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Executive Summary

The Enerfish project incorporates a Work Package (WP6) led by NEF to coordinate and
execute feasibility studies within three regions of the EU, namely UK/North Atlantic,
Mediterranean and Nordic/Bal.

Building on the broad work undertaken in the EU Market Survey [D11], and noting its
conclusions, and recommendations, the aim of these studies is to examine in more detail what
conditions would need to prevail, and consequently, where it may belécfasithe Enerfish
process to be developed and replicated.

A clear outcome of the research that applied to all three regions is that established large scale
fish waste processing companies sell their fish waste productsglorvaluefishmeal and

fish oil production, and show neignificant interest at the moment to divert this to the
production of biodiesel.

Furthermore, existing energy grids and fuel supply chains throughout mainland EU countries
are predominantly fossil fuel dependant, and renewasleurces such as biofuels currently
play a minor role in energy productiodowever, with changes to EU and national Energy
policy this role will expand, particularly in regards to the use of waste products for energy
production.

Furthermore,hie proposed growth in Aquaculture production in the EU over the next decade
together with established innovative Enerfish biodiesel production technology from Finland
is likely to enhance opportunities for the production of biodiesel from fish by produitis in
Nordic/Baltic EU countries in future years.

Thereis clearerscope for Enerfish like processsrelation to remote locations such as the
Scottish Islandsn the UK Here researcimto Enerfish opportunities withithe Shetland
Islands concludes thdhere ispotential to generate significant quantities of biodiesel in
Shetland using waste froboth thepelagic and salmon aquaculture sectrshe island

Processing waste from Europ&&hetl andést mai sah
Lerwick, namely, Shetland Catchas the potential to produce vast quantities of power,
unfortunately too much electrical power to be accepted by the current Shetland electrical
energy distribution network. Alternatively, the factory could use the waste resdtnirc

generate its own energy, thereby meeting its own energy needs and reducing its carbon
footprint. It would also leaa some residuaprocessing waste for other profitable uses.
However any change to the factorygbkavecaurr ent
detrimental impact on the fish processing supply chain in Shetland, and consequently there
would be understandable concern and resistance over such a change.

At the smaller end of the scale, it is unlikely that a standalone smallscale Pres&@0PBP
biodiesel installation would be attractive to individual fish farming operations in Shetland due
to the small amounts of waste material generated on site, and the potentially higip start
costs.



At the municipal levelhowever,the diversion ofsalnon aquaculture mortalitieBom the

Shetl and I sland Council és | andfill facility
proposition, and offer a number of advantages. These could include: monetary and
greenhouse gas emissions savings by avoidimgdfill charges and preventing the production

of methane from disposal in the landfill site; providing a low carbon fuel for the established
Lerwick District Heating scheme.

Setting up a biodiesel production plant for this waste, would not incur sgictstairtup costs

owing to existing infrastructure and expertise available. The process would need to be
assessed by the Scottish Environment Protection Agency (SEPA) to ensure it would meet
SEPAGs envir onméthis ig likelytemean apmymdman amendment to
Council 6s waste processing |licence.

Salmon moumlities provide a low risk test material to pilot and introduce Enerfish
Technology to th&europeamm quacul t ure sector, which has ¢tF
advant ag ating enargy fyoenrfigh rwaste, as increased global production of farmed
salmon leads to an increasingly competitive global market.

The researchers, Shetland Renewable Energy Forum, recommend that interested parties in
Shetland should apply for a Zero Wasicotland Map 001 Funding Applicatiom pilot a

small scale Enerfish type biodiesel production facility within Shetl@rdnts to fund capital

equi pment costs are available 0200,000 availl

In order to qualify for MAP fundingrom the Scottish Government the project must be
complete and a final report delivered by 31st March 2013. Funding will not be available after
this date. There is a strong likelihood of positive support for this equipment given the
importance of Salmon Agaculture to the Scottish economy, the increased competition this
industry faces, especially from increased production from South America, etc.
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1 Overview

Climate change issues have become one of the main drivers ofth#esbgreen economy
mainly as a consequence of voluntary policies in many developed countries. In Europe, for
instancethe main objectives of the energy policy of the European Commi§Siophare to

reduce greenhouse gases (GHG) emissions, increase energy efficiency and promote
renewable energies.

In the EU 27, energy (electricity) production and transports represent a significant and
growing part of the GHG emissions and as a consequémed=C has decided to promote,
among others, the use of biofuels in road transpdrte development of biofuels in the EU
aims to partially replace diesel and gasoline in order to meet the commitments on climate
change, to ensure a sustainable secuwoftysupply, and to promote renewable energies.
However, biofuels cannot be seen today as a mean to replace all fossil fuels: only biofuels
whose cultivation complies with minimum sustainability standards shall be considered in the
future.

Road transport,ni particular, is responsible for 85% of GHG emissions from the transport
sector in the EU 27; theansport sector is in addition 98% dependent orBeitause of their
similar properties to those of conventional fuel, biodiesel and bioethanol are nomoshe
promising alternatives in the short term.

Biodiesel can also be used in stationary applications, i.e. CHP units, in order to produce
energy and heat. This application is in line with the present project where the aim is to design
and test an integrad renewable energy solution for a figlocessing plant in Vietham. The
technical implementation is based on a hafticiency CHP unit using biodiesel produced
onsite from fish wastes.

This type of application is not foreseen as an alternative to cdéhssiergy production means

but rather as a complementary solution in niche markets where fish wastes (animal fat) are
available and can be processed into diesel oil. The present study aims at showing, firstly, that
there exists market applications for Buechnologies and secondly, that these applications
can be profitable under specific market conditions.



2 Introduction to Enerfish project and aims of the feasibility study

The overarching goal of the Enerfish project is to design and test an integraésdhble
energy solution for a fisprocessing plant in Vietnam. The technical implementation is based
on a highefficiency CHP unit using biodiesel produced onsite from fish wastes. A
cooling/freezing unit, based on gQ@ompletes the system. The maintéeas of the project

are therefore energy efficiency and low greenhouse gases (GHG) emissions.

- Using local energy production offers a potential gain in efficiency. In the Enerfish
project, the local production of biodiesel could be sufficient to make Hodevplant
selfsustained. Pokgeneration can be used to produce electricity, heat, steam, hot
water and cooling/freezing energy. The remaining energy, electricity for instance, can
be sold to the network.

- Apart from efficiency improvement, one advantagethe project is to limit onsite
GHG emissions by producing biodiesel from the fsbcessing wastes and by
promoting a cooling/freezing cascade based on. ©arbon dioxide is netoxic and
it has a global warming potential (GWP) which is much lowen thzat of the
refrigerants currently used in the refrigeration industry.

This choice of erecting the demonstration plant in Vietham is mainlyfdigo market and

fish quality. Today, soutkast Asia is the main aquaculture producer in the world, i.et 6 ou

of the 10 wor | dOo ses ar®lpcated gnuhis cegidNietnameis oneootithet

main players: its production has increased by 17% per year since 2004 to reach nearly 1.65
million tonnes a year in 2006, which makes it the third producehaemtorld in terms of

guantity (51.7 million tonnes in the world in 2006). Asia (without China) represents 23%
whereas China alone stands for 67% ofwhe r | d 6 s aqu a c.uAk famas ésh pr odu
guality is concerned, Pangasius (catfish), one the maéties used for aquaculture in
Vietnam, has a high fat content in its waste stream (22% in mass) and it is therefere well
suited for biodiesel production (high yield).

The value chains, the species, the size of the vessels, the processing infrasteictyis,
the different fish industriesni the world are quite differentTherefore it will not be
straightforward to replicate the demonstration pgdyeration plant at any fighrocessing
site within the world, and more specifically with regard to thigjgrt, within the European
Union.

The Enerfish Market Studyp11] similarly concludes:

Aéé.under current market conditionbke there i
processes or any business model derived from it. Endilfisiprocesses aréely to remain

technical solutions for niche markets where fish wastes are not valorised and/or where there

is no organised supply of fuels. This might be the case of remote territories such as
islands. . 0. (Page 53)

The Enerfish project incorporates a Wétckage (WP6) which is led by NEF to coordinate
and execute feasibility studies within three regions of the EU:

A. Nordic/Baltic- VTT
B. Mediterraneari Technofi
C. UK/North Atlantic- NEF

Building on the broad work undeken in the EU Market Survey [D11and noting its
conclusions,and recommendationghe aim of thiswork package WP6) is to examine in
more detail what conditions would need to prevail, and consequently, where it may be
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feasible for the Enerfish process to be developed and replicatath \iliiese three EU
regions.

The Work Package commenced with an agreement between each of the three EU regions to
draw up an agreed framework for the development of the Feasibility Study. Eibetew

highlights the structure agreed by the partners.
Figure 1- Agreed structure for the Feasibility Study (WiPBeliverable 13)

D13 - Feasibility Study (draft structure)
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The specific issue® beaddressed as common themes by each of the three EU regional
studies are as follows:

Fishing Industry Background
- The Fish Trade (latest figures and projections)
- Origin, types and quantities of fish waste (latest figures & projections
- Current Policy EU & national
- Opportunities for Enerfistike process

Legal Requirements for Fish Waste Disposal
- Current fish waste utilisation and disposal (latest figures & projection
- Policy for sustainable disposal alternatives
- Opportunities for Enerfistike process

Biodiesel Market Background
- Regulations for production
- Policy
- Market Demand (latest figures grojections)
- Opportunities for Enerfistike process

Financial Implications for potential Enerfish-like process
- Costs (business models)
- Revenue
- Current/future business incentiviegrants/funding
- Co-operatives
- EUA Credits
Identified Opportunities
- Regions/areas
- Case studies relevant to the Enerfish project
- Potentials for pilot studies

Recommended Actions to encourage early adoption of the technology

Conclusions
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SECTION 1: ENERFISH FEASIBILTY IN THE UK

11



1 Fishing Industry Background (UK)

This section aims at answering the following questions regarding the pelagic (oily fish)
fishing industry in the UK: what are the latest figures for oily fish production; what is the
origin, type and quantity of oily fish; what is the current and emengatigy situationi both

EU & UK and the projected production levelghat are the levels and the locations of fish
processingand finally what are thpotentialopportunities for Enerfistike process.

