is
Palau
PNG
Samoa
Solomon
Tonga
Tuvalu
Vanuatu
Average (excl Fr Polynesia)

Net Tax
1%
6%
3%
(34%)/a
4%
5%
5%
1%
39%
16%
15%
4%
21%
10%

Estimated based on the difference from the average regional (CIF+Margins) price

The relevance of competitive fuel prices should not be underestimated. As pointed out by
Gillett (2003) low fuel prices are directly related to domestic tuna industry development. The
price structures described above illustrate clearly that a competitive price may be the result
of many factors including competitive supply arrangements, low fuel taxation and favorable
logistics. These price-related factors also need to be combined with infrastructure facilities
(port, handling and storage) capable of supplying requisite quantities and contributing to
economies of scale.
Competitive supply arrangements have also resulted in national benefits and contributed to
attracting distant water fleets to transship in local posts and foreign flagged fleets to be
based locally. Such benefits have included chandlery and supplies, transshipment fees, and
in the case of locally based foreign fleets value addition through employment, maintenance,
processing and freight. [19]

C.
Government Measures to Reduce Impact of Fuel Price Fluctuations
PIC governments have adopted a series of measures over recent years in order to try to
reduce the impact of fuel price fluctuation on national economies. Some measures have
been targeted specifically at the fisheries sector whilst other have had a broader focus,
benefiting all fuel consumers.
Measures which have sought to reduce dependency on fossil fuels, such as the promotion of
bio-fuel, have been encouraged not only by increases in fossil fuel prices but also
environmental benefits associated with net reduced carbon emissions.
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a. Competitive supply
The weakness of the fragmented nature of the PIC fuel supply market has been recognized
for some time and there have been various initiatives to try to improve the supply of fuel both
at regional, national and individual levels.:
i. Bidding
In Samoa and RMI there have significant moves to improve the terms under which fuel is
supplied. As detailed by Sanghi and Bartmanovich[12] Samoa started a competitive tender
in 1998 for petroleum supply, awarding the contract to a single supplier. The tender was relet in 2003 with a different supplier winning the business. In American Samoa a similar
process has been followed, but with the significant difference that the supply contract is split
between the two most competitive tenders, the first place tender being guaranteed 65% of
supply and the remained allocated to the second. This arrangement has ensured that in
spite of the low scale of national fuel consumption (approximately one tenth that of Fiji in
2003 [12]) Samoa continues to have consumer fuel prices similar to Fiji and considerably
less than other PICs with similar levels of demand such as Vanuatu and Tonga.
In RMI the single supply agreement between Mobil and MEC was terminated in 2004
following Mobil’s changing of the terms of supply[15] which required MEC to find new
reserves to finance its fuel inventory. In addition Mobil wanted to increase the permissible
margins in the supply contract, and although the difference proposed was only small in
percentage terms, when combined with changes in the Mean of Platts Singapore (MOPS)
base price, the change implied increasing margins by a factor of 2.3. As a result of the failed
negotiations with Mobil and their desire to withdraw from the supply agreement, MEC started
buying from a Korean bulk supplier, who also supplies high seas bunker. Although the
details of current bulk supply prices are not known, it is considered most unlikely that they
would be as much as the MOPS+25% proposed by Mobil and therefore some savings
should have been made. Savings may have been diminished however due to the fact that
loads purchased from Korea have been about half the volume of those delivered by Mobil
and some bulk economies may have been lost.
ii. Forward contracting
Forward contracting as part of a hedging strategy is often used by airlines to reduce the risk
of price shocks and the practice is reported to have been used successfully in Samoa.
Hedging is only possible when the government or supply agency is able to let short term
supply contracts. Should supply be tendered under a single long term agreement there is no
opportunity for forward contracts. It should be noted that forward contracts require the
availability of specialized skills to analyze markets and trends if consistent benefits are to be
gained.
iii. Avoidance of company owned terminals / infrastructure
The process of competitive allocation of supply contracts has only been made possible by
the fact that the fuel terminals in Samoa and American Samoa are publicly owned. Had they
been property of the supply company then it would have been significantly more difficult to
change supplier. In the case of RMI, MEC is a public utility and owns storage facilities that
are considerably larger than those of Mobil’s own facilities and even when Mobil was the
supplier, fuel was offloaded in into MEC’s tanks.
iv. Regional Bulk Purchase
The small size of the national markets in PICs is recognized to contribute to higher prices
primarily through lack of economy of scale and high distribution costs. 2003 data [12]
indicates that demand for diesel in 9 PICs is less than 25,000 kilo liters per annum, being
less than the capacity of one medium range tanker. Only PNG has annual demand greater
than 500,000 kilolitres. The idea of a regional fuel procurement initiative has been around
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for some time and aims to provide opportunities for strategic cost reductions at various
stages of the procurement process such as coastal shipping, handling at ports and
distribution through the aggregation of demand [22]. Although there is some interest in the
region for implementing such an agreement, to date only a Memorandum of Understanding
has been drafted and there is no legally binding commitment from participants. Under the
MoU participants would agree to the establishment of a regional project committee whose
principle activities would focus on:
(i). Analysis of demand and hence optimize clusters of PICs for aggregated deals
(ii). Development of a regional procurement strategy, in keeping with national and collective
goals
(iii). Preparation of technical specifications for competitive supply bids, and agreement on
procurement activates.
(iv). Determination of how costs and savings would be allocated or met.
Although the underlying principles for regional cooperation have been subject to much
attention there is still some way to go before it becomes a reality. Some of the practical
details of payments, allocation of costs, storage and redistribution will require considerable
attention. There appears to be an inherent risk in that the scheme will require significant
regional storage facilities under the control of governments, the most significant of which is
currently in Guam and situated at a geographic extremity of the distribution of PICs. The
cost of redistribution from a regional bulk facility to PICs with low demand and or limited
storage capacity will remain high. There is also the question of how PICs which are
currently supplied by international companies such as BP, Shell, Mobil will remove these
companies from the bulk supply chain (should they not be awarded a regional supply tender)
and yet retain the storage and retail distribution.
Again the maintenance of national storage capacity under government control will become
fundamental to the success of a regional supply arrangement. As pointed out in a recent
consultation on fuel supply [23], this is particularly relevant to RMI / MEC.
v. Individual Direct Import
Instead of trying to improve national or regional supply, there are examples of countries that
have opted for measures at the other extreme. In the Philippines the government is reported
to have opened up opportunities for individual tuna companies to directly import fuel for their
own consumption [24], thus allowing them to make their own bulk supply arrangements.
Opportunities of this type are only really available to larger companies who are able to order
amounts that would make delivery worthwhile, have the capacity to stock a fuel load and
have adequate cash flow to be able to pay for the delivered quantities. The measure
obviously allows companies to avoid commercial margins and transport costs charged by
the established suppliers but at the same time increases problems related to excise and
taxation, quality control and contraband supply, especially if fuel taxes are still in place in
other sectors of the economy. It should be noted that the attractiveness of individual direct
imports will depend upon many factors out of the control of national governments. In the
case of the Philippines it is subsidized fuel from neighboring Malaysia that is of interest to
fishers, but the Malaysian government has already started moves to reduce the
subsidization of fuel costs in parallel with falling international bulk prices [27].
As mentioned earlier, a fishing company in PNG also imports fuel for its own consumption,
under a concession obtained from the government when the local operation was set up.
The company estimates that the concession represents a 6% saving over the local purchase
of fuel.
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b. Regulation and control
The regulation and control of margins are administrative measures that governments have
taken in order to maintain some level of influence over consumer prices. In the context of
small size of markets and the small number of suppliers this is considered to be a very
important measure to avoid opportunistic behavior. In most cases a commission or board
has been appointed to establish pricing principles and monitor compliance. Key items that
the commission will determine will include the scale of allowable margins (usually set to
reflect the investment in infrastructure), allowable transport costs and the frequency of price
review. If the country has competitive supply arrangements the commission will also set out
the tendering procedures and terms of contract.
It is of note that once in place, regulations and controls should be able to compensate for
some of the failings of small markets but will only have limited scope in the reduction of
impacts of fuel price rises on the industry. It would be very difficult for a government to
change the regulation of the fuel supply business during a time of price increases in order to
try to protect consumers (including the fisheries industry) at the expense of those involved in
supply. Regulations therefore should establish an effective context for competitive supply
but are not tools that might enable a government to react readily to a change in energy
costs.
c. Alternative Fuels
There is considerable global interest in alternative sources of energy for all sectors inclining
fisheries, and there are some notable initiatives in the Pacific region focusing on the
production of bio-diesel from coconut oil. The potential of coconut bio-diesel and other
energy sources as a substitute for conventional fossil fuel in Pacific fisheries is discussed in
further detail in section IV.
Although there are experimental programs for the development of coconut base bio-diesel in
Vanuatu, Papua New Guinea, RMI and Solomon Islands, there is as yet no widespread use
of the fuel in either transport, power generation or fishing. Only Papua New Guinea has an
experimental program that is specifically looking at the development of appropriate fuels and
technologies for application in (small scale) fisheries. RMI, Vanuatu and Solomons all have
programs that are experimenting with the use of coconut oil in road vehicles and stationary
engines. Notwithstanding technical issues there are some important economic factors which
limit the potential for bio-fuels to replace fossil fuel: Firstly as fossil fuel prices have risen so
too has the demand for bio-fuels and their price has risen accordingly [51]. Secondly, with
the exception of PNG, access to suitable land for coconut growing imposes a limit on the
potential production in most PICs. In RMI for example the potential annual production is
estimated at around 18,000 tonnes, compared to the total annual imports of about 48,000
tonnes of diesel.
Bio-fuels have the potential to reduce dependency on fossil fuels and as such are worth
promoting where technically and economically feasible.
d. Tax reduction
The impact of fuel price fluctuations on the fisheries industry has been attenuated by some
governments through controlling fiscal measures, specifically the reduction of taxes and
duties on fuel. The measure is potentially extremely effective as it is under the direct control
of government and results in an immediate impact on consumer prices. It can also be
applied in a specific way in order to impact particular sectors of the economy, although such
targeting invariably implies implementation difficulties. There are however two issues that
need to be considered: (i) A reduction in duty will benefit the consumer at the expense of
fiscal receipts and (ii) The potential for tax reduction is obviously limited to the degree of
taxation in place. Looking at the case of PNG in Figure 5, net taxation of fuel in the fisheries
sector is already only 1% and there is therefore very little room for maneuver.
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Comparing the price data presented earlier with that of March 2006 (Pacific Fuel Price
Monitor) , there appears to have been significant reductions in taxation over the period in the
Cook Islands, Fiji, French Polynesia, PNG and Tonga. This information can only be
considered indicative as the data presented in Figure 5 includes any specific tax benefits
available to the fisheries industry (including the deduction of Value Added Tax, VAT),
whereas the Pacific Fuel Price Monitor (PFPM) data are general values and does not cover
all PICs. It is also unclear how the PFPM data presented VAT.
In all of the countries visited under this study, the tax payable on fuel by the industry has
been reduced in the recent past and/or further reductions are under consideration. In Fiji
national fleets have already benefited from two reductions in tax on fuel and a bill was in
parliament proposing a zero duty rate. In PNG government excise on diesel fuel was cut in
July 2008, although the measure had not yet been implemented. There are similar
proposals for the elimination of duty on premixed gasoline [25]. In RMI a bill is currently
under consideration in parliament to abolish sales tax (3%) on imported fuel sales. This
would have a direct impact on domestic fleets.
It should be noted that foreign-based vessels calling at Pacific island ports generally are
exempt from fuel taxes, while domestic fleets must pay. This differential treatment has
resulted in outcry from the local fishing industry in Fiji who claim that they are seriously
disadvantaged even though their activities benefit the economy in many other ways.
Direct fuel subsidies have been implemented in only one PIC, French Polynesia, where
diesel includes a subsidy of an estimated 34%, enabling the sale of fuel to domestic fleets
below the Singapore bulk price. This option, although obviously effective in supporting
domestic fisheries is potentially very expensive to implement, is inefficient, creating
distortions in the economy and will require additional costs such as the policing of the correct
use of fuel purchased under the scheme.
Subsidies have been implemented in other countries neighboring the region, including
Vietnam, Malaysia and Indonesia. In all of these cases the subsidies have been targeted
with both social and economic objectives, namely the support for basic livelihoods,
especially in the small scale sector and the maintenance of the viability of fishing operations
in the face of increasing fuel prices. Although the Malaysian government is trying to
withdraw subsidies and price controls on fuel [26], the cost of diesel is still reported to be
0.75USD per liter less than that in neighboring Indonesia [24].
e. Nationalization of supply
The government of FSM has adopted a more fundamental strategy to control prices and
margins by setting up a state owned company to run the state fuel storage and wholesale
distribution facilities in Yap, Chuuk and Pohnpei State that are currently operated by an
international supplier [28]. Following the rationale of bulk buying, the current strategy is
intended to bring economies of scale to FSM states through centralized rather than
individual purchases and negotiations. In the short term the company will be tied to the
same supplier who previously operated the fuel storage facilities and some of the expected
gains may not be realized, but the move has opened the way for more competitive supply
arrangement in the future once the transitional agreements expire.
Implementation of the strategy has not been without cost and the new company is reported
to have obtained a $9.7m loan from the Bank of Guam in order to purchase the storage
facilities.
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III. EXPOSURE OF DOMESTIC AND FOREIGN FISHING ACTIVITIES TO ENERGY
COSTS
This section describes the current exposure of a selection of WCPO fleets to fluctuations in
energy costs and what practical impact this has had on fishing activities and financial
performance. Analysis is also made of how the principle markets have reacted to fuel price
increases.

