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Abbreviations/Glossary

BMF British Marine Federation

Like the octane number for petrol, the cetane number is a measure of fuel ignition

Cetane number
characteristics. The higher the value the better the fuel performance.

CARB California Air Resources Board

CNG Compressed natural gas

co Carbon monoxide

Cco, Carbon dioxide

E10 A fuel blend of 10% ethanol with 90% petrol
GHG Greenhouse gas

HC Hydrocarbon

HMRC Her Majesty’s Revenue and Customs
IWA Inland Waterways Association

Kt Kilotonne

LNG Liquefied natural gas

LPG Liquefied petroleum gas

NG Natural gas

NOx Nitrogen oxides

PAH Polycyclic aromatic hydrocarbons
PM Particulate matter

ppl Pence per litre

PPO Pure plant oil

PwC Personal water craft

RCD Recreational Craft Directive

RTFO Renewable Transport Fuel Obligation
RYA Royal Yachting Association

SO, Sulphur dioxide

SVO Straight vegetable oil

ULSD Ultra low sulphur diesel

US EPA United States Environment Protection Agency

VRLA Valve-regulated lead-acid
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Executive Summary

With the imminent loss of the duty free (red) diesel derogation for recreational boat users and increasing
concern about climate change and environmental impacts, The Green Blue commissioned SEA/Renue to carry
out this research on alternative fuels and engine systems for recreational vessels.

Diesel and petrol are the predominant fuels in the recreational boating world with alternative fuels being
very little used, this report assesses the legislative background relating to boating fuels and engines and
evaluates potential alternatives to diesel and petrol. The alternatives are grouped as follows:

Biofuels - biodiesel, bioethanol and pure plant oils (PPOs)
Battery electric systems - battery electric and electric hybrids
Gas-based fuels - LPG, natural gas and hydrogen fuel cells

Most of these fuels are already used to a greater or lesser degree by recreational boat users, but some have
more potential for increased uptake than others.

Biofuels offer benefits in terms of reduced aquatic pollution, although concerns have been expressed about
the sustainability of biofuels. Furthermore bioethanol may cause problems in some engines, therefore
biodiesel and PPOs as an alternative to diesel seem to be the most suitable biofuel alternatives. Biodiesel
offers the great advantage that engine conversion is not required although its use will generally invalidate
any engine warranty.

Battery electric systems offer excellent potential for inland waterways where low speeds are the norm and
the boats do not have to battle with currents. For boats operating on larger rivers or in tidal areas hybrid
electric systems may be a good compromise.

LPG is the only currently available gas-based fuel with potential for the recreational boating industry, a lack
of refuelling sites is the main barrier to uptake and the environmental benefits are less certain than for some
of the other fuels.

Solar and wind also offer potential alternatives to conventional diesel as a source of locomotive power for
recreational boats, and can also be used relatively easily to provide on board power, with some practical
applications already proving their viability.

Hydrogen fuel cells are still several years away from commercial availability so it remains to be seen in
which situations these will be most applicable.

As some boat users may be unwilling or unable to switch to an alternative fuel or engine technology the
report also briefly outlines some ways in which engines can be used more efficiently.

The report concludes with some suggestions as to the most appropriate fuels and engine technologies for
different boat types. Finally a number of ‘fact sheet’ topics are suggested and ideas for future projects and
research topics are given.
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1 Introduction

The Green Blue, a joint environmental venture of the British Marine Federation (BMF) and the Royal Yachting
Association (RYA), has commissioned this research to examine the current and potential use of alternative
fuels and engine systems in recreational vessels. The main aim of this research is to inform boating and
watersports participants and the leisure boating industry how they can minimise the environmental impacts
of their fuel and engine choices. This report will examine the status quo of different fuels and engine
systems and assess their advantages and disadvantages in a recreational boating setting.

1.1 Legislative background

1.1.1 EU Directive (2003/96/EC) on taxation of energy products

This directive sets minimum excise duty levies that must be applied to fuels. Under the previous directive
the UK and several other member states had a derogation allowing recreational boats to use duty-free (red)
diesel. However under this revised directive the derogation was not renewed when it expired at the end

of 2006

The government has recently announced that to allow time for implementation of this directive, recreational
boats will be allowed to continue to use red diesel up until 1** November 2008. Following that date duty
must be paid on all diesel used in recreational vessels. Duty on diesel currently stands at 48.35ppl an
increase of more than 40ppl from that charged on red diesel.’

The BMF and the RYA partnered with the Inland Waterways Association (IWA) on the campaign ‘Seeing Red’,
which aimed to convince the Government to extend this derogation of duty. Extensive negotiations with
HM Customs’ officials and a significant campaign to engage the support of MPs from all partners resulted in
an announcement in the March 2006 Budget Statement that the Government would be seeking an extension
from the European Commission. However, as stated above, this extension was rejected by the

EU Commission on the grounds of tax harmonisation within the member states.

1.1.2 Recreational Craft Directives (94/25/EC and 2003/44/EC)

The original Recreational Craft Directive (RCD) regulated the design of recreational vessels from 2.5 - 24m to
ensure safety standards. This was updated in 2003 to include emission and noise levels and came into effect
in on 1% January 2006 (except for 2-stroke petrol engines for which the RCD only came into effect on 1%
January 2007).

Through the ‘new’ RCD emissions of hydrocarbons (HCs), nitrogen oxides (NOx), carbon monoxides (CO) and
particulate matter (PM) are regulated as are noise levels. The levels for all these vary according to the type
of engine (e.g. inboard, 4-stroke, 2-stroke and personal watercraft (PWC)).?

1.1.3 EU Biofuels Directive (2003/30/EC)*/Renewable Transport Fuel Obligation

The EU Biofuels Directive sets a level of 5.75% for the proportion of biofuels to be contained in transport
fuels by 2010. The UK government has decided to implement this through the Renewable Transport Fuel
Obligation (RTFO), this is currently in the final stage of consultation and if passed by Parliament will come
into effect from April 2008. The RTFO sets targets for biofuels as a percentage of transport fuel sales at

' The majority of information in this section comes from: http://www.rya.org.uk/KnowledgeBase/legal/legalhomepagereddiesel.htm

2 Sources: http://www.honda.co.uk/marine/rcd.html,
http://ec.europa.eu/enterprise/maritime/maritime_regulatory/directive_03_44.htm

3 Source: http://ec.europa.eu/energy/res/legislation/biofuels_en.htm
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2.5% for 2008-09, 3.75% for 2009-10 and 5% for all subsequent years. The RTFO works by obliging fossil fuel
suppliers to either supply the relevant percentage of biofuels, purchase certificates equivalent to the
necessary biofuels quantity from biofuel suppliers or pay a ‘buy-out’ fee which is set at 15ppl for the first
year of the RTFO.*

The EU has also agreed a 10% minimum level of biofuel in transport fuels by 2020 as long as sustainable
production at this level can be achieved.’

1.1.4 Emission regulations

Emissions from recreational boats are divided into regulated emissions (PM, CO, NO, and HC) for which
emission limits are set by legislative bodies, and non-regulated emissions (sulphur dioxide (SO,) or carbon
dioxide (CO;)) for which there are no legal emission limits.

The RCD is the main piece of legislation controlling emissions from recreational boats in the UK, in addition
there are local regulations on some inland waterways. Many boats also meet the similar but slightly
different regulations set out by the US Environmental Protection Agency (US EPA) and the Californian Air
Resources Board (CARB).® The latter is considered the most stringent and therefore some manufacturers are
working towards this on the basis that RCD emission limits will also tighten in due course.’

Of the non-regulated emissions CO, is the principal greenhouse gas (GHG) and due to increasing concerns
about climate change manufacturers are likely to be increasingly encouraged or forced to reduce emissions.
The amount of CO, produced is directly related to fuel consumption.

4 Source: http://www.dft.gov.uk/consultations/open/draftrtfo/

> A definition of ‘sustainable production’ has yet to be agreed. Source: http://www.euractiv.com/en/energy/eu-bold-commitment-
climate-renewables/article-162373

® Source: http://www.volvo.com/volvopenta/uk/en-gb/marineengines/environment_leadership/

7 See for example: http://www.volvo.com/volvopenta/uk/en-gb/marineengines/environment_leadership/
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2 Recreational Boating in the UK

2.1 Numbers and types of recreational vessels

It is estimated by the BMF that approximately 451,000 boats (over 2.5 m) are kept in the UK and 90,000
UK-owned boats are kept abroad. The number of foreign-owned boats kept in the UK is estimated at 16,000.

The main boat types for which this report will be applicable are:
Cruisers

Narrow boats/barges

Rigid inflatable boats

Dinghy sailors

Cruiser sailors

Power boats

= =4 =4 =4 -4 -a -

Personal Water Craft PWC

According to the BMF, of the 451,000 UK-based boats there are approximately 107,000 sail boats, 332,000
motor boats and 12,000 PWC. 8

2.2 Fuels and engines

The vast majority of recreational vessels are currently fuelled by diesel or petrol. In general narrow boats
and large cruisers (inboard engines) use diesel whilst powerboats and PWC (outboard engines) use petrol.
No accurate statistics of the fuel use of recreational vessels is kept as some will refuel at petrol stations
and for marinas it can be difficult to allocate the fuel use between recreational and commercial users
(e.g. fishing fleets etc).

It has therefore not been possible to accurately quantify fuel usage for the purposes of this report although
some estimates are made in Section 2.3.

2.2.1 Diesel

Diesel is the most widely used fuel in the recreational boating industry and most marinas have refuelling
facilities for diesel. Currently marinas supply red diesel and it remains to be seen what will happen in those
marinas which supply fuel to both recreational and commercial vessels following the loss of the duty
derogation to recreational users.

Diesel engines are more efficient than petrol engines and diesel is safer to handle due to its higher
flashpoint. Despite producing more CO, per litre of fuel, the increased engine efficiency (typically the
engines are 40% more efficient than petrol engines’) mean that diesel engines have lower CO, emissions than
petrol engines, however it emits more pollutants which affect air quality in particular NO, and PM.

8source: BMF 2004 data supplied by The Green Blue

° A good summary of diesel engine advantages and disadvantages can be found at:
http://en.wikipedia.org/wiki/Diesel_engine#Power_and_fuel_economy

9



SEA/RENUE - Research into Alternative Fuels and Engine Systems in Recreational Vessels

2.2.2 Petrol

Petrol is less widely used than diesel, but is used in many recreational vessels in particular powerboats and
PWCs, the latter having the same engine as motorbikes. Petrol is less efficient than diesel and therefore
causes more CO, emissions than diesel, but gives lower emissions of air quality pollutants such as NO, and
PM. Petrol is considered a more dangerous fuel to store than diesel and is less often available at marinas
often due to increased insurance costs. The loss of the duty derogation will not affect petrol users as they
already pay equivalent duty to car drivers.

2.2.3 Engine types

Recreational vessel engines can broadly be divided into inboard and outboard engines, generally inboard
engines use diesel and outboard engines use petrol. However there are exceptions and in fact diesel inboard
engines are typically about 30% more expensive than petrol inboards, but the petrol inboard will have much
higher fuel consumption and little extra power. When petrol and diesel become comparable in cost due to
the loss of the duty derogation it is possible that petrol inboards will become more popular. Diesel is
generally considered to be more reliable than petrol and even with the loss of the duty derogation will
continue to be more economical.™

Outboard motors are divided into four stroke and two stroke engines. Four stroke engines get their name
due to the four stages of the engine sequence; compression stroke; power stroke; exhaust stroke and intake
stroke. Two stroke engines only follow the first two stages. The advantage of the two stroke cycle is that it
generates more power for a given engine size, since power is generated on every other stroke, rather than
every fourth stroke. The disadvantages are that emissions are higher with a two stroke cycle than with a four
stroke cycle, and that fuel efficiency is poorer.™

Four-strokes are inherently much cleaner than two-strokes, burning fuel much more completely and
therefore with much greater efficiency. Four stroke motors draw in the air/fuel mixture and expel exhaust
gases on separate strokes of the piston, which means that large amounts of unburned fuel are not released
from a four stroke as in a two stroke.'? Four stroke engines are becoming more common, two stroke engines
now only being made by a small humber of manufacturers because of the requirements of the RCD

(see Section 1.1.2).

2.3 Carbon dioxide emission of recreational boats

As accurate fuel usage figures are not easily available for recreational boats the total CO, emissions of the
recreational boat fleet have not been calculated. Compared to road vehicles which are the predominant
source of CO, emissions from transport'® the impact of recreational boats is proportionally smaller.

A few estimates are possible:

1 Zhou et al (2003) estimate that the 1.54M recreational boats in the UK use 430,478 tonnes of diesel fuel
per year. This equates to 1.33kt of CO, per annum."

1 Best Foot Forward, estimate that the figure is closer to 47kt tonnes CO, per annum. A figure derived
from data on total diesel purchased in 1998, based on the assumption that 83% of marine fuel used is

19 Source: Simon Everett, Inboard Diesel vs Outboard Petrol, RIB International 2006

" Source: http://www.chevron.com/products/prodserv/fuels/bulletin/diesel/L2_6_1_rf.htm

"2 Source: http://www.gcroa.org/Pages/fourstrokediagram.htm

3 However this is being done as part of separate piece of work for The Green Blue which is due to be completed in Summer 2007.
' Road vehicles produced 125,791kt of carbon dioxide in the UK in 2004.

