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This Case Study Guide showcases recent examples of low and zero carbon propulsion
technologies being used in vehicles aimed primarily at tourists. This tool aims to assist
participants in the Intelligent Energy Europe project ‘BIOSIRE’ and people in general
who are considering using such technologies and wish to know what has been possible
to date. Specifically this guide looks at cases in which the two most developed
technologies, biofuels and electric propulsion, have been applied. The guide explores
the reasons for success, and occasional difficulties encountered by some projects that

have resulted in less successful implementation.

The material used within this report was collected from a variety of primary and
secondary sources. Beyond the research and interviews conducted by the authors, the
assistance of other BIOSIRE project partners has been invaluable. Many have
contributed material or information relating to examples of best practice from their
regions or those neighbouring them. We have tried to include a wide variety of case
studies collected from across the EU and Switzerland in order to illustrate the full

diversity of application the relevant technologies have.

One thing which has become clear over the course of the data gathering period for this
report is how underdeveloped this sector remains. An analysis of current examples
within Europe has shown that the use of these technologies, while growing steadily, is
still limited. While this fact has made efforts to collect a sufficiently broad range of case
studies problematic for this best practice guide, it also suggests that huge, untapped
markets exist for those in the industry who are prepared to take a lead in establishing
such ventures. The demand for sustainable tourism options is rapidly expanding as a
result of widespread fears over the effects of human-induced climate change and
environmental damage in general. Inevitably, issues such as the carbon intensity
associated with a certain holiday resort or mode of transport will become major

considerations for a growing number of consumers when making decisions on matters




such as their next vacation destination. In this situation investing in the technologies

discussed here may become sound business practice.

This report has been authored by Energy Solutions North West London (ESNWL). A
technical handbook, also produced by ESNWL, accompanies this guide. This handbook
is aimed at stakeholders interested in trailing biofuels and electric propulsion in
transportation modes aimed expressly at tourists who wish to extend their
understanding of the technical and logistical considerations surrounding these

technologies.




2.0 BIOFUELS

Market penetration of biofuels into the
vehicle fuels sector has to date had a
varying level of success within EU
member states. While the effect of
particular barriers and drivers have had
a lesser or greater effect upon the
maturity of individual biofuel markets
they are all potentially significant agents
of change for each member state. As a
consequence it is of considerable value
to outline at the start of this best practice
guide some of the general factors that
are liable to affect the attractiveness of
this form of propulsion technology.
Doing so establishes a framework in
which existing best and worst practice
examples can be understood and learnt

from.

This section outlines the findings of the
Biodiesel Chains Project which identified
many of these common barriers and
drivers

affecting acceptance and

application of biofuels.

Barriers
The research conducted for the purpose
of the Biodiesel Chains Project found

that the main initial barriers to successful

introduction of biofuels into any transport
sector are technical and are focused
upon the:

quality of biofuels and

availability and operability of

approved vehicles

A third barrier is when there is a lack of
clear legislation in regards to the use of
biofuels. This can cause confusion and
uncertainty limiting trade and making
investment opportunities less attractive
as a consequence. In these
circumstances banks commonly treat
investments in biofuel-production
facilities as high risk ventures stifling the

development of supply chains.

In mature markets further barriers
connected to the availability of feedstock
become significant and can inhibit
further growth. Of these Dbarriers
competition for land and biomass are the
most significant for biomass in general,
while with recycled cooking oil collection
and treatment complications are also

significant.



» Competing land use: Energy crop
cultivation often has to compete with
other land practices such as food
production and habitat conservation.
This can limit the space where it is
feasible to grow bio-crops.

» Competing biomass usage: Biomass
can be used to meet other demands.
Biofuel producers often have to compete

against power generators and, in the

case of types of crop, food
manufacturers/wholesalers for access to
the feedstock.

* Collection and treatment complications
(of recycled cooking oil): Recycled
cooking oil. The legal framework of
many member states and technological
limitations can be barriers for potential

development.

Nonetheless, the greatest barrier to
successful development of biofuel
markets is likely to be uncompetitive
pricing. This barrier has been significant

in many countries and is closely related
to production costs and taxation policy.
When the prices of vehicle biofuels
exceed those of fossil fuels, uptake is far
less attractive, notwithstanding the
environmental benefits associated with

the technology.

Drivers

Drivers that assist the development of
viable biofuels can be grouped into three
types of instrument; 1. legislative

measures, 2. economic measures, and

3. informational measures and
cooperation.
1. Legislative measures can

significantly improve a biofuels market.
Examples of this include when the use
of waste in biofuels production is
extended and permitting energy crop
cultivation on set-aside land in order to

increase the availability of feedstock.

Imposing quotas can also have a
beneficial effect. Potentially quotas could
be set for:

« production levels of energy crops

* production levels of biofuels

* the importation of biofuels

« the blending of biofuels



» the number of filling stations stocking
biofuels or blends

» vehicle manufacturers

» the number of vehicles using biofuels
in public transport or local authority
fleets

* levels of recycled oil

A fundamental driver IS the
establishment of legal standards and
qguality monitoring to avoid technical
problems that might result from poor
biodiesel quality and assist vehicle
owners wishing to stay within the
conditions laid out in their vehicle
warranty as currently only a blend
containing 5% biofuels is approved for

use in conventional vehicles.

Stricter quality standards could be
introdu
ced

that

could
allow
higher
blends
of

biofuel

s to be
used. Better labelling of fuels that

include mixtures of biofuels above the

currently accepted 5% and of vehicles
with warranties that approve use of
biofuels at these higher mixes would
also aid market confidence and
development. Finally, incentives aimed
at wusers, for example unrestricted
access to city centres or free parking for
biodiesel-fuelled vehicles, can also be

additional drivers.

2. Economic measures that reduce
either the operational costs or initial
capital costs of running vehicles on
biofuels will make the technology more
competitive in comparison with other
means of propulsion.
Means of achieving this include:
Offering grants to convert
vehicles
Financial assistance to establish
production and collection facilities
and services
Reduction in tax duty on biofuels
or vehicles capable of using such
fuels
Increasing duty on other fuels e.g.
petrol and mineral diesel
3. Informational measures and
cooperation involve soft measures such

as marketing campaigns, networking



and cooperation agreements and have

proved to be important drivers.

Marketing and information campaigns
can for example:
inform farmers about the potential
of keeping energy crops
raise awareness of public waste
oil collections

@ inform distributors about technical
issues of biofuel distribution
(standards etc.),

@ inform vehicle sellers on the
availability and standards of
approved vehicles,

@ inform the public on biofuel issues

and create public awareness.