Overview of UK pelagic and aquaculture production

The main varieties of oily fish caugat sea ofarmed in the UK are:

Sea fish (pelagic) Aquaculture &
Freshwater fish

Mackerel Salmon

Herring Trout

Horse mackerel Eel

Blue Whiting Halibut

Sardines

Pelagic Sea fishing

The total pelagidish landings in the UK, caught by UK and foreign vessels in 2010 was
229,400 tonnes, about 44% of the total species caught if.204@lue terms the pelagic
landings totalled £139.3 million, about 21% of all species landed.

Mackerel Herring

The main pelagic species landed in the UK in 2010 by UK and foreign vessels are mackerel
(139,200 tonnes) and herring (40,400 tonnes), accounting for 78% by weight and 90% by
value (£126 million) of total pelagic landings in 2010, and 34% of the quaft#ll landings

by the UK fishing fleetDepending on the time of year their fat content varies from 20%

and 1518% respectivefy However the fat content of fish entrails is higher than the fish
average fatontent.

Otheroily and pelagic specietanded in the UK in 2010 by UK and foreign vessels include
Blue Whiting (31,200 tonnes), horse mackerel (8,200 tonnes), sardines (2,300 tonnes) with
6ot heré6 pelagic species (8,100 tonnes).

In summary:
The main oily fish seaspecies currently caughh the UK are mackerel andherring.

12



Trends

Since 2006, UK landings of mackerel by UK and foreign vessels have remained steady and
were at their highest in 2010. The total value of landings has also increased since 2006 to
their highest in 2010 a£114 million. Mackerel commands the highest price of all pelagic
species, with an average price per kilogram of 86 pence in 2010. Mackerel is also the species
with the greatest quantity (39 thousand tonnes) and value (£33 million) landed by foreign
vesseldnto the UK. Mackerel landings by foreign vessels into the UK increased by 79 per
cent from 2009 to 2010, in contrast to the fall in landings for the UK fleet across this period.

Herring landings by UK vessels during 2010 remain almost unchanged intyjaaualt value

from 2009 levels, with 67 thousand tonnes landed at a value of £22 million. Fifty three per
cent of thiswas landed into the UK. In contrast, herring landings by foreign vessels into the
UK fell by morethan half over the same period, and32yper cent since 2006.

Longerterm trends in mackerel and herring landings by the UK fleet show much fluctuation
(Figure 2. Herring landings in 2010 were at their lowest levels since 1994, following a peak
of 126thousand tonnes in 2005. Mackerel lamgginn 2010 were a third lower than the 239
thousandonnes landed in 1994.

Figure 2: Landings of key pelagic species into the UK and abroad by UK vessels: 1994 to
2010[Source Ref 1J].

Quantity Value
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In summary:
More mackerel is caught than herringvith mackerelhaving a much highervalue

Landing locationf oily fish in the UK

The majority of pelagic fish landings into the UK by UK vessels in 2010 were in Scotland,
84% of total landings, with England 10% and Northern Ireland 5% (Taltleldy.
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Table 1: Pelagic Landings into the UK by UK vessg2l©® 1 0 ( 6 0iQSource:Bai th e s

Pelagic species England Scotland Wales Northern
Ireland
Mackerel 2.0 95.2 - 2.7
Herring 2.5 27.6 - 5.5
Blue Whiting - 4.9 - -
Horse mackerel 4.6 1.2 - 0.1
Sardine 2.3 - - -
Other pelagic 4.9 0.6 - -
TOTAL 16.3 129.5 - 8.2
In summary:

The majority of mackerel and herring are landed in Scotlar(@4%o)

Landings by port

The main ports for pelagic fish landings in order of magnitude are Peterhead, Lerwick,
Fraserburgh (Scotland), Ardglass (Northern Ireland) and Plymouilkh&m and Newlyn in
England(Figure 3.

Figure 3: Landings into top 20 UK ports by UK vesselsjgciesype: 2010 (000 tonnes)
[Source:Ref 1]

- Demersal
- Pelagic

Shellfish

Miiford Hawven
2.3)

Newhaven
Snoreham (2.8}
Brixham (7.3}

(B8 Fiymouth (12.3)

{14.3)

.
(3] Shows the top 20 major ports based on the quantity of fisn landed by UK vessels at eaeh port In 2010

In summary:
Peterhead andrraserburghare thetwo main mainland prts for landing mackerel and
herring, with Lerwick in the Shetlands being the largest island port.




PelagicFishing areas and seasons in the UK

The largest proportions of pelagic fish landed by UK vessels in @g@1@) were caught in
the Northern North Sea (ICES division IVa) and West of Scotteatérs (V1a) (Figure)4

Figure 4: Landings intothe UKamdbr oad by UK vessels by area
tonnes] Source:Ref ]|

XIva
{0.8)

lla
27T

- Demersal (a) Area Villa also indudes landings from area Villb, ¢, d, &
- Pelagic Key to Fishing areas follows on the next page
Shelifish

The pelagic fishing sector is seasonal. There is roughly a 6 week period in the summer
(July/August) when much of thieerring is landed, and até 8 week period in winter when

most of the mackerel is caught. It is significantly less seasbatimuch smaller in terms of
guantity in SW England where volumes fluctuate significantly from year to year.

In summary:

The main fishing areas for macket and herring are in the North Sea off the north east
coast of Scotland, and the West coast of Scotland. Herring is caught in the summer,
mackerel in the winter.
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Fishing in the waters around the UK and other European Wuaontrieshas been managed
since 183 through the Common Fisheries Policy (CFP). A key part of the management is
through Quotas which are set to help achieve the objectives of the Common Fisheries Policy
for the conservation and sustainable managemergtosfocks.

Quota allocations relate to specific fish species types in specific sea fishing areas. These areas
have been agreed by the International Council for the Exploration of the Sea (ICES), a
membership of 20 countries including the UK

However,h e CFP has n 0 inthat beeshealtheof fistestotks arlde profitability

of fishing businesses have deteriorated. Consequently, the EU is about to undertake a radical
reform of the CFP leading to a simplified, regionalised policy with incemtigefishermen

to operate sustainably and profitably.

The EU Commission published its draft regulatory proposals for a major reform of the CFP
in July 2011. It sets out priorities for sustainable fisheries, integrated with conservation of
the marine envonment.

The plansaim to secure both fish stocks and fishermen's livelihood for the future while
putting an end to overfishing and depletion of fish stocks. The reform will introduce a
decentralised approach to sciefii@sed fisheries management by regamidl sea basin, and
introduce better governance standards in the EU and on the international level through
sustainable fisheries agreements.

The UK has welcomed this approach. Over the next 18 months the draft reguiiitioa
subject to detailed discusess and negotiations between Member States, the European
Commission and the European Parliamdihte final regulation is due to be agreed by both
the Council of Fisheries Ministers and the European Parliament in time to come into force on
1 January 2013.

In the meantime, the UK Government is consulting on changes to fisheries management in
line with its long term vision for a sustainable fishing industiey changes to beialled
are:

1 alternative regional/local management approaches to managing quotas
1 realignment of Fish Quota Areas associated with consistently underutilised quota

The UK government has also identified in its long term vissbrwhat the UK fisheries
industry should look like in 2027, ie.

1 Emphasis upon locally caught seafood that jples a direct social and economic

benefit to coastal communities

Aquaculture is significant with low environmental impact

Management requires more environmental protection; access to fisheries is still

available to smalkcale fishing vessels; there #&es discards

1 Use of undewtilised, sustainable fish speciesteering consumers towanaere
sustainable fish types to take pressurdioB i g (i&dod; addock, tuna, salmon
and prawny Sustainable ity fish types are: MackergBardine, Salmo(organic
farmed in Atlantic).

1
1
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In summary:

UK pelagic fish volumes and types may change in the futaned it is likely that there
will be more use of underutilised quotas @loily varieties being mackerél sardine);, A
sustainable Aquaculture industrwill grow to supplement capture fisheries; Emphasis
upon locally caught seafood to boost local communities and their economies.

Aquaculture i Specifically Oily fish production

The majority of UK food finfish aquaculture is located in Scotland,ibig increasing in
Wales and England. The main finfish species farmed in the UK is salmon, which is mostly
centred in Scotland. The other main species is%rout

Government and industry (through an English aquaculture steering group) are currently
devebping an aquaculture plan for England. This is intended to provide incentives for
English aquaculture to grow atmlboost support to the sector.

There are challenges primarily with issues relating to the environment and animal welfare.
The environmentapressures exerted by aquaculture are not uniform. The level of local
impact will vary according to production scale, techniques and the species farmed.

In general the main environmental pressures are associated with intensive finfish production.
Aquacultue is a highly regulated industry and extensive measures are taken to manage these
pressures and help reduce their impact.

In Scotland aquaculture is a nationally important industry, particularly for ceastakland
communities, where it is often a mainstay of the local economy. The main fish species are
Atlantic salmon and rainbow trotit

Trout

Rainbow troutis farmed mainly in freshwater ponds and raceways, with a limited number i
sea water cageQf the 51 sites recorded as being active in rainbow trout production in 2010
(seeFigure 5) one was certified as organic. 2010 is the first year that data on organic
production has been reported.

The production of rainbow trout decredsby 24.0% in 2010 to 5,139 tonnes. This decrease
follows on from a 12% decrease in 2009 and is the lowest recorded production since 1998

17



Figure 5: The distribution of active rainbow trout production sieScotland201071
[Source:Ref5]

The vast majority ofAtlantic salmonis farmed in seawater cag€3f the 247 seawater cage
sites recorded as being active in Atlantic salmon production in 2010 (Figure 6), 14 were
certified as organic. These sites produced 6,122 tonnes. 2010 is theedirghat data on
organic production has been reported. The production of Atlantic salmon increased by 6.9%

in 2010 to 154,164 tonnes. This follows on from a 12% increase in 2009 and is the highest
production recorded since 2004.

Figure 6: The distributin of active salmon production sit@sScotland2010i [Source:Ref
9]
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In England and Wales there is currently 390 registered fish fafighese, 193 are coarse
fish farms, the majority of which are located in Southern England, 197 trout and other fin fish
farms. The number of registered coarse fish farms has increadé&dsince 1997.