'3 Calculated by converting to litres (using 0.85kg = 1l diesel) and multiplying by emissions factor for diesel 2.63kg/L.
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diesel. However, given the timeframe this figure works with, it is likely an underestimate as the UK
marine industry has grown in the last decade and probably so has its fuel consumption. Assuming that 7%
market growth per annum can be extrapolated to fuel use, then by 2006 emissions from diesel used in
marine engines is 68.32kt CO,"®

1 The UK government estimated that the loss of the diesel derogation would raise approximately
£10million,"” from this an approximate diesel consumption of 24.6 million litres can be estimated
emitting 64.68kt of CO, per annum.'®

There is obviously a good deal of contention and relative inaccuracy in these statistics, due to the lack of
comprehensive current data. These estimates however, are helpful to illustrate the significant contribution
that the UK’s motorised recreational craft have on climate change and also highlight the need for more
research to be done in this area.

' pers Comms Xana Villa Garcia, Best Foot Forward, 13" June 2007.

7 This states it is from the loss of three derogations so this may not just relate to boat use.
Source: http://www.theyworkforyou.com/debates/?id=2006-12-07a.429.2

'8 Calculated by dividing £10M by the difference between the new and the old duty rate (40.66) and multiplying this by the emissions
factor for diesel 2.63kg/L.
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3 Biofuels

The term biofuels refers to fuels which are plant-based rather mineral-based. The two principal types are
biodiesel and bioethanol (often referred to simply as ethanol). Currently biodiesel tends to be made from
oil-rich plants such as oilseed rape and sunflower oil, whereas bioethanol is made from sugar rich crops such
as corn and sugar cane. The final biofuel discussed in this section is PPO which can be used as a fuel without
conversion to biodiesel. There is increasing interest in biofuels in the UK due to the EU biofuels directive
and RTFO (see Section 1.1.2) although at the same time increasing concern is being expressed about the
sustainability of such fuels (see Box 1).

3.1 Biodiesel

3.1.1 What is biodiesel?

Biodiesel can be made from a wide range of biomass sources including plant oils (e.g. rapeseed, sunflower,
soy) or waste cooking oil, animal fats, grease and tallow. It is produced through a process called
transesterification whereby the oils are reacted with methanol to produce methyl esters.

This process brings the specification closer to that of mineral diesel and therefore makes the oil more
suitable for use in conventional diesel engines. The idea of running diesel vehicles on vegetable oils is
nothing new as the original diesel engine in 1895 was run on peanut oil.

Biodiesel can be used in any modern diesel engine, including direct injection computer-controlled engines.
Whilst biodiesel can be used neat engine manufacturers generally only allow diesel which meets standard
EN590 under the terms of their warranties which means that only 5% biodiesel can be included. Using higher
blends than this will generally invalidate the engine warranty, but with care can be used without problem.

Biodiesel has been marketed to boaters in the USA generally as a 20% blend with petroleum diesel, but
higher blends have also been used including someone who travelled 35,000 miles around the world using
100% biodiesel (Zhou et al, 2003).

3.1.2 Environmental and other benefits compared to mineral diesel

3.1.2.1  Greenhouse gas emissions

The principle benefit of biodiesel is in its GHG emission savings. It should be noted that these savings are
over the lifecycle of the biodiesel from crop production to use in the vehicle. CO, emissions from the exhaust
of the vehicle will be similar to mineral diesel, but as CO, is not a pollutant of local concern this has no
impact on local air quality.

There is some debate of the level of GHG savings due to biodiesel use. Three studies reviewed by the
Sustainable Development Commission (2006) gave a range of reductions in GHG emissions of 16-80% for
biodiesel from oilseed rape and 82-98% for biodiesel from waste products. The lower reduction for biodiesel
from energy crops is primarily due to the high energy demand of the fertiliser used to grow the crops.
Concern is growing that biodiesel may be increasingly made from palm oil and if rainforests are cleared for
palm oil plantations then the biodiesel produced may increase rather than decrease CO, emissions due to the
destruction of the rainforest CO, sink (see Box 1).
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3.1.2.2 Emissions of other pollutants

Use of biodiesel also results in a reduction in PM, HC and CO emissions.' In addition it is a sulphur free fuel
and its use brings good reductions (50-85%) in polycyclic aromatic HCs (PAHs), about which there is growing
concern about their carcinogenic properties. However biodiesel use generally gives increased NO, emissions.

3.1.2.3 Sustainability issues

Currently demand for biodiesel in the UK outstrips supply and whilst production can be increased it is
estimated that by 2020 the UK will only be able to grow sufficient crops to supply 20% of our road transport
fuel needs through biofuels with a further 1% from waste products. Additionally concern has been expressed
about the impact of the widespread use of biofuels on biodiversity both in the UK and overseas for example
the potential destruction of the rainforest to grow palm oil (See Box 1).%

3.1.2.4 Aquatic pollution

One of the principal advantages of biodiesel in marine environments is that it is non-toxic, insoluble and
biodegradable. According to tests done by the University of Idaho, biodiesel degraded at the same rate as
sugar as and much more rapidly than diesel.?! However it should be borne in mind that biodiesel is generally
used in a blend with mineral diesel therefore the biodegradation will not be as rapid as pure biodiesel.
Biodiesel is much more insoluble than petroleum diesel and toxicity tests have shown that it is 20-40 times
less toxic to larvae than petroleum diesel, however whilst better than petroleum diesel it will still cause
oiling problems to marine mammals and birds if spilt in large quantities (Zhou et al 2003).

3.1.2.5 Safety issues

Biodiesel is generally considered to be safer than petroleum diesel as it has a higher flash point and is
non-volatile. It is generally considered as safe to handle as cooking oil (Zhou et al 2003).

3.1.2.6 Other benefits
As well as the environmental benefits given above, the use of biodiesel at any blend gives the following
advantages over other alternative fuels:

1 No new infrastructure is needed for fuel storage and delivery.

1 It can be splash blended to any percentage with mineral diesel and when biodiesel is not available
mineral diesel can be used as normal.

1 It does not normally require modification to engines.

1 It gives enhanced lubrication and cleaning qualities when compared to Ultra Low Sulphur Diesel
(ULSD), this improved lubricity can be observed at blends as low as 2% (Chirkowski et al 2005).
Market research among sailboat users in the USA has shown that biodiesel users enjoyed the
mechanical benefits of high lubricity, smoother operation and complete combustion.

1 In the USA survey mentioned above users also mentioned the benefits of lower levels of soot, smoke
and odour when using biodiesel (Zhou et al 2003).

19 Source: http://www.michigansoybean.org/biodiesel/marine%20biodiesel/leaveonlywavesbrochure. pdf
2 Source: www.sd-commission.org.uk/publications/downloads/Biofuels_SDC.pdf

2 Source: Biodiesel.org (2007) easier on marine environment http://www.biodiesel.org/markets/mar/
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1 It offers some strategic benefit, on a national level, giving less reliance on imported oil and greater
control of fuel costs, however currently most biodiesel used in the UK is imported from Europe.

Box 1: Biofuels and Sustainability

At the same time as biofuels are being promoted strongly by the governments of many countries including
the USA, Brazil and within the EU, increasing concern about the sustainability of their production is being
raised by environmental groups.

Rainforest destruction

The Malaysian and Indonesian governments in particular are promoting the growth of palm oil plantations.
Palm oil can be used in the production of biodiesel and growing and producing the oil in the tropics would
bring huge cost savings to companies. However this may cause the destruction of huge swathes of
rainforest causing massive loss of biodiversity as well as hastening climate change as rainforests act as
giant carbon sinks.

Food vs Fuel

The second main concern relating to biofuels is that developing countries will switch to growing fuel crops
for developed nations rather than food for their own people. Additionally many of the crops used for
biofuels, such as corn used for ethanol in the US, are also food crops and due to demand for biofuel
production the price of these crops has shot up. Indeed the Mexican government has been forced to
regulate the price of corn to ensure that its poorest people can still afford to buy it.

Indigenous production

The ideal solution from a sustainability perspective would be for each nation to grow its own biofuels,
however shortage of land makes this impossible for most European countries. For example in the UK it is
estimated that we could supply at most 20% of our transport fuel needs by growing oil seed rape and other
crops and a further 1% from reusing waste oils. At this level all set aside land would need to be used for
growing biofuels which may have local biodiversity impacts as set aside land tends to support more
wildlife then agricultural land.

The solution?

Many people believe that so-called second generation biofuels which can produce fuels from waste
products such as straw and whose production is much more efficient will help increase supplies. However
these products are some way from being commercially available and it is unsure when they will reach the
market place and whether they can live up to their supporters claims. The EU has stated that the RTFO
will only be extended if ‘sustainable production’ of biofuels can be ensured, but it is unclear how this
would be defined or if any certification scheme would meet World Trade Organisation rules. In reality
biofuels can only be part of the solution to reducing the carbon footprint of our transport fuels and
reducing overall fuel usage must be the principle goal.

Sources: http://www.guardian.co.uk/comment/story/0,,2043462,00.html, The Sustainable Development Commissions response to
the Department for Transport on Biofuels and the RTFO June 2006.
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3.1.3 Risks and Barriers

There are a small number of concerns around the use of biodiesel and more importantly a number of barriers
which prevent its uptake by the recreational boating industry.

3.1.3.1 Fuel Lines

Biodiesel can soften certain types of rubber and plastic which can cause problems with the fuel lines of older
(pre mid-1990s) engines. Problems are very rarely encountered with new engines or when using blends of
less than 20% biodiesel.?? Volvo Penta recommends checking and changing rubber and plastic components
regularly to avoid leakage.?

3.1.3.2 0Oil Change

Volvo Penta recommend halving the oil change interval as biodiesel can impair the lubricating capacity of oil
due to its higher boiling point.%* However in road vehicles problems are rarely encountered in blends of
below 20% biodiesel.

3.1.3.3 Solvent characteristics

As a mild solvent, biodiesel has excellent cleaning properties. It will loosen and dissolve any accumulated
sediment left by mineral diesel in fuel tanks, fuel lines and fuel systems whether in bulk storage or in the
vehicle itself. This can block the fuel filter, which will need to be changed after initial use of biodiesel.?
This can be done as a preventative measure and is likely to be a one-off event. Alternatively the fuel tanks
and systems could be cleaned prior to the use of biodiesel. This problem is only likely to be encountered
with higher blends of biodiesel (30% plus).

3.1.3.4 Increased NO, emissions

Using biodiesel can result in increased NO, emissions. Almost all studies on biodiesel in road vehicles have
shown an increase in NO, emissions, although often these are very slight. One of the few studies on
biodiesel use in boats showed a general decrease or at most very slight increase in NO, emissions with
biodiesel use (Chirkowski et al 2005 - see Box 3).

Increased NO, emissions are probably of less concern in boating than in road vehicles, as NO, levels are
generally only a concern in urban environments and compared to road vehicle use, the fuel use of
recreational boats is fairly low. NO, emission levels are regulated through the RCD and it is possible that if
biodiesel is used instead of diesel in an engine that otherwise meets the RCD the NO, limit may be exceeded.
However this is unlikely to be the case unless very high biodiesel blends are used and/or the engine is very
close to the RCD limits when using diesel. From the legal perspective the RCD puts the emphasis on the
engine manufacturer rather than the user so there is no legal reason why biodiesel cannot be used.

22 See www. bioroute.co.uk/biodiesel.htm for more information

B http://www.volvo.com/volvopenta/uk/en-gb/owners_section/marine_leisure/FAQ/FAQ_Biodiesel.htm
2 As above

% As above

26 From: www.bioroute.co.uk/biodiesel.htm
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Box 2: Vol vo Pentads advice on biodiesel

“Volvo Penta’s diesel engines can be operated on diesel fuel with a higher blend of biodiesel than 5 % -
in other words, a higher proportion than stipulated in the EU standard EN590. If such a fuel is used, the
engine’s emission levels may increase slightly. The engine will also need more frequent service intervals
to avoid excessive wear and shorter lifetime.

Volvo Penta’s guarantees do not cover damage caused by a too high blend of biodiesel.

Volvo Penta makes the following recommendations to customers who wish to use fuel with higher biodiesel
content than stated in the EU standard EN 590:

1 The biodiesel must be of good quality, which means that it must comply
with the EU’s EN14214 fuel standard.

9 Biodiesel is an efficient solvent that can, when first used, dissolve
constituents in the fuel system. The fuel filter should therefore be changed
after a short period of usage.

91 Biodiesel is not a fuel with long-term stability, it can oxidize in the fuel system.
The entire fuel system must be emptied and operated on normal diesel before
any extended period of still standing, such as during winter storage.

1 Biodiesel has a negative effect on many rubber and plastic materials.
Rubber hoses and plastic components in the fuel system must be checked
regularly and changed at more frequent intervals than usual to avoid leakage.

91 Biodiesel impairs the lubricating capacity of oil due to its higher boiling point.
The intervals for changing lubricating oils and oil filters must be halved
compared with normal.”

Source:
http://www.volvo.com/volvopenta/global/engb/marineengines/Environmental_leadership/biodiesel/

NO, emissions in road vehicles can be tackled through a range of methods including: exhaust gas
recirculation; DeNOx catalysts; absorbers; selective catalytic reduction; the use of additives and; through
retarding engine timing. However with the exception of the latter these tend to be expensive and as far as
can be ascertained are not currently used in boat engines.

3.1.3.5 Increased fuel consumption

Biodiesel has a lower energy content than mineral diesel and therefore this should lead to slightly higher fuel
consumption, however the higher biodiesel cetane?” number tends to minimise the impact of this (Chirkowski
et al 2005). Additionally as biodiesel is generally used as a blend with mineral diesel very few users notice
increased fuel consumption.

2 For definition of cetane numbers, please see Glossary.
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3.1.3.6 Storage issues

Biodiesel can degrade if stored for long periods of time (over 6 months), antioxidants can be added to
stabilise the fuel but this may have adverse impacts on other aspects of the fuel (Chirkowski et al 2005).
Volvo Penta therefore recommends that the system is emptied and mineral diesel used briefly before any
long periods without use (see Box 2). However this is very unlikely to be a problem when biodiesel is
blended with mineral diesel particularly for blends of less than 50% biodiesel.