A.
General
Exposure to fuel price fluctuations is a function of several different factors, some of which
may vary on a day to day basis (such as fuel price) whilst others are essentially fixed for a
given fishing vessel in a particular fishery (such as specific fuel consumption or fishing
method).
Table 2: Factors affecting exposure to fuel price fluctuations
Issue
1. Fuel price

2. Fuel
consumption

3. Catch value (see
below)

Influenced by
International fuel markets

Observations
Beyond national influence

National supply mechanisms

Bulk of purchase, distance from supplier, bunkering facilities

Specific fiscal conditions and exemptions

Licensing (foreign / national), subsidies

Fishing method

Not easily changed for a given fishery

Proximity of fishing grounds

Licensing conditions, geography, climatic factors

Catch preservation method

Not easily modified once built. Particular to products and markets

Vessel operations (speed, maintenance)

Influenced by distribution of costs & benefits, knowledge

Vessel design

Hull form & propeller design will affect fuel consumption

Engine size

Often relevant when vessel was built for a different fishery

Resource productivity

Specific consumption less for a productive resource

National and international product markets

Supply, product, processing / added value

Market access

National and international incentives, barriers

Quality

Conservation methods, trip durations, logistics

The catch value itself obviously does not have a direct impact on fuel consumption but (i).
the cost of fuel compared to the catch value will be the basis of financial exposure to fuel
price variations and (ii) the way in which catch values have varied in the context of fuel price
increases will determine the net impact of such changes.
1.
Technical issues relating to fuel consumption
The principle technical factors affecting fuel consumption in fishing and hence exposure to
price fluctuations may be summarized as follows:
(i).

Fishing methods

Active fishing methods, especially trawling, will be more fuel intensive that more passive
methods such as gill netting or hand lining. However even with active methods fuel savings
have been achieved through the use of a variety of technologies such as improved
electronic equipment used in navigation and target detection, and FADs. A study comparing
a selection of fishing methods [35] indicated that purse seining was the least fuel intensive,
followed by gillnetting, longlining and finally trawling.
The location and nature of the fishery will also influence consumption. The further a vessel
has to travel from base port the more fuel will be used, and countries near to resource
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concentrations will have some comparative advantage [3]. Important economies can be
made through efficient operational practices when operating at grounds that are distant from
base port, such as the use of supply vessels [19] to bring consumables and take back catch,
leaving the fleet to continue fishing.
(ii).

Mechanical / technical constraints

All mechanized fisheries today are handicapped by the relatively low mechanical and
thermal efficiency of diesel engines. Typically the thermal efficiency of a diesel engine will
not be more than around 40% [36]. In small scale fisheries lower compression gasoline
engines are even less efficient, and handicapped still further by inefficiencies due to
limitations on propeller diameters that can be used on outboard motors.
Other typical mechanical constraints that lead to increased fuel consumption include over
specification of engine power, often the case when a vessel is being used in a fishery for
which it was not originally designed.
Inefficient propeller installations can also affect fuel consumption and although great care is
taken with these design aspects when larger vessels are constructed in established
shipyards, the same is not always the case with smaller vessels built in local boatyards. The
most common errors occur in the matching of propeller, gearbox and engine, the design of
the propeller itself and details of the propeller aperture – inadequate clearances and poor
inflow will affect the efficiency of the installation [37].
(iii). Catch preservation methods and insulation
Higher energy use associated with colder storage temperatures will increase energy
requirements and fuel consumption. This will be particularly apparent in the Ultra Low
Temperature (ULT) longline fishery with hold temperatures of -45˚C or lower. The quality of
hold insulation becomes very important at lower temperatures and inadequate insulation will
evidently lead to higher fuel consumption.
(iv). Crew costs
Increasing labor costs have encouraged higher levels of mechanization and hence energy
consumption [40].
(v).

Maintenance

The maintenance of equipment and, more importantly, hull condition is important to avoid
increasing fuel consumption especially in fisheries where the vessel covers great distances
in transit and/or fishing. Hull condition also becomes more relevant as service speed
increases. There are two important aspects to maintaining hull condition, namely the control
of marine growth with antifouling paints and the reduction of hull roughness, normally as a
result of surface degradation with increasing vessel age. It is a well known that when
financial conditions become tight in fishing, one of the first costs to be cut is regular
maintenance. This will have the perverse effect of increasing fuel consumption.
(vi). Speed
Vessel speed is the most important single factor under the day to day control of the vessel
operator that will influence fuel consumption. Gains through the reduction of fuel
consumption by slowing down vary with the square of the speed. As an example, reducing
speed from 9 to 8.5kts (6%) will result in a greater fuel saving of about 11% [37]. Speed
reduction is of course not without penalty as at lower speeds transit times are longer and the
time available for fishing is shorter. Longer transit times may also have negative impacts on
fish quality (especially if the catch is iced rather than frozen) and marketing opportunities.
The reduction of vessel speeds requires control either by the fleet manager or vessel master
and is more likely to be effective if the crew gain in some way, such as in the reduction of
operating costs taken from catch value before the calculation of share wages. If the crew
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are paid a fixed wage, or a wage linked only to catch then there will be little incentive to
control operating costs.
(vii). Fleet structure and fisheries management
Changes in the structure of a fleet or failures in fisheries management may affect stocks and
cause diminishing catch per unit effort (CPUE).
This could result in several different responses, including increased effort through either
more intense fishing (more gear) or increased hours of fishing operations. If the fleet is
limited in its ability to respond due, for example, to licensing conditions, the result will be
simply less fish per fishing day. In all cases, a drop in CPUE will lead to increased specific
fuel consumption (tonnes of fuel burned per tonne of fish caught).
In this context management measures, especially those that are close to the direct
management of effort, are both desirable and relevant. Benefits secured through the
maintenance of CPUE will be shared universally by all participants in the fishery, without
further private sector investment or costs.
Management systems that target catch will produce desirable results in an equilibrium
situation, but should CPUE fall, the normal response of the industry will be to intensify effort,
with corresponding increases in specific fuel consumption.
It is important to note that CPUE changes may be due not only to management measures
(or lack thereof) but also to natural oceanographic phenomena such as El Niño/La Nina
which may impact the abundance of resources in a given area.
It is worth mentioning that the impact of fuel price increases will go beyond the obvious
financial consequences. They are likely to include the reduction in the safety of operations,
associated with cheaper labor and reduced maintenance, as well as increased illegal activity
such as the under-declaration of catch, unregulated transshipment and unauthorized
bunkering at sea or even smuggling [40].

B.

Relative exposure of fleets

1.
Specific fuel consumption
Relative exposure to fuel price fluctuations due to the technical characteristics of particular
fisheries can be assessed by examining the specific consumption of fuel – the amount of
fuel consumed per tonne of fish caught. This basic indicator of technical efficiency will be
influenced by all of the factors under item 2 in Table 2 above, but alone will give no
indication as to any financial implications.
Figure 6 shows the specific fuel consumption for a selection of fleets in the region, both from
small scale and industrial sectors.
Data has been collected from interviews and
questionnaires associated with this study and published documents.
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Figure 6: Specific fuel consumption for a selection fleets in the region
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The following should be noted:
(i). Data has been sourced for a very small sample from each fleet (often from only one
company or report) and no attempt has been made under this study to analyze
variance. Figure 6 should be regarded as indicative, and it should be expected that
further analysis would reveal significant variations within each fleet stratum.
(ii). There are very significant differences in specific fuel consumption between the longline
and purse seine fleets. The former consumes 1.3-1.7 tonnes of fuel per tonne of catch,
whilst seiners require only 0.2-0.5 tonnes per tonne;
(iii). Contrary to expectation, the data indicate that freezer longliners (not ULT) in PNG use
less fuel per tonne of catch than ice carrying vessels. Operational and design factors
clearly play an important role in fuel consumption.
(iv). All fisheries are for tuna except DWHL Tonga (Deepwater hand line, Tonga), Spear Fiji
(Fiji Spear fishery) and Various RMI (Marshall Islands Arno Atoll Fishbase). All of these
target higher value demersal species for both national and export markets. The
consumption of fuel in the Tongan Deepwater Hand line fishery appears high, but is not
unreasonable in the context of the cost of fuel and value of the product (see below);
(v). The low consumption of the nearby Fiji spear fishery, about 20% of that of the distant
spear fishery is notable. The two spear fishing cases illustrate extremes in operation
modes, whereby in the ‘distant’ case the operation is based near the consumer market,
and the vessel travels large distances to the fishing grounds each day. In the ‘nearby’
case the operation moved its base to a village close to the fishing grounds and sent
catch daily to the market by road.
(vi). Data was obtained from the group purse seine fleet in PNG but it was not of sufficient
quality to be included.
Values from the US purse seine fleet [29] also appear on the high side, compared to data
from other purse seine fleets in the region.
Data presented in Krampe 2006 [29] indicates that Ultra Low Temperature (ULT) longliners
(of unstated flag) in the Pacific consume 3.6-4 tonnes of fuel per tonne fish, approximately
double that of ice carrying and conventional freezer longliners in the region.
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Of the fleets compared in the above figure, the longliners are the most fuel intensive – a
slightly surprising fact in view of the passive nature of the gear. However fishing operations
require a significant amount of maneuvering and steaming and some fleets travel significant
distances to reach their fishing grounds. This is particularly true for the foreign fleets based
in Fiji which are not licensed to fish in national waters and will travel to and fish in Vanuatu,
Solomon and high seas waters.
In the small scale sector the low consumption of fuel in the Fiji FAD fishery (based in Suva)
can be attributed at least in part to careful operations. The few fishers6 involved in this
fishery try to maintain reasonable transit speeds, stay in the FAD area until they have a full
load and fish at peak times only (late afternoon and just before dawn) with both troll and
hand lines.

2.
Cost of fuel and the value of catch
An appropriate analysis of exposure of the fleets to the financial impacts of changes in fuel
costs values the specific fuel consumption indicator resulting in the cost of fuel consumed
per dollar value of catch. The resulting indicator, presented in Figure 7 below is the
proportion of fuel costs in gross landed revenue.
Figure 7: Cost of fuel consumed per $ of catch value for a selection of fleets in the
region
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As with Figure 6, the above presents data sourced from a very small sample and should be
regarded as indicative. The analysis has been complicated further by the rapid changes in
fuel prices and a degree of uncertainty surrounding current values, as described in Section
II.B.3.a.

6

The fishery is currently at a very low level as FADs have been lost and there is no maintenance / replacement
program.
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The figure presents an interesting contrast to the data in Figure 6, notably:
(i). The real exposure of some small scale fisheries to fuel cost becomes more apparent,
especially in the Distant spear fishery in Fiji and the PNG FAD based fishery where
distances to the fishing grounds are great and catch values relatively low;
(ii). The Tongan deepwater hand line fishery, in spite of the high specific consumption of fuel
is one of the least exposed to fuel cost changes on account of high product value;
(iii).In the Longline fleets there are two distinct groups, the higher with fuel cost to catch
value in the range of 0.45 to 0.55 and the lower in the range of 0.18 to 0.25. There is no
single factor that has brought about this division, but the fleets in the higher group
include freezer vessels and vessels that were not built as longliners, and have excess
installed power.
(iv). The purse seine fleets are generally less exposed to the financial implications of fuel
price changes than longliners, but the difference is not as big as the analysis of specific
fuel consumption suggests;
In contrast to the large differences in specific fuel consumption, data from Krampe [29],
indicates that the fuel cost to catch value for ULT vessels is around 0.39 to 0.43 – levels
which are comparable to those of other longliners.
3.
Historical trends
The differences in the indicators shown in Figure 6 (specific fuel consumption) and Figure 7
(cost of fuel per $ of catch value) are attributable to fuel cost and product value. The way in
which these two variables have changed over recent years is therefore of crucial
importance, especially in those fisheries where the specific fuel consumption is high. The
following figures show how the cost of fuel has varied in terms of product value for the major
fisheries i.e. they show the amount of catch of equivalent value to a fixed volume of fuel, a
fuel-to-fish exchange indicator. The historical development of this indicator is a good
illustration of the ‘terms of trade’ in the particular fisheries – the less catch necessary to pay
for a unit of fuel, the better the business.
It should be noted that the datasets used to generate these time series are not necessarily
those costs and values actually paid by/to vessel operators. They are however considered
to be representative of these values and the historical trend will therefore be valid.
a. Purse Seiners
In Figure 8 below the fuel price data for bulk ADO Singapore (spot price), is compared with
fish price data for Skipjack (4-7lbs) C&F Bangkok.
The figure is very interesting in that it shows that financial conditions were worse for the
purse seine fleet in 2000 and 2006 than they were during the recent peak in 2008. The
impact of the 2008 fuel crisis has been effectively offset by positive developments in market
prices (described in Section III.E.1 below). In this context it is not at all surprising that, not
only have purse seine operations continued as normal during the recent fuel price increases,
but that also there has been a very limited technical response from the fleets to improve fuel
efficiency, as described in Section III.D.1 below. Note that the amount of catch of equivalent
value to 1 barrel of ADO rose from around 20kgs in January 1999 to 80kgs in January 2008,
a factor of 4.
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Figure 8: Fuel cost in terms of catch for the EEZ Purse Seine fishery
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b. Longliners
The equivalent data for the longline fishery is shown in Figure 9 below. Note that the data
set available was a 12 month moving average and hence the trend appears very much
smoother than in the previous figure, which is based on spot prices.
Figure 9: Fuel cost in terms of catch for the Longline fishery (Fresh)
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The rise in fuel price relative to catch value has been more dramatic in the longline fishery
as, in US dollar terms, there has been little long-term positive development in the value of
fresh tuna on Japanese markets. In the period between January 1999 to January 2008 the
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catch of equivalent value to one barrel on ADO rise from 2 to over 11, a factor of 5.5. The
longline fishery is further exposed (relative to seiners) by the fact that they require 3-5 times
as much fuel to produce each tonne of fish (Figure 6) and it is in this fishery that the impacts
of fuel price increases have been most evident.
It is important to note that the longline fisheries supplying Japanese markets are exposed to
exchange rate risks due to the fluctuation of the currency of product sale (Yen) against those
used to pay for labor (often the local currency of the base port, especially for national fleets)
and fuel. Although fuel may be paid in local currency its price will be inevitably linked to
world market price for oil, set in US dollars. Purse seiners are marginally less at risk if they
are supplying an international buyer as the price is normally set in US dollars.
c. Small Scale Hand line
There is limited collection of long term market data for small scale fisheries in the region, but
data was obtained for retail prices in selected markets in Fiji. Figure 10 shows how prices
for yellowfin tuna, emperors and groupers have varied compared to retail cost of premixed
outboard motor fuel on the Suva market since 2003. For all these species there is a
consistent, but slight, upward trend from 2003 to 2006 (indicating worsening financial
conditions) followed by an improvement in early 2007 and a resumed increase. For tuna
over the period in analysis the increase in catch value marginally exceeded the increase in
fuel cost and the terms of trade improved slightly. For groupers and emperors the amount of
catch of equivalent value to a liter of fuel increased by 17% and 24% respectively.
Figure 10: Fuel cost in terms of catch for the Fiji small scale fisheries
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The development of the terms of trade in the Fiji small scale fishery follows a trend that is
very different to that in the industrial fisheries in the region. On the market in question
(Nabukulau Creek, Suva) fish prices have risen at a similar rate to fuel prices, as a result of
either fortuitous market development (increased demand or purchasing power) or an ability
of traders and fishers to influence consumer prices.
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4.
Relative exposure of PIC economies to fuel price fluctuations in fisheries
The exposure to fuel price fluctuations is not consistent across PICs on account of fleet
size, fleet profile and fuel prices. The following table presents an indicative analysis of the
relative exposure of PICs to a 5% change in fuel price. The analysis is limited to national
industrial longline and purse seine fleets only. For each PIC the cost of fuel has been
estimated from the indicators presented in Figure 7 for each fleet segment. Where no data
was available an average value for the indicator for each fleet segment has been used.
Profits and Value Added have been estimated from ratios presented in FFA studies [32] [33]
and it has been assumed that a change in fuel cost would result is corresponding negative
changing in profit, with no market response to the increase in production cost. The
indicative nature of the analysis must be emphasized as not only has the exercise drawn
upon data across different years, but also the profit and value added coefficients chosen
have required estimates to be made of the structure of national processing and value
addition.
Table 3: Indicative country exposure to fuel price fluctuation (5% change)