The main finfish species farmed is rainbow tr¢u294 tonnes)Figure 7. There is also
limited production of other species, such as brown trout (441 tonnes), carp (175 tonnes)
Atlantic salmon (63 tonnes), turbot (63.5 tonnes), barramundi (45 tonnes), tilapia (33 tonnes),
for a total fish farm produain in England and Wales of 8,127 tonnes (2006 figures).

Figure 7: Trout Farm Distributioh England & Wales Source’

In summary:

Aquaculture is a growing source of oily fish, particularly salmon and trout, the
majority of which is farmedin Scotlandin sea and freshwater vessels.

Salmon is farmed predominantly on the Scottish West Coast, the Scottish Highlandgls
and the Scottish Island areas (Orkney & Shetland)
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Overview of the UK fish processing industry

The number of processing units at 2010 stands at 384, a 20% reduction on the number of
units in 2008, Since 2008 the reduction in processing units has been most keenly
experienced amongst primary processors; a reduction in the number of units fronil220 to
(27%). This has meant that the share of this group in total processing units in 2010 has fallen
markedly. In 2010 41% of units were engaged only in prirpesgessing mixed processing

units accounted for 44% of all seafood units; secondary processitsggrepresent 14% of
business units, and are generally larger units when compared to primary or mixed processing
units.

In general the fish processing industry is highly concentrated with a small number of large
multi-unit businesses, and a large numfae long tail) of small single unit businesses. As of
2010, units processing mixed species are the most prevalent.

Geographical distribution

The profile of seafood processing units by region revealsdtiminance of processing
activity in the Humberside and North East of Scotland (Grampian) areasand rather
modest levels of processing activity in more rural outlying areas such as Northern Ireland,
Highlands and Islands and South West England (TableZigure 8

Table 2: Seafood processing unitsrbgioni [Source:Ref§]

Region Primary Mixed Secondary Total
Humberside 52 20 12 84
Grampian 35 31 6 72
North England 19 25 12 56
South/Midlands/Wales 10 28 12 50
Other Scotland 10 27 3 40
S W England 21 12 5 38
Highlands and Islands 6 17 2 25
N. Ireland 6 10 3 19
Grand Total 159 170 55 384

Humberside and Grampian processing activity reveal primary processing to account for a
larger share of their seafood processing units. In contrast, rural outlying areas engage in a
much greater number of mixed processing units as a share of their ok@raging activity.

The Humber area is based around Grimsbpnce busy fishing port which has developed
over recent years into a major Seafood Processing centre for major UK food retail chains.
The two largest processors in the areas are Youngs Seafmb SeaChill with the former
operating about 20 smaller plants around the UK. Hlbeber Seafood Institute (HSI) is a

! [Primary processes include: cutting, filleting, picking, peeling, washing, chilling, packing, heading and
gutting].
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bespoke facility developed to support the Humber area processing indudtes.0 s k ey
objectives are to provide innovative solutionsthe seafood sector and four Innovation
Groups focusing on trade corridor issues, cold chain developments, process & product and
6greend6 technical support have been establ
innovation and creativity, not only in tiiumber, but internationally.

In Scotland the largeshainlandprocessors are locatede Grampian regiom Peterhead
(Fresh Catch, Lunar & Crogrand Fraerburgh(Lunar) processg herring, mackerel and
salmon.In the Scottish IslandShetland Catch ihelargest processor based in Lerwick in the
Shetland IslegFigure 8)
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In England he main processor is Interfish of Plymouth, Devon, on the south west coast
(Figure 9).
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In summary:

The fish processing industry is highly concentrated with a small number of large my
unit businesses, and a large number (or long tail) of small single unit businesses.
profile of seafood processing units by region revetile dominance of processing activit
in the Humberside and North East of Scotland (Grampian) areas and rather moq
levels of processing activity in more rural outlying areas such as Northern Irela
Highlands and Islands and South West England

In Scotland the largest mainland processors are located in Peterhead (Fresh C4
Lunar & Croan) and Fraserburgh (Lunar) procesing herring, mackerel and salmon.

In the Scottish Island,Shetland Catch is the largest processor based in Lerwick in
Shetland Ides

In England the main processor is located on the South West Coast.

it

Processingy species

The UK organisationWaste & Resources Action Programme (WRAP) has conducted a
recent study (2011) focused on retail and wholesale supply chains for fish, presenting
resource maps for 17 individual finfish and shellfish species. Resource maps have been

produced to illustrate the flow of materials through supply chains, with the primaof #@
studyto focus on the extent and causes of waste in the UK from primary processing
retailer shelf.

to the

The repor provides the following information about processing activity with regard to

mackerel and herring, the tvemminant oily pelagic fiskpeciescaught in the UK.

Resource Maps for fish across retail and wholesale guppinsi WRAP 20111 [Source:
Ref9]

Mackerel:
A Very high volumes of mackerel enter UK supply chains.
A The majority of this mackerel is exported with minimal processing; however, there is
still a strong UK processing sector for this species.
A Mackerel predominantly enters UK processing as whole fish; filleting therefore
results in production of non-edible by-products.
Herring:
A Herring predominantly enters UK processing as whole fish.
A The majority of herring entering the UK is exported with minimal processing.
A The majority of the non-edible components will be manifest outside the UK due to
export of oO6fishd product s

In summary:

The majority of mackerel andherring entering the UK is in whole fish form and then
exported with minimal processing (gutting, filleting), and consequently, minimal was
production.




Salmon and trout are both guttedaquaculture, and the primary input to UK processing is
therefore gutted fishSalmon isa highly significant and high volume species within the UK
market.

However, he number of processing units, that predominantly process salmon, has sharply

reduced inthe UK in the last two years. The number of salmon processing units in the UK
now stands at 54, a 24% reduction on the number of units in*2008

The WRAP reporprovides the following information about processing activity with regard to
salmon androut:

Salmon:

1 The salmon supply chain is complicated and incorporates a wide range of processing
operations.

1 The majority of inputs are as fiishoand therefore require filleting at some later stage of the
supply chain

1 A high volume of salmon is exported with minimal processing, so a substantial quantity of
non-edible material will be manifest outside the UK.

Trout:
1 Troutis predominantly derived from UK aquaculture and enters processing as gutted fish.
1 No data exists on import or export volumes for trout

Location of processing units

80% ofsalmon and trout processingits are located in Scotland where the bulk of salmon
aguaculture is also based along the West Coast of Scotlavfdvhich Marine Harvest based

in Fort William is the largesprocessing companyOther large processors are based in
Shetland, Aberdeen, FRerburgh, Argyll. In the rest of theK salmon processing activity is
much more modest. (Table 3).

Table 3: Salmon procsig units by regioii [Source:Ref 10]

Primary Mixed Secondary No of units

Other Scotland 2 12 6 20
Highlands and Islands 2 7 7 17
Grampian 0 4 2 6
South/Midlands/Wales 0 4 1 5
North England 1 2 1 4
Humberside 1 1 0 2
S W England 0 0 0 0
N. Ireland 0 0 0 0
Grand Total 7 30 17 54

In summary:

Whole Salmon for export undergoesinimal processingwhereas the salmon supply chai
in the UK includes a wide range of processing operations. The miagationsof processing
units for both salmon and troutare close to the aquaculture industries in Scotlgradong the
West Coast, anthe Highlands andlslands. Significant quantities of gutted salmon are alg
processed in the major processing regions (particularly Humberside.)




2 Overview of UK Fish Wastegeneration

The Enerfish Market Study RepoR11] drew the following conclusions regarding fish
waste:

Nowadays, due to increased competition in the fish processing sector, there is a clear trend towards
the reduction of fishwastes and/or the maximization of the value of the material available |to it.

Disposal of fish wastes on land and/or at sea is decreasing: in Europe, it is more and more regulated,
mainly due to environmental concerns in waste management.

Aquaculture has gery high efficiency in terms of waste processing since there are almost no |osses.
Waste processing can be performed on site, thus avoiding logistics and GHG emissions gengrated by
the transports.

In the UK, the WRAP researclref 9 bears out thévlarket Studyo s ¢ o n.cMuehs i on's
pelagic fish is cut mechanically, 10086 the non-edible material obtained is exploited as a
valuable ceproduct, ands sold by processors to fishmeal plants for conversion to fish oil

and fish mealmainlyfor use as aquacultifeed. A figure of 95% eproduct utilisation has

been used by WRAP in tineesource maps for herring and mackerel.

The WRAP study focuseson the extent and causes of waste in the UK from primary

processing to retailer shelf. The conclusions for pelfigficas highlighted in Table 4, is that
the majority of waste generated is the dadible parts of the fish ie. guts, fitgads.

Table 4: Summary of supply chain structuse elagic fisH [Source:Ref 9]

Species Formats Major Inputs to Major Major products Comments
entering UK processors & Processing
supply chaina) | wholesalers Stagesh)
Herring 96 % o6f i s| Wholefish(UK | q Filleting 9 Limited UK 1 High proportion
4% o61fi | || landed) 1  Gutting retail of non-edible
1 Smoking 1 Predominantly inputs
I  Pickling natural
products 1 Large volume of

herring exports
predominantly
as O6fi st

Mackerel 97% Of i s| Wholefish (UK 1 Filleting 1 Highvolume | 1 High proportion
3% o6f i | || landed) 1  Gutting retail of non-edible
f  Smoking inputs
 Smoked
products 1 Large volume of
mackerel
T Natural exports;
products predominantly
as Ofi s
a )Filledsdinclude other prgprocessed impors u c h  as pr e p aRisidclufieiwhdie, gatred ome at . 06

headed and gutted fish. Exact formats of fish cannot be clarified for either imports or landings
b) Focus on stages where waste generation expected to occur. Additional operations such as chilling, freezing
and thawing are commadno all species
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Salmon and trout waste

Waste from fish farms is treated slightly differently. Dead fighown as

0 mo r t @vhethérifraamsdidease or other natural causes such as jelly fish attacks) cannot be
used in the food chain and so is catggdwasteunder the Animal Byproduct regulationdt

is usually ensiled on the farm, preserved by adding formic acid and then sent off site once a
sufficient volume has built up

As with other types of finfish, the most significant waste angroaluct g¢neration stage
undertaken for salmon and trout is filleting, which gives rise to large quantities -@fdilue
componentsheads, tails, fins and guts. In some cases headsiadand exported to Africa
or Asia as a human foodstuftit the majority isused for fishmeal productioihe remaining
material is also ensiled and the waste controlled by the AnimaRr&juct Regulations.