3.1.4 Costs

Boat users have benefited from a derogation on biodiesel as well as diesel, but this will also be lost in the
near future. However this may make the costs of biodiesel and diesel more comparable to boat users.

For example Chirkowski et al (2005) give the cost per litre of biodiesel as 45ppl (including off-road duty of
3.1ppl) compared to red diesel cost of 34ppl (including off road duty of 6.4ppl). Based on these fuel prices
under the new regime biodiesel would be 65.66ppl and diesel 74.66ppl as 100% biodiesel benefits from a
20ppl reduction on fuel duty, which is guaranteed until April 2010. However the duty levels on biodiesel are
likely to change in the future and the current view seems to be that the duty will increase and support will
move to a market based mechanism through the RTFO (see Section 1.1.2). Until the RTFO is introduced in
April 2008 it is not clear what impact this will have on biodiesel and diesel prices.

Current biodiesel prices are shown in Appendix Il and range from 70-91ppl for 100% biodiesel.

3.1.5 Blends and warranties

The main barrier to biodiesel use is that most engine warranties require the use of EN590 diesel and diesel
cannot achieve the EN590 standard if it contains more than 5% biodiesel. Therefore using biodiesel in blends
in excess of 5% would invalidate the warranty. As far as can be ascertained none of the main diesel engine
manufacturers for boats allow the use of biodiesel in excess of 5% under the terms of their warranty.
However Volvo Penta state that their engines can operate on higher blends of biodiesel and give advice for
people wishing to use biodiesel even though this will invalidate their warranty (see Box 2).

Biodiesel at blends of up to 30% rarely cause engine problems (as long as the biodiesel is of good quality
and meets EN14214) and many users risk their warranty by using biodiesel. Indeed it may be possible to
negotiate with engine manufacturers to maintain the warranty as long as the problem is not caused by
the fuel.

With the future increase in the biofuels directive to 10% of road transport fuel by 2020 it is very likely that
engine manufacturers will have to increase the percentage of biofuels allowed (see Section 1.1.2).

3.1.6 Existing biodiesel use in recreational boating

Biodiesel is already used by some recreational boat users. It appears that biodiesel is not publicly
available at any UK marinas and that current users have made their own arrangements for delivery
or make their own biodiesel.

A few exemplar projects using biodiesel in boats have been set up, for example the Horizon project in which
a new Horizon 20M with twin 1000hp CAT C18 engines will travel around south coast marinas in 2007 raising
awareness of the possibility of using biodiesel in powerboats.?® However for this project to work BP is
delivering the biodiesel to the marinas for the boat to fill up.

2 http://www. leisuremarinebiodiesel.com/
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Box 3: Biodiesel use in the Norfolk Broads

The School of Marine Science and Technology at Newcastle University was contracted by the Broads Hire
Boat Federation to undertake trials of biodiesel in two boats on the Norfolk Broads. Two boats were used
in the trial and their performance and emissions compared when using biodiesel and diesel. The two
boats used were:

1. The Fair Countess, a 12.19m boat using a Perkins 404C-22 engine.
2. Aimee 2, a 7.31m boat using a Nanni Diesel 3.100HE engine
During the trial the following exhaust emissions were measured: CO, CO,, O,, NO,and SO,.

The most important finding was that NO, emissions were actually on the whole lower or similar with
biodiesel compared to diesel. The researchers suggest that this shows that NO, emissions are more
dependent on the exact fuel type than on engine design.

CO emissions were not significantly different between diesel and biodiesel in either engine. SO, emissions
were much lower with biodiesel as this fuel contains minimal amounts of sulphur.

Fuel consumption was up to 17% higher with biodiesel than diesel with the impact more marked at higher
rpm. This will obviously increase fuel costs but the impact is minimal at lower rpms.

Source: Chirkowski et al (2005)

3.1.7 Availability of biodiesel for recreational boating

As mentioned above, as far as can be ascertained, biodiesel is not currently available in any UK marina.
However a couple of marinas mention that they will supply biodiesel but it is not clear how far they have
looked into this.?

Therefore, other than encouraging their local marina to stock biodiesel, there are three main routes
available to boat users wishing to use biodiesel:

1. Buy direct from road-based biodiesel suppliers, either in a fuel can or by taking the
boat to the filling station. A list of biodiesel filling stations in the UK can be found at
http://www.biodieselfillingstations.co.uk/

2. Purchase biodiesel in bulk from a supplier (see Section 3.1.7.1)
3. Make biodiesel themselves (see Section 3.1.7.2)

If storing biodiesel for future use in England in containers of over 200 litres, above ground at an industrial,
commercial or institutional site, or if you store more than 3500 litres of oil at a domestic property the storage
facilities must comply with the Oil Storage Regulations 2001°°. Similar regulations apply in Scotland*' and
further regulations are likely to be put in place for Wales and Northern Ireland in due course. The Oil
Storage Regulations are summarised in Appendix | and all new tanks above these sizes must meet these
standards. Existing tanks within 10m of surface water or 50m of a borehole or well must comply by 1°* April
2008 and all other existing tanks by 1°* April 2010.%

® e.g. http://easyweb.easynet.co.uk/jim.shead/Castleford%20Marina.htm and http://www.ospreyquay.com/feb-2007-osprey-quay-
leaflet.pdf

3 Source: http://www.environment-agency.gov.uk/business/444217/590750/590821/174658/
3" The Water Environment (Oil Storage) (Scotland) Regulations 2006

32 Source: http://www.ecop.org.uk/docs/ecop4.pdf page 49-50
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3.1.7.1  Suppliers

There are a range of suppliers of biodiesel who will deliver 100% or blended biodiesel to marinas or any
other location designated. Some of these are listed in Appendix Il. It may be worth several users clubbing
together to arrange deliveries. It is recommended that only biodiesel meeting the standard EN14214 is used
to minimise the risk of engine problems. If bought as 100% biodiesel it could be splash blended into the tank
with mineral diesel.

3.1.7.2 Making biodiesel yourself

Biodiesel can be made in small quantities by individuals, there are a wide range of organisations and
individuals who promote this, but it is perhaps not quite as straightforward or cheap as some suggest.
Whilst biodiesel itself and the oil it is made from are not particularly hazardous the process of conversion
requires the use of various chemicals including methanol. The other important consideration is the need to
pay duty to HMRC which is a fairly time consuming process about which more information can be found on
their website.* Further sources of information on making your own biodiesel are given at the end of this
report.

3.1.8 Applicability of biodiesel in recreational boating

Biodiesel appears to be a suitable fuel for recreational vessels with two main issues to be overcome: engine
warranties and supply. Biodiesel offers a notable advantage in an aquatic environment because it is less
toxic and more degradable than mineral diesel, additionally if warranty concerns can be overcome it can be
used in existing engine systems without modification. However concern over the sustainability of biofuels
must be considered and biodiesel is certainly not a perfect solution. Zhou et al (2003) estimate that if the
entire UK recreational boat fleet used 100% biodiesel this would require rapeseed oil to be planted on nearly
50% of the UK’s set aside land. For this reason they principally concentrate on sailing yachts, but conclude
that the use of biodiesel is not eco-efficient® unless the price of biodiesel reduces (see 3.1.4 for details of
biodiesel costs). However their paper was written prior to the loss of the red diesel derogation and whilst
it may be that the impending increase in diesel price is an effective enough trade off to reconsider this
utilisation of set aside agricultural land. However, until the end of the derogation has had a chance to
impact the fuel market prices, any recalculation made here would be speculative and therefore currently
ineffective as a marker of eco-efficiency.

3.1.9 Anticipated biodiesel developments

Due to the EU Biofuels Directive (see Section 1.1.2) biodiesel use in the UK is likely to continue to increase.
As its use becomes more widespread its cost should fall, due partly to improved production methods but
perhaps also due to increased imports of raw materials such as palm oil. Increased imports are likely to put
more pressure on the government to introduce sustainability standards for biofuels which may help improve
the situation, but are by no means certain as they may contravene World Trade Organisation rules if they are
considered to be a support mechanism for national production. It is also likely that engine manufacturers
will increase the allowable percentage of biofuels to at least 10% in line with the biofuels directive.

33 http://customs.hmrc.gov.uk/channelsPortalWebApp/channelsPortalWebApp.portal?_nfpb=true&_pagelabel=pageVAT_
ShowContent&id=HMCE_CL_000205&propertyType=document#P106_8204

3 Eco-efficiency is defined by Zhou et al as ‘maximising value whilst minimising resource use and adverse environmental impacts.’
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3.2 Bioethanol

3.2.1 What is bioethanol?

Bioethanol is a petrol substitute, occasionally referred to as biopetrol or ethanol, which can be
manufactured from the fermentation of plant-based feedstocks, either starch crops (e.g. corn, wheat and
cassava) or sugar crops (e.g. beet and cane). Bioethanol can be used in a blend with petrol. Like biodiesel,
up to 5% bioethanol is allowed under most engine manufacturers warranties although, unlike biodiesel,
higher blends (over 20%) require significant engine modifications.

3.2.2 Environmental and other benefits compared to conventional fuels

3.2.2.1 Greenhouse gas emissions

The GHG savings from bioethanol depend on the feedstock and production process. Pure bioethanol can
reduce lifecycle GHG emissions by up to 70% compared to petrol. A 5% blend of bioethanol reduces CO,
emissions by 3.5% compared to 100% petrol. However these savings are disputed, campaigners claim that
ethanol plants are very energy intensive and that ethanol production in fact uses more energy than it
contains as a fuel.*® This is borne out by the 3 studies reviewed by the Sustainable Development Commission
(2006) which gave a range of figures from a 68% reduction to an 11% increase in GHG emissions.

3.2.2.2 Emissions of other pollutants

Bioethanol use also reduces emissions of HCs by around 5% and CO by around 10%.

3.2.2.3 Sustainability issues

Like biodiesel increasing concern is being expressed over the growth of fuel crops for bioethanol and the
environmental and sustainability issues this causes (see Box 1).

3.2.2.4 Aquatic pollution

Ethanol biodegrades quickly in the environment and therefore is likely to cause less water pollution than
petrol. At high concentrations it can be toxic to aquatic organisms, but many can break it down and
eliminate it from their bodies. Large quantities of ethanol could cause significant pollution, but smaller
spills are likely to be less harmful than equivalent spillages of petrol.*

3.2.2.5 Safety issues

Bioethanol is comparable to petrol with regards to safety®” and therefore must be handled with more caution
than diesel or biodiesel.

3.2.3 Risks and Barriers

Bioethanol has hygroscopic (water-attracting) properties which can make fuel handling, storage and
distribution tricky for boat users.

% Source: http://www.energyjustice.net/ethanol/net_energy/
3 Source: http://www.ethanol-gec.org/information/briefing/8.pdf

37 Source: http://www.e85safety.com/index.php?/plugin/tag/safety
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Ethanol use is becoming increasingly common in the USA, generally as E10 fuel (petrol blended with 10%
ethanol), Volvo Penta allows the use of this fuel in its North American engines,® but raises a number of
concerns which are echoed in a US power boat article.*

The following potential problems are raised regarding the use of E10:

1 Ethanol is a solvent and can dissolve the resin of some fibreglass fuel tanks especially those made of
polyester resin. Aluminium tanks can also be corroded by ethanol.

1 The solvent properties of ethanol can also loosen old deposits and bring them into the fuel system.

1 Because boats vent into the air and bioethanol has hygroscopic properties this causes excess water to
enter the tank. This can cause the ethanol to separate from the petrol and produce a lower octane fuel.

1 The shelf life of E10 could be as low as 60 days which could be a problem when boats are stored for
any period.

Suggested solutions to these problems include:

Use a water separating fuel filter between the fuel tank and the engine.
Check and clean the filters often.

Try to burn all petrol out of the tank before using E10.

Consider replacing fibreglass fuel tanks with stainless steel or plastic tanks.

= =4 =4 -4 -4

Use a fuel stabiliser when storing fuel for more than two weeks.

Due to the EU biofuels directive (as mentioned in Section 1.1.2) it is likely that most petrol sold in the UK
will contain 5% bioethanol by 2010. No evidence has been found that this low level of ethanol will cause
problems but further investigation may be worthwhile.

3.2.4 Costs

Currently bioethanol costs around three times as much as petrol to produce, although as it becomes more
widespread and production technologies improve this cost will fall and like biodiesel it benefits from a 20ppl
reduction in fuel duty which is guaranteed until at least April 2010. However bioethanol is around 30% less
efficient than petrol which increases fuel costs, although at a 10% blend the increased cost is likely to be
minimal as only 3% more fuel will be used.

3.2.5 Blends and warranties

All engine manufacturers will insist that to maintain the warranty any petrol used must meet either standard
BSEN228 (premium unleaded) or BS7800 (super unleaded). Both these standards allow the incorporation of
up to 5% bioethanol in the fuel.

Blends in excess of 5% will invalidate warranties, but up to 10% blends are used in the USA and Australia as
mentioned above. For higher blends engine modifications are needed which in road vehicles has led to the
introduction of flexifuel vehicles which generally run on 85% bioethanol. As far as can be ascertained no
flexifuel engines for boats are currently in the pipeline.

3 Volvo Penta - North America: Ethanol-blended fuel and your Volvo Penta engine. http://www.volvo.com/volvopenta/na/en-
us/marineengines/ethanol.htm

% Jim Shepard - Boat Engines and Ethanol Blended Fuel, email 15 December 2006 sent to bioenergy@listserv.repp.org email group.
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Under the biofuel directive the amount of bioethanol sold in petrol is likely to rise to 10% and engine
manufacturers will probably alter their warranties to reflect this, although care will be needed to avoid the
problems mentioned in Section 3.2.3.