Cook Islands
Fiji
FSM
Kiribati
Marshall Islands
Nauru
Niue
PNG
Palau
Samoa
Solomon Islands
Tokelau
Tonga
Tuvalu
Vanuatu

‘000t
2.9
13.4
27.8
7.1
41.1
0.1
211.7
2.5
24.1
0.8
87.7

Catch/b
USDm
9.7
45.1
28.8
7.3
39.2
0.1
228.7
8.2
32.2
3.4
122.8

Change in
Profits

Change in

Profits /t

Change in
Profits %

Change in
VA%

USDm
0.12
0.41
0.31
0.07
0.35

USD/t
42
30
11
9
9

12%
8%
3%
2%
2%

3%
2%
0%
2%
1%

0.00
2.34

33
11

9%
1%

1%
0%

0.08
0.22

31
9

9%
1%

2%
0%

0.04

56

15%

0%

1.28

15

4%

0%

Sources: [30], [31], and calculations based upon [32], [33]
/a Including foreign locally based fleets
/b National fleets in FFA waters
VA: Value Added

In absolute terms the exposure of the tuna industry in PNG to fuel price changes is an order
of magnitude larger than other PICs, primarily on account of the size of the national fleet. A
5% increase in fuel cost would result in a reduction of profits of the order of US$2.3million
per year. In terms of the percentage impact on profits and Value Added, the Cook Islands
and Tonga are most exposed with a 5% rise in fuel cost bringing down profits 12-15% and
VA 3%.

5.
Aquaculture
The use of energy in Aquaculture in the region is highly dependant on the product and
production method. During the course of this study contact was made with producers of
pearls and penaeid shrimps, both of whom had very different levels use of fuel and hence
exposure to price fluctuations.
In the production of pearls, fuel was stated as making up 4-5% of operating costs, and is
mainly used by small vessels with outboard motors tending the pearl oysters. A very
simplified modeling process based on company data and SPC models [38] indicates that the
cost of fuel per $ of product value is about 3%, and a 5% increase in fuel costs would result
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in a drop in gross profits of only 0.4%. In spite of the fact that pearl production has such low
exposure to fuel costs, in the case analyzed the owner was in the process of upgrading the
two-stroke outboard motors to four stroke models. The motive for this was more
environmental (lower fuel consumption and lower emissions) than economic, and could even
be used as part of company publicity.
The use of energy in penaeid shrimp aquaculture, according to data provided by the
company, was surprisingly high, accounting for 40-45% of operating costs. Modeling based
on company information and SPC data [39] indicate specific fuel consumption of 1.7tonnes
of fuel per tonne of product – a level similar to that of tuna longliners. The high level of
energy consumption may be justified by the high intensity of the production system (up to
7t/Ha [41]) and the requirement for continuous pumped aeration of water in the tanks. Until
recently the farm did not have access to mains electricity and all power was either supplied
by direct mechanical drive or via diesel generators. The fuel costs included in the analysis
include only direct costs associated with production and do not include fuel or energy usage
in the production of feed inputs. It is worth noting that the fuel cost per tonne of production
in the case analyzed is about four times that proposed by Smith [40].
A more wide reaching analysis of the impact of fuel price fluctuations on aquaculture would
require a study specifically with this focus.

C.
Specific Case Examples
The sensitivity of specific operations to fuel price changes can be examined in further detail
through some simplified case studies and modeling. It should be noted that base data for
this exercise has been sourced from the industry as well as a variety of publications and
studies, particularly FFA fishery strategy studies ([43], [44]) – it was not possible during the
course of the exercise to obtain adequate data from the industry to make new estimates of
profits and value added rates. Base profit and value added (VA) rates have been adjusted
as best possible from the values proposed in previous studies to allow for changes in
product and fuel price between 2006 and 2008. As with the country analysis presented in
the previous table, the analysis assumes ceteris paribas, and that there is no market
response to increased production costs. The Table 4 below summarizes the sensitivity to
fuel price changes in some of the fleet categories covered in this study.
Table 4: Sensitivity of profit and value added to changes in fuel price
Segment

Base

Per US$100 increase per KL of Fuel
Change in ECBT/T

Change in VA/T

Product price change for
equivalent impact on
EBITDA

Domestic Longline

Fiji

US$91 (25%)

US$44 (5%)

3%

Foreign Purse Seine

RMI

US$47 (3%)

US$27 (2%)

2%

Group Purse Seine

PNG

Small Scale FAD

PNG

-

2%

Inadequate base data7
US$50 (14%)

EBITDA: Earnings before interest, taxes, depreciation and amortization
KL: Kiloliter
VA: Value Added

As has been indicated in the more general analysis in the previous section, the longline
operation is significantly more exposed to fuel cost fluctuations than purse seine. The
degree of insensitivity of purse seine operations to fuel cost (only 3% reduction in profit per
7

Unfortunately data submitted from the Group purse seine operation was not of sufficient detail or quality to allow
further analysis.
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US$100 increase in price per Kiloliter) is due not only to low specific consumption but also
high market prices for skipjack at the time this analysis was performed.

D.

Practical Changes in Fishing Activities as a Result of Increased Cost of Energy
1.

Purse Seine Fleets
a. EEZ / High Seas Purse Seiners

Investigations during the course of this study indicate that operators of purse seine vessels
in the major fleet category have not made major technical or operational adjustments to their
normal fishing patterns and practices as a result of recent increases in fuel prices. Although
fuel costs have been a matter of increasing concern over the past several years, most
operators have been content to maintain fishing strategies that are intended to maximize
production to attempt to overcome increased fuel costs.
The two major factors contributing to these attitudes are identified as:
• Increased efficiency across fleets as evidenced by an upwards trend of overall
skipjack CPUE
• Prices for skipjack and yellowfin in major world canning markets that increased and
then remained at historically high levels for about 12 months beginning about mid2007
Increases in abundance of skipjack, improved efficiency in fishing strategy, and
technological advances in equipment used to better locate schools of tuna have all
contributed to the upward trend in CPUE [64]. This trend is particularly evident since 2005,
as shown in Figure 11 which tracks nominal CPUE of four different types of purse seine set:
logs, drifting FADs, anchored FADs, and “free” or unassociated schools (including schools
feeding on baitfish). Note that fishing on anchored FADs has, with the exception of one year,
had the lowest CPUE of the four school types since the late 1990s.
Figure 11: Nominal Skipjack CPUE, Purse Seine 20 deg. N – 20 deg. S

Source: Hampton and Williams, 2008

!

Skipjack prices have trended upwards since early 2006 and increased considerably since
about May, 2007, on a par with the increase in fuel cost. Fish development is discussed
further in Section III.E.1.a.
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One way to detect changes in operational patterns brought about by concerns for fuel
consumption among purse seine operators is to analyze the type of schools on which sets
are made. It is recognized that chasing and setting on free-swimming or unassociated
schools of tuna can account for greater fuel consumption than sets on relatively sedentary
logs and drifting FADs. A recent report stated the conventional wisdom that rising fuel costs
will likely increase reliance of purse seiners on FADs (McCoy and Gillett, 2008). In practice,
this has not apparently been the case with the major fleets during the recent increase in fuel
prices, as shown in Figure 12. The proportion of sets on unassociated schools of tuna
increased for all fleets in 2007 (compared with 2006), with a corresponding decrease on the
number of sets on associated schools (logs and drifting FADs). A similar trend is also shown
during the period 2004-2005.
Figure 12: Set types and fuel price
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b. Group Purse Seiners
There are basic structural and operational differences between the two categories of purse
seine vessels. Purse seiners operating in a group operation utilizing anchored FADs do not
have to move great distances to search for fish8. This function is accomplished by smaller
“scout” or “ranger” boats that move among FADs and report findings back to the seiner by
radio or other electronic means9. Seiners also do not have to return the catch to port when
fish holds are filled, as that activity is undertaken by the carrier or mothership vessels that
shuttle between the purse seiner and the unloading port.
The purse seine fleets operating in conjunction with anchored FADs have been described as
the most heterogeneous in the region, with a variety of vessel designs, sizes, and fish hold
capacities (Gillett and Lewis 2008). The purse seine vessels have typically been acquired
second or third hand, and many of the refrigerated carriers and motherships are former
skipjack pole-and-line vessels with large main engines relative to their carrying capacity.
In terms of catch, one factor that distinguishes anchored FAD purse seine activities apart
from other types of purse seine fishing is the lower CPUE for anchored FAD associated sets
as shown in Figure 11 above. Not only has CPUE been less, but it has also remained
relatively flat during the recent period of high ex-vessel fish prices experienced in the
industry.

8

The objective of a FAD is to intercept movements of tuna schools and “hold” the school utilizing a little
understood affinity for tuna schools to aggregate under floating objects.
9
Such search boats operate about half the time in searching and scouting the FADs, and about half the time
involved in assisting sets by the purse seine vessel itself and in maintaining the FADs.
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The amounts of fuel expended by a group in fishing activities coupled with lower CPUE has
resulted in a more active response to increases in fuel prices by vessel operators of seiners
in a group operation in conjunction with anchored FADs than that of seiners that do not
operate in this manner.
According to personnel at one company engaged in anchored FAD purse seine fishing in
PNG, the actual purse seine fishing operations have not been significantly modified as a
result of increased fuel prices. Some activities aimed at conserving fuel are practiced more
often than in the past, such as shutting down the main engine and drifting during good
weather. The increased fuel prices have also resulted in more attention being paid to the
relationship between engine speed and fuel consumption. Captains are instructed to use a
maximum of 75 to 80 percent of full engine speed when in transit to obtain an economical
speed. They are also admonished to avoid as much as possible situations where engine
speed is reduced below 50 percent, the approximate point at which engine speed becomes
inefficient in terms of fuel consumption.
Closer attention is now also paid by the company to individual vessel movements, which can
be tracked via satellite vessel management systems (VMS). Centralized company access to
oceanographic information is now obtained via satellite and is transmitted to vessels in the
fleet to reduce searching time and thereby reduce fuel expenses.
To lessen overall fuel expenses, the company has focused on the manner in which purse
seine activities are enhanced and supported at sea. One means of doing so is to lessen
reliance on former pole-and-line vessels both as fish carriers and “floating cold stores” at the
company dock whilst their cargos await processing. The company is currently expanding
shore infrastructure and using purpose-built carriers using ice only for transporting fish to the
processing facility. Although these carriers use smaller main engines than the former poleand-line vessels engaged in the same activity (250 hp versus 1,000+ hp), their capacity is
also less. The main savings appear to be in eliminating the need to freeze the catch and the
simplicity of operation requiring fewer technologically-skilled crew. This transshipping activity
is limited to FAD fishing within one day’s steaming time from port to minimize spoilage of the
cargo.
In order to provide adequate fuel supplies at sea to purse seiners and their associated
support vessels, the company utilizes its own small tanker with 1.3 million liter capacity.
Normally, fuel supplies are obtained in Papua New Guinea, however occasional trips are
undertaken to the Philippines that enable less expensive fuel to be brought to PNG for
fishing operations.
c. Impacts on Fishery Resources from Practical Changes in Purse Seine
Fishing Activities
The major fleets and those fleets operating in a similar manner have not significantly altered
fishing activities due to fuel cost increases. As a result, specific impacts on fishery resources
from recent increases in fuel costs are not evident for this important segment of tuna fishing
activity in the western and central Pacific Ocean.