Processing and wholesalé wastes and ceproducts
Pelagic fish, salmon and trout

The majority of processing waste/pooducts from pelagic fish, salmon and tramsold to
fishmeal plants. However, due to the smaller subset of pelagic or salmhoprocessorghe
WRAP survey states thétis not possible to quantify this propomioThe value derived by
processors for sale of pelagic-pmducts to fishmeal is generally higher than for white fish
due to the high oil content of pelagic fish, which is more valuable to the fishmeal process.

Although a figure could not be derived fnothe current (WRAP)study, Seafishindustry
knowledge suggests that a figure of a least 959%roduct utilisation in fishmeal would be
more realistic for pelagic fish. The situation for salmon and trout is less clear, and it is
impossible to estimate thmoportion of ceproduct utilisation for these species.

Fish waste has a higher value for fishmeal in the UK so other uses are not as economic.
Seafish has at various times lookedha potential for theise of waste fish as a source of
Energy from Wate (EfW) but this has neverovedeconomic owing to the highealue of

the waste for fishmeal.

Currently the price for fish waste varies regionally. In Scotland or Grimsby, waste can
generally be sold profitably to the fishmeal processorsaasportation costs are that much
lower. In the Southwest the mainly small producers have to pay for it to be collected. This is
done at the local level then taken in container loads up to Grimsby (or Scotland).

Companies in remote locations, often traditional seafood landing/processing areas, may find
that the nearedicensedfacility is a considerable distance away, and -effgctive options

for waste disposabr byproduct utilisatiorare simply not availabléo them. There are also
perceived to be regional variations in how the legislation is applied, which may lead to
approval of disposal operations being treatdtemrently in different regions due to their
6remoteness?o.

Here there may be an opportunitydivert this category 2 waste in its ensiled form towards

the production of biodiesel, particularly in remote islandasreCurrent practices for the
ensiled waste to be collected by a licenced waste handledered to the appropriate EU
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pressure rendmg standard then either sent to landfill or prepared for use in organic
fertilizers/soil improves or other technical uses (eg oleochemical produckhe most
common application of oleochemical is biodiesel productionScotland the fish silage
arisings are predominantly exported to Norway to undergo a rendering process or transported
within the UK for incineratiort™.

The ensiling and rendering process has been widely adopted in Norway for over 20 years.
Some is now used for biodiesel productiontrwécanbio Oil the largest company in this
sectof?. In Norway, production at the new category 2 salmon plant abylsymdsupplies
approximately 400 mt/month of bioel oil.

In EnglandNEF also found evidence ahicro scale biodiesel production froish waste by
an inland fishery company, and by a large supermankée east of England, part of a major
UK supermarket chain. However, at the montaese areareexceptions

Discards

Overall, the past 10 years has seen considerable growth irstntefesh byproducts. This
is likely to grow with the requirementsr vesseldo land discards.

A 6discarddé is any type of animal caught by
dead. Discarded unwanted catch (often referred to agdigh) can be any commercially
valuable marine species, such as commonly eaten fish, or any other marine animal which is
caught accidentally. Some of the additional landings may be sold into the UK food market
and some to fishmeal.

Discarding is notonsdered sustainable and is seen as destruetagteful practiceln the

UK Defra and other Devolved Administrations awsing fresh approaches and ideas to
reduce discards. Projects include studies to understand and change discard behaviours of
fishermen; gear modifications trialghat try to reduce the capture of unwanted marine
species; Thed-ishing for theMarkets Projecth is a new DEFRA initiative looking to
encourage consumption of undeilised, sustainable species that are often discafdesl.is

with the longer term view of the forthcoming CFP reforms and a potential total discard ban.

European funding fonewsustainable wastpractices

The European Fisheries Fuid Ax i s 3 OMeasur es of Common
supportive ofpilot projects, studies and trials of new equipment and projects intended to
minimise the impact of fish waste on the environment, for example through waste
minimisation®?,

This scheme provides aid to projects in active fishing ports which supportithescof the
catching and aquaculture industries. Aid is available for a range of projects including the
storage and treatment of waste.

In summary: The majority of processing waste/gmoducts from pelagic fish, salmon ani
trout are sold tofishmeal plants However, the disposal of category 2 waste fr¢
aquacultureindustries in Scotland along th&Vest Coast, andhe Highlands andlIslands
could potentially be diverted to biodiesel production rather than being exported to Norn
or landfilled. This would need to be carried out in accordance with Animal-Bsoduct
Regulations.
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3 Overview of UK Fishmeal & Fish Gl industry

As highlighed in the section on fish waste, the waste comporeatsainly used to produce
fishmeal and fish oil. The main outlet of fishmeal and fish oil is diets for farmed fish and
landfarm animals. Fish oil is also used fanimals anchumans due to its high omeg8a
content

Non-nutritional uses of ih wastes @ numerous. Developments the pharmaceutical
industryare now starting tgenerag higher addedvalue products whiclare compeing with
other applications such as fishmeal and fish oil for the accefset@ish processing by
products

Location of fihmeal plants in the UK

There are three main fishmeal plants in the UK, located in Grimsby (Grimsby Fishmeal), the
Grampian region of Scotland amide Heogan Plantn thelsle of Bressayin Shetland. As
much of pelagic fish is cut mechanically, ¥0@f the waste can be collected and sent off to
fishmeal processing. Overall these plants deal with approximatél\y88& of fin fish waste,
including salmon.

Other majoffish byproduct processoiscludeRossyewwhich convets Scottish Salmon by
productsinto specialty oil and protein ingredienthemodern factory is located on a one
hectare site in Greenock on the West Coast of ScotRogkyew ScottisBalmon Oilis a
premium omega 3 fish oil ideal for use in specialty livestock and pet foods.

Scarbio UK produce animal feeds from salmon waste which is highest riskcaadrb@ gut
into food chain The companys basedn Fort William, Scotland As already mentioned (p
25), Scanbio in Norway uses category 2 salmon at itsgysgend plant to produce
approximately 400 mt/month of bifuel oil.

In summary:

The majority of processing waste/goducts from pelagic fish, salmon and trout are so
to fishmeal plans, the largest of which are located in Grimsby, England, the Isle
Bressayin Shetland and in the Grampian region of Scotland’he demand for by
products for pharmaceutical development is also growing.

Scope for biodiesel production from kyroducts looks most favourable as an alternati
to the current disposal of category 12&waste from aquaculturendustries in Scotland
The process is already an established one in Norway.
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4 Background to UK Biodiesel production
Key conclugons drawn by the Market Study [D1afe:

A The fundamentals of commercial deploymenttfimfuels (biodiesel) remain the same: it
still depends on appropriate regulatory frameworks and associated subsidies.

A Biodiesel production from fish oil cannot be an alternative or a complement to actual or
future production means. The Enerfish proceggadbably going to be a niche market far
large fish processing units if competing applications from other uses of fish wastes or fish
oil are not more profitable.

A EU biodiesel markets are rather heterogeneous: they depend mainly on policies ang to
some extet on the availability of raw materials, existing production means and
distribution channels. Most EU 27 countries have not met their 2010 target even thqugh
most of them have the production capacity to do so. EU biodiesel producers have been
severely affeted by heavily subsidised imported biodiesel mainly from the US and
Argentina.

A The preliminary findings of possible business models for the Enerfish process show that
as for biodiesel produced from vegetable oil, biodiesel produced from fish oil must he
subsidised at the moment in order to reach profitability.

UK context

British bi odi esel producti on has hi storical
manufacturers each responsible for low volumes. Most of these companies rely largely on
used coking oil (UCO) and tallow for feedstock&igure 10) There are now a number of

large plants that buck this trend, such as a plant producing 50 million litres a yearsgdm

cooking oil andbeef and mutton fatgllow) run by ArgentEnergyin Motherwell, Scotland.
http://www.argentenergy.com/

The feedstocks from which UK biodiesel is currently produced are highlighted in Figure 10.
A significant number of biodiesel companies, including some of the lardegirtducers,

went into administration or stopped production in 2009. This has affected biodiesel
production capacity in 2010 and beyonthe reasons for the reduced capacity in biodiesel of
late include adverse general market conditions, uncertainty usulirgy the value of
Renewable Transport Fuel Certificates and possible changes to sustainability requirements
whenhe EUOGs Renewab| REDEsinerodgcgd. Di r ecti ve (

Figure 10: Proportion of biodiesel by feedstock UWkKSource**
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http://www.argentenergy.com/

The majority of biodiesel in the UK is imported (Figure 11). UK production accounts for
16% of the overall total.

Figure 11: Proportion ofibdiesel by country [Source: Ref 14]
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Government Agency statistics cannot be used to determine UK production of biodiesel as
they include both UK produced fuels and imports, and do not include UK produced fuels,
which are exported. A survey was carried by AEA Technology in 2010 on behalé of th
Department for Climate Change to survey the UK production companies directly. The UK
production of biodiesel as at 2009 was estimated to be 223 million litres (Table 5)
contributing to 21% of overall biodiesel supplied to the UK road market (79% imported
mainly from the USA).

Table 5: UK production of biodiesel 2008 ource™

Biodiesel Estimated UK Total biodiesel % of biodiesel % of biodiesel

production supplied to from UK from UK

2009, million UK road sources sources in

litres market in UK fossil
2009, million equivalent
litres supply

223 1044 21 0.9

In summary:

UK production of biodiesel in 2009 was estimated to be 223 million litres (21%) of
overall biodiesel supplied to the UK road market.
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Policy, Incentives andubsidies

The Government recognises that biofuels like biodiesel are not commercially competitive
with fossil fuels and has initiated support mechanisms to promote production and utilisation
of biofuels. Currently, the main mechanismthe UK is the Renwable Transport Fuels
Obligation (RTFO) implemented in April 2008 and administered up until April 2011 by the
Renewable Fuels Agency (RFA), witduties now transferred to tiepartment for
Transport.