3.2.6 Existing use in recreational boating

No examples of deliberate use of bioethanol in recreational boating have been identified. As all petrol in
the UK can legally be sold with up to 5% bioethanol some boaters may have used it without realising.
Similarly as mentioned above blends of up to 10% are used by boaters in the USA and Australia with some
controversy over the impacts.“

3.2.7 Availability for recreational boating

All petrol in the UK can legally contain up to 5% bioethanol, but otherwise it is only used in a few small trial
projects and is not widely available, like most new fuels it will take substantial investment in the fuel
production and distribution infrastructure to achieve the necessary economies of scale. As far as can be
ascertained no boat users in the UK are using bioethanol.

3.2.8 Applicability in recreational boating

From issues raised above it appears that the disadvantages of using bioethanol in boats exceed the
advantages. However as the EU Biofuels Directive is enforced in the UK through the RTFO and increased
to 10% by 2020 any issues around the use of low levels of bioethanol in boats will need to be resolved.

3.2.9 Anticipated developments

Bioethanol seems likely to be increasingly used in blends of up to 5% with petrol in the UK, and perhaps up
to 10% as the strengthened Biofuels Directive is implemented. Research is currently strongly focused on
developing technologies for making ethanol from cellulose, as this would allow more of the plant materials
to be used, including forestry and agricultural waste. This in turn could make ethanol cheaper and reduce
environmental impacts. However like biodiesel it will not be possible to fully replace petroleum fuel with
bioethanol due to a shortage of land available for growing fuel crops.

3.3 Pure Plant Oils (PPOs)

3.3.1 What are PPOs?

PPOs are also know as straight vegetable oils (SVO) and can be produced from a wide range of crops
including rape, sunflower and palms. It is possible to run diesel engines directly on PPO, indeed the first
diesel engine ran on peanut oil, but this frequently causes problems to the engine particularly in the long
term. Therefore it is recommended that engines are converted to run on pure PPO, in general this involves
making them dual fuel so they start on diesel and once the engine is warm switch to the more
environmentally friendly PPO. Converted engines can run on diesel, biodiesel and PPO.

3.3.2 Environmental and other benefits compared to conventional fuels

3.3.2.1 Greenhouse gas emissions

Because PPOs require less processing than biodiesel the CO, emission savings can be even greater.
A Danish study in 2000 estimated that using PPO from rapeseed instead of diesel would save about 95% of

“0 http://www.rimta.org/pdf/RIMTA_News_May_2006.pdf, http://www.theoutboardwizard.com/boat_ethanol_danger_precaution.html
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CO, emissions and this could be even greater if renewable sources of energy were used when growing the
crop.*’ Obviously there would be additional impacts in transporting the PPO but this would be comparable
to those for diesel. Blooming Futures estimate that PPOs have an energy footprint 25 times less than
biodiesel,* although obviously this will vary greatly depending on the source of both biodiesel and PPO.

3.3.2.2 Emissions of other pollutants

Emission tests comparing PPO and diesel show significant (40%+) reductions in CO, HC and PM and minor
reductions in NO,when using PPO compared to diesel.*

3.3.2.3 Sustainability issues

Using PPO could result in the same sustainability issues as for other biofuels, although less energy is required
to produce PPO to the required standard compared to biodiesel. Blooming Futures, one of the main PPO
suppliers and proponents in the UK, only sources PPO from rapeseed grown in the UK which improves the
sustainability of the product.*

3.3.2.4 Aquatic pollution

PPO is much less toxic than diesel, like all vegetable oil it may Kkill fish by asphyxiation but it will not poison
them, they may even eat it, and as it is biodegradable it should not cause long term damage to the aquatic
environment.

3.3.2.5 Safety issues

PPO is easy and safe to handle and transport and is neither flammable nor explosive.*’

3.3.3 Risks and Barriers

The only real barrier to PPO as a marine fuel is its current availability. PPO can be used in diesel engines
without modification; the only prerequisite to ensure that the engine runs properly is that the PPO is heated
to the correct temperature so that it behaves like diesel. Whilst 99% of diesel engines can run on PPO
without modification, older diesel engines might not be suitable.* Additionally as PPO is hygroscopic further
engine modifications would be needed to ensure that water does not enter the fuel.

3.3.4 Costs
Blooming Futures estimate that it would cost £4000 for the kit and installation to convert a boat to use PPO,
on top of this there may be additional fees as this would be the first boat conversion for them.*

PPO which meets DIN standard 51605 costs 91ppl, delivered in a 1000l IBC, with road duty and VAT paid.
HMRC have recently confirmed that PPO can receive the 20ppl fuel duty rebate®® and will be eligible for the
RTFO, therefore this price should fall.

“! Source: Jacob Bugge, Folkecentre for Renewable Energy 2000 http://www.folkecenter.net/mediafiles/folkecenter/pdf/plant-
oil/energy_co2_balance.pdf

“Z The Levington Report cited by: http://bloomingfutures.com/a_beginner_s_guide_to_pure_plant_oil_ppo.html
“ Source: http://www.folkecenter.net/gb/rd/transport/plant_oil/9194/

“ Source : http://bloomingfutures.com/a_beginner_s_guide_to_pure_plant_oil_ppo.html

“ http://www.elsbett.com/fileadmin/elsbett/archiv/de/svohistory.pdf

“ peter O’Neill, in connection with Eilish Oils, pers comms 26" June 2007

47 Mat Bulba, Blooming Future pers comm 29% March 2007
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Peter O’Neill, an expert on PPO conversion who works in collaboration with Eilish Qils in Ireland and
Regenatec in the UK states that cost of conversion of an engine would be approximately €2000 per engine,
with engines above 100HP requiring a commercial upgrade costing around €5000. Since there is no tax on
fuel for boats in Ireland, PPO costs €0.70 pl.* Generally a storage facility will also be needed for PPO, which
comes at a small additional cost.

3.3.5 Blends and warranties

Engines need to be adapted to use PPO which will automatically invalidate any warranty however Blooming
Futures will warranty any conversions it carries out for between 1 and 3 years depending on the age of the
engine, so long as oil meeting DIN standard 51605 is used.>

3.3.6 Existing use in recreational boating

As far as can be ascertained to date no recreational boats have been converted to run on PPO®'. Regenatec,
an Oxford based technology company has converted a modern fishing trawler, called Jubilee Quest, to
investigate the technical feasibility of the technology at sea. Jubilee Quest was converted to run on a dual
fuel system, switching to vegetable oil once the engine has warmed up. The operators have been very happy
with the performance and the boat is being run as normal, but the price of the fuel is considerably more
than that of the red diesel that the boat would normally run on. The engineer who converted the boat
stated his long term aim was to run the boat on waste oil or tallow which would reduce the cost.>?

3.3.7 Availability for recreational boating

PPO is not currently available directly for purchase at any UK marina, but suppliers such as Blooming Futures
will supply it directly to marinas. PPO is non-hazardous, but the Qil Storage Regulations must be met (see
Appendix I). Several companies will carry out conversions and it is also possible for people with mechanical
knowledge to carry out their own conversion. Some information on this is available on Blooming Futures
website or in the book ‘From the Fryer to the Fuel Tank’. Once conversion is complete the boat can run on
vegetable oil bought from any supermarket although there is a small risk that the quality may be lower than
that from specialised suppliers and users will need to register with HMRC to pay fuel duty®.

3.3.8 Applicability in recreational boating

PPO offers considerable environmental benefits in an aquatic environment and would be suitable for many
diesel vessels using both inland and marine waterways. However conversion comes at a considerable cost
and currently the fuel does not offer any significant savings over diesel or biodiesel. Therefore PPO is
probably only suitable for recreational boaters who strongly want to reduce their environmental impact and
are prepared to pay a small amount to do this. Indeed, as seen in the costs section for PPO in this report, the
fuel costs almost double that of diesel at the current time and the lack of infrastructure/availability is likely
to keep these costs mostly prohibitive for the time being.

“8 HM Revenue and Customs, December 2006 source : http://bloomingfutures.com/uploads/File/HMRC.pdf
“ peter O’Neill, in connection with Eilish Oils, pers comms 26™ June 2007

% Source: http://bloomingfutures.com/engine_warranties.html

5 Matt Bulba, Blooming Futures pers comm. 20" March 2007

32 BBC article, November 2006: http://news.bbc.co.uk/1/hi/programmes/working_lunch/6146580.stm

3 HMRC on paying duty:
http://customs.hmrc.gov.uk/channelsPortalWebApp/channelsPortalWebApp.portal?_nfpb=true&_pagelLabel=pageExcise_ShowContent&i
d=HMCE_CL_000205&propertyType=document#toc
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3.3.9 Anticipated developments

Blooming Futures anticipate that they will develop further and that the conversion rate will increase and
therefore costs will fall. The reduced pollution impacts and other environmental benefits could make PPO
conversions particularly suitable for recreational boats, but a champion is likely to be needed to drive the
development of this. Like biodiesel and bioethanol the overall availability of sustainably produced oils
suitable for PPO is a limiting factor in their use in transport.
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4 Electric Battery Engine Systems

4.1 Battery Electric

4.1.1 What is battery electric?

Boats can be powered by an electric battery charged from the mains. This tends to be more suitable for
inland waterways where speeds are lower and recharging points more common. Electric boats are nothing
new, being very popular between the 1890s and 1910 on the Thames, but through the development of the oil
engine these more or less disappeared by the 1930s. In the 1970s interest in the UK started to revive
following the introduction of electric outboard motors from the USA.>* This section deals primarily with
conventional electric batteries, with renewable sources of energy: solar and wind and hydrogen fuel cells
discussed later in the report.

4.1.2 Environmental and other benefits compared to conventional fuels

4.1.2.1 Greenhouse gas emissions

Unless the electricity used to charge the batteries is from renewable sources electric engines will still
contribute to climate change through electricity generation. However lifecycle CO, emissions are better than
both diesel and biodiesel, this is due to the fact that the majority of UK power is now generated from gas, as
coal fired power stations are reducing in number year on year and gas typically emits less CO, than diesel.
For comparison typical CO, emissions for small passenger cars are 183g/km for petrol, 151g/km for diesel
and approximately 100g/km for electric cars®.

4.1.2.2 Emissions of other pollutants

Electric boats have no local emission. However, emissions will be produced where the electric power is
generated depending on the fuel source used.

4.1.2.3 Sustainability issues

Other than concerns about the method of electricity generation, the main sustainability concern with regard
to electric vessels relates to the make-up and disposal of the batteries. Batteries should last at least seven
years and must be disposed of correctly in the appropriate local authority facilities at the end of their life.
It is commonplace that if a company is responsible for installing and maintaining the electric battery, they
will take responsibility for the disposal of the battery. In any circumstances where this is not the case, the
battery can be taken to a local recycling facility, where it will be appropriately dealt with.

4.1.2.4 Aquatic pollution

A major advantage of electric battery driven boats is that as long as the batteries are disposed of properly
they will not cause aquatic pollution. In addition they are very quiet so minimising disturbance to wildlife.

> Source: http://www.electric-boat-association.org.uk/history.htm

% Petrol and diesel car figures come from Defra (Source: http://www.defra.gov.uk/environment/business/envrp/pdf/passenger-
transport.pdf), electric car figure is an estimate, although some manufacturers claim lower figures. E.g. 63g/km (Source:
http://www.goingreen.co.uk/store/content/carbon_neutral)

% pPers comms with Barbara Penniall, Electric Boat Association, 19" June 2007
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4.1.2.5 Safety/maintenance issues

The electric batteries used are the same as those commonly used for onboard power and therefore there are
no additional safety concerns. However, the type of battery used may affect the precautions that need to be
taken during usage and storage.

Lead-acid batteries are the most viable option at the moment. Deep-cycle, 'traction’ batteries are the
obvious choice. There is no denying that they are heavy and bulky, but not much more so than the diesel
engine, tanks and fittings that they may be replacing. They need to be securely mounted, low down and
centrally situated in the boat. It is essential that they cannot move around under any circumstances. Care
must be taken that there is no risk of spilled, strong acid in the event of a capsize as this could be dangerous
or even fatal. At the same time, venting of explosive hydrogen and oxygen gases is also necessary. Finally,
typical lead-acid batteries must be kept topped-up with distilled water.

Valve-regulated lead-acid (VRLA) batteries, usually known as sealed lead-acid, Gel, or AGM batteries,
minimize the risk of spillage, and gases are only vented when the batteries are overcharged. These batteries
require minimal maintenance, as they cannot and usually do not need to be refilled with water.

Nickel metal hydride and other hi-tech, solid-state batteries are becoming available, but are still expensive.
They require specialised charge controllers. *

4.1.3 Risks and Barriers

The main disadvantage of battery electric boats is the time needed to recharge the batteries. This typically
takes approximately 10 hours (6 battery/1.5kW motor combination) and once charged the batteries will
allow you to travel about 30-40 miles at 5 knots, for most people this is sufficient for two days cruising.

The endurance record for electric boats on a single charge is 116 miles at an average speed of 4.8mph.*®
Low speeds are less of an issue for inland boats than for electric cars as in many inland waterways the speed
limit is 5 knots and most electric battery operated boats have a maximum speed of 6.5 knots, although the
electric boat record is 70.6mph.>’

Another barrier is the availability of charging points. There are 9 publicly available charging points on the
Thames (at a cost of £5),%° and a number in the Norfolk Broads.®" However most people charge their boats
from a normal electricity supply at their permanent mooring place.

Finally most electric boats are only suitable for use on inland waterways and many will use large amounts of
power or will not be able to cope with tidal estuaries or even going against a strong river current.®* This may
deter many potential users who only occasionally travel on tidal waters. However, more powerful electric
motors suitable for use on tidal waters are being developed. These include Torgeedo engines from Germany
which are designed to be used with specially developed ‘torque’ motors. However these engines are both
more expensive and noisier than other electric engines®. As well as these engines many solar-powered
electric engines in development are more powerful than conventional electric engines and are detailed in
Section 5.1.