2.
Domestic-based Longliners
Unlike purse seine activities described above, the recent periods of increased fuel costs
have taken place as both segments of the domestic-based tuna longline fishery have
encountered significant problems relating to both the resource and price.
The catch rates of major fleets targeting albacore for cannery and domestic markets have
been dropping for the past two years. This follows moderate increases in catch rates after
hitting rock bottom in 2003—2004 (Figure 13).
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Figure 13: Nominal Albacore Longline CPUE

!
Source: Hampton and Williams (2008)

In the tropical offshore bigeye/yellowfin-target fishery preliminary catch data for Papua New
Guinea vessels in 2007 indicates a drop in combined CPUE for these two species of 37
percent from 2006 levels (OFP 2008). An earlier drop of nearly 50 percent from 2003 to
2005 coupled with the rise in fuel and other expenses caused a significant proportion of the
fleet to cease operation. Some companies went bankrupt while others struggled (Lindley et
al. 2006).
Similar catch and effort data for discrete segments of Asian fleets operating from bases in
the Pacific islands are not available in the public domain, but longline CPUE has been
generally trending downward for both yellowfin and bigeye over the last decade for the
distant water fleets. An example of this trend for the high-value bigeye species caught by the
major distant water fleets of Japan and Korea is shown in Figure 14.
Figure 14: Bigeye CPUE for Japan and Korea Longline

!
Source: Hampton and Williams (2008)

The decline in CPUE in many longline fisheries does not, however, tell the entire story. In
addition to species composition and quality, another important biological factor in the
economics of longline fishing is the weight of individual fish captured. The Oceanic Fisheries
Program at the Secretariat of the Pacific Community has calculated that the average weight
of yellowfin caught by longline across the WCP-CA has fallen by almost 5 kg since levels of
the late 1990s.
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Unlike purse seiners that have experienced sustained high prices during the recent period of
increased fuel costs, longline vessels have been faced with a stagnant market for sashimi
grade fresh yellowfin and bigeye and only moderate increases for frozen albacore used for
canning. The average prices received in Japan for yellowfin and bigeye have, with a few
exceptions, been more or less stagnant since 2005. Market developments are discussed
further in section III of this chapter.
a. Operational and Technical Changes by Longliners
Faced with resource problems and stagnant fish prices, it has been difficult for longline
operators to adjust fishing activities to counter the added expenses resulting from increased
fuel costs. Some problems are structural, e.g. longline vessels in some domestic fleets have
been adapted from other fisheries and are not necessarily fuel-efficient for longlining use10.
Even vessels that were originally constructed as tuna longliners may have been built for
fisheries with different operating economics, such as delivering the catch directly to landing
ports closer to markets where operators did not have to contend with onward transshipping
and air freight costs.
The shifting economics of the fishery have resulted in macro adjustments by some large
fleets with significant financial resources, while operators with limited resources have been
limited to making what adjustments they can to vessel operations.
The larger fleets operating from domestic bases in the Pacific islands are represented by the
Chinese and Taiwanese. In Fiji, one large fleet ostensibly owned by the government of
China’s commercial fisheries corporation has been instituting a fleet replacement program
aimed at improving overall financial performance. The newer, larger vessels are capable of
staying at sea longer and deploy more hooks than the smaller vessels of the current Fijibased China fleet. As a result of longer periods at sea, the product delivered is mostly
frozen, with only the last few sets made for fresh, sashimi-grade fish. The company also
instructs its captains to cease operations for a few days where possible during periods of low
catch11.
This larger fleet possesses financial resources that enables it to pay cash for fuel, reportedly
resulting in lower prices from suppliers. In perhaps the most major adjustment to high fuel
costs, the company indicated they are planning to commence operations in Vanuatu so as to
be based closer to the fishing grounds and eliminate at least 4 days steaming time for a
normal trip.
The ownership structure of the Fiji-based Taiwanese fleet is quite different than that of the
Chinese fleet described above: independent vessel owners for the former versus mainly a
state-owned enterprise for the latter. Nevertheless, the Taiwanese are likewise increasing
the capacity of their vessels and shifting operations towards more frozen fish. The objective
is to access sashimi markets for fish frozen and held at minus 50 degrees Celsius, versus
the current minus 30—35 where the catch is usually sold as a lower grade. This shift in
production can result in trips of up to 3 to 4 months’ duration, a significant increase from the
current 30—40 days per trip. Such a shift will also require refueling at sea, and a potential
lessening of dependence on the shore base in Fiji.
In contrast to the foreign large fleet operators, domestic-based companies with either a
smaller numbers of vessels, fewer financial resources or both, are limited in the available
adjustments they might make to combat increases in fuel prices. As an example, operators
in Fiji have undertaken procedures or activities in two main areas: (1) trip planning and
execution, and (2) adjustments to fishing activities. Discussions with operators indicate that
10

For example, some former small (about 50-80 gross ton) Japanese pole-and-line vessels converted to
longliners in Fiji and Papua New Guinea were fitted with larger engines more suitable for chasing skipjack
schools than operating as longliners.
11
In this fishery, these periods are reported to be during the full moon.
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in all cases, meetings or discussions are held with captains to impress upon them the
importance of conserving fuel.
In planning fishing trips, domestic companies have used one or more of the following
strategies to combat the high price of fuel:
•

Use of Automatic location communicators (ALCs) placed onboard to enable the
home office to cut down on fuel usage by monitoring vessel speed and tracks

•

Consolidation of catches from two or more vessels at sea and subsequent transport
to port by one vessel, enabling the remaining vessel(s) to continue fishing operations

•

Planning for arrival at the conclusion of a trip to reduce the incentive for skippers to
increase transit speed so as to arrive early and create extra time in port

One company has tried to educate captains by explaining fuel consumption curves relating
consumption to engine speed, and gives a small bonus to captains who keep fuel
consumption below a certain level. Instructions to captains have commonly included one or
more of the following directives:
•

Undertake fishing activities closer to port

•

Reduce or eliminate exploratory trips to discover new fishing areas

•

Limit speed, particularly when departing and returning to port

•

Shut down the main engine and drift whenever sea conditions permit this to be
carried out in a safe manner12

In addition to these measures one local company based in Fiji has started using a flapped
rudder to increase maneuverability of their longliners and reduce the need to use excessive
engine throttle when turning back to haul or set the line. The mechanism consists of a flap
similar to that found on an aircraft wing which is mechanically linked to the rudder stock.
When the helm is turned a certain angle the flap turns through a slightly greater angle,
increasing the turning thrust of the rudder without risk of stalling. Preliminary results are
reported to be positive, but no quantitative data was available.
Figure 15: Flapped rudder system

Source: With permission of Deflector Marine Rudder Inc, http://www.rudderpower.com

12

What is considered “safe” may vary considerably, with weather, vessel size, and the proximity to potential
assistance being major considerations. For small vessels without auxiliary generators, this tactic can result in
drifting at night with no lights, a potentially dangerous situation.
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b. Implications for Fishery Resources from Practical Changes in
Longline Fishing Activities
The implications for fishery resources resulting from some or all of the adjustments to
longline fishing activities described above are difficult to quantify. Three general areas that
may have an impact on resources are identified:
•

Localized depletion of tuna resources. Should a large amount of effort be undertaken
in a particular area, such as a region in close proximity to port, the depletion of tuna
resources could result in significantly reduced CPUE.

•

Increased control of shore-based managers on fishing activities. The greater amount
of scrutiny that managers are giving to fishing operations as a result of the
heightened need to limit fuel consumption may result in a tighter control on fishing
activities. For example, sets that target sharks rather than tuna but which do not
contribute to the vessel’s profitability may not be tolerated by managers who have
tended to tolerate this practice in the past.

•

Potential increase in effort directed at bigeye rather than albacore for Taiwanese
vessels. The ability for a newer segment of the fleet to maintain catch at minus 50
degrees Celsius could place added pressure on bigeye stocks as vessels try to
maximize the value of longline catch.

3.
Small scale fisheries
In small scale fisheries changes as a result of fuel price increases have been mainly
operational, although fuel consumption is clearly becoming an important factor when making
technology choices.
The single most frequent response to increasing fuel cost has been to minimize the distance
traveled to fishing grounds, either by moving the operational base for vessels or by
abandoning more distant fisheries in favor of closer ones.
In Papua New Guinea when fuel was less expensive fishers in Madang reported that they
would travel up to 40miles to fish on shallow reef areas. Increases in fuel price, coupled
with opportunities associated with FADs installed by the EC Coastal Fisheries Development
Program, have provided incentives for fishers to remain within about 20miles of their base
port.
Fiji spear fishers have in some cases completely re-organized their operations and moved
from being based in Suva to Nabouwalu on the neighboring island of Vanua Levu. The
fishing grounds accessed from Nabouwalu are the same as those that they had previously
fished, but with significantly less distance to travel: fuel consumption was reported to have
been cut to one fifth of that whilst based in Suva. However being based in Nabouwalu
means that fish must be transported by road to Suva, including an expensive ferry crossing.
The case illustrates the ability of small scale fisheries to rapidly change operations in
keeping with changing economic conditions, something which would be much harder for
industrial fisheries to achieve.
In RMI fishers based in Arno atoll reported that as fuel prices have increased they have
concentrated their fishing effort on grounds nearer to their home base and no longer visit the
more distant motus in the atoll.
In some cases fuel prices have resulted in changes of fishing method to try to reduce
operating costs: in Fiji small scale fishers focusing of the FAD fishery (based in Suva) have
reduced time spent trolling as fuel prices have risen, in favor of hand lining (around the FAD)
or even reef based spear fishing.
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It noteworthy that fishers involved in FAD fisheries in both Fiji and PNG were very clear that
without the FAD, fishing for large pelagics (especially trolling) would be completely unviable.
This poses a particular problem as in both locations the maintenance and replacement of
FADs is uncertain. In the past they have been installed through support for private sector
partnerships, government assistance and game fishing clubs and there is no recurrent path
which might guarantee the continuation of the fishery. The cost of the installation FADs is
significantly beyond that which might be funded directly by the fishery.
Other fuel saving measures that have been considered by fishers have included changes in
engine technology. The vast majority of the small scale fishing vessels that are involved in
commercial fishing are powered by two stroke outboard motors of 25-60HP, the most
popular model being Yamaha’s Enduro. The engine is well proven in small scale fisheries
applications and given the appropriate care and maintenance is reported to last over 8
years. Options that could result in fuel savings include other makes of two stroke outboard
motors, four stroke outboard motors and inboard diesel engines. In the urban focused
fisheries contacted during this study there was no mention of returning sail or even
motor/sail combination.
Although changes in engine technology had been considered, the study team did not
encounter any case where a change had actually been instigated, apart from one FAD
based fisher who had changed from a Yamaha to a Tohatsu two stroke motor, resulting in a
fuel saving of 13-25%. There was no reported use of four stroke motors in any of the
fisheries. The reasons given for this were simple: (i). the increased cost of a four stroke
motor (about 60% more expensive) was seen as difficult to justify and (ii) the savings that
might be achieved were uncertain. Fishers were not sure if there would be any real net
benefit. Real fuel savings through the use of a four stroke engine would be of the order of
30-45% [42],[37] over that achieved using a two stroke engine and the difference in cost
would be compensated by fuel savings after about 250-300hrs of operations13. The use of
inboard diesel engines was not considered by fishers to be remotely viable on account of
engine costs and the need for a more sophisticated vessel.
In Fiji FAD based fishers also reported some changes in marketing strategy as result of fuel
price increases. In an attempt to maximize the value of catch, when time permitted, fishers
tried to sell as much of their catch as possible directly to consumers.

E.
Market Changes in Response to Increased Fuel Costs
As shown in sections D.1 and D.2 above, different conditions have affected the purse seine
and longline fleets in the WCPO with respect to the availability of tuna resources and the
trends in prices paid for their products. Increased catches by purse seiners have been
accompanied by rising prices for the main catch component, cannery grade skipjack.
Stagnant prices in Japan, the major market for sashimi grade fish, have plagued longliners
at a time when stocks for major tuna species continue long term declines. Longline vessels
relying on markets for cannery grade albacore have not fared much better, as there have
been only modest increases in frozen albacore prices since 2005 for vessels fishing in the
WCPO.
In order to better understand the relationship between product prices and the fuel
component of production costs, it is necessary to first review the factors that have an
influence on prices. In so doing, it is understood that while supply and demand are the two
major driving forces in the industry, the following description of factors influencing fish prices

13

Estimate based on data from PNG small scale FAD fishery, using local fuel and engine costs at October 08
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is an oversimplification of a topic that would require more investigation and discussion than
is appropriate for this report14.

1.

Purse seiners

a. Price Histories
In the WCPO Bangkok is described as the price leader for cannery grade tuna (Squires et al.
2006). The annual raw material requirement for tuna by canneries in Thailand is about
850,000 to 900,000 tons. The price history for Skipjack C&F Bangkok is illustrated in Figure
16 below, together with the price history for bulk diesel in Singapore.
Figure 16: Skipjack (4-7.5lbs) prices, Bangkok
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As mentioned previously there have been very positive developments in prices for cannery
grade tuna, especially since early 2006 to 2008, which appear to reflect the development of
fuel prices during the same period.
b. Factors Contributing To Fluctuations In Prices For Tuna For Canning
There are many factors that contribute to price determination in both canning and fresh
markets.
i. Market Structure
A consolidation of buyers for cannery grade tuna in the WCPO has led to a restructuring of
the supply chain during the past decade and an increased role for the three trading
companies dominant in the market. These companies are responsible for 75 to 80 percent of
the supply to Bangkok canners, and collectively have a vested interest in seeking a degree
of price stabilization. Whether this concentration of trade may result in the manipulation of
the price for cannery grade tuna (including controlled responses to production costs) is open
to question, and is a subject far too broad to address in any detail here. However it is
14

For example, world markets for cannery grade skipjack are described as “spatially integrated”, i.e. price
differences between spatially separated markets (say, Bangkok and South America or American Samoa) are
close to the difference in transportation costs to the different markets; while markets for the usually higher-priced
yellowfin for canning are not spatially integrated (Jeon et al. 2008).
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recognized that the nature of the business, particularly the reliance on volume, the need to
supply to canneries worldwide, and the high costs of transportation and storage, can
mitigate against extensive manipulation of supply.
Another factor indirectly affecting cannery-grade tuna prices has to do with preferential trade
systems and tariffs that are imposed on canned tuna. The systems governing the imposition
of tariffs, including the various free trade agreements in force, affect many producing
countries and groupings of countries differently. Such agreements can have an impact on a
particular processing country’s ability to pay competitive prices for raw materials and
respond to changes in production costs. Those countries most disadvantaged in the EU
market are the large producers in Asia, particularly Philippines, Thailand and Indonesia,
whilst product from WCPO (including that from PNG) which enters the market with
preferential tariffs established under the Cotonou Agreement [46].
ii. Demand
Demand has been influenced by:
•
•
•

Consumer sensitivity to price, and the impact of exchange rate fluctuations. The increase
in canned tuna consumption in Europe during the past 6 years mirrored a 65 percent rise
in the Euro against the US dollar during the period.
Changes in consumer preference in US and European markets
Growing non-traditional markets for canned tuna, notably South America and the Middle
East (Rehim and Sengupta 2008).

iii. Supply
The availability of product has been influenced by:
•
•
•

•

Catches in other oceans. During 2007 there were poor catches by purse seiners in the
Indian Ocean and the Eastern Pacific Ocean (EPO).
Imposed fishing bans. Purse seiners fishing in the EPO are subject to a 2-month ban on
fishing on FADs.
Switching target species. Newer generations of Taiwanese longliners are capable of
deep freezing tuna for sashimi markets. This enables vessels to switch targets away
from albacore and target higher value bigeye and yellowfin for sashimi when market
conditions are favorable for the latter species. The incentive to focus on higher value
species may have increased in the context of rises in fuel prices.
Voluntary fishing stoppages. Should prices fall World Tuna Purse Seine Organization
members discuss temporary tie-ups (WTPO) remained in port for extended periods to
lessen supply in an attempt to drive up prices. Similar action is discussed whenever
prices fall for extended periods.