More recently the EUG6s REmrgresthd UK toEensarethagy Di r
10% of the energy used in transport is from renewable sobyc2320, as well as requiring

the introduction of mandatory sustainability criteria for biofu€lsese criteria address issues

such as minimum greenhouse gasirsgs and ensure that biofuels are not produced from

areas of high carbon stock or high biodiversity.

The UK Government propose to amend the current RTFO to meet the transport related
requirements of the RED. Most notably, proposing to introduce the mandatiginability
criteriaspecified in the RED an introduce double rewards for biofuels made from wastes
residuesnonfood cellulosic material and ligacellulosic material.

As a result of the need to meet the RED target, productidnodiesel is likely tancrease
rapidly over the next 5 yearand with it the contribution of biodiesel made from wastes and
residues such as fish waste.

In summary:

The requirements of th&enewable Energy Directive and the introduction of double
rewards for biofuels made from wastes is likely to increase the production of biodiegel
made from wastes and residues such as fish waste over the next five years.

Biodiesel consumptioinomtransport

Biodiesel consumption in the UK road transport sector can be obtained from figures
published byHe r Ma jRevenug @andCustoms(HMRC 2011) and bythe Renewable
FuelsAgency HMRC figures for calendar year 2D$how that biodiesel consumptianthe

UK *® has grown from 886 million litres in 2008 to 1045 million litres in 2010.

Currently blends of up teeven percent biodiesehn be sold in the UK at the pumps without
additional labelling. It is also possible to use higher blends such as w1068 is 100%
biodiesel but this may require modifications to engines. These higher blends are available at a
limited number of outlets in the UK and must be clearly labelled.

Diesel fornon-road mobile machinery

Articles 1 and 742) of theEU Fuel Quality Directive (FQD) require fuel suppliers to reduce

the GHG emissions of fuel supplied for use in road vehicles;roah mobile machinery
(including inland waterway vessels when not at sea), agricultural and forestry tractors, and
recreational craft tven not at sea. For ease of clarity, these end uses are commonly referred
t o amisRoddMobile Machinerp (NRMM).
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The UK Government are consideriimgplemening the FQD in part through amendmeat

the RTFO. This approach will requirthe scope of th®TFOto be expandetb include those
fuels obligated by the FQD, i.e. to include fuel used for NRMM (low sulphur gas oil), in
order thathe FQD can beroperly implemered.

In addition,the FQD also requires that from 2011 gas oil supplied for use KNS

sulphur free. It is understood that, due to practical constraints, a significant proportion of the
fuels supplied for use in NRMM will be roagtade diesel that is downgraded for-add use

(known as red diesel as it includes a red dye to disshgtifrom road dieselAs such, this
downgraded diesel is highly likely to already have biofuel blended into it. Any biofuel
supplied in fuels for use in NRMM is not currently eligible to be counted towards the existing
RTFO targets, thus downgrading ofadgrade diesel may represent a loss in potential
revenue to those suppliers unlegsvernmentallows that biofuel to be counted towards

di scharging a supplierds obligation to suppl

The UK Governmenpropose to expand ¢hRTFO to obligate all petrol, diesel and low
sulphur gas oil that is intended for use in the end uses covered by thdtE@Dintends to
allow any type of renewable fuel for use in these end uses to be eligible for REFCS].
These changes willnbance the profitability of biodiesel production for use by NRM#4d
by nonroadvehicles

One particular market that could benefit from the use of biodiesel is power and heat
generation installatioras the use of the fuel for these purposes is not subject to fuél duty
Diesel generators are used as a prime power supply in remote locations where connecting
to a power grid is not readily available.

Diesel generators used to provide essential dbgrgbwer (forfacilities such as hospitals,
homes, datacenters, commercial operations etc.) during times of power outage could
benefit from using a less polluting and lower CO emission fuel like biodiesel.

In summary:

Proposed expansion df h e Riefewvable Transport Fuels Obligation (RTFO) in line
with the requirements of the EU Fuel Quality Directive (FQD) will enhantiee
profitability of biodiesel production for use by for neroad mobile machineryand other
heat and power generators.

Rural Fuel Duty ReliefT UK Rural areas and Scottish Islands

The Government has recently passed secondary legislation to introduce a duty relief scheme
for retailers of fuel in the Inner and Outer Hebrides, the Northern Isles, the islands in the
Clyde and thésles of Scilly®. Known as thedydrocarbon Oil and Biofuels (Road Fuel in

Defined Areas) (Reliefs) Regulations 2011 S1/2011¢ nbw legislation is intended to reduce the

price of road fuel in the Scottish islands and the Scilly Isles.

Registered rethrs within these areas will be entitled to claim 5 pence per litre (ppl) relief on
unleaded petrol and diedekl purchased after 1 January 2012. Sixty days after registration,
from 1 March for those registered on 1 January, the retailers will be régoireduce the

price of fuel they sell by an equivalent amount to the relief claimed, to benefit consumers in
the areas concerned.
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The price of fuel on the Scottish islands is on average 10ppl, and on the Scilly Isles 25ppl,
more than in other parts ofdltUK, mainly as a result of higher transport and distribution

costs. The 5ppl relief will offer some help to consumers in the areas concerned, who are faced
with the high costs of petrol and diesehelegislationwill cover biofuels including

biodiesel

The need for such legislation highlights the opportunity in these areas for the development of
cheaper and locally sourced biofuels, such as biodiesel.

In summary:

The need for Rural Fuel Duty Relief in remote locations in the Wikghlights the
opportunity in these areas for the development of cheaper and locally sourced biofuels,
such asbiodiesel from waste products such as fish waste.
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5 Identified Opportunities for the Enerfish Process

The Enerfish Market Study () concludesn respect to biodiesel production:

fiThe production of biodiesel from fish oil cannot be considered as an alternative or a
complement to actual or future biodiesel production means. Ingbeadyction of biodiesel

from fish oil is probably going to bef profitable, a niche market for large fish processing
units where fish wastes can be used to generate energy (electricity and/or heat) and/or as a
fuel for the companie8 vehi cleso. (Chapter 6)

Chapter 7 states:
eoopportunities f ortypdmanterhay yam aithiocabfdctorE mocbe f i s h
viable, three main factors have to be favourable for any given location:

x  there must be a demand for the end product
x  raw material (fish oil or waste) has to be available
x  the economics need to be right

The final point on economics can be siibided further to take into account
a) the value of the raw material when sold for alternative purposes
b) the price of competing raw materials
c) the price of the processed produdiiodieseli including any subsidies or mandete
requirements for use.

These factors can be viewed hierarchically t

Chapter 7 Para 7.3 states in respect to islands:
Al't woul d apppreldty may ariaet on eertain smaller islands, which lack
alternative biodiesel processing plants, and where there is an existing fishing indusbry

AWi t hin Itnfagals&wbrkén some of the outlying islands of the Uk Shetland,
Possibly Orkney o Western Isles .

Biodieseldemand i Out | yi ng i sl ands also have higher
costs and low levels of competition. For example several of the Scottish Northern and
Western Isles have a de facto monopoly supplier througiomds Benzole, a subsidiary of
Valero (formally Chevron/Texaco). The downside to this is that some of thesd anetie

UK context, the Shetlands againare also significant importers of fish oil for their fish
farming industry. o

The conclusionfrom the Market Study havieeen borne out frolNEF researclindertaken

for this Work PackageConsequently wrelocalisedresearch wasought from the Shetland
Islands ast hadconductedts ownpreliminary case gty into biodiesel productioinom fish
wastein 2011*°.

NEF commissioned the Shetland Renewable Energy Forumdiertake more detailed

research work using information andvax® from the Enerfish pilot programmiBhe results
of the Shetlandase studyesearchs presented in the followinge8tion Two.
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SECTION 2: ENERFISH FEASIBILTY IN THE SHETLAND ISLANDS

Executive Summary

This case study estimates the viability of generating biodiesel from the major fish waste
resource streams in Shetland, according to the proposed Enerfish/Rresgslocurrently

being trialled onsite dtliep Thanh Seafood JS@ Vietnam. Biodiesel generated through the
Preseco Process meets road transport fuel quality standards, and as such can be utilised in the
sane applications as fossil dieseThis researcHrom the Shetland Islandgrovides an
example case study for all Enerfish projearopean stakeholders

Whilst white fish processing wasia Shetlanddoes not constitute an appropriate waste
stream for an Enerfish/Preseco Energy Generation process, ishpotential for aviable
processn both the pelagic and salmon aquaculture sectors in Shetland.

Processing waste from Europeds | argest fish
Catch has the potential to produce vast quantities of powkmtunately too muckelectrical

power to be accepted by the current Shetland electrical energy distribution network.
Alternatively, the factory could use the waste resource to generate its own energy, thereby
meeting its own energy needmd reduing its carbon footprintIt would alsdeawe a residual

20 Tonneof processing wast®r other profitable uses. Howevanychangeothef act or y 6 s
current processingiastearrangements ay have a detrimental impact on the fish processing
supply chain in Shetlahh and consequentlythere would be understandable conceand
resistanceversuch a change

At the smaller end of the scale, ituslikely that a standalongemallscalePreseco PBP200
biodieselinstallation would be attractive to individu@h farming operations Shetlanddue
to thesmall amounts ofvaste material generatesh site and the potentially high staup
costs.

At the municipal level, the diversiamnf f i sh waste from tlandfill Shet | a
facility outsideLerwick could provideamuchmore viableproposition, ad offer a number of
advantages. These could includemonetary and greenhouse gas emissions savings by
avoiding landfill charges angreventing theproduction of methane from disposal the

landfill site; providinga low carbon fuelor the established.erwick District Heating scheme

Setting up a biodiesel production plant for this wastauld notincursuch highstartup costs

owing to existing infrastructure and expertigeailable. The process walineed to be

assessed by the Scottish Environment Protection Agency (SEPA) to ensure itnvemild

SEPAS environmental requiremenisthis is likely to mean applying for an amendment to

C o u n evaste precessing licence.