Voluntary commitments from biofuel
producers, fuel distributors, vehicle
manufacturers or fleet owners can
further contribute to securing biofuel the
supply and demand. Cooperation
agreements and networking between
different  stakeholders are also
important, for example between farmers
and biofuel producers, vehicle
manufacturers and fuel providers, and
vehicle  manufacturers and  fuel

distributors.

References and Sources
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2.1. Biodiesel trials in pleasure boats, Norfolk Br

UK (2005 - 2007)

Background and Obijectives

The Broads Hire Boat Federation
(BHBF) Biodiesel Trial involved 28
holiday motor cruisers from seven
boatyards located on the Norfolk Broads
over two years. This made the Broads
the first place in the UK to start using
substantial quantities of biodiesel in
boats. This followed an initial trial
conducted by the School of Marine
Science and Technology at Newcastle
University. The length of the main trial
varied between boatyards, ranging from
four weeks and two years between May
2005 and autumn 2007.

oads,

The main objectives of this trial were of
a localized environmental nature. The
Norfolk Broads has the same legal
status as a national park and is a
popular holiday destination because of
the importance of its  natural
environment. Local boatyards and the
Norfolk Broads Authority recognized the
importance of trailing cleaner, more
sustainable transportation technologies
in the boats that use the Broads’
waterways. Although a secondary
objective, the effect upon carbon
emissions and efforts to combat climate

change were also recognized.

The availability of a reliable supply of
biodiesel locally produced by Global
Commodities in nearby Dereham,
Norfolk was key to the establishment of

the BHBF Biodiesel Trial.
Implementation

In 2005 the School of Marine Science
and Technology at Newcastle University

tested the engine emissions from two

?



cruisers used on the Broads to find out
how much cleaner biodiesel is than
conventional fuel. The two boats were
fitted with different engine makes and a
comparative study that measured engine
exhaust emissions and fuel flow from
engine operation using both
conventional diesel and 100% biodiesel
was conducted. The reductions in
pollutants achieved through this fuel
change far outweighed the slight
increase in fuel consumption that was
experienced due to the direct injection of
fuel into the vessels’ combustion
chambers to achieve an equivalent

amount of work.

As a result of this initial work it was
decided to extend this experiment on a
far wider level. In total seven Broads hire
boat companies began participating in
the resulting two year trial which began
in 2005. Each boatyard was supplied
with an integrally bunded plastic fuel
storage tank with delivery pump, meter
and delivery hose to enable the storage

and delivery of the fuel at each site.

Finance and Incentives
At the time of the start of the trial the

price of biodiesel was higher than

mineral diesel making financial support
for the tests necessary. The total cost of
the project was £72,300, of which
£43,000 was provided by the Broads
Authority  Sustainable  Development
Fund, with grant aid from the
Department of Environment, Food, and
Rural Affairs (DEFRA). Much of this
financial assistance was wused to
subsidise the fuel used in the trial to
make it more competitive to mineral
diesel. This was necessary despite the
fact that less tax duty was charged upon
biodiesel at the time. It is worth noting
that as diesel prices have gone up in
recent years the price of biodiesel

became closer to the diesel price.

Supply Chain

The trial was devised as a ‘Norfolk
project’ using an apparently reliable
source of biodiesel produced from waste
vegetable cooking oil locally in Norfolk.
The carbon reductions achieved through
sourcing locally, the promised tie-in with
the local catering industry, and
restricting the product’'s customers to
only Broads-based fleets were key
motivators  for  encouraging the

boatyards to participate in the trial.



The biodiesel for the trial initially came
from the biodiesel manufacturer Global
Commodities using recycled vegetable
oils. There are considerable advantages
to having a local supply of fuel including
reduced delivery transportation costs
(both economic and environmental). In
addition because the biodiesel originates
from used vegetable oil sourced from
local catering
and food
manufacturin
g companies
it diverts a
waste product
away from
other disposal
options such as landfill. Unfortunately
Global Commodities entered financial
administration as a result of receiving
two environment fines (£17,000 in March
2006 for noise pollution and £24,000
May 2006 for polluting a drainage ditch
with oil) soon after the trial began,
removing the only commercially

biodiesel manufacturer in the local area.

A new supplier, Argent Energy, took
over the contract to provide the
necessary fuel, enabling the trial to

continue as planned. This switch did

raise concerns regarding the
sustainability and practicality of the trial
due to the travel distance of over 360
miles between Argent's plant near
Motherwell in Scotland and the boatyard
clients in Norfolk. Nonetheless over the
course of the trial 30,428 litres of
biodiesel were provided during 19
deliveries between 15th May 2005 and
10th August

2007 firstly by

Global

Commodities

and then by

Argent Energy.

Throughout the

trial a B100

(100% biodiesel) fuel was used derived

from reprocessed waste cooking oils.

Trial results

The operating experiences of the
participating boatyards were mixed, with
only three of the seven yards
experiencing no operating problems.
Two of the yards experienced what were
described as ‘severe and persistent
problems with waxing of the fuel and
blockages of fuel filters, especially
during cold winter weather. Another

yard experienced minor fuel filter



problems and one yard had serious
problems with fuel contaminated with
water in the storage tank. In addition
unverifiable concerns regarding the
quality and consistency of supply were
raised following the switch from the

supplier Global Commodities.

Conclusions

The trial has successfully demonstrated
that B100 is a viable fuel for use over an
extended period of time within the type
of pleasure boats common to the Norfolk
Broads. However the trial was beset with
problems that means that it fails to
provide a model to follow for future
likeminded initiatives. Many of the
barriers to full success were of a local
nature, but this in itself goes a long way
towards corroborating the findings of the
Biodiesel Chains Project that
demonstrated how local conditions are
the most decisive determiners of
success. The only partial success of the
trial is reinforced by the fact that only
one boatyard (Broads Tours/Norfolk
Broad Direct) chose to continue using
biodiesel once the trial and financial

support came to an end.

Three main barriers to success can be
identified. Firstly, the maintenance
issues that arose from the trial were
clearly many and varied. The boats did
not undergo any conversion process
prior to the start of the trial and this may
be the primary cause of the difficulties
encountered as typically in land-based
vehicles running on B100 a conversion
is usual undergone. Secondly, if a wider
take up of biodiesel is to occur in the UK
then the fuel must become more
competitively priced. Unfortunately this
has become less likely due to the
announcement in the 2008 UK Budget
that that duty differential of £0.20 per
litre for biofuels would cease from 2010
onwards. Finally, the trial’s reliance upon
the Scottish-based Argent to supply the
necessary fuel for the majority of the trial
period raised questions regarding the
wisdom of relying upon one, remote
supply
production remains limited to a few,

source. If UK biodiesel
large scale plants then the reliability of a
supply chain is likely to be a concern for
most people considering using the fuel.
A nationwide expansion of the biodiesel
market as a boat fuel appears unlikely
until concerns such as those raised in

Norfolk are addressed.
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2.2 Biodiesel in boats in the Bodensee, Germany (19 99

- 2005)

Background and Objectives

Between 1999 and 2005, a project
involving the boats of 26 participants
tested the use of biodiesel on the
Bodensee. The Bodensee, also known

as Lake Constance,

is situated in
Germany,
Switzerland and

Austria near the base
of the Alps. The
project was
developed by a
private consortium of
stakeholders  associated with the
Bodensee. Members consisted of the
sail boat club, academic researchers
and the

Association (IBMV).