Although it has been beyond the scope of this study to produce quantitative arguments as to
the influence of fuel price rises on the market for canning grade tuna, it is considered that
high European demand, which has not in the short run been met by corresponding supply
increases, has been the most significant driver of the positive price development in the
fishery and the direct impact of increased production costs has been negligible. The
development of prices has however been very fortuitous for vessel operators. The lack of
influence of short term variation in fuel costs on product prices in the industrial sector has
been verified in other studies such as [45].
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Longliners

a. Price Histories
Figures 17 and Figure 18 depict the average monthly prices for Japan fresh monthly imports
of yellowfin and bigeye, respectively15.
Figure 17: Fresh Yellowfin Average Monthly Japan Import Prices

!
Source: Forum Fisheries Agency (2008)

Figure 18: Fresh Bigeye Average Monthly Japan Import Prices

!
Source: Forum Fisheries Agency (2008)

Bigeye prices are characterized by short term spikes, that occur primarily on the basis of fish
quality and market demand, but it can be seen in Figure 18 that average prices have been
relatively flat over the period, reflecting the sluggish Japanese economy.
Frozen albacore prices in Bangkok since 2005 are shown in Figure 19. While there were
modest increases during mid-2008, prices did not reach the level of nearly $2,900 per ton
attained in mid-2006.

15

Figures XX and XX are presented to show market stagnation and represent indicative prices only, with some
sales costs removed.
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Figure 19: Frozen Albacore Average Monthly Bangkok Import Prices

Source: FFA published and unpublished data

!

Although US dollar prices for frozen albacore and fresh yellowfin have shown some positive
development since early 2007, the scale these increases is significantly smaller than global
fuel price increases during the same period.
b. Factors Contributing To Fluctuations In Prices For Sashimi Grade
Tuna
Japan remains the single most important market for sashimi grade tuna from the WCPO.
Secondary markets for this product also exist in North America and Europe, however access
is limited to those Pacific island countries with cost-effective air freight connections16.

•

i. Market Conditions
Exchange Rate. Unlike the world market for cannery grade tuna where prices are
expressed in US dollars, returns from the Japanese market returns are normally in yen
whilst fuel will be keyed to the US Dollar. Figure 20 depicts the impact of exchange rates
on returns in Fiji, based on gross prices for bigeye and yellowfin. As the Fiji currency
appreciated against the yen up to about mid—2007, the returns on a F$ per kilogram
basis declined. Assuming no major price declines, one could expect increased returns to
result from a weakening Fiji dollar after that period.
Figure 20: Impact of Japan—Fiji Exchange Rates on Gross Returns

Source: Solander Fisheries
16

A third market exists for lower grades of tuna not marketable as fresh in Japan. This segment
involves the processing of tuna with carbon monoxide to enhance its color, and the freezing and
subsequent shipment of the frozen product to primarily North America.

Final Report, April 2009

Energy Costs and Fishing
•

•

39

Retailers sourcing ULT product. In the Japanese sashimi market there has been a shift
in retail structure that has brought about changes in marketing which in turn has had an
effect on prices. The major change has been in price setting by supermarkets that utilize
primarily tuna that are deep—frozen at sea, the so-called ultra—low temperature or ULT
tuna. In the case of supermarkets, prices with suppliers are fixed in advance and supply
arrangements made with domestic as well as overseas suppliers. The result is a stable
price for consumers, but an inability of the market to adjust to increased vessel
production costs (Campling et al. 2007).
ii. Demand
Japanese economy. Sashimi grade tuna prices in Japan have been unable to react
positively to increased costs of production, primarily due to an extended slowdown in the
Japanese economy as illustrated in Figure 21.
Figure 21: Yen—US$ Exchange Rate and Japan’s Real GDP Growth, 1971—2004

Source: Campling et al. (2007)

•

•
•

Seasonable variables in markets including New Year, Golden Week holidays
iii. Supply
Resource constraints. The outlook for bigeye stocks in the WCPO are not positive, with
both CPUE and average size for longline caught fish declining.
Air freight availability and cost. New generation twin jet operations have reduced freight
space available on passenger services as compared with older planes.

Again there is no evidence to suggest that increased production costs have had any impact
on prices in the longline fishery and low demand due to poor economic conditions in Japan
is considered to be the main cause of generally neutral price development. The fall in value
of the Yen against the US dollar (the currency in which international oil prices are quoted)
over the period in analysis has made relative price development less favorable.
Analysis made by Paquotte [47] indicates that the development of demand is the
determinant factor in setting the price in fisheries and that the ability the ability to pass on
cost increases depends on the positive evolution of demand for the product. He points out
that it is more easy to pass on production cost increases when the demand is strong, and it
is almost impossible when the consumption trend is negative.

3.
National markets (small scale fisheries)
On domestic markets it is more likely that the impact of increased production costs on fish
prices will be in evidence on account of the relative homogeneity of the suppliers (they are
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all in the same economic environment) and consumer preferences that may be less
favorable towards substitute products for cultural reasons. During the study detailed long
term market data was obtained only for Fiji and the historical development of prices are
illustrated in Figure 22 below, together with the price of premix fuel. It should be noted that
prices have been normalized against August 2003 values to give a clearer picture of how
they have developed.
Figure 22: Retail fish prices, Suva, Fiji

Sources: Shell Fiji Retail Premix Prices. Ministry of Fisheries & Forest Retail Market Price Database.

During the period fuel prices rose a little under 50%, and the price for yellowfin and groupers
rose approximately 50% and 35% respectively. The development of the price for emperor
fish was not so positive and rose only 20%. The general tendency shown by the fish and
fuel prices is not dissimilar, and the yellowfin price in particular has shown a comparable, but
lagging, historical trend, including a drop in price in 2007 and subsequent recovery.
Tuna prices may well have been subject to some influence from the industrial sector, not
only as a benchmark but also a refuge market.
In the case analyzed it is reasonable to conclude that increases in production costs have
had some influence on product prices.
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IV. REDUCTION OF EXPOSURE TO ENERGY COST FLUCTUATIONS
There are a wide range of measures that can be taken by fishers, fleet managers, vessel
owners, fisheries managers and policy makers that can help to attenuate the impact of
energy price fluctuations. Some of these have already been implemented in the WCPO and
have been touched upon in the previous sections. This section of the report presents a
summary of these and other relevant technical, operation and policy measures that may
reduce exposure to changes in energy costs and discusses their relevance to fisheries in the
region.
A.

Vessel Related Technical Issues
1.

Engine and Propulsion

a. Capacity
The suitability of engine capacity to the vessel is fundamental to ensure minimized fuel
consumption whilst maintaining operational functionality and safety. For larger vessels such
as tuna purse seiners there is no simple guideline to help establish the recommended main
engine power, and it is more effective to look at service speeds. Depending on the hull form,
the main engine should be sufficient to give service speed (measured in knots) of between
1.98 and 2.36 x √(Waterline length in meters) when operating at 80% of MCR. More than
this will normally be unnecessary unless safety considerations such as frequent bad
weather, require a large reserve of power.
For smaller vessels such as longliners (up to 22m LOA) a simple guideline for the correct
installed power is that the main engine should not exceed 6.6HP per tonne of displacement,
when operating in tropical conditions. [37]
As mentioned above the over-capacity of engines is particularly relevant in the WCPO,
especially in some national longline and group purse seine fleets which have a proportion of
vessels operating that have been converted from other applications. As an example, in PNG
older service vessels in the purse seine fishery, which have been converted from the
Japanese skipjack pole and line fishery where speed required to chase fish schools and is a
major consideration, have up to 700HP installed in a 21m vessel, whilst newer service
vessels in the same fishery have as little as 300HP installed in a vessel of 22.5m LOA. The
larger engine can be run at lower rpm in to maintain a reasonable service speed, but as
described in [37] this will lead to two inefficiencies:
(i). the engine will not run efficiently at low load, and it would be better to have a smaller
engine run at 80% of MCR to achieve the desired service speed;
(ii). The propeller and gear box will have been designed for a higher service speed and
running at a lower speed will be less efficient, leading to higher fuel consumption.
In addition to this a more modern engine will incorporate on more advanced combustion
technologies and engine management systems and would be more efficient.
In small scale fisheries there may also be apparent overcapacity - in Fiji’s motorized spear
fishery a 7m fiberglass skiff may have an engine of up to 60HP, which could be considered
excessive. Operators however insist that this level of power is necessary to ensure fast
transit times and to evade clashes with resource owners.
In principle engine over capacity could be avoided through administrative means and
national vessel registration and licensing bodies could establish acceptable key indicators
for particular types of vessels and avoid the entry of inefficient ships into national fisheries.
Once they are in however correction of over capacity is expensive to resolve, and may
require interventions such as re-equipment financing facilities.
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b. Engine Type
In industrial fisheries there is no real choice as to the type of engine that a vessel owner
could install, and the vast majority of vessels are equipped with high speed diesels. Medium
and slow speed diesels17 are more economical but are only suited to larger vessels. For
EEZ/High seas purse seiners it may be possible to consider medium speed diesel engines.
These have the advantage of being able to burn lower (cheaper) grades of fuel as well as
being around 8% more economical. The gain however may be partially offset by increased
weight.18 [36].
Electronic engine management technologies can improve fuel efficiency and reduce both
NOx and noise emissions. Electronically controlled common rail engines are also less
susceptible to changes in fuel quality and better able to adjust combustion to suit load
conditions than mechanically governed engines. The technology is however better suited to
medium or low speed engines. In small scale fisheries the choice is wider and includes two
and four stroke gasoline outboards and smaller diesel inboard engines. In the range of two
stoke outboards newer technology such as direct fuel injection is beginning to appear, but
only in more powerful models (>100HP) and is therefore of limited relevance. Although four
stoke outboards are more economical that is a penalty in terms of cost, weight and
maintenance. Table 5 summarizes some of main differences.
Table 5: Comparison between engines for small scale fisheries
Typical cost
Relative fuel consumption/a
Fuel
Noise
Speed keeping
Weight
Installation

2 Stoke OBM
US$3500 (40hp)
1
Requires premix
Noisy under load
Fair
Light
Easy

Maintenance
Simple
Other
Easy to target fuel subsidies.
/a for similar performance. Source: [37]

4 Stroke OBM
US$5,600 (40hp)
0.6
Gasoline
Quiet
Good
15% heavier than 2stroke
Easy
More complicated

Inboard diesel
>>
0.3
Diesel
Noisy
Good
Heavy
Difficult. Requires purpose
designed vessel.

From the above it is clear that the incremental capital costs of more fuel efficient
technologies make four stroke OBM and diesel inboard motors only applicable in fisheries
which require a high level of engine use. This would include fisheries where there are great
distances to and from fishing grounds, or the fishing method (e.g. trolling) requires constant
engine use.
It is worth noting that even within the engine types there are significant variations in fuel
efficiency. For example, newer Tohatsu two stroke engines are reported to be 13-25% more
economical than established Yamaha models.
Alternative technologies such as diesel powered outboard engines have been developed but
although they were extremely economical they were plagued by low reliability, complicated
mechanics, heavy weight and high initial cost. The air cooled models were also extremely
noisy.
17

Slow speed diesels are very large two stroke engines which work at 60-200rpm , use low grade heavy fuel and
are used only in situations where the power requirement is high and weight considerations are not important
such as power generation and very large ships. Medium speed diesels run at 300-1000rpm and will often be
used for power generation and ship propulsion. High speed diesels run at 1000rpm and greater and will be used
in automotive transport, smaller ships and boats, pumps, compressors, generators etc.
18

A small 236Kw medium speed diesel engine from ABC is reported to be 500% heavier than the equivalent
power high speed engine [36].
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The use of more fuel efficient engines can be encouraged by governments through fiscal
incentives such as duty exemptions.
c. Fuel Grade
The use of cheaper fuel would reduce exposure to price fluctuations, but a mentioned in
section II the availability of these lower grades of fuel is becoming limited as supply
companies seek to rationalize their portfolio of products and thus increase stock turnover.
Price advantages are illustrated in Table 6 together with technical requirements.
Table 6: Comparison of fuels
Grade
Diesel (ADO)
Marine Gas Oil

Typical relative price
1
0.7

Energetic index/a
1
1.02

Technical requirements

Other

Fuel heating, ignition
Higher sulphur content
additives
Marine Diesel Oil
0.6
1.05
Medium and low speed
Higher sulphur content
engines only
/a based on Lower Heating Value, a measure of the heat released during combustion (Mega Joules/Liter)
Source: [36]

The limited availability of MDO and MGO in the region limits their relevance as a viable
option to reduce energy costs in fishing. In the case of MDO the applicability is constrained
further still by the fact that it can only be used in medium and low speed engines, such as
those that might be installed in larger seiners.
d. Propeller installation
The specification and installation of the power train (engine, gearbox, shaft and propeller) in
an industrial fishing vessel is invariably given very detailed attention by specialized
engineers during the vessel’s design and construction. Incorrectly specified installations will
result in increased fuel consumption due to under or over loading of the engine and/or
propeller. Overloading of the propeller runs the added risk of cavitation19 resulting in
damage to the blade surfaces as well as inefficient operation.
The specification of the propeller needs to be checked and if necessary updated by qualified
engineers if either the engine or gearbox are changed, or if the vessel’s operating mode
alters fundamentally.
The basis of an efficient power train will be the installation of the largest propeller possible in
the aperture space, but still heeding appropriate hull and deadwood clearances. The pitch,
number of blades and gearbox should be chosen to absorb the power delivered by the
engine at operating speed, without risking cavitation. [37]
Inefficient installations are much more likely to occur in smaller scale fisheries, or when
vessels are constructed in informal boatyards.
e. Heat recovery
A significant amount of the energy in fuel is wasted in the form of heat, passing out of the
vessel via the cooling system or the engine’s exhaust. There is scope for the recovery of
some of these losses with corresponding savings in energy.
Options include:

19

The formation and collapse of vapor bubbles on the low pressure side of a propeller blade, associated with
overloading of the propeller and leading to erosion of the blade face.
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(i).
Exhaust turbine to generate electricity. This would depend on differences between
the engine exhaust pressure and the atmosphere and could be integrated into turbocharger
design (such that the turbocharger produced mechanical power in addition to pressurizing
engine air supply). Estimates suggest that fuel savings of up to 5% are possible. [36]
(ii).
Heat recovery from exhaust gasses via a combined cycle power plant. This type of
installation will use the hot exhaust gasses via a heat exchanger to power a turbine for
mechanical or electrical power. The principle is well established on larger engines and
significant energy savings can be made.
(iii).
Absorption refrigeration: This is a relatively new technology that uses heat from the
engine’s exhaust to power refrigeration equipment. One manufacturer [48] claims that
refrigeration power available is 0.1-0.3 times the main engine power - potentially a very
considerable saving. This type of technology could represent a very significant and
worthwhile savings for both ice carrying and chilled seawater tuna vessels. However at the
moment there are few proven manufactures.
f. Alternative fuels
Of the available alternative fuels bio-diesel from coconut oil is the most relevant to fisheries
in the WCPO region. High speed diesels require little or no technical modification in order to
run on a blend of normal diesel and coconut bio-fuel [49]. However if the engine is to run on
pure coconut oil modifications necessary include fuel preheating, and either the changing of
the injection system or the installation of a system that allows the engine to start and stop
on conventional diesel [49]. The use of coconut oil as a bio-fuel requires higher loads as low
loads result in deposits in the combustion chambers and reduced engine life [49].
Although coconut bio-diesel has a lower calorific value than red diesel its lubricity tends to
increase the efficiency of the engine and yielding a similar net performance [50].
Savings from the use of bio-diesel fuel will be completely dependant on relative prices of biodiesel and conventional diesel. At the time of writing the demand for coconut bio-diesel was
increasing and the price differential compared to normal was becoming very small. The
international market price for coconut oil is very supply dependant and had oscillated
dramatically in the recent past. In October 2008 coconut oil was quoted at US$640 per
tonne CIF Rotterdam, having been at US$1,500 per tonne in April of the same year[51]. One
study concluded that “in relation to the cost effectiveness of the two types of bio-fuels, it is
fair to say that neither will undercut fossil diesel in the short term, and therefore will not be
used by the fishing industry” [50].
Other potential sources of bio-fuels include micro and macro-algae. Macro-algae (seaweed)
are the focus of some attention in several countries including Korea, Indonesia, Israel and
Italy, and in the future may be of particular relevance to PICs considering the abundance of
sea space and general shortage of land - a key resource for the production of micro-algae.
The use of bio-fuels could be encouraged through favorable pricing arrangements,
assistance in the conversion of engines and demonstration programs. If nationally produced
bio-fuels are to be a serious alternative it will also be necessary to pay due attention to
levels of production.
g. Sails
A return to the exclusive use of sails in WCPO small scale fisheries is considered extremely
unlikely, especially as fisheries such those around FADs require that vessel travel
considerable distances and return in the same day. The use of sail in conjunction with an
outboard motor however represents both significant potential fuel savings as well as an
increase in safety. Depending on wind strength and direction, sail assisted propulsion can
result in fuel savings of up to 80%.
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However the use of sails is not without costs and, to be effective, vessels need to be
designed and constructed with sails in mind. The grp skiffs used in many of the small scale
fisheries in the region are not very well suited to the retrofitting of sails, lacking adequate
structure and an appropriate hull form. Sails themselves are an extra investment item and
inconvenience operations when not in use by occupying space on the vessel. In addition
sailing requires not only knowledge and experience but also physical effort and the reality is
that it is invariably easier to motor [37]. The sailing culture has been very strong in the
region in the past, but in order for sails to be a viable fuel saving option fishers must be both
able and willing to rekindle some old skills.
The use of sails could be encouraged by measures including: training and awareness
raising; experimentation to identify the most suitable rigs, hull modifications and operating
patterns for particular fisheries, administrative measures such as a licensing obligation to
carry a sail. It should be noted that in the 1990’s FAP supported a program to promote the
use of sails as emergency propulsion, but uptake was extremely limited primarily due to the
inconvenience of carrying the rig when it was not in use. [63]

2.

Hull

a. Form
Basic hull parameters will have a significant impact on fuel consumption. Although these
can not be changed during the life of a vessel, they should be considered when designing or
purchasing a new ship. The longer and thinner the vessel the less its hull form and wave
making resistance, and length to beam ratios should be 3 between 3: to 4:1. The reduction
length to beam from 3:1 to 2:1 can result in fuel cost increases of over 150%. Again there is
some trade off and longer thinner vessels generally will have less hold and machinery
space.
b. Bulbous bows
Bulbous bows can offer some fuel saving advantages to vessels operating under certain
conditions through the altering of wave making patterns and reduction of wave making
resistance. Vessels more likely to benefit are those of full form (high block coefficient20)
traveling at relatively slow speeds for the length of the vessel. For more slender hull forms a
bulbous bow would present lesser benefits and at higher speeds. For a typical fishing
vessel with a waterline length of 15m, a bulbous bow would be advantageous at speeds of
about 7 knots or more. Below this it would increase fuel consumption [52]. Practical fuel
saving will be more significant if the vessel spends much of its operating time at this speed
or higher and are unlikely to surpass 5%.
Although bulbous bows can be retrofitted to vessels, care must be taken as the best design
for a given hull form and application is not something that can be taken “off the shelf”. The
design process for an optimized bulbous bow would involve model scale tank tests, at
considerable expense.
c. Weight
Increased weight of vessel will have a negative effect on fuel consumption due to increased
drag and, in extreme, poor water flow around the aft section of the vessel. Estimates
suggest that at 9 knots a 2% increase in weight increases the required power by the same
amount. [52] Although it is difficult to reduce vessel weight once constructed, this is a factor
that should be considered when fitting new machinery during refit - significant reductions in
weight will bring fuel saving benefits.
20

(Displaced volume) ÷ (length x breadth x draft)
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d. Rudder and External appendages
The design and installation of the rudder and other appendages such as cooling water pipes
can have significant fuel consumption impacts.
A simple flat plate rudder will consume 2-4% more power both in turns and whilst cruising in
a straight line than one with an aerofoil section. For vessels whose operating pattern
requires a lot of turning, such as long liners, flapped rudders, as described in section III.D,
may bring some further advantages.
External engine cooling tubes have been estimated to absorb up to 2-3% of total engine
power at cruising speeds due to increased drag, with commensurate impacts for fuel
consumption. The impact can be minimized by either using a different method of engine
cooling or at least taking great care to ensure that cooling tubes are aligned to the water flow
over the hull.
The detail of the installation of rudders and other appendages is considered to be very
relevant to WCPO fleets, especially long liners. The fact that one company has already
started to experiment with flapped rudders is very positive and it would be beneficial if fuel
saving results could be shared with other vessel operators.

B.

Operational Issues

1.
Speed
Vessel speed is the most important factor influencing fuel consumption that is under the
easy and immediate control of the vessel’s operator. Fuel consumption over a given
distance rises approximately with the square of the speed, i.e. doubling the vessel speed will
increase fuel consumption by a factor of four. Even small changes in speed may result in
worthwhile fuel savings. For example a 6% reduction in speed from 9 to 8.5 knots should
result in savings of 11%. In practice savings can be even higher than this due to complex
interaction between propeller and hull and changes in efficiency of the propeller as load
reduces. One set of trials ([20] in [35]) found that a 10% reduction in speed gave a fuel
saving (per nautical mile) of 28%.
Speed reduction is a measure that can only be implemented and enforced by vessel
operators themselves. There will of course be costs associated with slower speeds, namely
longer time at sea (with possible quality or marketing implication), less time fishing, or less
turnaround time between trips. An important factor in the success of speed reduction is the
allocation of benefits: if fuel is saved does the master or crew benefit through the sharing
system? If benefits at this level negligible (or zero), and accrue only to company share
holders, it will be difficult to control speeds.
The measure is extremely relevant to WCPO fisheries as longliners, seiners and small scale
vessels can spend significant amounts of time traveling to and from fishing grounds. The
degree of savings will depend on individual operating patterns (current speeds and
distances traveled) and the amount of extra time at sea that the operator of the vessel is
prepared to accept.
2.
Fleet operations
Adjustments to fleet operations can have an impact of fuel consumption. As outlined in
section III.D some longline operators in the region have already made moves to consolidate
catches from multiple vessels at the fishing ground and use only one vessel to bring fish
back to base. This may be one of the vessels from the fishing fleet or a specific service
vessel. The concept of consolidation is particularly relevant when hold space or age of
catch is the limiting factor determining trip length, as once transshipment has taken place to
the service vessel, the fishing vessel must still be able to continue operating.
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Fuel savings from the use of one vessel should be significant especially if the vessel is able
to consolidate the catch of several fishing vessels, thereby saving an equal number of return
trips back to base port.
Arrangements to consolidate catches can present problems for fisheries managers as it can
be more difficult to monitor vessel activity. However providing there are compliance
observes present on the offloading fishing vessels and / or on the service vessel it should
still be possible to maintain catch control.
For the vessel operators consolidation of catch at sea brings the risk of quality degradation
due to the loss of temperature control of catch, a fact which has led one company to
abandon the initiative.
Even in EEZ/High seas purse seine fleets the location at which catch is consolidated and
transshipped can have a bearing on fuel consumption. As Krampe [29] points out, fuel
consumption will be minimized when transshipment can take in a port as near as possible to
the fishing grounds. The ad hoc changing of transshipment port location according to fishing
locations may however not be that easy as prior arrangements have to be made with the
refrigerated fish carrier, and national administrative procedures need to be followed.
Group purse seine operations such as those in PNG waters are already based on the
transfer of catch at sea from fishing vessels to service vessels, and the seiners vessels will
only come into port under exceptional circumstances.
3.
FADs
The use of fish aggregating devices in the purse seine and small scale tuna fisheries is both
well known and well understood in the region. Fuel savings are in principle a direct result of
FAD usage as
(i).

There is less need to hunt for fish. Vessels need visit the known FAD locations only

(ii).
The likelihood of a successful purse seine set (one in which fish are caught) in the
vicinity of a FAD is above 90%, whereas the probability of a successful set on a free
swimming school is less than 60% (Indian Ocean data) [53]. It should however be noted
that as illustrated in Figure 12 the percentage of sets which are made around FADs in the
WCPO does not show any significant increasing trend.
Small scale fishers involved in trolling or hand line fisheries for tuna in PNG and Fiji were
very clear that their fishery depended completely on FADs, and without it the fuel cost of
trying to catch free swimming fish would be prohibitive.
Costs associated with FADs include initial construction, installation and maintenance, all of
which could be considered government responsibility if the FAD program was for a public
good (such as food security) [54]
4.
Individual fuel supply
Individual fuel supply arrangements can help larger fishing companies minimize exposure to
fuel price fluctuations by obtaining more favorable prices through:
(i).

A more direct supply chain with fewer commercial margins / less taxation;

(ii).
A more responsive supply arrangement where the benefits of falling prices are
passed on quicker to customers or
(iii).

Favorable payment and delivery conditions

High seas bunkering is one of the shortest fuel supply chains available but is usually only
practical for EEZ/High seas purse seine fleets. Savings depend upon the level of taxation
and commercial margins at alternative supply locations.
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Direct importing of fuel for own consumption is a supply option that will appear very
favorable whilst fuel prices are falling. Assuming the company’s storage capacity is limited,
the direct importing of fuel will allow access to more up to date prices than those available
though national suppliers who will only make periodic imports or are subject to periodic
rather than immediate price revisions. Direct importing of fuel however will require special
concessions from government, storage infrastructure, working capital and even a fuel
transport vessel. It should be noted that some of the price benefits of direct importing are
reversed when international prices are increasing.
Many of the companies visited under this study were trying to get better fuel prices through
changing payment terms from credit (normally 30 days) to cash on delivery, which resulted
in a fuel cost reduction of about US$10/tonne of fuel.
5.
Maintenance
Maintenance of the hull and engine will influence fuel consumption. As mentioned above
hull condition will be a factor of surface roughness (which usually increases with age) and
marine growth. Surface roughness is usually due to the corrosion of steel surfaces, poor
paint finish and mechanical damage and is estimated to contribute to an increase in power
requirement for a given speed of the order of 1% per year, with the rate to increase declining
with the vessels age [37]. Although this increase is to a certain extent inevitable, it can be
minimized by maintenance and the replacement of sacrificial anodes (especially on steel
vessels).
The regular repainting of the underwater surface of the hull is essential in order to control
marine growth. Normally this should be done once per year but the requirement depends
upon the type of antifouling paint used and how local environmental conditions influence the
rate of growth. Self polishing anti fouling paint systems are particularly effective at
controlling marine growth over long periods (up to two years).
It is considered that even in areas where marine growth is slow it will be necessary to dock a
vessel for repainting at least once every two years, although it would be better performed
once every year. Amongst the companies visited most vessels were repainted annually
although some companies had started to dock vessels for this purpose only every two years.
Hull maintenance is relevant to fuel saving on any vessel and those fishing in the WCPO are
no exception. Unchecked (without antifouling) marine growth can increase fuel consumption
by up to 44% in only six months, but this will be greatly attenuated by antifouling. It is worth
noting that if maintenance funds are short, treating the forward quarter of the hull will yield
one third of the benefit of treating the whole hull, and that the cleaning of the propeller will
yield significant savings for a relatively small amount of effort.[25] in [37].
6.
Awareness & Knowledge
Several authors [55], [37], [52], [37] emphasize the importance of knowledge and awareness
relating to fuel saving issues. Some of the most important measures such as reducing
speed require that there is some self imposed control on operations, something which will
be very difficult to put into practice if the participants are not aware of the reasons for such
actions and the potential benefits .
It is not only important to be aware of measures that might save fuel, but it is also necessary
to know and monitor how fuel is being used. This can serve as a basis for verification of
savings and enable fleet and vessel operators to identify the moist effective measures for
that fishery. Understanding where energy is expended in a fishing vessel is the first step to
addressing fuel efficiency [56]
The development of awareness and knowledge can be actively supported by government
extension programs, via training, meetings and seminars and the publication of leaflets.
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C.
Policy Issues & Tools
The implementation of most of the measures described in the preceding sections A and B is
very much within the responsibility of fishing companies and fishers. There are however
policy related tools that can be used by fisheries administrators and governments to
contribute to the reduction of the impact of fuel price fluctuations.
1.
Sourcing
As described in section II national supply mechanisms play an important role in the
establishment of base fuel prices. Policy tools that have been either implemented or
considered include: competitive bidding for bulk supply contacts; national control of terminal
infrastructure; regional bulk purchase arrangements, and the allowing, under certain
circumstances, of individual direct imports.
Obviously all of these are relevant to the WCPO fisheries in general but not all PICs are in a
position to implement all of the measures. It would however appear to be of benefit to the
region as a whole to try to develop and implement regional bulk purchasing arrangements if
the impediments to success described in section II above can be overcome.
Opportunities may arise associated with such arrangements such as regional supply and
transshipment hubs that could further reduce fuel costs. [33]
2.