%7 Source: http://en.wikipedia.org/wiki/Electric_boat

%8 Set by a 31ft saloon launch, source : http://www.electric-boat-association.org.uk/history.htm

% Set by an American boat in 1996, source: http://www.electric-boat-association.org.uk/history.htm
€0 Source: http://www.electric-boat-association.org.uk/slip-charge.htm

¢ Source: http://www.norfolkbroads.com/water/information/moorings

2 Emrhys Barrell, Thames Electric Launch Company pers comm. 20" March 07

3 Source: http://www.thegreenblue.org.uk/seasonalmaintenance/index.asp
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4.1.4 Costs

Most electric boats are day boats and the cost for a new electric or diesel day boat would be roughly the
same (around £18,000), cabin boats have a premium for electric over diesel-powered. This would be about
£5,000 more on a boat costing about £100,000 in total.

It costs from £4,000 to £7,000 to convert a suitable boat to electric power. Grants have been available in
some areas, e.g. the Norfolk Broads, to people wishing to convert their boats to electric power, however the
most recent scheme (offering grants of £2,000) ended in March 2006.%* At the current time there are no
conversion grants available.®

Electric boats are very cheap to run, an overnight recharge costs around £1 which will allow about two days
cruising at 4-5 knots.

The Broads Authority and British Waterways offer a 25% discount on the license fee to electric boat owners.

4.1.5 Methods of charging the batteries

As well as using mains electricity to charge the batteries, solar or other renewable sources of energy can be
used (See sections 5 and 6). Also some users have a small on-board generator which gives them freedom
from having to find a charging point, but as they use diesel the CO, emissions are higher than conventional
grid electricity. For comparison a litre of diesel emits 2.63kg of CO,, a litre of petrol 2.315kg of CO, whereas
a KWh of electricity emits 0.52657kg CO,%.

4.1.6 Existing use in recreational boating

The electric boating market is growing, for example in 1991 there were two electric boats on the stretch of
the Thames between Cookham and Marlow and now there are more than 30. There is also growing interest
in cruisers up to 30ft in length. Electric narrowboats have been available since the 1950s but very few are in
use to date.®’

Battery electric boats are almost exclusively used inland and are currently mostly used in environmentally
sensitive areas such as the Norfolk Broads.

4.1.7 Availability for recreational boating

Electric boats are fairly widely available with a number of companies making electric boats or carrying out
conversions and some of these are listed at the end of the report. The boats available are very much aimed
at day boats and those used only on inland waterways.

4.1.8 Applicability in recreational boating

Typically, electric boats don’t have the ability to make progress against a strong tide so are not suitable for
tidal or coastal areas. However they are widely applicable inland on canals, lakes and rivers. Electric boats
can be recharged from a domestic supply and publicly available recharge points are becoming more common.
They offer huge benefits in terms of noise reduction, cost saving on fuels, given that the cost to run a fully
charged battery for 24 hours is just over £1,% and are eminently suitable for any boat which largely makes

¢ Source: http://www.go-electric.org.uk/costs.html
% pers comms with Barbara Penniall, Electric Boat Association, 19 June 2007.

 Note however that a KWh of electricity is not directly comparable with a litre of petrol or diesel in terms of the distance that can be
covered. An overnight charge will use approximately 8KWh depending on the battery size (based on charging cost of £1).

" http://www.electric-boat-association.org.uk/history.htm

¢ pers comms with Barbara Penniall, Electric Boat Association, 19 June 2007. Referring to Wagtail V, which ran for 24 hours over a 116
mile stretch of theThames in 1997. See www.electric-boat-association.org.uk for more details.

28


http://www.electric-boat-association.org.uk/

SEA/RENUE - Research into Alternative Fuels and Engine Systems in Recreational Vessels

day or weekend trips returning to ‘base’ regularly. The main barriers to uptake are the conversion costs and
the shortage of charging points.

Box 4: Moonglow

Moonglow is a 30-year old, 4 berth, 27ft Elysian cruiser.
She was converted in 2001 and can do the 50-mile
journey from Thorpe to Stalham on one charge at an
average 4mph. When cruising for several days, a top-up
charge for 4-6 hours every 2-3 days is all that is needed.

Originally built with a BMC 1.5 diesel engine and tank, a
she has now been converted to electrical propulsion.
Removing the engine and tank left a large space. The
electric motor, controller, batter charger and batteries
take up a fraction of this space, leaving enough room for
a holding tank for a proper flushing toilet.

Boating is now quiet, without vibration and without diesel smells. Keeping to a leisurely pace of 3.5-4 miles
an hour she will do 50-60 miles on one charge if advantage is taken of the tides on the Broads (she is moored
in Thorpe St Andrew).

We have had our first three-day cruise and all went well. We did about 38 miles and used just over half the
battery charge. We averaged about 4.2mph with the ebbing tide, about 4.0 mph with the incoming tide and
3 mph against the ebbing tide and wind.

As regards the technicalities the system is a 24 volt one using 12 x 2v traction batteries from PB Batteries
providing 600 Ah at 24 volts. The motor is a permanent magnet DC Lynch motor, coupled with a Swiss-made
Brusa PWM controller and the batteries are charged by a 24v 60 amp Curtis controller. Speed is measured
with a Magellan 300 GPS satellite navigator (the cheapest available at about £80). A battery monitor gives an
amazing amount of information - essential to avoid ending up with flat batteries. It measures the voltage of
the batteries, the current being consumed, the amount of charge used and the amount remaining - more
information than is available in most cars concerning petrol consumption. A separate voltmeter shows the
voltage at the motor - this is used to calculate the rpm. The batteries can be discharged completely but it is
advised not to regularly exceed 80% - so 480Ah are available from fully charged. The consumption varies with
speed and tides - we were using 32 amps at 4.2 mph with the ebbing tide so could have done 65 miles at that
rate. However against the tide and wind the consumption was 80 amps at 3 mph - only 18 miles. In real life
there is a mixture of tides and since the faster ebbing tide lasts about 5 hours and the slower incoming tide
about 7 hours judicious timing of cruising can limit the electricity consumption.

The existing 12 volt lighting and pumping system is powered from a 24/12v converter. Charging is easy from
a 13 amp socket - at 80% discharge it would take about 10 hours to recharge. In practice the batteries have
never been this low. For a long cruise it would be possible to plug in at pubs or boatyards at night but for us
there is plenty of electricity available from just one charge.

The advantages of cruisers being electric are obvious. Slower speeds mean less bank erosion. The total cost
was about £6000 after deducting the money received from selling the diesel engine and tank. This includes
the new toilet and heating system - for the electrical conversion alone the cost was about £4,500. This was
low as it was done by one man working at the mooring. A more common figure would be £7-8,000.

Source: Tony Fogarty, Go-Electric.
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4.1.9 Anticipated developments

There is currently growing in interest in electric boats in both the UK and the USA. With the loss of the
diesel derogation they will become even better value for money than previously which may stimulate
interest. Currently they are most suitable for inland waterways particularly on lakes or canal systems where
the boats never have to deal with strong currents. However the development of more powerful motors as
mentioned in Section 4.1.3 and hybrid engines as discussed in Section 4.2 will help expand the potential for
electric boats. Whether the relatively small electric boat industry will grow without outside support is
unclear. Funds for awareness raising, grants for conversion and more charging points would help develop the
market for electric boats with associated noise and environmental benefits. Interest in electric cars is also
growing currently which may also help drive the development of more powerful batteries suitable for all
electric vehicles.

4.2 Hybrid Electric

4.2.1 What are hybrids?

The term hybrid when applied to boats can have a wide range of meanings, although at the very least they
will all have a conventional engine and a battery pack. At the simplest level spare capacity from the engine
is used to charge the battery pack from which the onboard functions (lights, cooker, kettle etc) can be run
when the boat is stationary. At the other end of the scale hybrid can refer to a boat which principally runs
off the electric battery (which is recharged overnight from the mains), but maintains its conventional diesel
engine for times when it needs more power, or when the battery runs low. When in use the conventional
engine also recharges the battery pack.®

Like electric boats, hybrid boats are nothing new a yacht called ‘Mansura’ was created in 1912 which could
run on electric, petrol or sail power or any combination of these.”

4.2.2 Environmental and other benefits compared to conventional fuels

The environmental benefits of hybrid boats depend greatly on how they are operated. In general the more
they run from the battery pack and the less diesel they use, the more GHG and other emission savings will
be achieved.

The main aquatic pollution and safety benefit over conventional fuels is due to the fact that less fuel is used
and therefore there are less opportunities for accidents particularly due to reduced refuelling frequency.

4.2.3 Risks and Barriers

There are minimal risks with the use of hybrid boats, generally the battery pack is simply added to the
existing engine system which should function as normal.

The main barrier to uptake is a lack of awareness of hybrid boats and the cost of conversion.”" An additional
problem in some circumstances is the weight of the battery pack.

% Sources: http://www.electric-boat-association.org.uk/technicalreport.htm and Emrhys Barrell, Thames Electric Launch Company pers
comm. 20" March 2007.

" Source: http://mansuratrophy.royalthames.co.uk/pages/history.php

" Source : Emrhys Barrell, Thames Electric Launch Company pers comm. 20" March 2007
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4.2.4 Costs

The cost of converting to a hybrid system greatly depends on the type of boat involved. As the case studies
in Box 5 indicate, the typical cost of converting a narrow boat is around £10,000. Moreover, because hybrid
electric engines use fuel less of the time, fuel costs will also be less.

Box 5: Hybrid Electric Narrowboats

The Warde Aldham

The Thames Electric Launch Company supplied a
narrowboat with the Selectric hybrid system to
British Waterways. The narrowboat is used as an
engineer’s inspection boat in North East England
and is a valuable test of the Selectric hybrid
system.

This system adds an electric motor and battery
pack to the conventional diesel engine. This
means that the boat can operate silently off the
batteries at most times, but has the diesel
engine as a back up.

The boat conversion was undertaken in 2004, at approximately £10,000 cost. The boat’s battery is capable
of running for 8 hours continuously. Since the inception of the project, problems such as the storage of
battery have been rectified and it is now possible to store batteries anywhere on the boat.

Waterscape

In 2003, Waterscape a Thames narrow boat in regular
use by British Waterways, became a hybrid electric
vessel. The approximate conversion cost was £10,000.

The boat has a 8kW electric motor, plus a 43hp diesel
engine. It also has a bank of lead-acid gel batteries
which can be recharged from the mains shore supply
or the diesel engine. Whilst running on electric, the
boat has a range of 5-10 hours.

Whilst running on the hybrid electric battery, the
boat’s speed is 5Smph, running on diesel it is 6.5mph.

Source: http://www.thameselectric.com/

4.2.5 Existing use in recreational boating

Hybrid vessels are much less common than electric boats, a small number have been sold by the Thames
Electric Launch Company, including a narrow boat used by British Waterways (see Box 4.)
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4.2.6 Availability for recreational boating

A small number of companies sell or convert vessels to hybrid power. Contact details for these are given at
the end of the report.

4.2.7 Applicability in recreational boating

Hybrid engines appear to be a suitable solution for people who largely use their boats on inland waterways,
but occasionally have to travel through areas with strong currents. Retaining the conventional engine may
give users the confidence that their boat can cope with all situations. For boats which are used in tidal
waters more frequently a hybrid system which simply powers a battery pack for evening and navigational use
may be more suitable.

4.2.8 Anticipated developments

At this moment in time it is impossible to tell if hybrid boats will become mainstream, although they seem
like a practical solution for many users for whom an entirely electric boat may not be suitable. The Royal
Thames Yacht Club has launched a competition, The Mansura Trophy sponsored by The Green Blue, for
innovation in the “design, development and operation of marine vessels with hybrid or all-electric propulsion
systems.””? If new more efficient engine systems can be designed and promoted they may become more
popular with users.

2 Source : http://mansuratrophy.royalthames.co.uk/pages/welcome.php
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5 Renewable Energy Sources

5.1 Solar

5.1.1 What is solar?

Solar boats are vessels with electric engines that are powered by photovoltaic cells. No other vehicle is
better suited to transforming photovoltaic energy into mobility. This technology is quite advanced and has
demonstrated its potential in practice. Potentially, solar energy could be used to power a large proportion
leisure boats.

5.1.2 Environmental and other benefits compared to conventional fuels

Deriving from a source of renewable energy, aside from the manufacture of the solar cells and installation,
solar powered boats have the potential to be virtually emissions free.

5.1.3 Risks and barriers

Not reliable enough for complete motor capacity yet, it is likely that owners will still need back up power
to cover the gaps in supply. Costs also pose a barrier (see below) and unavailability of technology is also
prohibitive, with the manufacture remaining a relatively niche market at present.

5.1.4 Costs

The Solar Boat Company have panels for charging lead acid batteries which range from £80-900 and the
company'’s site details fuel savings (litres of fuel required by a generator or engine alternator to create the
same total battery charge) made by each model.”® Whilst in the short term the cost of fitting solar panels
will outweigh the savings made, the addition of solar panels offers considerable CO, savings as once installed
they are a zero emission fuel source.

5.1.5 Existing use in recreational boating

The number of solar boats in the UK is definitely increasing, with both motor and onboard (see onboard
power section) installations become more common.

5.1.6 Availability for recreational boating

There are specialist solar boat companies now operating in the UK. As well as the Electric Boat Association
working on a number of solar projects, Solarboat.co.uk and SolarLab (based in Germany) are pioneering solar
marine technology and aiming to increase its viability as an energy source for boats.