Bodensee Motor Boat

Implementation

The trial aimed to achieve three broad
objectives. The first was to reduce the

levels of toxins entering the aquatic

environment in order to safeguard the
delicate ecosystem as even a drop of
mineral diesel is considered enough to
pollute 10 litres of water. Similarly, the
Bodensee is the second largest natural
water store in Europe and is therefore
an important source of potable water for
the surrounding area, making the

maintenance of a high

level of water quality

essential. Secondly it

was considered

important that boat

owners who had

previously  retrofitted

their boats to
accommodate biodiesel before the
project and had had no contact with one
another or been unaware of each others
presence were put in touch with one
another. This would allow owners to
share best practice amongst one
another and to promote the fuel's use
more widely. Finally, the project sought
to encourage fuelling stations that had
previously believed there to be too little
demand to justify stocking biodiesel, to

start doing so. The lack of a reliable



chain of supply had previously stifled

interest among boat owners.

The biodiesel wused was 100%
Rapeseed Methyl Ester (RME). This was
produced by converting rapeseed oil into
ethyl esters through transesterification.
At the beginning of the trial the
consortium provided fuel tanks to
participants and refuelling had to occur
manually. This was a difficult process
and logistically proved problematic. In
addition the first initial sources of RME
were found to be of a poor quality and a
new supplier had to be found. This was
made much easier in 2001 when a
refuelling station at Ultramarine, the
marina in Kressbronn-Gohren, was
convinced to begin stocking RME to
supply to boat owners wishing to try the
fuel. As the largest water sports centre
on the lake this was highly significant
and made biodiesel accessible on a far
larger scale.

At the time of the trial no manufacturer
was willing to approve the use of 100%
biodiesel in their engines. The project
was observed closely by many engine
manufacturers such as Volvo Penta and

MARX in order for them to assess the

impacts that using the fuel might have
upon their products and enabling them
to review their current warranty
arrangements based upon the evidence
accumulated. Many of the
manufacturers in question offered
extraordinary assistance in order to
obtain the data they required, meaning
that any engine damage due to the use
of biodiesel would be covered by the

companies free of charge.

The project was supported financially by
the Union for the Promotion of Oil and
Protein Plants (UFOP) in Germany. The
financing of the project covered all the
technical analysis that was conducted to
test the suitability of the fuel and detect
any mechanical problems that might
have resulted from the trial. No major
technological barriers were encountered
during the trial although some minor
technical repairs and adaptations were
necessary. Many of these were due to

the more rapid deterioration of some of



the vehicle parts as a result of the use of
RME. This is well know and commonly
expected outcome of using biodiesel
and are resolved through regular
maintenance checks and the more
frequent replacement of some low cost
parts such as fuel filters and gaskets.
Retrofitting vessels with RME resistant
components in advance can significantly
reduce this and this was encouraged

throughout the trial.

Conclusions

Over the duration of the project 4271
sailing hours were accumulated
amongst the trial's  participants.
Following its successful introduction
most of the participants continued to
operate their boats with the fuel after the
end of the project. This would suggest
that the project has successfully
established a culture of using biodiesel
in pleasure boats upon the Bodensee,
meeting all the objectives of the

initiative.

Biodiesel availability was the key driver
for this initiative and this fact is worth
noting for other initiatives for the future.

In markets where biodiesel is not

available in large quantities it is
important to prioritise the type of users
who have access to the resource. While
obviously wherever biodiesel is used
carbon reductions can be achieved, in
the situation of the Bodensee and other
fragile environments the other
advantages are equally important. While
fuel availability remains limited target
such locations would achieve maximum

environmental benefits.
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2.3 Historical development of Biofuel use in Catalo  nia

and wider
Barcelona’'s public

Present)

Background and Obijectives

There is a history of using biodiesel in
Catalonia dating back to 1992 when the
first trials were conducted in public
vehicles in the towns of Mataré and
Masnou. These first small scale trials
helped establish a level of confidence in
the benefits of the fuel that encouraged
large public transport operators like
Transports Metropolitans de Barcelona
(TMB) and Transports Ciutat Comtal
(TCCQC), to trial the fuel themselves often

on a much wider scale.

Today biodiesel has become a common,

valued technology among public
transport operators in the region. In May
2006 TMB, the main transport operator
in the Barcelona region, began using
biodiesel at a 10% mix in 15 of its
vehicles. Since then this has grown to
120 vehicles and the mix has been

increased to 30%, demonstrating the

transport

diversification of energy sources in

operators (1992 -

level of confidence had in the product.
Catalonia’s challenge now is attempting
to guarantee adequate fuel supply
chains from sustainable sources to meet
the growing demand, building upon the
success of Stocks del Vallés’ industrial
scale biofuels production plant which

was opened in 2002.

This case study describes some of these
developments as a means of
highlighting how the market for a
technology can become transformed, as
it eventually becomes an accepted
innovation that is a product of choice
rather than something perceived as a

risky experiment.
Implementation

Mataré and Masnou Trials
Matar6 and Masnou were the first two
Spanish municipalities to trial biofuels in

public vehicles. This two year initiative

7



ran from 1992 to demonstrate the
suitability of the technology and to help
identify any technical
concerns related to the fuel.
The scheme was run as a
collaboration of regional
institutions, local authorities

and private companies.

The trials used virgin energy

crops (soy, rapeseed and sunflower). A
total of 10 vehicles participated in pilot
project using a 100% mix. In Masnou,
eight local authority vehicles used for
street cleaning and other maintenance
activities participated. In Matardé two
buses, part of the urban transport
network, trialled the fuel. Over the
course of the trials the 8 vehicles of
Masnou covered about 65.350 km, while
the 2 buses in Matar6é covered more
than 60.000 km.

Throughout the trial technical tests were

applied by the Catalan Institute of

Energy to the vehicles in order to assess
the effects upon fuel consumption that
the fuels had on the
vehicles and any
adverse effects that

might  result upon

engines. No
significant  technical
problems were

experienced. The only
problems found were those concerning
some engine elements made of rubber
which had degraded faster than they
would do in an engine run on
conventional diesel. Important benefits
included the absence of SO? emissions,
and therefore reduced levels of acid
rain-causing particulates, and reduced
CO?2 emissions. In addition, the opacity
of emissions from these vehicles were
reduced by 12% generating a reduction

in smog levels.