Under t he Sc ot ZeroMasteGoodamd, recovernng énergy from fish wastes
will become increasingly more attractive to the Aquaculture industry in Scotland, and those
local authorities who are responsible for processing this waste.

Salmon morts provide low risk test magitio pilot and introduce Enerfish Technology to the
European aquaculture sector, whi ch has the
generating energy from fish waste, as increased global production of farmed salmon leads to
an increasingly compeitre global market.
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1 Introduction & Overview of Shetland

This document reports on the compatibility of the Pres&oacess of energy generation, via

biodiesel production, in line with the Enerfish method of obtaining suitable waste biomass
resources from aquaculture and fisheries, to potential applications within the Shetland Islands
of the United Kingdom. Téiresearh provides an example casteidy for all Enerfish project

stakeholders Europe.

11 Shet|

andos

Geography

Shethnd is an archipelago of approximately 100 islands, of which 16 are inhabited. The

geographical location of Shetland is shown beiowigure12. The Shetlands are located to
theNorth East of the United Kingdomithin the International Council for the Exploration of
Ar ea

the Seads

| Va.

Figure12 - Shetland in Europe ICES Areas (Left); Drawn by Finlay McWalter (Right)
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Administratively, the islands are represented in the European Parliament by the six MEPs for
the Scottish Constituencyshetland and the neighbouring archipelago of Orkfieythe

southwes),

return

t he

60rkney

and

alone provides one Member to the devolved Scottish Parliament.

Shetl andods
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living in theregionalcapital, Lerwick.
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As well as being the most northerly territory of the United Kingdom, the islands traditionally
have close ties to neighbouring Norway, Denmark and Faroe. This cultural history continues
to be represented in the contemporarg by transport connections and trade links, including
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shared oil & gas interests around the North
this study, highly integrated regional fishing and aquaculture industries.

1.2 Shetland Renewable Energyorum

The Shetland Renewable Energy Forum (SREF) is a colleofimtakeholders concerned
with renewable energy developments in Shetldndcludesprivate sector organisations, and
individuals with an interest in developing renewable energy technaogtainably within
the islands, as set out in the Shetland Renewable Energy Strategy, 200®. Themd s g
are to maintain, deliver and update Btrategywith the objectives ofedueng Sh et | an
reliance on increasingly costly fossil fuels, and ptog new skills and employment to the
Islands based around sustainable renewable energy developments.

«
<

oal
dos

1.2.1 Shetland Renewable Energy Strategy

The Shetland Renewable Energy Strategy was developed by local renewable energy
stakeholders, including industrial partners, public sector organisations, and local individuals.
In common with other remote regions of Europe, and as identified in variousisBner
literatures, fuel costs in Shetland are significantly higher than around major population
centres. This leads to increased anxiety of rising fuel costs and restricts economic growth, and
the Shetland Renewable Energy Strategy aims to mitigaterelaance on fossil fuels as far

as possibldy using renewable and sustainable means. The forum has several aims around
increasing the amount of energy developed by renewable means in Shatizlg

1. Develop sustainable, econamiand effective solutionsvhich
significantly reduce the volume of n@anewable fossil fels required

to power Shetland.

2. Create employment, income and new skills in Shetland by
stimulating new economic activity linked to the presence of renewable
energy resources in the islands

3 Ensure there are direct benefits, in addition to employment, income
and new skills, to the community from renewable energy development
in Shetland.

3. Enable peripheral communities to use renewable energy as a way to
enhance the viability of their carmunity and community facilities.

4. Stimulate awareness of the importance of renewable energy and the
need to reduce carbon emissions; and develop skills in energy
efficiency and renewable energy alternatives.

1.2.2 Background and Wider Potential of Biofuel in Shetland

The F o omgaim@ strategic reviews have identified that biofuel developments in
Shetland appear to be somewhat underdeveloped. It has been suggested that this is because
the climate in Shetland does not support commercially viable ls®er@ap agriculture, more
conventionally associated with bioenergy. One notable exception exists within the town of
Lerwick which has a district heating scheme fuelled by municipal solid wasl@ssed as

biomass in some cases.

Looking to the future,@s a st ated priority of several g «
United Kingdom includingthe Crown Estatdéo develop macroalgae aquaculture, to farm
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commodity chemicals and fuels as appropriate. Local stakeholders in Shetland are hopeful
that macrogjae may be able to complement the existing aquaculture industry around the
Islands, and are conducting resource assessments of existing macroalgae species, their
properties and suitability for cultivation and processing in Shetland.

123 ENWRAPENner gy from Wast e: Realising Aquacul't

A consortium including Shetland Renewable Energy Forum MemlbigesNorth Atlantic
Fisheries College (NFC) Marine Centre, Shetland Islands Council, aineHighlands and

Islands Enterprise have resdsd the potential for biofuel production from Aquaculture
Waste around the islands in the past, but were hindered by a general lack of enthusiasm from
industrial partners which, in most cases, have waste disposal routds avliadequate for

their need¢SeeSection 3.

In recent years the NAFC Marine Centre in conjunction with Newcastle University developed

a project proposal entitldd n WR AP : Energy from Waste: .Reali s
This plannedthe development of a pilot anaerobic digestiacility in Shetland to process

waste from the aquaculture and fisheries industry and the agricultural sector, however, this
wasnot widely supported by industry.

124 Motivation

As well as those aims given above, the well documented rises in the costs of all kinds of
mineral fuels is encouraging Shetland to-examine ecologically and economically
sustainable, and locally produced biofuels including those from waste from theilageac
sector.

I n 2008 an O6Energy Source Analysisd study f
Centre (members of the Shetland Renewable Energy Forum), undertaken as part of the Cradle
2 Cradle Islands project, funded by the European Om 6 snal®evglopment Fund.

Findings from theNorth Sea Regional Development 26@F13 Programmaealso well
illustrate our motivation for seeking new fuel supply chains. Many of these statements are
generally true of other island regions in Europe and elsewhere:

Pure Energy Centre, O6Shetland Energy Source
T Between 1990 and 2008 Shetland energy wuse
to 16550 GWh.

1 The energy crisis between 2007 and 2008 saw an annual increase in Shetland
expenditure orrergy of almost £17m. In that one year, the unit cost of fuel oil (gas
oil) increased from30gnceper litre to 45pp.

1 CO2 Emissions have increased from 323KT in 1990 to just under 507KT in 2008, a
rise of 57%.

T Shetl andsd ener gy (esissiorsard very Bighper headtoe d car b
population.
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T The two | argest Shetl and en@sQly sources

1 There has been a strong decline in the use of coal, peat and LPG as people change to
oil based heating or district heating.

1 Inrural parts of Shetland many have changed to electrical heating from solid fuel.

1 Shetlands use of road fuels has declined through the use of more efficient vehicles and
a shift from petrol to road diesel.

1 Shetland is highly vulnerable to minor fluctuatsoin whole sale energy costs.

1 Shetland is almost completely dependent on external energy sources and associated
supply chains.

In summary:

The community in Shetland are heavily reliant on fossil fuels, including local
excavated peat. Peripheral @as of Shetland are depopulating, and this is oft
attributed to high fuel costs. Shetl a
includes road transport fuel and heating oil fuel.

The local electrical power distribution network operator ldlyaresponsible for supplying
electrical power within Shetland, &®ttish & Southern Energy (SE), currently fuels the
Lerwick Power Station by mineral diesel, and is heavily subsidised by power consu

on the UK mainland in order to maintain power pricqh equivalence throughout thg
Network area.

The Shetland Renewable Energy Forum would like to thank the Enerfish project team for
allowing us the opportunity to research the implications of the project with a view to
addressing the concerns expressed above.
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1.3 Incentivised Uses of Biodiesel inhe United Kingdom

The following incentive schemes apply to biodiesel power generation in the UK

1.3.1Renewable Obligation Certificates (ROCSs); Electrical Power Generated by
Biodiesel:

This incentive applies to CHP generation:

Tradable ROCs are awardedrpmegawatt of electrical power generated. Power produced
from bioliquids is eligible for doubl®OCS, i.e. 2 ROCs would be awarded per MW of
generated power. ROCs currently have a value of approximateli&8each.

Use of biodiesel as a fuel for theal energy generation is notirrently incentivised in the

UK. Greg Barker, the UK Government Minister Responsible for Energy and Climate Change
said in January 2012:

"The Department [of Energy and Climate Change] has undertaken several evaluations of the use of
bioliquid technologies for heat generation though the National Maod Crops Centre [NNFCC]. The
details of these have been published on their website."

"We wil consider bioliquids for inclusion in the renewable heat incentive scheme in phase 2.

However, before bioliquids can be supported under the scheme we need to establisbrdicated

approach to their use so that the heat market does not unduly impadaitbar important uses, in

particular transport. In addition, we would need to ensure we meet our legal commitments under

the renewable energy directive by devf 2 LAY 3 & dzAGF Ayl 0Af AG&@ ONROGSNRLI @

The introduction of Phase 2 of the Renewable Heat Incentivehwhilt see the scheme
extended to domestic homeowners and increase the number of incentivised technologies has
not been officially timetabled, but is expected to occur in Autumn/Winter 2012.

1.3.2 Transport Fuel Options:

Biofuel generated from waste ma#ds is double ncenti vi sed wunder the
EC Renewabl e Energy Directive compatible OR
means that each litre of biodiesel generated for road transport purposes will be awarded two
Renewable Transport Hu€ertificates (RTFCs), which can be traded to fossil transport fuel
suppliers. The mar ket v20p acerdingfto tHR-EGCCRHIEC t end s
trading website.

It has been noticed that biodiesel generated by the Preseco process meets ftaisport
guality standard EN 14214 and so is readily usable as a transport fuel. The UK Governmental
Depart ment for Transportdés modification of
maximum Cold Filter plugging point for B100 diesel blends-1%°C in he winter (16
November- 15 March inclusive) aneb°C for Summer. Owing to the maritime climate, the
coldest temperature ever recorded in ShetlaneB.8°C in January, so the risk of cold
starting, even on maximum biofuel fuel blends, is unlikely in &heil

Further investigation, testing, and engine modifications may be required for B20 biodiesel to
fossil diesel blensland above (i.e. 20% Biodiesdbssil diesel).
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1.4 Potential End Users of Biodiesel Fuel in Shetland

The demand for affordable fuel is becoming increasingly pronounced throughout Europe, and
so too in ShetlandThere are clear sustainability benefits of deriving energy from
biodegradable wastes, including avoiding the production of excess atmosphetdneanatid

these are well understood. This section of the report examines in more details the potential
end users ofdrge quantities of biodiesel in Shetland.