5.1.7 Applicability in recreational boating

Solar panels can be built into a boat in reasonable areas in the deck, cabin roof or as awnings. Modern solar
panels, or photovoltaic arrays, can be flexible enough to fit to slightly curved surfaces and can be ordered in
unusual shapes and sizes. It is still true that the heavier, rigid mono-crystalline types are more efficient in
terms of energy output per square metre. The efficiency of solar panels rapidly decreases when they are not
pointed directly at the sun, so some way of tilting the arrays while under way is very advantageous.’

7 http://solarboat.co.uk/

" Source: http://en.wikipedia.org/wiki/Electric_boat
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Box 6: Solar Pilot Projects
Sun 21

The boat is called "sun21". It is a catamaran of
the MW-LINE Type C 60 and it is similar to the
boats used at the Swiss National Exposition
Expo 02. The boat is 14 m long and 6.6 m
wide. It sleeps 5 to 6 persons for the long
journey across the Atlantic and has room for
large groups for visits or short excursions. The
boat is equipped with solar modules, batteries
and motors allowing a constant speed of 5-6
knots (10-12 km/h) 24 hours a day, equivalent
to the average speed of sailing yachts. In May
2007, Sun21 completed the first Atlantic
crossing by a motorised boat using not one
drop of oil. Sun21 is powered by two 8kW
Agni Motors and the 60 square metres of solar
panels produce up to 44 kWh per day.

Source: http://www.transatlantic21.org/

SolarShuttle

The British company SolarLab is responsible for developing some of the world's most innovative solar
powered boats including the Hamburg SolarShuttle capable of carrying up to 120 passengers in complete
silence with zero-emissions. The company recently suggested a new version that will be used during the 2012
London Olympics on the Thames River.

According to SolarLab the new SolarShuttle
can eliminate the production of 2.5 tonnes of
CO, every year compared to a similar sized
diesel boat. The SolarShuttle can operate in all
daylight conditions, stores reserve power for m h
evening cruises and even generates surplus o gy
energy that can be fed back into the national s ;im’:‘xx\\\‘
grid. Models of the green ship already operate [ m e — - g
in Hamburg and Lake Constance in Germany as & e
well as in Britain. The larger version has a 42
metre long hull and a maximum speed of 15 km/h

with a range of 60-100 km using its internal batteries

which are charged using the sun and can even be used at night.

Source:
http://www.tfot.info/index.php?option=com_rsgallery2&page=inline&id=199&catid=1&limitstart=179
http://www.solarlab.org/
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5.1.8 Anticipated developments

It is likely that given the flexibility in application of photovoltaic cells and panels, availability of the
technology will increase and costs will decrease. The timescale for this however, is still somewhat unclear.
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5.2 Wind

The viability of using wind to power boats is age old, with most sailing boats relying solely on the wind in
centuries past. Today however, wind turbines are also common on cruising yachts and can be very well
suited to electric boats.

5.2.1 Environmental and other benefits compared to conventional fuels

Another renewable fuel, wind power is indisputably less CO, intensive than diesel, petrol or biofuel. However
the manufacture of wind turbines is relatively energy intensive which makes wind a less environmentally
friendly option than solar.

5.2.2 Risks and barriers

There are safety considerations regarding the spinning blades, especially in a strong wind. It is important
that the boat is big enough that the turbine can be mounted out of the way of all passengers and crew under
all circumstances, including when alongside and when coming alongside a dock, a bank or a pier. It is also
important that the boat is big enough and stable enough that the turbine’s stability is not compromised in a
strong wind or gale.”

Box 7: Revelation Il

Revelation Il utilizes a windmill geared to drive a large 6-bladed
underwater propellor. Testing has provided positive results.
Unlike a normal sailing craft this vessel makes its' best time
sailing straight into a headwind.

The 36’ catamaran has a 30’ swivelling mast with three 20' carbon
fiber blades. these blades can be fully adjusted to alter the boats
speed and while it is moored they can be feathered and locked in
position.

The large underwater prop can be lifted for navigating
shallow waters.

Source: http://foxxaero.homestead.com/indrad_007.html

5.2.3 Costs

However it could be argued that wind technology is more advanced than solar and therefore potentially
more cost effective. However, because there are currently more solar boats in operation that wind-powered
vessels there is great uncertainty over the cost of conversion.

Source: http://en.wikipedia.org/wiki/Electric_boat
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5.2.4 Existing use in recreational boating

Large enough wind generators could produce a completely wind-powered electric boat. No such boats are
yet known although a few mechanical wind turbine powered boats exist.

5.2.5 Anticipated developments

The future for wind-powered boats is somewhat unclear with some of the alternative options displayed in
this report likely to be developed more intensely and faster than wind power, given that some/most of these
are increasingly coming to market and are likely to be the easier options. Moreover, given that a good
proportion of vessels are likely to have wind sailing capabilities which could be exploited along with their
motor capacity, additional wind power may not be favoured as an option by boat owners. However, projects
such as catamaran Revelation Il (see Box 7, below) allow an interesting insight into potential developments
using wind energy.
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6 Other alternative fuels and engine systems

A few other alternative fuels are already in use in the boating sector, mostly on a small scale or as
demonstration projects. Some of these are covered here, but this chapter is not comprehensive as many
more future solutions may be under investigation throughout the world, but widespread take up is likely to
be many years away.

6.1 Gas-based fuels

6.1.1 What are these?
A wide range of gases are used as fuels in road vehicles including LPG, CNG/LNG, hydrogen and biogas.

LPG is a fossil fuel comprising propane and butane and in road vehicles is generally used in dual fuel vehicles
which have two tanks to switch between LPG and petrol.

Natural gas is predominantly methane and is only suitable for large heavy vehicles as either weight or space
are compromised due to the need for either a bulky tank (LNG) or a heavy pressurised tank (CNG). Biogas
generally refers to methane made from waste products and is used in the same way as natural gas, it is not
widely used for transport in the UK.

Hydrogen fuel is produced from the breakdown of a HC source (e.g. natural gas or ethanol) or through the
electrolysis of water. It can be burned in an internal combustion engine or used in fuel cell vehicles.
Hydrogen can be used like CNG or as a blend with CNG.

6.1.2 Environmental and other benefits compared to conventional fuels

The main environmental benefit of gas-based fuel is greatly improved air quality emissions, they generally
give an 80% reduction in NO, emissions compared to diesel and no PM emissions. They also tend to be
quieter than diesel engines. However the CO, savings are minimal compared to diesel with the exception
of biogas which as a waste product gives higher CO, savings.

6.1.3 Risks and Barriers

For LPG the main barrier is the shortage of refuelling points and the lack of awareness of the LPG option
linked to the small number of suppliers and installers. LPG is highly flammable and readily combines with air
to form an explosive mix, which if exposed to a naked flame may cause life threatening injuries and intense
fire. Because they are watertight, boat hulls also act as good containers for escaped gas. LPG sinks in air and
will spread into low level, enclosed spaces such as cabins, cockpits, engine and bilge areas. Even ‘small’
spaces such as cupboards or lockers can contain dangerous amounts of explosive vapour. LPG does not
disperse easily from such spaces and so the cabin and hull can hold large volumes of the explosive gas/air
mix without people being aware of any leaks. If this ignites, the situation could get worse, as a fire will
readily flashback to the source of the leak. To prevent danger from leaks, cylinders should be isolated at
the valve when not in use.Any changes to the gas system should meet the latest British Standards and are
maintained to Boat Safety Scheme requirements.”®

For boats on inland waterways, LPG tanks must be deck-mounted, with nothing in the hull to comply with
legislation. This is not the case for sea boats.””

7 Source: http://www.boatsafetyscheme.com/downloads/avoidingLPG.pdf

7 Source: pers cons 27" June 2007 with employee of: http://gordonfinlay-lpgconversions.co.uk/marine.html
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The main barrier to the uptake of other gaseous fuels is the lack of any refuelling infrastructure. The
installation of these is likely to be very high. This is on top of the cost of converting the boat which is likely
to be considerable. In addition the onboard tanks are bulky and/or heavy and are unlikely to be suitable for
many boats. For road vehicles the equivalent CNG tank to one holding 250l of diesel (weight 250kg) would
weigh 1152kg’®.

There can be safety issues in storing any gaseous fuel and leaks must be avoided, particularly for methane
based fuels as methane is itself a powerful GHG.

6.1.4 Costs

LPG is taxed at only 6ppl and currently therefore is considerably cheaper than petrol, however fuel
consumption is 20% higher than with petrol, so the saving is slightly less than it appears at first.

The duty rate for LPG will increase to reduce the differential with main road fuels by the equivalent of 1ppl
a year up to 2009/10, in line with the alternative fuels framework.”® At the current time, the marina price of
LPG is around 45ppl.%°

To convert a small boat (under 100hp) such as a PWC to LPG costs from £500 plus VAT, for larger boats this
can cost £3,500 upwards.®’

For road vehicles CNG/LNG powered vehicles are £4,000-£35,000 more expensive than conventional vehicles
and converting an existing vehicle is also very costly. No examples of CNG/LNG powered boats have been
found therefore conversion costs are likely to be even higher.

The fuel itself is cheaper than diesel at around £0.50/kg, but the savings will probably not pay back the
conversion cost in its lifetime unless very heavily used. For road vehicles the main use has been in large HGV
fleets.

6.1.5 Existing use in recreational boating

A Dutch company called IWEMA offers conversions of speed boats, sports cruisers and outboard motors to
LPG. They have carried out conversions on a range of engines, some of which are dual fuel once adapted
and others are LPG only.® In the UK some conversions have been done, mostly on PWC as these have the
advantage that they can refuel at petrol stations. PWC conversions tend to be to LPG only, whereas larger
vessels can be converted to dual fuel.®

6.1.6 Availability for recreational boating

According to IWEMA LPG is available for boats in 37 locations around the UK from Troon to Torquay®*,
however due to a lack of demand some of these sites have since closed down®. According to Hamble Marine,
there are 8 refuelling points in the UK (see Table 1), however there is a degree of uncertainty as to exactly
how many marinas provide LPG as a locomotive fuel. Although as LPG is commonly used for gas appliances on
recreational boats it may actually be more widely available.

78 Source: http://engva.org/Content.aspx?PagelD=198

7 http://www.hmrc.gov.uk/budget2007/bn53. pdf

& Source: http://www.marinegasconversions.co.uk/

8 Source pers cons 27 June 2007 with employee of: http://gordonfinlay-lpgconversions.co.uk/marine.html
8 Source: http://www.iwemaenterprise.nl/Marine_index.htm

8 Source pers cons 29™" March 2007 with employee of: http://gordonfinlay-lpgconversions.co.uk/marine.html

8 Source: http://www.iwemaenterprise.nl/Marine_fillingstations.htm
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Location e Price/lit
number
Cobbs Quay Poole 42p
Riveria Fuels Torquay 44p
Kosangas Guernsey (Cl) 01481 728844 |Supplied by road tanker on request |35p
Sparkes Haying Island 42p
Warsash Marine River Hamble, 01489 583813 48p
Southampton
Titchmarsh Marina |Walton-on-the-Naze 48p
Jersey Marina Neath, South Wales FloGas
Pwllheli Pwllheli, North Wales 45p

Table 1: Current Marine LPG refueling sites

Source: HambleMarine.com

6.1.7 Applicability in recreational boating

LPG appears to be the only gaseous fuel used in recreational boats, but the lack of information available
makes it hard to assess its suitability. LPG is a cleaner, less polluting fuel as it has lower emissions of CO and
HC than petrol and may be a useful alternative. Crucially to users the fuel costs are lower which adds to its
appeal. On the negative side there are safety concerns and the GHG savings of using LPG compared to diesel
is negligible (although it is 10-15% better than petrol).

6.1.8 Anticipated developments
It is very possible that in time the tax concession on LPG will be narrowed so the money saving advantage
will be lost.

Given the infrastructure costs and cost of conversion as well as the size of the necessary tanks it is unlikely
that other gases will be widely used on boats in the UK in the near future.

8 Source pers cons 29™ March 2007 with employee of: http://gordonfinlay-lpgconversions.co.uk/marine.html
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Box 8: Sustainable boating in the Venice Lagoon: plan for sustained conversion to LPG
of the pleasure crafts

To introduce cleaner fuels in the fleet of pleasure craft used by private citizens in Venice historical city
centre and surrounding lagoon, the Venice Energy Agency is piloting a four-year plan of conversion to LPG of
the ambitious share of 20% (amounting to some 4,000 boats in absolute value) of the fleet of pleasure crafts
used by private citizens in Venice historical city centre and surrounding lagoon.

Phase 1: start-up phase - field test of 10 pilot boats aiming at a full demonstration of the reliability of LPG as
a nautical fuel under standard use conditions.

Five demonstration boats will be fitted with new LPG-fuelled outboard motors. The other five demonstration
boats will be fitted with petrol-to-LPG conversion kits for inboard motors.

The introduction in Venice lagoon of such a demonstration fleet will be timely combined with the opening of
4 L PG-dedicated refuelling stations. Such stations will be located at 4 strategic sites in Venice city centre
and lagoon. The stations will be managed by private companies on a complete market basis. This implies
that no subsidies at all will be granted for the ordinary running of the stations.

Phase 2: scaling-up of the project, aiming at involving in the strategic project of conversion to LPG an
ambitious target of 20% of the existing pleasure craft fleet ( some 20,000), i.e. a target of some 4,000 boats
converted over the 4 year project duration. The deployment of the proposed alternative fuel will be
fostered by awareness-raising and with the project partner Assonautica Veneziana, the local boating
associations, combined with a grant scheme designed to cover up to 25% of the cost of the conversion kit or
25% of the extra cost for a factory-made LPG-fuelled new engine.