The success of these trials help
established enough confidence in the
technology within the region that public
transport companies have felt able to
implement changes to their own

vehicles’ operating practices.



Transports Ciutat Comtal (TCC)

By 2002 one of the largest public
transport  operator in  Catalonia,
Transports Ciutat Comtal (TCC), began
shifting some of its vehicles towards
biodiesel in order to promote energy
diversification. TCC operates in tourist
municipalities such as Reus, Vilanova i
la Geltra, Vic and Barcelona. In total, 7
vehicles began using biofuels (3 Renault
PS cars dedicated to providing
transportation for disabled people and 4
Ayats AB 903 cars for urban passenger
transport in Vilanova i la Geltrd.). In this
case, biofuel was used alternately with
conventional diesel in order to assess

any changes in performance.

The results from this
experience have shown
a little consumption
increase (by  2%).
However, in technical
and operational terms,
no important alterations
have been required. TCC concluded that
in the short and medium term biofuels
mixes were a feasible alternative to
mineral diesel as a means of diversifying
the fuels used by the company’s

vehicles. This well publicized action set

an example to other private operators in
the region to follow and undoubtedly
influenced TMB's later decision to roll
out biodiesel across much of its fleet.

Stocks del Valles SA, Biodiesel
Suppliers

In March 2002 biodiesel began to
become more easily available in
Catalonia as a result of the opening of a
production plant by Stocks del Valles
SA. It was the first industrial biofuels
plant in Spain and only the second in the
world to only use waste feedstocks
(used vegetable oil and animal fats) to
produce biodiesel.

The plant was set up
in the municipality of
Montmel6 at the cost
of €3,606,000 and at
the start had the
capacity to produce
6000 tons of
biodiesel annually. In
2006 the facility expanded its production
capacity to 31,000 tons. Feedstock is
provided by waste management

companies Cavisa and Rocs.



The bulk of this product is sold to local
bus fleets and other transport
companies, although in 2003 the petrol
station chain PETROMIRALLES decided
to stock the fuel in up to thirty local
petrol stations in Catalonia. This has
made it much easier for private vehicles
owners to refuel using biodiesel should
they wish to and raise the profile of the
fuel further. The fuel stocked at these
service stations is a 30% biodiesel
mixture under the brand BDP30 that
meets the tough quality standards of

Royal Decree 61/2006.

In addition to the fuel that the plant
produces, additional revenue streams
are utilized by selling the bi products of
the manufacturing process. This initially
included 100 tonnes of potassium-rich
fertilizer and 500 tonnes of glycerine
(which can be used in the cosmetic
industry amongst other things). These
figures have since increased as overall

capacity has also increased.

Transports
Barcelona (TMB)
On a grander scale to anything

Metropolitans de

attempted previously in Catalonia,

Transports Metropolitans de Barcelona

(TMB), the main transport operator in
Barcelona (which receives more than 6
million tourist visits each year) and the
surrounding hinterland, who operate a
number of different public transport
services (buses, metro lines etc), have
been exploring opportunities to promote
technological innovations and develop a
new energy policy based upon energy
source diversification and reductions in

greenhouse gas emissions.

TMB operates in 10 municipalities
(Barcelona and neighbouring cities),
covering an area of 200km? and
approximately 2.5 million inhabitants.
The company’s services account for
59% of the total number of public
transport journeys made in Barcelona’s

metropolitan area.

Due to its commitment to reduce its
impact upon the environment, TMB
developed a plan to reach the following
fleet composition by 2015: 25% biofuels,
25% diesel, 40% natural gas, 5%
hydrogen and 5% hybrids. The company
started the diversification process in
2001 by introducing natural gas in 215
buses. After this first step, TMB joined
the international project CUTE by



introducing 3 vehicles using hydrogen
cells. In May 2006 15 vehicles started to
run with biofuel mixed with diesel (10%
of biofuel). Within one year the mixture
used had risen to a 30% biofuel
concentration and was being deployed
in a far greater number of vehicles

(approximately 120).

From the comparison between biofuels
and diesel, interesting lessons have
been learnt during these years. Firstly,
differences in fuel consumption levels
between the two fuels were considered
marginal and were caused by the slightly
lower calorific value of biodiesel.
Secondly, components made from
rubber suffered more rapid degradation
within the vehicles

using biodiesel

and consequently

required

replacement more

frequently. Thirdly,

biodiesel

dislodges any

buildup in the fuel pipes as well as in the
fuel tanks. This dislodged material can
unfortunately sometimes cause
blockage problems within the injection

system. Finally, tailpipe tests of exhaust

gases indicated that levels of pollutants
such as nitrous oxide remained the
same in both the vehicles using
biodiesel mixes and 100% mineral

diesel.

Conclusions

The examples used in this instance
demonstrate how a technology such as
biodiesel can take off within a region
over a short space of time once its
viability has been proven. This has been
demonstrated by the
willingness of transport
providers to use it on a
substantial scale and for
Stocks del Valles to be
prepared to invest in the
development of
manufacturing plant which has since
undergone several phases of expansion.
As a means of further reinforcing this
growth the Energy Plan of Catalonia:
2006-2015

planned production



expansion to five times the current levels
and the establishment of a third plant
facility.

This continued progress is not
guaranteed as recent negative publicity
surrounding biofuels, the so-called ‘food
vs fuel argument’ (the fear that the
diverting of food crops to biofuels could
affect food supply) has created political
and social barriers to the wider use of
biodiesel; for example TMB’s desires to
expand its current biodiesel use are
currently on hold awaiting official
guidance from public authorities. This
will make further expansion difficult
unless ways of avoiding using virgin
food crops while continuing to expand

fuel production can be found.
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2.4 Pilot Implementation of Biodiesel in Public Bus  ses

in Crete (2004 - 2006)

Background and Obijectives

For two years the Regional Energy
Agency of Crete (REAC) along with
other local stakeholders operated a pilot
project involving high biodiesel mixtures
in public buses in Eastern Crete. This
was the first pilot project of its kind in
Greece and is seen as a crucial test bed
for future initiatives and the expansion of
biodiesel into the Greek market in
general. As the current situation in
Greece is that the direct distribution of
biodiesel to transport operators is
prevented by national legislation, an
exception had to made for this trial. This
rareness of this opportunity is illustrative
of the importance of this study.