As well as utilising Preseco process generated biodiesel as a fuel for onsite CHP facilities at
the processing stations associated with fisheries and aquaculture industries, there are several
other readily or near readily available potential end users of this fuel in Shetlaod

include:

1 the local district heating scheme in the town of Lerwoglerated by Shetland Heat
Energy and Power;

1 the local authority, Shetland Islands Coungiho have expressedn interest in
fuelling their fleet of road vehicles on biodiesel fuel blends;

1 Community Energy Scotlanatho may also be able to help suppdnetuptake of
community level biodiesel schemes through&ietland near to fish processing
stations.

1.4.1 Local Municipal Waste energy Recovery Plant, and District Heating Scheme:

The town of Lerwick is home to one of the largest district heating schamthe United
Kingdom, which is fuelled primarily by municipal and commercial waste sourced from the
Shetland Islands, Orkney lIslands, and some offshore oil & gas platforms. Shetland Heat
Energy and Power (SHEaP) operate this district heating schemepraudle heat to
approximately 1000 addresses throughout Lerwick.

Additionall vy, the incinerators of the counc
diesel for approximately two months of the year, ensuring service at times of reduced waste

suppy.

Figure13- Energy Recovery Plant (left) and Shetland Heat Energy and Power Control
Centre

Shetland Heat Emgy and Power consumes nearly 900 cubic metefgedfal per year, of
which 50% is consumed at times of peak demand to boost thermal output, amh&0%he
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Energy RecoveryPlant is not operational due tmaintenanceequirements. SHEaP have
announced plans in place to develop a wimtieat storage tank mover t hi s overl a
likely that fossil diesel will remain a part of the fuel consumption mix.

Similarly, the Energy Recovery plant also uses fuel oil to heat the furnace after shutdown,
and to boost thermal energy output as required.

1.4.2 Local Transport Fuel Uses:

Shetland Islands Coundilasthe largest fleet of vehicles on the Islands encbmmitted to
reducing reliance on imported fossil fuelfie council are also willing to test biodiesel in the
intrarisland ferry fleet, which provideslifée-line transport service between islands.

Shetl and I slands Council 6s road fleet i s a n
from April 2011 to December 2011, consumed 473,791 litres of fossil di§8gl. 2012,
Unpublished)

Additionally, Shetland Renewable Energy Forum, and our partners have investigated plans
for community vehicles in peripheral communities of the islands, which could be run on
biodiesel. These peripheral communitiesexast with fish salmon aquaculture peassing
stations, so there is real future potential foldewelopment of these schemes.

1.4.3 Local Community Biodiesel Schemes & Community Energy Scotland

Increasing depopulation in peripheral territories is a concern in many areas of Shetland. There
are several organisations throughout the Islands which aim to improve the sustainability
profile of their local communities, by reducing reliance on fossil fuels, and increasing the
volumes of economic activity in the area.

Such organisations include thEorth Yell Development Council, Nortenergy, Unst
Partnership, Fetlar Developments, and many others throughout Shetland. In areas where there
is currently a significant cost associated with the environmentally safe treatment of salmon
mortalities (mortshiomass, and an active local development organisdtsns the case, for
example,in the North Isles of Shetlandthe isles of Unst, Yell and Fetlar), there is real
potential to develop small scale biodiesel schemes which would help to achieve the aims
listed above by providing an alternative for Salmon producers to the costly transportation of
waste andalmonmortalities to the Shetland Mainland.

Community Energy Scotland (members of the Shetland Renewable Energy Forung have
successful track record deliveringfunding and support for renewable energy developments

at a community scaléncluding biomass projestfrom scales of 1kW to 850kW. Although to

date these have focussed on the delivery of solid fuelled (wood based) biomass generators,
CE S 6 =l offia in Shetland have confirmed that this is not a barrier to working on
community biodiesel based schemes.

1.4.4 Local Electrical Infrastructure: HVDC Connection to Mainland UK Pending

Since Shetland is not currently connected to the United Kingdem nat i on al el ect
transmissiometwork, the local electricity Distribution Network Operators (DNO), SSE are
restricted in the quantity of energy they mawyrchase from local power generators. This
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problem is not likely tde alleviated untithere is a high voltage direct currert(DC) cable

connecting the Shetland Islands distribution network to the UK National Grid. Thizebas

proposed and is aaiting planning consenfAn HVDC Converter station will be required to

connect the proposed kihg Energy wind farrmorth of Lerwick(456MW rated capacity) to

an export market. The Viking Energy wind farm as proposed would be the largest rated
capacity wind farm in Europe should it be mped consent, and %4 of the company would

be owned by the @ftland Charitable Trust, which was initially founded to maintain and

di stribute Shetl andbs Oi l Weal th fund gaine
Shetland.
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2 Capture Fisheries and Aquaculture in Shetland

The fishing industry is the bigges cont ri but or to Shetl andds Gr
despite the significant Oill and Gas Themdustr
mo s t recent, detailed survey of Shetl andoés
conducted by the Unersity of Aberdeen Business School, the Fraser of Allander Institute at

the University of Strathclyde and AB Associates (Shetland Renewable Energy Forum
Members, and Economic Development Consultant
the totalecoomi ¢ out put of all of Shetl and®ds03hdus
Bn. in Jan. 2006):

Figure 14- Shetland's Major Economic Sectors, 2006

Value of Local Industries to
Shetland's Economy, 2006 (Total
Value 1.04Bn)

B Fisheries and Aquaculture

B tourism
27% Oil and Gas
B Knitware
M Agriculture
26% 10% 2%

Local Authority

S | 1% Other

The local economy in Shetland is, and always has been dominated by commercial fisheries,
and this sectois likely to have grown as a proportion of the local economy since 2006 due to
rapid growth of local salmon and mussel aquaculture output.

There are three potentialviable fuel feedstock resource streams which could meet the
requirements ofite Enerfish Process which generates fuel from waste products generated by
fish processing, each of which has different characteristics and will be discuSssdiam 3
These are:

A Whitefish Catch Landed in Shetland.

B  Pelagic Catch Landed in Shetland

C  Salmon Aquaculture
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2.1 Key Fishing and Aquaculture Organisations in Shetland

To provide the most accurate context for examining the potential for the production of
biodiesel from fish wastehe following organisations have been identified as befrrgajor

importance to the capture fisheries, and aquaculture industries in Shetland. They have been
identified since itbds <clear t hat no OEnerg
demonstrated by the Enerfish consortium at Hiep Thahn Seafoodietmavh can be
envisaged in Shetland without the support of thesganisations all of which have a
commercial mterest in fish waste removal. These organisations are described in detail below.

2.1.1 Lerwick Port Authority (LPA)

Figurel6 - The Major Fetures of the 'Port of Lerwick’

P St
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LPA control the access to the Port of Lerwick, including the dockaaysjand some of the
land.

ALerwick Port Authority Havmw Tresy byaid of Palianeedt in (8 Band.igan wi ¢ k
independent statutory body governed by its own legislation. It is directed by eleven Board Members, nine of
whom are appointed by the | ocal community and harbour wuser:

LPA have a stake in businessghich bring maritime traffic to Lerwick Port, and have share
holdings in Shetland Seafood Auctions (11% owned by LPA) as well as Shetland Catch and
Shetland Fish Productsboth of which are listed in this section of the report:

Figurel? - Lerwick PortAuthority's, Shetland Catch, and Shetland Fish Products; Integrated
Organisations Involved in Fish Waste Processing:

Lerwick Port
Authority LPA

Shetland Fish Products (Fish Meal and
Producers)

d Catch (Major Pelagic Processors)

. . B Lerwick Port Authority
B Lerwick Port Authority

0%

Norway Pelagic
B Shetland Catch (Pelagic Processors)

17% Austevoll Asa

Seafood Shetland (Fish and Shellfish

Processers Body) u Shetland Fish

20% 20% Producers Organisation

B Shetland Fish Producers m Shetland Catch
Organisation (Pelagic Fishermen's Employee Benefit Trust

Association) )
M Minor shareholdings

2.1.2 Shetland Fish Products

Shetland Fish Produdls H e bsh meal and fish Oil factory is stocked by waste from the
fish processing industries in Shetland.

As well as being a successful business in its own,gbviding 9 full-time jobs on the Isle

of Bressay, the proximity of the factory as a servicevipler adds significant value to other
local fish processorsAs suchit is important to the overall economy of Shetland and the
sustainability and viability of the local fish processing industry in the face of international
competition, since processed dilieted fish are worth up to 100% more than whole fish.

Coinciding with the onset of the O6credit cr
globally in 2007/08 the fish meal factory was threatened with cloddosvever local
stakeholders sawnti s as an opportunity to increase th
the factory i s nowi with&hetlapd Catchbvenerd od thel largestn e d 6
pelagic fish producing factory in Europe, aoerwick Port Authoritywho have an obvious

business interest in fish landings in Lerwick being major shareholders.
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On the §' of March, 2009, information from Lerwick Port Authority & Shetland Catch was
released containing the following statements:

Sandra Laurenson, Chief Executive of Lerwick PArut hor ity sai d AnAl I
shareholders are pleased to secure the company and consequently the Heogan plant through
this move. The company will be locally controlled and will focus on success for this plant

and its place in the overall local seafosdctor. The Port Authority already owns the piers

at Heogan and Shetland Fish Products is valu

John Goodl ad, Chairman of Shetland Catch sai
is an essential componenttbk local seafood processing sectd¥ith declining blue whiting

guotas, the Heogan plant will concentrate on offal available locally and is complementary to
operations at Shetl and Catcho.

Thus fish waste processing services are provided by an entespitdeis deeply integrated
into the Shetland economy.