Phase 3: project evaluation and dissemination to similar contexts, with particular emphasis on pleasure craft
fleets operated in lakes and rivers in Italy and throughout the EU,

Implementation status

Incentives have been put in place for first demonstrative LGP-fuelled motors for private vessels. The first
refueling station has been completed and material for info-surveys on citizens using LPG has been prepared.
On-the-spot surveys for possible locations of LPG-dedicated refueling stations have been carried out.

Some private operators intend to open, and then manage on a market basis, 4 LPG-dedicated refueling
stations, and they are ready to co-finance the installation of the necessary equipment.

Sources: http://www.managenergy.net/download/nr223.pdf

http://esteast.unep.ch/default.asp?community=est-east&page_id=3ES8ECE9B-E13A-493A-B750-699E51CDEEOO

6.2 Hydrogen Fuel Cells

6.2.1 What are they?

Fuel cells are very efficient electrochemical devices that combine hydrogen and oxygen to produce water
and electricity. The electricity is used to power an electric motor. Hydrogen needs to be stored onboard the
vehicle compressed (most likely), liquefied or as methanol.

In the coming years, fuel cells will provide significant advantages, currently though they are expensive,
there is virtually no infrastructure in place to support their deployment and they require specialist
equipment and knowledge, making them impractical for everyday use.
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6.2.2 Environmental and other benefits compared to conventional fuels

Fuel cells produce no tailpipe CO,, CO or HC emissions, just water. However the production of the hydrogen
needed to run the fuel cell can be energy intensive and can therefore produce as much or more GHG than
petrol or diesel.% However it is hoped that in the future the hydrogen can be produced from the electrolysis
of water powered by renewable energy which will make it very environmentally benign.

6.2.3 Risks and Barriers

Storing hydrogen is an issue as it needs to be stored as a cryogenic liquid or as a compressed gas. It also
attacks metals so needs special materials for storage and transportation. In the short term, it is likely to be
stored onboard vehicles as a gas under high pressure, although new ways to store it as a solid may be more
applicable on boats.®

The main barrier to uptake is simply that the technology is still new and therefore expensive and no
boats/engines running on fuel cells are currently commercially available.

6.2.4 Existing use in recreational boating

A number of demonstration projects using fuel cells in boats have been set up using a wide range of different
vessels, from a large sailing yacht to small power boats®. One of the few fuel cell projects which gives
‘after the trial’ feedback is the Dutch sloop Xperiance. This can run for up to two days without refuelling
and was used to transport VIPs at the Frisian Nuon Solar Challenge in Summer 2006. The company hope to
have a commercial model for sale by 2008.%

6.2.5 Applicability in recreational boating

Fuel cells are still some way from being suitable for use in recreational boating, but in the long term they
may become a suitable alternative fuel for many boats. Currently they are more appropriate for onboard use
than locomotive power (see section 7.3)

6.2.6 Anticipated developments

Hydrogen fuel cells have been talked about as the sustainable transport fuel of the future and are still
generally considered as such. However their widespread use is still not likely to happen before 2020-2030.

An article from 2003 looking at the applicability of fuel cells in the US boating community suggests that fuel
cells will mostly be used as a source of onboard electricity rather than powering the boat. As a method of
propulsion the author feels that they will mainly be applicable in electric boat only areas or for long distance
off shore cruisers.”

8 Source: www.tyndall.ac.uk/publications/working_papers/wp19.pdf

8 Source:
http://www.fuelcelltoday.com/FuelCellToday/Industrylnformation/IndustrylnformationExternal/IndustrylnformationDisplayArticle/0,15
88,630,00.html

8 Catalina http://www.haveblue.com/xv1/index.htm and Xperiance http://www.edie.net/news/news_story.asp?id=11491&channel=0

8 Sources: http://www.ecofys.com/com/publications/brochures_newsletters/Ecofysnewsletter/newsletter_november2006.htm and
http://www.edie.net/news/news_story.asp?id=11491&channel=0

% Source: http://www.fuelcelltoday.com/FuelCellToday/Industrylnformation/IndustrylnformationExternal/
IndustrylnformationDisplayArticle/0,1588,630,00.html
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Box 9: Fuel Cell Water Taxi

On Oct. 20,2003, a 30-foot, 18-passenger water taxi debuted at the World Maritime Technology Expo with a
cruise on San Francisco Bay using a fuel cell/battery
electric hybrid engine powered by hydrogen.

It was the first zero-emission, hydrogen-fueled public
water taxi. The boat was partially funded by the US
government, and demonstrates the real-life feasibility
of environmentally conscious marine transportation.

The water taxi runs on an Anuvu Power-X(TM) fuel
cell/battery electric hybrid engine. The result of
nearly ten years of research and development,
Anuvu's Power-X fuel cells are cleaner and quieter
than current marine vehicle engines. Emitting only
heat and water vapor, Anuvu's fuel cells allow government ferries, commercial marine fleets, and
recreational boats to have environmentally friendly engines. The robustness of Power-X fuel cells provides
unique durability ideal for rough water conditions. A proprietary filtration system prevents salt-air and water
from interfering with or damaging the fuel cells functionality. The standardized desigh makes the fuel cells
easy to integrate into contemporary marine vehicles.

Source: http://www.prnews wire.com/cgi-bin/stories.pl?ACCT=104&STORY=/www/story/10-16-
2003/0002037697&EDATE=

6.3 Other future fuels and technologies

A few other fuels and engine systems are being used in recreational and commercial vessels. For example

a ‘skysail’ which is used on large container ships to reduce their overall fuel consumption. The makers claim
this can reduce fuel consumption by 10-35%.°" However, such systems are only likely to be applicable on very
large vessels and fall outside the remit of this report.

9 Source: http://www.skysails.info/index.php?L=1
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7 Other Considerations

Switching to alternative fuels or engine systems will be too complicated or costly for most boat users and
understanding how to improve fuel efficiency from existing engines will be more realistic in most cases.

7.1 Improving Engine Efficiency

Every engine will be slightly different and therefore the advice will vary, but there are a few general points
that will reduce fuel consumption and therefore environmental impacts in many cases.’? The advice
available tends to aim at power boats or those which travel faster rather than boats used on inland
waterways at low speeds.

1 Service engine every year

1 Keep the hull, drive and propeller clean

1 For sailboats - using the sails whenever possible
1

Throttle back - Virtually all outboard-powered boats have a fuel economy "sweet spot” between 3000 and
4000 rpm. This is usually about the engine speed required to get the boat smartly on plane, but not
much faster. The following example from Charles Pluedderman, the Outboard Expert of boats.com
demonstrates this:

“At the recent Yamaha media intro, | ran a Skeeter SL 210 powered by the 225-hp F225TLR four-stroke.
Best economy was 6.13 mpg at 3000 rpm and about 28 mph. At 4500 rpm, economy dropped by 30
percent, to 4.33 mpg, and it dropped by 60 percent to 3.82 mpg at 5500 rpm.””

Avoid carrying unnecessary weight

Distribute the load including passengers so the boat is evenly balanced.

Use correct propeller size, this may vary according to the use and loading of the boat.
Fit a flow meter to assess optimum cruising speed

On long trips use auto pilot

Check/change oil, fuel and air filters and engine oil.

Incorrect timing and old sparkplugs will increase fuel consumption by several percent.
Clean and adjust injectors in diesel engines.

Adjust idle and tune engine.

Immediately repair any oil, fuel or coolant leakage.

= =/ =4 =4 A4 -4 -4 A A A -2

Every boat will have a different optimum speed, for planing boats this is just above the planing threshold
so aim to travel at this speed when possible. For other boats it is worth consulting the manufacturer and
aiming to travel at the optimum speed whenever conditions suit.

Figure 1 shows how fuel consumption for a Yanmar 4-stroke diesel engine varies with crankshaft speed.

92 Sources include: Volvo Penta - Clean and Safe at Sea 2006. http://www.volvo.com/volvopenta/uk/en-
gb/aboutus/core+values/environmental+care/Guidelines.htm

% Charles Plueddeman, The Outboard Expert: Fuel Economy Secrets Hot tips for stretching your fuel dollar.
http://www.boats.com/news-reviews/article/outboard-expert-fuel-saving-tips, May 30, 2007
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Figure 1: Fuel Consumption of Yanmar engine type 1GM10°*

7.2 Engine Developments

Manufacturers are currently focusing on increasing the fuel efficiency of their engines rather than looking at
alternative fuels or technologies. For example Volvo Penta claim that their new generation of diesel engines
are 60% more efficient than conventional diesel engines.” However on the whole manufacturers claims
focus on improved air quality emissions rather than increased fuel efficiency.

As previously mentioned in Section 2.2.3, four stroke conventional engines are likely to bring significant
efficiency gains through processing fuel more effectively and the measures laid down in the RCD will ensure
that new engines in production will meet stringent environmental standards and thus the impact of this
legislation will bring cleaner diesel engines to market.

7.3 Onboard Power

As well as examining the fuel of a recreational vessel, significant environmental gains can be made through
altering the onboard power supply. LPG is already a common fuel supply for onboard power and solar energy,
hybrid batteries, fuel cells and wind turbines, may in the short term even be more viably used for this
means, rather than as a source of locomotive power.

% Source: http://www.yanmarmarine.co.uk/pdfs/data/1GM10_TechData.pdf
(NB: copyright permission has not been obtained for the use of this graph).

% Source: http://www.volvo.com/volvopenta/global/en-gb/marineengines/Environmental_leadership/
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Box 10: Voller Fuel Cell Generator

Voller's fuel cell generator could revolutionise power systems on
yachts. Not being connected to shore power is a constant ® VOLLER
challenge for skippers; with Voller, the challenge is significantly \
reduced.

Voller Energy Portable Fuel Cells provide clean, safe, reliable
electric power for virtually unlimited applications. Using
patented Proton Exchange Membrane (PEM) advanced Fuel Cell
technology to power the fuel cells, Voller Energy products offer
an environmentally friendly alternative to diesel or gasoline
electric generators or Gen-Sets.

The versatile Fuel Cell ABC portable fuel cell system can be used to recharge the batteries in portable
electronic devices such as mobile phones, laptop computers, cordless power tools, remote monitoring
equipment or portable electronic equipment used by industry or the military. Systems are also being
developed for boats that will automatically charge the batteries on board.

Voller Energy is developing a ‘fit and forget' power unit that can supply the house power load and keep
batteries charged automatically. Voller Energy's reformer technology can be easily integrated into a yacht’s
electrical systems to work from the yachts existing diesel or liquid petroleum gas (LPG) or propane supplies.

When installed, the system will quietly and automatically operate within a specified voltage range, switching
itself on and off as required supplying the boats power requirements and keeping its batteries charged.

Source: http://www.voller-energy.com/default.asp

7.4 Energy Efficiency

As with conventional households, boat owners can dramatically reduce their carbon footprint if they follow
basic energy savings advice: switching off lights when not in use; changing to energy efficient light bulbs;
turning electrical equipment off standby when not in use, etc. Boat owners will also benefit from the same
cost savings that energy best practice in the home brings too.

Those boats that have traditional sails as well as an outboard engine of whatever nature should also be
encouraged to sail wherever and whenever possible as this remains the ultimate zero-emission energy
source.
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8 Conclusions & Recommendations

Fuelling the UK’s recreational boat fleet is a complex subject and there is no one perfect solution that will
suit all boats. Table 1 summarises the environmental benefits and costs of the fuels covered in this report.
Different boat types and users requirements will mean that different solutions are appropriate in different
situations. From the outcomes of this research the most appropriate solutions for each boat type is
suggested below. Following this, suggestions for ‘fact sheets’ aimed at boat users and further research and
projects to aid the development of new fuels and technologies are made.

Greenhouse Air quality | Sustainability | Aquatic Safety Cost Cost of
gas emissions benefits pollution of fuel = conversion
emissions risks
Petrol - + = - - + n/a
Biodiesel ++ + ++ ¥ ¥ _ =
from
waste/UK
sources
Biodiesel + + =/- ¥ " _ -
Bioethanol + ++ =/- + - -- =
Pure Plant + + + + ++ -- -
QOils
Battery ++ ++ + ++ e+ e+ -
Electric
Hybrid + + + = = ¥ -
Electric
Solar ++ ++ ++ ++ + +
Wind ++ ++ ++ ++ + i+
quu1d - ++ + = - ++ -
Petroleum
Gas
Hydrogen =/+ ++ + ++ = --
Fuel Cells

Table 2: Comparison of alternative fuels and vehicle systems for boats

Comparison to diesel

-- Significantly worse than diesel
- Worse than diesel

= Same as diesel

+ Better than diesel

++ Significantly better than diesel
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8.1 The best solutions

Obviously most users will not be able to adapt their boats overnight and in most cases learning how to use
their engine to maximise its fuel efficiency will be the first step in improving environmental performance.
Similarly in all cases manufacturers can help by improving the fuel efficiency of their engines. Of the fuels
and engine technologies currently available those which seem most appropriate to each boat type are given
below. Other technologies, principally hydrogen fuel cells, may well become suitable for many boat types in
the future but due to uncertainties in how these will be developed they are not mentioned below.

8.1.1 Narrow boats/barges

Narrow boats can be run entirely on electric batteries, but unless they are never used on large rivers or
estuaries a hybrid electric system may be better. This has the advantage of being able to be retrofitted to
the diesel engine and gives the user back-up power when needed. Biodiesel or PPO are also suitable fuels
for narrow boats/barges but for sustainability reasons electric battery systems seem generally preferable.
However there is no reason why biodiesel couldn’t be used in an electric hybrid system for maximum
environmental benefits.

8.1.2 Powerboats and PWC

These are probably the most challenging group of boats to address fuel consumption in, as the nature of
their use leads to high power demand and performance is key. One possible alternative is LPG which may
give similar performance for lower emissions. LPG also has the advantage of being much cheaper than diesel
or petrol. Bioethanol improves performance, but uses more fuel. However on the whole it is recommended
that for this sector the focus is on educating users on how to reduce their fuel consumption through the
maintenance and use of their boats and through encouraging manufacturers to improve engine efficiencies.