Implementation

A wide range of stakeholders including
REAC, the Public Bus Company of
Eastern Crete, the Technical Centre of
Vehicles Control of Heraklion and the
National Technical University of Athens

were involved in this pilot scheme. It

involved a  comprehensive  work

programme, including months  of
monitoring, control and evaluation in real
conditions of mixtures of biodiesel of
varying levels of concentrations. Two
Mercedes buses owned by the Public
Bus Company operating in and around
Heraklion were wused, fuelled with
biodiesel

meeting European

Specification EN 14214. No
modifications were made to the vehicles

used in the trial.

Great importance was placed upon the
potential lessons that could be learnt
directly from the experience. In addition
this was seen as a good opportunity to
learn from the expertise of other
European organizations that had

previous experience of conducting



biodiesel trials in public transport. Meet
this second aim meant two technicians
from REAC were required to receive
training in Austria prior to the start of the
trial. These technicians were responsible
for providing assistance throughout the
trial to the Public Bus Company of
Eastern Crete. This included ensuring
the biodiesel mixtures were correctly
made and overseeing the refuelling of
the buses onsite at the bus company’s
own facilities. They were also
responsible for conducting regular
testing and maintenance checks upon
the vehicles throughout the trial,
providing reliable test data on the
performance of the fuel mixtures and the
effects they might have upon the vehicle

parts.

The Fuel

The mixtures used biodiesel
concentrations of 5%, 10%, 15%, and
20%; higher concentrations than those
currently required by the Greek State.
This was to test the feasibility of using
these concentrations within existing
public transport vehicles and were
therefore tested alongside a reference
vehicle running on 100% mineral diesel.

All the biodiesel wused processed

vegetable oils collected from businesses
such as takeaway restaurants and food
manufacturers. Due to the lack of a
reliable domestic supply of biodiesel all
fuel was imported from sources in
Germany. At that time, biodiesel
production had not yet started in
Greece. If a Life — Cycle Analysis is to
be made, we have to take into account
that due to the long distances involved in
supply, it is reasonable assumption that
carbon savings made at the point of use
during the trial were reduced by those
produced during the fuel's
transportation. Nevertheless, the
advantages of using high biodiesel
mixtures in public busses are listed

bellow.

Trial Results -

A significant reduction (up to

50%) in smoke density (opacity)

of tailpipe emissions.

No impact upon lubricating olil.

A reduction of  unburned
hydrocarbons and carbon
monoxide emissions.

An increase in nitrogen oxides
emissions from both busses.
Carbon dioxide emissions were

slightly higher for the biodiesel



blends when compared with the
reference  fuel. (NB/  This
statement should be qualified
however, because although
tailpipe CO2 emissions are higher,
net emissions are lower because
the carbon released by
combustion would be released
anyway as the waste oil degraded
over the course of its lifecycle).

Slightly higher volumetric fuel
consumption was detected with
all the biodiesel blends, with the
20% mixture resulting in the

highest fuel consumption levels.

Promotion

Dissemination and public information in
cooperation with the Region of Crete -
Regional Energy Agency of Crete.
Especially, the Region of Crete -
Regional Energy Agency of Crete has
implemented specific awareness
activities e.g. brochures, articles, TV and
radio broadcasts, creation and
distribution of special DVD etc. The
energy — environmental and financial
impacts of the project were widely
disseminated at scientific, public and
entrepreneurial level and also directly

related to the policies on energy, on

environment, on agriculture and on
employment. The results of the project
have been also published in the

framework of an international congress.

Incentives and Finance

The funding of this trial came from
Intelligent Energy Europe and the
Region of Crete — Regional Energy
Agency of Crete (REAC). Also involved
in the trial were the Public Bus Company
of Eastern Crete, the Technical Centre
of Vehicles Control of Heraklion and the
National Technical University of Athens.
The greatest costs of the initiative were
the cost of supply of biodiesel, scientific
control & monitoring in  various
conditions, continuous technical control,
maintenance of the vehicles, training
provision received by two technicians of
REAC and Technical Centre of Vehicles
Control of Heraklion, special information
- promotion - dissemination activities etc.
The public busses were running on the
biodiesel mixtures without any
modifications and therefore with no

further modification cost.

Barriers
A number of barriers continue to prevent

the wider use of biodiesel in vehicles



operating in Crete. Importantly these
barriers have been identified and
measures are being taken in an effort to
neutralise these difficulties. The most
significant of these is that the direct
distribution of biodiesel to transport
operators is not allowed by current
national legislation. The actions of the
Public Bus Company of Eastern Crete
were implemented within the framework
of the pilot project in cooperation with
the Region of Crete — Regional Energy
Agency of Crete. Clearly no important
biodiesel market will develop until this
barrier is removed and once it has been
a full market transformation will have to
remain a long term goal due to the
length of time required to develop a
suitable fuel supply chain and to develop
consumer confidence sufficiently to trust

the product.

Conclusions

REAC’s biodiesel trials in Crete have
provided valuable practical experience
of using biodiesel in public transportation
that until this point has not been
available within Greece. It has provided
a crucial example to other companies of

the important contribution that biodiesel

could make in the future to helping them
meet their environmental obligations. In
addition the trial has shown that even at
relatively high mixture concentrations no
adverse technical problems were
encountered to unmodified engines.
More importantly, the trial may
encourage the Greek Government to
legislate in a manner which will
encourage the wider application of the
fuel as unfortunately there are currently
no financial incentives for public
transport and tourist fleets to begin using

biodiesel.

A second matter of great importance is
the current lack of a reliable fuel supply
chain in Crete. Though there is not any
biodiesel production plant in Crete, there
is a wide network of biodiesel production
units in the mainland Greece. For
biodiesel production to become a reality
in Crete national or regional incentives
would be needed to help set up effective
used oil collection schemes, production
plants and refuelling opportunities.
Furthermore, all the relevant activities of
the Region of Crete — Regional Energy
Agency of Crete are oriented to effective
collection of used cooking oils (e.g.

biodiesel in public busses produced by



used cooking oils). This particular
project is a good example for promoting
the use of biodiesel produced by used
cooking oils in tourist islands. Only once
the infrastructure and the momentum
has been established will the wider
adoption of biodiesel become an
important proposition.
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2.5 Public transport buses running on biodiesel,
Zagreb, Croatia (2007 — Present)

Background & Obijectives

In June 2007 Zagrebacki elektricni
tramvaj (ZET), the major transit authority
responsible for public transport in
Zagreb, the capital of Croatia, began the
first phase of a
biofuels project that
it hopes will lead to
the entire fleet
eventually running
on low carbon
fuels. ZET has over
300 buses which it
uses for along 127 routes, 73 of which
are urban and 54 are suburban.
Successful use of biofuels in this
instance will prove especially important
as a means of demonstrating to other
public transport operators in
neighbouring regions (within the EU and
those that are within candidate
countries) that it is a practical and
sustainable option to pursue. Additional
assistance was provided through the

CIVITAS-ELAN programme.