Price

a. Setting mechanisms
National price review mechanisms were the focus of some criticism from the industry during
the course of this study, the main problem cited being the tardiness of response to
international price changes. The study coincided with the beginning of price declines and
therefore delays were seen as a cost to the industry. The periodic nature of supply to PICs
implies that national prices can only change in keeping with the price of the latest delivery
and not the daily world price, unless the government is willing and able to absorb the costs
during a period of consistently declining international prices.
Under present supply arrangements there are no obvious opportunity for faster price
reviews. Should a regional supply mechanism be instigated, it may then be possible to
shorten the review period, but this will still depend upon the frequency of bulk supply.
b. Taxation / Subsidy
McCoy and Gillett [57] observed in 1998 that the taxation component of the fuel cost is
“perhaps the only item whereby fuel price can be made more attractive”. In the context of
the possibility of regional supply arrangements this may not be as globally applicable now as
in 1998, but it is certainly the case that the taxation component is the element of fuel cost
that is directly and totally under the control of national governments, and can be used at
short notice to alter fuel price.
Net taxation on fuel varies substantially between countries in the region, reflecting differing
dependence on fuel as a fiscal source, differing tax breaks, subsidies and political
objectives. It is not possible to propose or discuss idealized taxation levels here as there are
too many national factors that must be considered. However taxation on fuel can be used
as a dynamic tool to minimize fuel price fluctuations by reducing taxation as prices rise. A
fundamental question is whether or not governments should benefit from fuel price rises (or
lose out as prices fall). If the government should not benefit from increased fiscal receipts
during times of high prices, fuel taxation could be set at a fixed rate per tonne, rather than a
percentage of cost price. Consumers would still be exposed to variations in international
prices but these would not contain an equally variable taxation element. Such a system
would have the added benefit of stabilizing fiscal receipts, irrespective of fuel prices.
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An alternative approach would be to maintain percentage based taxation but establish a
mechanism whereby when fuel reached a threshold price (which could be established to be
relative to product value), taxation level was reviewed.
The targeting of tax concessions is always a difficult issue to confront. Not only are they
difficult to design and implement effectively but they are also difficult to police. In small
scale fisheries some targeting can be done through the selling of premixed fuel for outboard
motors. There is however a risk that some of this fuel will find its way into other two stroke
motors (such as small motorcycles). Tax concessions for industrial fisheries can be
implemented via specific outlets (such as the public fuel wharf) or even specific deliveries of
fuel to companies where the concession is included directly in the suppliers price, providing
there is compliance with basic administrative requirements, such once off registration with
the appropriate ministry. In this case, where fuel is delivered into company deposits, the
challenge is ensuring that from there it is used in the fishing vessels and not elsewhere.
Fuel prices could also be controlled by the implementation of subsidies, such as are
presently in force in French Polynesia [58]. However the permissibility of subsidies on fuel
under WTO rules [59]Annex VIII Art 1.1c is currently under discussion [60] and should this
become law, countries implementing such subsidies could be subject to penalties /
sanctions.

3.
Rational management
The optimal management of fisheries resources should lead to the maximization of
economic rents and private sector profits. Bertignac et al [62] found that even in 2001 levels
of effort were such that rents were significantly below their maximum values and that fishery
rent generated in the FFA region was maximized when total fishing effort was reduced to
around 50% of its 1996 level. His model indicated that reductions should take place in all
fleet segments except longline and that decreases in the level of purse-seine effort have a
significant positive effect on the profits of the fresh tuna longline fleet, but little impact on
pole-and-line or frozen longline profitability. The view that effort reduction is necessary in
order to make the fisheries viable is echoed in arguments put forward by the industry
association to the government in PNG [62].
Increases in fuel cost and corresponding increases in operating costs will have influenced
the results from bio-economic models such as that of Bertignac, and it is highly likely that if
the exercise was repeated today, the target levels of effort would lower still.
More recent studies [19] question the assertion that effort should be reduced in the purse
seine fishery, primarily on account of the fact that CPUE has been maintained over the past
years and in some cases increased. There is however a clear recommendation to “Place
greater emphasis on predicting economic outcomes…when designing and determining
management measures” and this should obviously include the impacts of increased
operating costs.
Recent bio-economic modeling cited in [44] noted that “effort reduction [in the purse seine
fishery] would increase net rental benefits from the whole fishery, but the gains would be
disproportionately achieved by particular fisheries and jurisdictions. The main advantages
would accrue to the high-seas frozen longline fishery while detrimental to the PNA EEZ
purse seine fishery. “
Whatever the case, it is important to be able to maximize rents so that the fishery will be
better able to cope with short term increases in production costs such as that caused by
recent fuel price rises. As mentioned earlier, catch (quota) management would have
perverse impacts on specific fuel consumption should CPUE start to decrease and from a
fuel considerations alone effort management would be more desirable. The Vessel Day
Scheme, currently under implementation in Papua New Guinea aims to manage effort in the
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EEZ purse seine fisheries in PNA countries, as well as create a market for effort between
participating states. The scheme will obviously aim to maintain or improve CPUE in the
sector as a whole although, as indicated above, costs and benefits will be felt unequally
across fisheries and jurisdictions.

4.
Incentives
Governments will be able to establish targeted incentives to encourage investment in and
use of fuel efficient technologies and practices. Some of these have been mentioned above
and include:
•

Training and awareness raising

•

Promotion of the use more fuel efficient engines through duty and tax exemptions as well
as financing arrangements

•

The supporting of programs to develop alternative fuels such as coconut diesel

D.

Other considerations

1.
Vertical Integration
It is worth pointing out that there are also opportunities for the reduction of the impact of fuel
price fluctuations that are not related to vessel operations or the policy environment. The
most relevant of these is diversification of investment to try to capture downstream value
added through vertical integration in processing and distribution. There are examples of this
in group purse seine fleets, and managers are of the opinion that when fuel prices remain
high the operation only survives through a cross subsidization of fishing operations from the
cannery.
2.
Benefits from high fuel prices
There are some benefits from high fuel prices which are worth pointing out:
(i).
Fiscal receipts. Whilst fuel taxation is calculated as a percentage of delivered price,
the government is a shareholder in the financial benefits from any increases. The higher
price will result in more tax revenue for the government, unless demand is particularly
elastic.
(ii).
Benefits for low energy fisheries. The analysis above showed that for Fiji at least
local markets had reacted positively to increases in operating costs, and fish prices have
risen in a way that is similar to that of fuel. Participants in fisheries that use particularly low
levels of energy such as tradition fisheries using sailing or paddled canoes will have
benefited from fish price increases with no significant increase in production costs. They
may however face increase in marketing expenses if fish is taken to market via motorized
transport.
(iii).
Effort reduction. As mentioned above, the current peak in fuel prices together with
dropping catch rates and stagnant market prices has let some parts of the longline fleet to
cease operation. This may have some beneficial impacts in terms of improved CPUE for
other operators who have remained in the fishery. It is worth noting however that the
although work of Bertignac et al [62] indicated that effort should be reduced in the purse
seine fleet, and markets for canned tuna have developed in such a way that fishing has
remained profitable in spite of fuel price increases.

Final Report, October 2009

Energy Costs and Fishing

52

V. CONCLUSIONS

1. International prices for bulk fuel have increased by a factor of 8 in the six years prior
to mid-2008. This change was far beyond the scale of influence of existing national
fiscal implements (such as tax reductions) and was largely passed on to fleets.
2. Historical fuel prices paid by companies show significant variations even within
countries, reflecting individual supply terms and tax breaks. Although tax reductions
have been used as a fiscal instrument to protect the industry during recent peaks in
fuel prices, the industry still paid up to 34% tax on fuel. In general governments have
responded to increasing fuel prices by lowering taxes but have often been slow to
actually enact promised changes. In countries with low fuel taxation rates such as
PNG there is very little room left to maneuver.
3. Supply of fuel in the region is constrained by the fragmented and diffuse nature of the
market and there is a tendency to develop mono/oligopolistic markets. Competitive
supply arrangements are key to securing the best price possible, and some level of
state intervention is justified in establishing the appropriate context. This may
include acquiring the control of key infrastructure such as storage tank farms. The
Regional Bulk Purchase Arrangement which is currently under development could
potentially bring further benefits through the aggregation of demand. Several
important details however remain to be resolved by the countries concerned.
4. Permitting individual direct imports can help companies reduce fuel costs. However
companies will need to have appropriate storage or transport facilities, and there is a
risk of increased fuel smuggling.
5. Regulations and controls should be able to partially compensate for the failing of
small fragmented markets. They should be used to set an effective and conducive
context for competitive supply but are not tools that might enable a government to
react readily to a change in energy costs. This is better done through taxation.
6. The current availability of alternative fuels for the fishing industry is limited. However
there is some potential in coconut bio-diesel, especially in countries with appropriate
land resources (such as PNG). Realistically, bio-fuels are likely to be used in
conjunction with rather than substituting for conventional diesel in order to minimize
technical modifications to engines. Trials and experience with such fuels in
commercial fishing vessels are still lacking.
7. In terms of the quantity of fuel consumed per tonne of catch, longliners are the most
exposed to fuel price fluctuations, with no clear distinction between locally based
foreign and national fleets. Operational and vessel based factors clearly play an
important role in determining specific fuel consumption.
Purse seiners are
significantly less exposed, using up to one sixth of the quantity fuel per tonne of
catch.
8. The analysis of the fuel cost per dollar of catch value shows that the difference
between purse seiners and longliners is less apparent, and the most efficient
longliners have a lower cost of fuel per dollar of catch than the least efficient seiners.
Amongst the fishery cases analyzed, the most exposed was the motorized small
scale spear fishery in Suva, Fiji, where fuel costs were declared as being over 60%
of catch value. However the same fishery, but with a different operating base closer
to the fishing grounds, also yielded the lowest fuel cost per dollar of catch value
(10%), illustrating the small scale sector’s ability to change operations with relative
ease to suit economic conditions.
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9. In terms of national exposure to fuel price changes in the fishing industry, Papua
New Guinea is an order of magnitude more exposed than other PICs, followed by
Fiji, FSM, RMI and the Solomon Islands.
10. Positive price developments in the purse seine industry have contributed to the fact
that there have been no significant operational changes in the fleets in response to
energy cost increases. In the longline fleets changes have focused on better control
of fleet movements and speeds, at sea consolidation of catches and, in one case, the
introduction of a flapped rudder to reduce fuel consumption whist maneuvering.
11. The analysis made of tuna markets indicate that for canning grade tuna increased
demand in Europe and in non-traditional markets coupled with low supply have been
the most significant drivers of the positive price development in the fishery. The direct
impact of increased production costs from energy cost increases has been largely
offset by historically high prices. The lack of influence of short term variation in fuel
costs on product prices in the industrial sector has been verified in other studies. In
the markets for sashimi grade tuna there was no evidence to suggest that increased
production costs have had any impact on prices in the longline fishery and static
demand due to poor economic conditions in Japan is considered to be the main
cause of generally neutral price development.
12. In small scale fisheries long term market data was analyzed from Fiji and there was
some evidence that fish prices had risen to reflect increased fuel prices. The case
studies illustrate the important ability of particular strata of small scale fisheries to
react to economic changes and alter operational patterns in a way that would be
impossible in industrial fisheries.
13. Of the various technical, operational and political measures that could be considered
to reduce exposure to fuel price fluctuations, the following are considered to be the
most relevant:
Measure

Responsibility

Relevant Fishery

Speed reduction

Vessel operator

All

Consolidation of catch

Vessel operator

Longline for fresh tuna

Adequate design & installation of rudder and
external appendages

Vessel operator

Longline, Purse Seine

Heat recovery systems (future)

Vessel operator

Longline, Purse Seine

Development of bio fuels (future)

Government

Longline, Purse Seine

Installation & maintenance of FADs (especially for
small scale fisheries)