More information about Shetland Catch, which operates the largest pelagic fish processing
factory in Europe is given iBection 4.3

Summary:An Enerfish/Preseco model to generagaergy from fish wastes should see
to compliment this existing infrastructure, or cater for resources which cannot be |
by the Heogan Fish Meal factory in order to be viable.

2.1.3 Shetland Aquaculture

Shetland Aquacultureepresents salmon and mussel farmers around the Islands and is led by
David Sandison, who is also chair of theottish Salmon Producers Organisation

Salmon Aquaculture in Shetland is dominated by the following organisations; Northern Isles
Salmon, Lakkand, Hjaltland Seafarms, Scottish Sea Farms & Mainstream.
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3 Fishing and Aquaculture Waste Flow in Shetland

As discussed in Section 2.1.2, most fish processing waste in Shetland is transported to
Shetl and Fish Pr oduct s ®hisfsone bf omydws suchefishglanitsi s h
in Scotland’ the other being in Aberdeen.

Some waste is also ensiled by Lerwick Fish Traddos example, the processing waste from
Northern Isles Salmo(discussedaterin Section 4.37 and Scottish Sea Fish Scalloway,

both of whom transport ensiled salmon to Norway, where it is thought to be used as a fuel
feedstock by Scanbio in Trondheim. Most aquaculture organisations in Shetland are
subsidiaries of Norwegian, Scottish or Polish parent companies; Wiguwac is a
multinational enterprise in Shetland, and the diagram below is representative of this fact:

Figurel8- Relationship Diagram showing some of the Major Salmon Producers in Shetland,
and Lerwick Fish Traders; producers of Ensiled Salmon Wasteparent company
Sparebanken Vest.

Shetland Hjaltland
Products Seafarms
Ltd.

Northern
Aquaculture
Ltd

Sparebanken
Vest
(Parent
Company)

Lerwick
Fish
Traders

Greig Seafood
Hjaltland UK
Ltd.

G. Duncan
(Salmon)

Ltd
Skelda

Salmon
FarmsLtd

This level of integration between farming and processing organisations across the North Sea
region may be a barrier to the development of a taogde fish processing waste to biodiesel
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generator project; transportation from one outlet to anothgr@ma key component in the
parent company6és business plan

3.1 Environmental Requirements

The Scottish Environmental Protection Agency (SEPA) are responsible for safeguarding the
environment in Scotland by regulating procedures and processes which neay haimful
effect on the natural environment, including the waste disposal industries.

The cost of becoming appropriately certified to handle waste in Shetland is likely to be a
burden to any statp project in Shetlandhowever circumstances can vahe level of
stringency required and SEPAG6s advice woul d

SEPA, in collaboration with Poseidon Aquatic Resource Management Ltd. have issued the
following Categorisations of Fisheries and Aquaculture waste in amooedvith the relevant
EC legislation

Specifically, waste products from animal and livestock processing are separated into three
Categories, and organisations can be licensed to process some or all of these categories
depending on their intentions. Litges to process waste which meets each of these categories

are granted by SEPA, and regular audits are carried out to ensure that waste processing
premises remain compliant with relevant hygiene regulations. Costs associated with gaining
licensingareuswal y of the order of A10,000+ (G411, 50
exemptions can apply to very small operations to substantially reduce this cost.

Table 6on the following pageshows a simplified description of the three categories of
animal waste monitored by SEPA, especially relevant matehigghlightedby shading.
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Table6 - Categorisation of Animal B¥Product Materials According to EC Regulations Sl
257, 1994 and No 808/2003

Category Raw Material Storage and Disposal Requirements|
All body parts affected by TSE, pet/zoo/circus |[Incineration
animals, experiemental animals.
Processed in an approved Category 1
Wild animals suspected of being infected with |processing plant
disease communicable to humans or animals
For certain marked non-TSE material
1 Animals containing residues of environmental |may be buried in approved landfill sitg
contaminants
Animal Material Collected when treating waste
water from Category 1 processing plants
Mixtures of Category 1 material with either
Category 2 or Category 3 material
Fish Farming Mortalities Incineration
Animal by products containing digestive tract or|Processing in an approved Category 3
manure components processing plants.
Animal material collected from treating waste Used as a raw material in pet foods
water from slaughter houses or Category 2
processing plants Transformed in a biogas or compostin
plant
Products containing residues of veterinary drugg
> and contaminents listed in Group B(1) and (2) ofFor material of fish origin, may be
Aneex | to directive 96/23/EC ensiled or composted
Non-Category 1 byproducts from non-member |Where authorised, may be used as a
states feed for zoo, circus, fur-animal,
hounds, maggot / worm (as bait).
Animals or parts of animals that have been
slaughtered for human consumption, including
those killed to eradicated an epizootic disease
Mixtures of Category 2 material with Category 3|
material
Parts of slaughtered animals for human Incineration
consumption
Processing in approved Category 3
Fish or other sea animals, caught in the open sgeprocessing plants
for the purpose of reduction to fish meal
Used as a raw material in pet food
Fresh fish by-products from plants manufacturing
3 fish products for human consumption Transformed into a biogas or compost
plant
For material of fish origin, may be
ensiled or composted
Where authorised, used as a feed for
zoo, circus, fur-animal, hounds, magg
worm (as bait).

A guide of how these regulations relate specifically to the aquaculture industry is priovided
Table7. This was published by the Scottish Executive Environment and Rural Affairs, 2004

T whose dutiehave now been absorbed by SEPA.
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Table7 - Simplification of Regulations for Aquaculture Processing

Waste Category
Source of Waste 1 2 3

On-farm Mortalities:
Where no disease has been confirmed
Where controls have been applied because of the presence

or suspected presence of notifiable disease
As aresult of jellyfish attack
As a result of algal bloom
As a result of adverse weather
As a result of compulsory slaughter notice

X

XX XXX

Mortalities at the processor:
Where the fish are dead on arrival
Show clinical signs of disease and are not processed X

X

Processing Waste:

Where source is subject to disease controls (but fish sho
clinical signs of disease) X

Where source is not subject to controls X

3.1.1 Organisations in Shetland Licensed to Process Biowaste

Thefollowing organisations have been licenced to process waste in Shetland, actmrding
the details given in Table 6 and Table 7

Table8 - Organisations Licenced to Handle Category 1, 2,3aWhste in Shetland

Organisation Name Products Managed

Shetland Islands Council Landfilled Salmon Morts (solid)

Salmon Production Trimmings from o

Lerwick Fish Traders and some other production lines, to b
ensiled
Scottish Sea Farms Ensiled Salmon Production Trimming
Shetland Fish Products Local Fish Production Trimmings

Liquified Salmon Morts (cannot be

Total Waste Management Solutiong landfilled)

Estimated annual waste mass flow rates are giveigure 19%ased on relevant data for
2010:
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Figure 19- Resource Flow Diagram, Waste from the Fishing and Aguaculture Industries in Shetland, figures Estimated for 201
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3.2 Ensiled Aquaculture and Fisheries Waste Exported from Shetland

3.2.1 Ensiled Salmon Processing Waste Exported to Norway

As shownin Figure 19 some organisations in Shetland export ensiled processing waste to
Norway where it is used as a feedstock to create animal feed, and potentially biodiesel.
Though the exact destination is rkotown, it is likely that some of this is sent to Scanbio in
Trondheim, who are European market leaders in the production of biodiesel from aquaculture
waste, and have a presence throughout Scotland.

3.2.2 Liquid Category 2 Waste

To meet relevant regulations, liquid waste from salmon mortalities which die in thensalmo
farming process are treated by Total Waste Management Alliance (TWMA) and exported for
further processing on the Scottish mainland.

In summary: most fish processing waste in Shetland is transported to Shetland Fish
Product sd f i s Hactome &dme fishedes &nd agbhaculture waste is alsg
ensiled and exported to Norway where it is thought to be used as a fuel feedstock. The
current level of integration between farming and processing organisations across the
North Sea region may be a baer to the development of a largsgcale fish processing
waste to biodiesel generator project

U

In addition, the cost of becoming appropriately certified to handle waste in Shetland |is
likely to be a burden to any stattp project in Shetlandbut situatiors may vary on a
case by case basis.

4 Resource Potential of Fisheries and Aquaculture in Shetland
This section explores the potential of each of the waste sources identiedtion 2

4.1 White Fish / Demersal Landings in Shetland

There are approximately 25 white fish vessels in Shetland, whictradgsgonal trawl, gil-

net and seine fishing methods; this figure is down from approximately 50 vessels in 1995 and
is symptomatic of distress within the white fishing industry of thetiN&ea thought to be
caused by overfishing of important stock species. White fish vessels in Shetland are generally
owned by shareholding fishermen, the vast majority of whom areténgresidents of the
Islands. These boats catch a wide variety ofisgan grounds close to the islands, which are
generally landed both in Lerwick on the East Coast, and Scalloway on the West.

Shetland Seafood Auctions is the fish market where most whitefish is traded, and is open 5
days per week all year round. Despstgffering a downturn in fish processing activity in
recent years, the installationf anodern electronic trading equipment, and increased
mar keting activity such as the O6éLand it
boosted the local processinglustry.

White fish catch from around Shetland is a steady all year, with roughly 1000Tonnes landed
in Shetland each month.



The total mass of each species landed is given below:

Figure 20- Mass (Tonnes) of White Fish and Shell Fish Species Landed in Shetland, 2010
(Shetland Islands Council, 2012)

4.1.1 Whitefish Processing in Shetland
Major whitefish processors around Shetland include:

QA Fish Ltd. Blydoit Fish

Unit 1, Blydoit Industrial Estate,
Blacksness Pier, Blydoit Park,

Scalloway, Scalloway,

Shetland, Shetland

ZE1 0TQ ZE1 0UG

L. Williamson Fish Sales Ltd. Mc Nabds Kipper s
Blydoit Industrial Estate, 1 & 2 Marina Business Park
East Voe, Gremista

Scalloway, Lerwick.

Shetland, ZE1 OTA,

ZE1 0UG

Unlike the pelagic fishing fleet, there is no centralised processing facility for the whitefish
catch which is comparatively small, and atiy throughout the year. Traditionally, there is a
high level of orboard processing on whitefish vessels, which helps to preserve the fish and
increases the value of the catch when it is sold at Shetland Seafood Auctions on arrival in
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