Implementation

ZET’s biodiesel initiative is running in
parallel with the company’s replacement
of most of its existing fleet of buses by
214 new
manufactured by MAN,

models

Mercedes-Benz and
Irisbus Citelis buses
that conform to the
Euro 5

standard.

emission

The introduction of
biodiesel will be conducted gradually in
5 phases, the first of which began in
2007. This involved running ten local
buses on pure biodiesel B100 (100%
biodiesel) and 100 buses on B5 (5%
biodiesel) produced from used cooking
oil. This meant that a majority (51%) of
buses within the company’s fleet would
be using biodiesel at one concentration
or another. The buses used to run B100
underwent a conversion process costing
€5500 per bus.



In 2008 the second phase of the project
started in which 20 public buses began
to use B100 and 301 buses BS5. In the
last phase of the project planned for
2011, 120 buses from ZET'’s fleet will be
running on B100 and 201 buses will use
B5. This will mean that the entire fleet
will be running at least partially on
biodiesel at either B100 or B5 levels
leading to a dramatic reduction in the
10,000 tonnes of mineral diesel being
used annually in 2006.

Refuelling of the buses occurs at ZET’s
own depots from specifically installed
fuel tanks containing the biodiesel. The
Croatian company Modibit is responsible
for supplying ZET with the biodiesel it
requires. In the first phase biodiesel was
produced from used cooking oil
collected from restaurants and food
manufacturers in Zagreb, however since
2008 other sources of oil have been
needed to meet the demand created
through expanding the initiative. This
has meant that in addition to the used
cooking oil, virgin energy crops such as
rapeseed have been used in the
necessary biodiesel production too. This
has the potential of causing serious

ethical concerns being raised regarding

the diversion of crops that have a food
application away from food production
and towards this industrial application. It
has been calculated that by the final
realization of the initiative 15,000ha of
agricultural land will need to be given
cultivation  for

over to rapeseed

biodiesel.

In general few technical difficulties have
arisen as a result of the switch to
biodiesel because on the conversion
process vehicles running on B100 have
undergone. The most significant is the
more regular requirement to change oll
and filters compared to vehicles running
on mineral diesel (every 20,000-30,000
km compared to every 60,000 km);
however these simple and low cost
procedures have no significant effect

upon operational costs.

By converting many of their buses to be
able to use biodiesel, ZET has made a
valuable contribution to significantly
reducing the  carbon emissions
generated within Zagreb. They have
demonstrated how the near complete

replacement of an aging public



transportation fleet by one able to run on
clean low carbon sources can be
achieved over the relatively short period
of five years. This sets a good example
to other transportation providers across

Europe.

Needless to say there are issues that
need to be raised and reassurances
over certain concerns need to be given
before the level to which this initiative is
truly sustainable can be established.
Most dominant among these are the
effects of using virgin crops in the
production of the biodiesel that Modibit
supplies to ZET. While the use of used
cooking oils from restaurants, hotels etc

is clearly a sustainable solution to

dealing with a waste product, the
cultivation of crops specifically for
biofuels production remains a concern
for many and guarantees from the fuel
manufacturers as to the sustainability of

this approach should always be sought.
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2.6 Recycled cooking oil as a fuel in La Rochelle (

— Present)

Background & Obijectives

A used cooking oil treatment plant that
uses feedstock collected from restaurant
owners was established in December
2007 in the French municipality La
Rochelle. It has been fully operational
since April 2008, and offers an original
alternative fuel by recycling a locally
produced polluting waste into a second
generation biofuel. The project is a
collaboration between the La Rochelle
Urban Community and the private
company Veolia-Propreté and is blazing
a trail in a problematic legislative
environment. Its operators believe that if
they are  successful they  will
demonstrate the need to change current
legislation and be leading the way for

other future plants across France.

The key objective of this scheme is to
dramatically reduce the volume of
cooking oil (approximately half) that is
disposed of through the wastewater
network or at waste reception centres.

Reducing this volume will not only help

2007

reduce the maintenance difficulties that
disposal can cause to the wastewater
network, but also reduce expenditure on
disposal. Significantly, by turning the
waste into a vehicle fuel the community
will also be helping reduce its emission

levels and help combat climate change.

Implementation

The project has been implemented by
the Communauté d’Agglomération de La
Rochelle - CdA LR (La Rochelle Urban
Community), a public body in charge

notably of mobility and transport issues

in the La Rochelle urban area. The day-
to-day operation of the site is ensured by
Veolia-Propreté, a private company
dedicated to providing environmental

services. The operation of the unit has



been subcontracted to Veolia who
provide staff to operate the plant for the
equivalent of one  person-month

annually.

The plant is located within the La Pallice
industrial activity zone, at Port Neuf in
La Rochelle. The facilities have a floor
area of 200 m2 and since the activity of
waste transfer and recycling occurs
onsite it is classed as a ‘Classified

Installation for Environment Protection’.

The biofuel is initially intended for use
within the fleet of the CdA LR using a
mixture blend consisting of 30% biofuel,
70% mineral diesel. It is not anticipated
that any specific equipment or
adaptation are required to vehicles’

engine prior to using this mixture.

Collection

After signing an agreement
with the Urban Community
of La Rochelle, the
restaurant owners are
provided with drums and
should bring their oil to
three collecting points (La
Rochelle, Aytré, and

Périgny) designated by the

Urban Community so that restaurant

owners can bring their cooking oils.

Process Methodology

The methodology used is an
experimental one, that avoids addition
energy inputs and potentially dangerous
products such as alcohol where
possible, in order to make it the most
sustainable fuel transformation process
possible. The process is divided into two

phases:

1) Decantation: An initial 15 days
decantation inside oil drums is
required to obtain a good-quality
raw material. The recyclable part
is then transferred into a

decantation tank where at least

another 15 days of settling is

required.



2) Filtration : Once the decantation
is completed, the oil is filtered and

stored in another tank

Progress to date
Agreements with 50 restaurant owners
have been made to collect used cooking
oil for use within the plant. Between April
and December 2008 this amounted to
3500 litres being collected. It is hoped
that the temporary authorisation to use
the cooking oil as a biofuel within its own
internal fleet will become permanent and
that the rules nationally become far
more liberalised. With this barrier lifted it
is likely that in the near future a direct
collection service to the restaurants
involved in the scheme will be
introduced to

encourage greater

participation.

At the end of December 2008, only
4,413 kilos of cooking oil had been
collected from these establishments,
among which 994 kilos (29%) forms an
unusable fraction which must be
discarded. This volume collected was
capped pending the official authorisation
to use the recycled cooking oil as a
biofuel in municipal vehicles. The Urban

Community wisely decided to use the

plant sparingly as it storage capacity is a
maximum of 10,000 litres of fully
processed oil and 12,000 litres working

through the decanting phase.