8.1.3 Inland waterway boats

This is a ‘catch-all’ term for all boats used predominantly on inland waterways which are not narrow boats or
barges. It therefore covers a wide range of boats. For some of these such as day-boats used exclusively on
lakes, canals and small rivers electric batteries seem to be a very suitable solution, with environmental
benefits and cost savings to the user. For larger boats and those which occasionally travel on bigger rivers
and estuaries hybrid electric systems and/or biodiesel or PPO may be a more appropriate solution. The
exception to this is for petrol outboards which if not suitable for an electric system may find LPG the only
suitable alternative. As mentioned earlier in Section 2.2.1, the use of four stroke engines may also be
preferable for inland waterway boats due to the efficiency that the process that the engine undergoes
provides.

8.1.4 Sea-going boats ddiesel

Again this covers a wide range of boat types and no one solution will be suitable for all. A hybrid electric
system may be suitable for some but probably mainly for those which are often used in inland waterways.
Biodiesel may be the most suitable solution, although supplies may be a problem. However as diesel and
biodiesel can be used interchangeably using biodiesel whenever possible may be the most environmentally
sound solution in the short term. PPOs would give more environmental benefits than biodiesel, but the cost
of conversion and the difficulty of obtaining supplies would discourage most users.
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8.1.5 Sea-going boats dpetrol

Petrol boats generally are more challenging as bioethanol is not such a suitable alternative fuel in aquatic
environments as biodiesel. The principal goal for petrol boats should be to improve the efficiency of the
engine both at point of use and during design. LPG may be a suitable alternative fuel in some cases.

8.2 Suggested fact sheets

One aim of this project is to produce fact sheets aimed at boat users giving them further information on how
they can reduce the environmental impact of their boats. The following topics are suggested for fact sheets
although of course these are not exclusive and some may be more useful if subdivided by boat type.

10 tips to reduce your fuel consumption
How to choose a fuel efficient engine/boat
Alternative fuels for narrow boats/barges
Hybrid electric systems

Electric battery power for inland waterways
Biodiesel and PPOs

Solar power

Wind energy

LPG

= =2 =4 -4 -4 -4 -a A -5 -2

On-board power - reducing use and greener alternatives

8.3 Future research and potential projects

There is a wide range of activities which could be done to promote the uptake of alternative fuels and
engine technologies in the recreational boat world. This ranges from detailed research on the effectiveness
of new technologies to publicity and dissemination of existing fuels and technologies. A few project and
research ideas are given below.

8.3.1 Biodiesel

1 Lobby engine manufacturers to allow blends in excess of 5%.

1 A project to install a tank of locally produced biodiesel (probably as a blend of 20-30% with mineral
diesel) in a marina and set up a group of boat users who are encouraged to use biodiesel and report on
the experience in their engine.

1 Detailed investigation into the current use of biodiesel by boat owners, sharing experiences and
disseminating information.

1 Promoting the use of local biodiesel, by putting local suppliers in touch with marinas and potential users.

8.3.2 Pure Plant Qils

1 Grant funding to convert one or more boats to use PPO, dissemination of the results.

8.3.3 Bioethanol

1 Technical research into the impacts of bioethanol blends on boat engines, particularly in the low blends
likely to become available in the UK (up to 10%).
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8.3.4 Electric
1 Funding of charging points.

1 Grants for users wishing to convert.

1 Publicity and information campaign regarding electric boats.

8.3.5 Electric Hybrid

1 Research into existing electric hybrid boats, how can the engine design be improved and battery use
maximised.

1 Funding of the conversion of a range of different boat types to electric hybrids, monitoring of results and
dissemination.

1 Grants for conversion.

1 Publicity and information campaign.

8.3.6 LPG

1 Research into existing boats using LPG and assessment of its suitability as an alternative fuel.

1 Funding of the conversion of one or more boats to LPG, monitoring of results including fuel consumption
and emissions.

8.3.7 Solar Energy

1  Research into suitability of solar panels for locomotive versus onboard power

1  Research into steps needed to bring the cost of solar energy down and into commercial viability

8.3.8 Wind Energy

9 Research into onboard wind turbines for boats

1 Research into potential connections between harmonising new technology and conventional sails for
optimising wind energy

8.3.9 Hydrogen Fuel Cells

1 Funding of conversion of a range of boats to use hydrogen fuel cells, assessing the overall environmental
impact of this and disseminating results.

8.3.10 Engine Design

1 A competition for engine manufacturers to design the most fuel efficient engines possible.

1 Research into existing engine types and publicise rankings of comparable engines/boats based on their
fuel efficiency and air quality emissions.

1 Lobby manufacturers to give fuel consumption figures in a consistent and easily understood format,
perhaps like the A-G ratings for cars and appliances.

8.3.11 Onboard power

1 Research into the best ways to provide onboard power.
1 Awareness raising and information campaign.
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Further Information

Contacts
To discuss any aspect of this review please contact SEA/RENUE

www.sustainable-energy.org.uk

Sources of Further Information

Biodiesel:

A website promoting biodiesel to recreational boat users:

http://www.leisuremarinebiodiesel.com/
Bioroute supplies biodiesel (details are given in Appendix Il) its website contains useful information about

biodiesel use.

http://www.bioroute.co.uk/biodiesel.htm

Making your own biodiesel:

Sundance renewables - offer courses in making biodiesel
http://www.sundancerenewables.org.uk/biodp/training%20course.htm

Biodiesel Coop - a discussion board on biodiesel issues
http://www.sundancerenewables.org.uk/biodp/training%20course.htm

The book ‘From the fryer to the fuel tank’ by Joshua Tickell is also widely recommended.
Low Impact Life Onboard, advice on using and making biodiesel specific to boaters.

http://www.liloontheweb.org.uk/?q=biofuels

Pure Plant Oils:

Blooming Futures carry out engine conversions and sell PPO.
www.bloomingfutures.com

Eilish Qils - Irish Supplier of PPO

www.eilishoils.com

Regenatec carry out engine conversions

www.regentec.com
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Electric Boats:

The electric boating association in the UK promotes the use of electric boats, they provide links to a range of
electric boat suppliers.

http://www.electric-boat-association.org.uk/

Creative Marine make a range of electric launches

http://www.creativemarine.co.uk/

The Thames Electric Launch Company sell electric boats and motors

http://www.thameselectric.com/

Hybrid Electric:

The electric boating association has links to some companies which make hybrid boats

http://www.electric-boat-association.org.uk/product-guide.htm

The Thames Electric Launch Company sells and fits Selectric hybrid systems

http://www.thameselectric.com/

Solar/Wind:

The Solar Boat Company

http://www.solarboat.co.uk

Barden sell a range of solar panels, wind turbines and associated products

http://www.barden-uk.com/

LPG:

IWEMA makes LPG engines for marine conversions and its website has useful information

http://www.iwemaenterprise.nl/marine_index.htm

Gordon Finlay is based in Devon and will fit LPG systems to boats

http://www.gordonfinlay-lpgconversions.co.uk/marine.html

Fuel cells:

Voller Energy

http://www.voller-energy.com/default.asp
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Reducing fuel consumption:

Volvo Penta gives useful information on how to reduce fuel consumption from its engines in its booklet Clean
and Safe at Sea

http://www.volvo.com/volvopenta/uk/en-gb/aboutus/core+values/environmental+care/guidelines.htm
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Appendix I: Oil Storage Regulations

“These regulations apply in England and affect you if you store oil in containers greater than 200 litres,
above ground at an industrial, commercial or institutional site, or if you store more than 3500 litres of oil at
a domestic property. The Water Environment (Oil Storage) (Scotland) Regulations 2006 apply in Scotland.
The Scottish regulations are different from the England regulations and you should check them for oil storage
in Scotland. There is currently no consultation date for regulations in Wales or Northern Ireland.”

“The Environment Agency is responsible for enforcing the regulations throughout England and may serve
notice requiring inadequate facilities to be brought up to standard. Failure to comply with a notice is a
criminal offence and may result in prosecution. Although these regulations only apply in England, at the time
of publication similar measures are planned in Wales and Northern Ireland.

In Scotland, The Water Environment (Oil Storage) (Scotland) Regulations 2006 came into force on the 1st
April 2006.

The regulations come in three stages:
1. New tanks installed after 1st April 2006 will have to comply by 1st October 2006

2. Existing tanks within 10 metres of surface water or 50 metres of a borehole or well will have to comply by
1st April 2008

3. Remaining existing tanks will have to comply by 1st April 2010”

In Northern Ireland and Wales you should still meet the requirements of the English and Scottish Regulations,
as they are designed to prevent contamination of the water environment which would be an offence under
other legislation. Additionally these are likely to become law in these areas at a later date.

“Fuel storage below ground is primarily covered by the Groundwater Regulations 1998. In cases where the
control of Pollution (Oil Storage) Regulations 2001 do not apply (e.g. on farms and for waste oil) following
the guidelines below will minimise the risk of your site causing pollution.

In summary, the Regulations state that:

9 Oil storage tanks must be of sufficient strength and structural integrity so as to be unlikely to leak or
burst under normal operating circumstances

9 Oil tanks and drums must be stored in some kind of secondary containment, usually a bund

1 Also, all of the valves, filters, sight gauges and pipe work must be contained within the bund when not in
use

1 The bund must be big enough to contain 110% of the maximum volume of the container. For bunds serving
multiple containers, the bund should be able to hold 110% of the largest tank, or 25% of the total volume,
whichever is larger

1 Asingle drum requires a drip tray able to contain 25% of its capacity, and mobile bowsers should be self-
bunded, stored in a bund or have a drip tray

% Direct quote from: http://www.environment-agency.gov.uk/business/444217/590750/590821/174658/ [Accessed 25" July 2007]
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1 The bund should be impermeable to water and oil, and must not contain any drainage valves
1 If there is above ground pipe work, it must be properly supported and maintained

1 Underground pipe work needs to be suitably protected from damage, with detection measures in case of
leaks, and mechanical joints need to have accessible inspection points

1 Care should be taken to position storage tanks away from any possible damage from traffic, and secure
from vandals

9 Tanks and bunds should be maintained and checked regularly

1 All types of oil, with the exception of waste oil, are covered by these regulations, including petrol,
diesel, vegetable, synthetic and mineral oil. Waste oil storage is covered by the Waste Management
Licensing Regulations. It is important to note that in the case of flammable liquids, such as petrol,
additional health and safety requirements may also apply.”

This information is taken from: http://www.ecop.org.uk/docs/ecop4.pdf and more detailed information can
be found on the Environment Agencies website http://www.environment-agency.gov.uk/
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Appendix lI: Biodiesel Suppliers and Costs

Company
name

W HIE

Contact details

Biodiesel blends
supplied

Prices and
delivery
quantities

Meets standard
EN14214

Other information

Biopower http://www.bio- | John Nicholson 100% only 70-75ppl No, they produce | Not for profit company with a
power.co.uk/ Bio-power(UK) Ltd, (including duty a fuel that’s network of producers,
Rhostryfan, Caernarvon, and VAT) more like biodiesel made from recycled
Gwynedd LL54 7NT straight oil.
Tel: 01286 830312 vegetable oil
E-mail: info@bio-power.co.uk
Bioroute http://www.bior | BioRoute Ltd, Flint House, 25 | 5%, 20%, 100% For 10,0001 Yes Website has lots of useful
oute.co.uk/biodie | Charing Cross, Norwich, NR2 possibly other deliveries (incl information on biodiesel.
sel.htm 4AX blends on duty, excl VAT):
Tel: 01603 724714 request 30% 76.28ppl
E-mail: 100% 71.12ppl
biodiesel@bioroute.co.uk
Greenergy http://www.greene | Greenergy International Ltd, 5%, 50% Prefer deliveries | Yes Use UK grown rapeseed and
rgy.com/1024_76 | 198 High Holborn, London of 37,0001 uco.
8.html WC1V 7BD 50% blend (B50)
Tel: 020 7400 4774 is 3ppl cheaper
than 5% blend.
Prices subject to
negotiation
Ebony http://www.ebon | Ebony Solutions UK, 5%, 10%, 25%, 100% unsure Yes
Solutions y-solutions.co.uk | Northwich Cheshire, England, | 35%, 100% 35% 72.21
/index.html CW8 4DU 10% 73.71
Tel: 01606 301222 5% 74.21%
E-mail: Steve@ebony-
solutions.co.uk Incl duty, excl
VAT
Minimum
delivery 5,000l
May be
additional
delivery cost
outside Cheshire
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Company

Website

Contact details

Biodiesel blends
supplied

Prices and
delivery
quantities

Meets standard
EN14214

Other information

Future Fuels http://www.biodi | Future Fuels, Unit 3, Boatyard | 100% Minimum 30,000l | Yes
esel-fuel.co.uk/ Industrial Estate, Mill Road, per month, need
biodiesel-fuel- Fareham, PO16 OTA to enquire for
supply/ Tel: 0845 22 22 212 prices
Cambridge http://www.cam | Tel: 07801 042504 50%, 100% 100% 91ppl Unsure Need to be member to buy
Biodiesel bridgebiodiesel.c | Sales Email: 50% 95ppl biodiesel (cost £35 per
o.uk/ sales@cambridgebiodiesel.co. At pump, 251 annum).
uk containers/1000l
by prior
arrangement
Celtic http://www.celti | The Royal Dockyard Minimum 1000L, Unsure
Biodiesel cbiodiesel.co.uk/ | Pembroke Dock endeavour to be
Pembrokeshire , SA72 6TD below pump
Tel 01646 622007 prices
mail@celticbiodiesel.co.uk
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