Government

Small scale

Competitive fuel supply mechanisms

Government

All

Taxation adjustments

Government

All
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VI. RECOMMENDATIONS

1. The Forum Secretariat FS reestablish its regional fuel price collection and
reporting system.
There is a lack of basic data necessary to monitor the development and impact of fuel
prices in the Pacific region. The most basic of these is a mechanism for monitoring long
term fuel price changes on national markets. Previously this function was performed by
the Forum Secretariat through the Pacific Fuel Prices Monitor, but the data have not
been updated for several years. Data collection should be integrated as far as possible it
into national government data collection systems and the process of reporting
automated, or at least standardized. It is desirable for the system to periodically report
in a transparent manner on prices and the tax component, as well as tax concessions
available to particular sectors of the economy.
2. The fish-to-fuel exchange indicator be compiled and analyzed on a regular basis
This tool, illustrating the terms of trade, is useful for tracking the basic financial status of
the fishing industry, especially with respect to the impact of changes in relative fuel and
fish prices. Compilation and analysis could be made at several levels. At a fleet level,
Singapore spot ADO prices could be compared with current market prices from Bangkok
(cannery grade) and Japan (sashimi) in a similar way as has been done in section III.B.3
of this report. At a national level, achieved export prices could be compared against
actual fuel prices charged to the industry, net of any tax or duty concessions. The
measure could be used as a tool to indicate when and where interventions, such as the
temporary suspension of excise, might be justified. The data required for this exercise is
already being collected by some national governments and regional bodies such as FFA.
3. Collection of market data for small scale fisheries should be expanded
The collection of market data for small scale fisheries is equally important and only being
performed in few PICs. This information, together with premix or gasoline prices should
be collected and used to monitor the fish-to-fuel exchange for important small scale
fisheries. The system needs to be focused on a few, relevant markets in order to
minimize operating expenses, and could be supported directly by national budgets or via
regional organizations.
4. In the absence of a regional supply arrangement, national governments continue
to promote competitive supply
Competitive fuel supply is one of the basic mechanisms whereby the impact of changes
in energy costs can be lessened. It can be promoted through competitive tendering for
supply contracts, regaining or retaining state control over key infrastructure such as fuel
wharves and storage facilities, and the establishment of a suitable facilitating regulatory
framework.
5. Change in the basis for fuel taxation should be considered.
National governments should examine the economic and political acceptability of
changing the taxation structure on fuel from one based on percentage of value to a fixed
rate per unit of volume. This would reduce the impact of international price fluctuations
on consumer fuel prices, safeguard government receipts but be vulnerable to exchange
rate fluctuations between national currencies and the US dollar.
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6. Continued monitoring of the development of alternative fuels, especially coconut
bio-fuel.
The Forum Secretariat should resume the monitoring of the development of bio-fuels and
their markets and serve as a clearing house for published data and research that might
allow PICs to replicate successes from research and development in other parts of the
world.
Such support can be provided on a national or regional basis, as developments in
alternative fuels may benefit smaller countries through assurance of regional supply in
the absence or reduction of imported petroleum-based products. A program to trial such
fuel in a commercial fishing vessel should be considered.
7. Governments should take a more active role in the promotion of fuel saving
technologies.
Where VAT and duty is still applied on outboard engines, exemptions should be
considered for fuel efficient (four stoke) engines when purchased for use in small scale
fisheries. The same should be applied to other equipment specifically targeting
improvements in energy efficiency such as heat recovery. Where either government or
the private sector have experimented with innovative fuel saving mechanisms (such as
flapped rudders) results and experience should be compiled and presented in an
appropriate public forum.
8. Governments should consider re-equipment loans to the industry, under
preferential terms, to support the installation of more modern and more efficient
engines.
It is understood that there are rarely discrete funds available for such purposes, however
institutions such as national development banks might be more amenable to such loans
if part of an overall government program to re-equip and improve the financial viability of
the domestic industry. Other avenues such as allocation of fisheries foreign aid grants
should also be explored for this purpose.
9. The provision and maintenance of FADs for use by small-scale fisheries should be
a priority for national governments in support of domestic fisheries
The need for FADs to support small-scale fisheries is vital to the maintenance of some
specific small scale fisheries in the region, including those in PNG and Fiji. The need is
underscored by the high degree of exposure of such fisheries to fuel price increases and
fuel usage.
10. A focused regional program should be developed to heighten awareness of fuel
price impacts and mitigating measures
The program should be aimed at both government and the private sector to raise
awareness of the degree and nature of impacts of fuel price fluctuations in fisheries and
the measures that can be taken to minimize them. Such a program might entail the
organization of meetings and seminars and the production of suitable training and
informative material.
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APPENDICES
Appendix 1

Terms of Reference

Preface
The Asian Development Bank (ADB), Australian Overseas Aid Program (AusAID) and the
World Bank (WB) are financing an update of the 2001 Gillett and Lightfoot report « The
Contribution of Fisheries to the Economies of the Pacific Island Countries ». The update has
been named the “Benefish “ study. Implementation of the update started August 12, 2008.
Data for the update will be collected by the consultant recruited for the study (Robert Gillett)
over the next three months; the draft of the study is scheduled for completion for January 5,
2009, and the final document should be ready for publishing by February 5, 2009 in order to
satisfy operational requirements of the ADB.
The update will encompass three parallel studies funded by the WB, the results of which
may be included in the main report of the update as annexes, or will be published as
separate documents. These parallel studies will assess:
the “Wealth” of the fishing sector in selected countries, using a methodology
described and applied in the recent WB study: “Where is the wealth of
nations, measuring capital for the 21st Century”. This analysis will include an
estimate of the ‘resource rent’ generated by the sector;
the extent and the impact of illicit fishing (Illegal, Unregulated and Unreported
fishing, IUU) on selected Pacific Island economies, and the feasibility, costs
and benefits of curtailing such fishing; and
the impact of the recent energy price fluctuations on tuna industry in the
Pacific, the subject of the following Terms of Reference.
Context
Fisheries operating in the Pacific and can be categorized – in terms of markets, resource
location and fishing technologies – in four broad groups, covering coastal fisheries and
oceanic tuna fisheries:
Coastal fisheries using multiple gear targeting multiple species mainly
focusing on domestic, markets;
Purse-seine and pole-and-line fisheries concentrated in the Western Pacific
supplying tuna canneries and loining activities within and outside the Pacific
Rim;
Long-lining fisheries operating across the Pacific producing high-quality
yellowfin and bigeye for direct human consumption in Asian and European
markets and the USA, and
Long-lining in the south/central part of the Pacific for albacore targeting
various markets.
Coastal and Subsistence fisheries are of critical importance to many island communities in
terms of employment, income and as source of protein. Several studies have demonstrated
the relatively high percentage of value added created by these fisheries as part of gross
retail value both at sea and on shore. While these fisheries are sometimes less exposed to
fluctuations of energy prices, some use outboard engines that are particularly energy inefficient, or large nets made from fossil fuel feedstock.
Tuna canning has become a mature industry, with modest profit margins under the best
circumstances, supplies and markets are global, changes in consumption patterns are
presently occurring with new products and foreseen diversification in the use of the raw
material. Recent research of the tuna canning industry (fishing activities, processing,
distribution and marketing) suggests that:
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Fishing generates modest domestic value added in the form of domestic
crew shares and profits, and indirectly (multiplier) through domestic services.
Few if any vessels appear highly profitable under current high energy cost
conditions.
Canning/loining activities create modest domestic Value Added (VA21) (), but
few canneries appear consistently profitable under current market and
energy cost conditions;
Distribution and marketing of canned tuna (notably of niche market
products), can create VA, including profits, of the order of about 20-35% of
retail value, mainly benefiting wholesalers and distributors in major
consumption markets. However, energy costs appear to reduce the
percentage VA.
The long-lining fishery and distribution and marketing of high quality fresh and frozen tuna in
Japan and other markets for direct human consumption have been studied in the past; these
studies – when covering the entire value chain - suggest marketing and distribution
generates VA as percentage of retail value well in excess of the percentages determined for
canned tuna, while the value of the final product is usually several times the price of canned
tuna. This industry is particularly energy intensive, notably catching and air or refrigerated
surface transport from the fishing grounds to the main markets. Few comprehensive studies
or recent data for the VA distribution of the catching, processing, distribution and marketing
of high quality tuna targeting fresh and frozen tuna markets, or the industry’s vulnerability to
energy price fluctuations appear currently available.
Similarly, selected studies have been made of the long-line fishery targeting albacore in the
central and western Pacific. However, few studies appear available that cover the entire
value chain of long-line (albacore or other species) distant water and coastal long-line
fisheries.
Objectives
To enable some key findings and conclusions of this study to be included in the Benefish
study, this study will consist of two parts: (i) a short study focusing on the direct impact of
fuel price fluctuations on ongoing fishing operations (‘Energy costs and fishing’ study, or
ECF), and (ii) a broader study that would examine the impact of energy cost fluctuations on
the entire value chain, and include an assessment of structural changes in the sector and
main markets (‘The impact of energy costs on the value chain’ study, or IEVC).
The primary objective of the ECF study is to provide an assessment of the impact of
changes in energy costs on the financial performance and fishing patterns of domestic
(industrial, coastal and subsistence) fishing fleets in Pacific Island Countries (PICs), and
Territories (including selected coastal fisheries) and representative foreign fleets, The
secondary objective is to provide PICs, FFA and SPC recommendations for scenarios and
policies to mitigate in the short- and long-term the exposure of PICs to energy cost
fluctuations, based on the experience in other countries.

Value Added is being defined as the return to capital, labor, the resource (rent) and
management, including taxes and other payments to the public sector (license fees) less
subsidies.
21
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Data collection

The ECF study will have to rely mainly on existing data and the data collection efforts of the
Benefish study, and in addition will have limited opportunities to collect new data. To enable
the Benefish consultant (Robert Gillett) to collect information critical for this fuel price impact
study, the consultant(s) for this study will define their data requirements and the need for
travel in the region in his/their inception report, which should be available within two weeks
of contract signature. To enable a representative review of coastal and subsistence fisheries
exposure to energy cost fluctuations the study will include a review of past costs and
earnings studies in all Forum member countries, and studies of aquaculture in the region. To
ensure effective coordination with ongoing data collection efforts for the Benefish study, the
ECF vessel/fuel consultant would join the mid-term review of the Benefish study in Sydney,
Australia on September 24, 2008.
Studies scope
The ECF study will cover selected countries as indicated below. However, the ultimate
selection of the countries will be made by the consultant(s), in close cooperation with Robert
Gillett and staff of the ADB, WB and AusAID, and will be guided by the availability and
accessibility of critical data. The consultant can suggest the replacement of countries by
others if data limitations suggest such change desirable. For coastal and subsistence
fisheries the consultant will focus on Fiji and one other island community, to be selected in
coordination with SPC, the WB, ADB and FFA, and use the results of previous costs and
earnings studies of domestic fisheries in Forum member countries.
.
Expected results
The expected results for the ECF study are:
An assessment (including sensitivity analysis) of the financial impact of fluctuating
energy cost the profitability and Value Added of: (i) domestic purse-seine fisheries in
PNG, (ii) typical industrial purse-seine fisheries in the western Pacific, (iii) domestic
long-lining in Fiji, Majuro, (iv) typical industrial long-lining in the central and western
Pacific, and (v) typical coastal and subsistence fisheries in selected island
communities, and of typical aquaculture activities currently practiced in the region.
An assessment of the impact of energy price fluctuations on coastal fisheries, and
the domestic supply chain (Fiji).
An assessment of the impact of energy cost fluctuations on transshipment costs.
A review of regional fishing fuel costs and fuel taxation and subsidization policies.
A comparison of these regional policies and mitigation measures with the experience
with similar measures – and alternatives - in other parts of the world.
An assessment of the impact of energy cost fluctuations on fishing operations
(changes in catching area, fleet location, fishing practices etc).
Expected outputs
Expected outputs of the ECF study are:
-

(i) An overview of the Pacific islands fuel markets, prices, taxation, subsidies;
(ii) A comparison and sensitivity analysis of the relative exposure of domestic (coastal
and subsistence) and foreign fishing activities to fluctuations in energy costs, and
implications for domestic sector policies;
(iii) An analysis and recommendations for the most politically and economically feasible
and effective ways to mitigate future PIC exposure to fluctuations in energy costs.
Recommendations for adjustment of present policies and specific measures of PICS to
mitigate the impact of energy cost fluctuations on domestic and foreign fleets. These
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should include suggestions for structural measures to reduce the impact of energy costs,
such as changes in vessel design, (engine) refits, changes in gear design etc.
(iv) Recommendations how PICs can politically and economically effectively minimize
the impact of energy price fluctuations on coastal fisheries and domestic fish marketing
and consumption.

Activities, Calendar & Deliverables, ECF study
Implementation period: Four (4) months maximum following contract signature.
Contract signature: Mid-September, 2008
Deliverable: An inception report showing methodology and approach proposed by the
consultant. This note shall detail information already available and information not in the
public domain to be supplied by Bob Gillett, SPC and FFA, This inception report, including
detailed data requirements, shall be delivered 2 weeks after signature of the contract.
Mission to Pacific region to review data collected by Robert Gillett, and collect
additional data from the industry or other parties (3 weeks) September 23 - early
October, 2008
Deliverable: The fuel consultant will attend the mid-term review meeting of the Benefish and
related studies in Sydney, Australia on September 24, 2008, and will prepare a Summary
Note upon completion of the mission. This note shall present the preliminary findings and list
what information is or is not available from existing studies and surveys. It shall be
presented and (electronically) discussed with the ADB, World Bank, AusAID, FFA and SPC
during the last few days of the mission.
Desk study, including additional data collection by Robert Gillett in cooperation with
fuel consultant (after validation of inception methodology), duration 3 to 4 weeks. mid
October – mid November, 2008
Draft final report preparation to be submitted to World Bank / ADB for comments,
drafted in accordance with specific publishing guidelines of ADB: December 5, 2008
(to be confirmed by ADB and Robert Gillett)
Deliverable: The draft final report will answer the various questions listed under the ToR.
Timing of the deliverable will be crucial to enable the report to be included (as Annex or
separate report) in the Fisheries Sector GDP update (Benefish) report).
Comments by World Bank, ADB, FFA, SPC, AusAid and NZ Aid on draft within 20
days (completed by December 25, 2009)
Submission of final report, January 10, 2009.
Deliverable: A final report that will consider or refute comments and observations made by
reviewers.
Language of the report will be English, the draft and final report will fully comply with the
printing guidelines of the ADB.

Final Report, October 2009

64

Energy Costs and Fishing

Schedule summary ECF study
Person.days
Vessel/fuel
consultant

Regional
fishery
specialist

Gillett

Inception report (due September 30, 2008)
Vessel/fuel consultant

5

Regional fishery specialist

3

Robert Gillett

1

Mission to region , Industry/fuel consultant (September 23- early October)
Vessel/fuel consultant

12

Robert Gillett

2

Information gathering (mid October, mid November, 2008)
Vessel/fuel consultant

10

Regional fishery specialist

4

Robert Gillett

1/2

Draft report preparation (Mid November, December 05, 2008)
Vessel/fuel consultant

12

Regional fishery specialist

4

Final report preparation (December 25 2008 - January 10, 2009)
Vessel/fuel consultant

2

Regional fishery specialist

1

Back stopping and coordination
Vessel/fuel consultant

2

Robert Gillett
TOTAL

1/2
43

12

4

Experts’ Profiles ECF Study

This ECF study can be executed by a single industry/fuel consultant, provided he has
extensive experience in the tuna industry in the region, and combines the profiles listed
below. If such consultant is not available, the study could be executed by an vessel/fuel
consultant working jointly with a reputable regional fishery specialist.
Vessel/fuel specialist, Considerable experience of global tuna fisheries and knowledge of
technical and operational aspects of tuna vessels in the region. Strong background in fishing
vessel operations and technical and financial aspects of energy use. Understanding of the
dynamics of resources and fleets, Working experience with WB, IFC, bilateral donors. At
least 15 years of experience in sector. Fluent English speaker. Strong financial skills. Strong
report drafting skills.
Regional fishery specialist. Specific knowledge of all major regional fisheries, the tuna
industry, and studies carried out by FFA, SPC and FAO dealing with vessel costs and
earnings and specifically those focusing on fuel use. Experience with collecting and/or
analyzing data of local and regional fishing vessel operations. At least 10 years of
experience in the sector in the region.
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