Promotion

Promotion of the scheme has been

limited to date while the official
authorisation to wuse the recycled
cooking oil as biofuel in the vehicles was
awaited. However some effort has been
made to promote the scheme already. In
particular much work has been
conducted informing potential partners in
the catering industry (through door-to-
door contact, followed by information
meetings) about the establishment of the
cooking oil plant and the initiative of the
local authority, the legal framework
regarding collection of cooking oils, and
how to take part in the experiment if they

were interested.



Secondly, a ‘good conduct’ certificate
scheme was inaugurated. These
certificates are awarded to participating
restaurants to highlight to their
customers the eco-friendly approach

that eatery has chosen to peruse.

To raise awareness amongst the public
a number of TV and radio interviews,
posters and articles in the press have
been utilised, explaining the details of
the La Rochelle initiative and the

reasons behind it.

Finally as special vehicle logo was
developed. This is to be applied to the
selected group of municipal vehicles that
will run on the biofuel mixture during the

first initial year long dispensation.

Finance and Incentives
The installation of the recycling unit was
financed by the Urban Community of La

Rochelle and co-financed by the EC
through the CIVITAS-SUCCESS
(Smaller Urban Communities in Civitas
for Environmentally Sustainable

Solutions) project.

Set-up costs amounted to €200,000,
including capital expenditure costs of
€120,000 linked to development of the
oil recycling plant (engineering process,
studies on the implementation of the
plant and on the recycling process,
choice of the operator/plant builder,
construction and operational launch) and
other costs incurred prior to the actual
commissioning of the plant that
amounted to €80,000. The main
operational costs amount to a further
€32,000 annually, including €5000 staff
costs and €22,000 for onsite expenses
incurred. Furthermore, additional
communication and awareness raising
actions to ensure a sufficient volume of
oils is collected are expected to cost

€5000 annually.

In a near future, it could be considered
to create a direct collection service (at
the restaurants) covering a maximum
number of restaurant owners from the

Urban Community who are willing to



change how they dispose of their used
cooking oil. Such a service would

amount to €30,000/year.

The restaurant owners who bring their
cooking oils to the three collecting points
do so free of charge. This is a financial
incentive to them because in France,
where it is strictly illegal to dispose of
oils with household waste or into the
wastewater network, specialized
collection and recycling companies
typically charge €0.30/litre for collection.
By fostering such an initiative, the local
authority aims to give a decisive
incentive while encouraging restaurant

owners to comply with the law.

Legal barriers

At the European level, the Directive
2003/30/EC of 8 May 2003 allowed for
the use of biofuels or other renewable
fuels for transport.  Nonetheless
contradicting this a French custom
statement published in August 2007
forbade the use of cooking oil as a fuel.
Throughout the implementation of this
project this ruling has remained the
main barrier to success. The French
Ministers for Environment, Energy, Land

Planning and Sustainable Development

and for Budget were consulted following
a request for a dispensation at the
Customs Office to allow this project to
go ahead as planned. This resulted in
authorisation to use recycled oils as
biofuel being granted in January 2009
for a one-year period and only for 15
identified  vehicles of the Water

Treatment and Waste Departments.

Because of the apparent contradiction
between European directives and
existing French legislation relating to
national

biofuels new legislation

concerning  biofuels is  currently
changing and gives good hopes to the
development of alternative fuels not only
in La Rochelle but also on the whole

French territory.

Conclusions

La Rochelle’s efforts to establish at first
glance a relatively straight forward
biofuels scheme based upon sound
ecological principals is a classic
example of how national legislation can
hinder the development of a biofuels
market and supply chain.



As outlined above the scheme has met
all, except one, of the requirements that
should have facilitated a successful
outcome. It is based upon sound
technical principals and processes and
through the leadership of the Urban
Community La Rochelle and Veolia-
Propreté the collection and processing
infrastructure  and the necessary
procedures to guarantee a reliable
supply chain have been put in place. In
addition a lot of thought has gone into
promoting the scheme locally and
nationally and through this a high profile
for the project has been achieved.
Nonetheless the legislative barriers
previously outlined have had the
potential to wreck this project regardless
of the fulfilment of all these other criteria,
however fortunately this looks
increasingly unlikely to happen.

This localized experimentation

represents an important first step which

could potentially have far wider
ramifications nationally. La Rochelle
chose to develop the use of the cooking
oil as a fuel and eventually extend it to
the transport of passengers before the
national legislation that could allow this
was in place. The Urban Community
took the brave decision to anticipate
revisions to French legislation on
biofuels; indeed the pressure it has
applied to legislators at the highest level
may have influenced the rapidity and
breadth of these revisions consequently
assisting other communities that wished

to develop similar schemes.
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3.0 ELECTRIC VEHICLES

Electric vehicles (EVs) have a long and
varied history with the first practical
electric road vehicles having been
around 1842. Vehicle

manufacturers failed to capitalize upon

invented

this early success once the potential of
the internal combustion engine had been
fully realised and a cheap, plentiful fuel
in the guise of petroleum had been
found to use inside it. Since these early
days the technology within electric
propelled vehicles has continued to
develop and grown in sophistication.
Simultaneously, the internal combustion
engine that runs on carbon heavy fossil
fuel has increasingly begun to look

unsustainable and anachronistic.

The level of success EV initiatives
manage to achieve varies widely.
However, while this best practice guide
has highlighted the importance that
national legislation and strategy plays in
determining successful biofuels
adoption, by comparison this is of far
less significance when considering the
reasons for success involving electric

propulsion technologies. When

examining the factors that have helped
determine either success or failure when
it comes to EVs it is more important to
look at the particular technology being
used and the context to which they are

applied.

The drivers for EVs are clear enough and
can be isolated to two factors; (i) the
environmental benefits that they bring,
and (i) the possibility of dramatically
reduced running costs. These

considerations  feature, = sometimes
unjustifiably so, as key drivers for the
establishment of each of the case
studies explored in this best practice
guide. Conversely, barriers remain
Europe-wide that continue to limit the
spread of EVs; primarily technological

limitations and financial constraints.

Environmental drivers

Although the reduction in direct carbon
emissions resulting from a switch to EVs
Is a significant selling point, it is
important to recognise that this is not
necessarily the only environmental

benefit that they bring. Reduced noise



and localised air pollution and the more
sympathetic effect they have upon
fragile ecosystems are often of equal or
even greater importance than the carbon

reductions.

Running Costs

Although EVs are typically more
expensive than their traditionally fuelled
counterparts, day to day operational
costs are understood to be lower. This is
based upon the assumption that the cost
of fossil fuel-derived products is more
expensive than the power required to

charge electric batteries.

Technological Barriers

Technical limitations have often made
EVs less attractive than vehicles using
tradition fuels. The most notable of these
limiting factors include the battery
recharge times involved, the lack of
charging infrastructure, speed limitations
that result from battery capacity and

weight, and narrow vehicle ranges

between charges. While modern EVs
have made large strides at reducing the
scale of these issues, they undoubtedly

continue to remain to some extent.

Financial constraints

EV models continue to be more
expensive than other vehicle types. This
issue naturally remains a key concern
for fleet managers when making
purchasing decisions and the cost of
EVs can often dissuade those who
display an initial interest in switching to
electric propulsion. The single biggest
influence upon price is the economies of
scale that can be achieved through
mass production of a vehicle model.
Until recently EVs have been unable to
take advantage of this as electric models
have tended to have a small production

run or even of a one off bespoke design.



3.1 Electric boats, Norfolk Broads, UK (1992 — Pres ent)

Background and Obijectives

A long history of exploring alternative
fuels in pleasure boats exists in the
Norfolk Broads
even hosting
the annual
Broads Green
Boat Show to
stimulate trade
and public
interest in the
possibilities available. Experimentation
has been conducted with electric boats
to promote greater sustainability
particularly because of the chemical and
noise pollution reductions they achieve
and the carbon savings which can also
result. The smaller wakes produced by
vessels and the subsequent reductions
in bank erosion with electric boats also
make them ideal for the fragile reed bed

habitats the Broads are famous for.

Implementation

Ever since 1992 when Eastern

Electricity installed seven charging

points in the northern rivers of the
Broads, efforts have been made to
stimulate the electric boat market in the
area. This network of charging points
has since been extended by the Broads
Authority and there are also charging

points at some private moorings.

Due to better infrastructure provision
such as that described above and the
incentives that have been set up a
growing number of electric boats are
being used on the Norfolk Broads. Much
of the success in achieving this can be
attributed to the wide range of incentive
schemes that have been introduced by a
diverse range of organizations to make
electric propulsion cheaper and more
practical. However leading hire boat
operators still have some reservations
about the use of electric hire cruisers,
many of them feeling further advances in
battery technology are needed to give
holidaymakers the freedom they enjoy

with diesel powered boats.

To deal with this last problem Creative
Marine, funded by the Broads Authority’s

Sustainable Development Fund, is

?



currently testing the effectiveness and
suitability of fitting 12 volt photovoltaic
panels on the roof of a specially design
electric launch. In Norfolk light levels on
a sunny day can equal those of the
Mediterranean and therefore panels may
provide enough power to store in
onboard batteries.

Incentives

The Broads Society which is jointly
funded by the Sustainable Development
Fund and LEADER+ provides grants to
private boat owners who wish to convert
their engines to electric using local
boatyards. This ‘Conversion of Boats to
Electric Power scheme has issued
approximately £136,000 in grants. The
aforementioned Broads and Rivers
LEADER+ Programme is a three million
pound programme running over a Six
year period funded by the European
Agriculture Guidance and Guarantee
Fund (EAGGF) and the Department for
Environment, Food and Rural Affairs
(Defra).

The White Moth, a 26 ton traditional
Norfolk wherry dating from 1915, is an
example of just one of the vessels that

has benefited from the conversion

scheme. It had its existing diesel engine
replaced with a sound encapsulated
Panda 6000 AGT DC generator battery
box. Trials have shown that the battery
can last for 5 hours at full speed (5
knots) without having to use the onboard
generator. This increases to 8 hours if
travelling at half that speed. It is also
claimed that the performance and
manoeuvrability of the vessel have not

been affected.

In addition the Broads Authority has
recently doubled the number of electric
charging points along the Broads’ rivers
allowing electric boats to recharge and
travel further distances. The Authority
also allows electric boats a 25 per cent
discount on compulsory tolls charged
either on a season-ticket or per journey
basis for all boats that travel through the
Norfolk Broads Authority's navigation

area. Furthermore nationally electric



vessels receive a 25% discount on the
cost of their annual license fee which is
paid to British
Waterways, the
organisation that
cares for 2,200
miles of the UK's

canals and rivers.

Marketing/Promo

tion

In addition to

promoting the

financial

incentives open to pleasure boat owners
wishing to convert to electric power, the
Broads Authority has also developed a
map of charging points and instructions
for use to promote the use of electric

vessels further.

Conclusions

The use of electric powered boats on the
Norfolk Broads has been proved to be
feasible and more environmentally
sensitive that conventional propulsion
systems. A great deal of thought has
gone into setting up the incentives that
are most likely to attract people to the

technology, in particular the cost and

practicality. It is also important to note
that credit cannot be attributed to just
one single

organization  or

initiative; it is due

to the collective

efforts of many

stakeholders.

Combined, they

have made

electric

propulsion

o feasible and

attractive in this

especially fragile of aquatic

environments.

It is true that the market conditions are
still not perfect or that the technology is
as green as some of its biggest
exponents suggest (it is widely
recognized that vehicles that are
electric-powered are not zero carbon
unless they source their power from
renewable sources). However the
Broads Authority has demonstrated with
its work with Creative Marine that it
recognizes this shortfalling and that the
future of electric vessels should be in the
development of onboard and bank side

renewable installations that allow



batteries to charge via zero-carbon

means.
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3.2 Solar Heritage,

solar

pOWGI’Ed catamaran,

Chichester Harbour (2004 — Present)

Background and Objectives

The Solar Heritage provides trips

through Chichester Harbour, a
designated Area of Outstanding Natural

Beauty (AONB).

The
advantages of
choosing a
vehicle with this
technology as
opposed to
more
conventional
fuel driven vessels were that:

No exhaust emissions therefore

no COz?

greenhouse gases

contribution to

No wash as a result of the twin
hull configuration therefore
reduced salt marsh and estuary
bank erosion

The onboard engines are virtually
silent allowing close up views of
the birds and habitats of this

important environment

Implementation

Trips, accompanied by an experienced
guide who informs visitors about the
local environment and its importance,
have been conducted using the Solar
Heritage since 2004.
In addition to
the regular
timetabled
harbour  trips
open to the
public, the boat
is available for
appropriate
private hire. All revenue is spent on
offsetting the running costs and
maintenance with any surplus being
used for projects within the AONB. The
boat is run and operated by the
Conservancy (the Statutory Harbour
Authority for Chichester Harbour and the
Joint Advisory Committee for the
AONB).



Technology

The Solar Heritage is an Aquabus C60
built by the Swiss company MW-Line.
This is a pollution-free, solar-powered
catamaran that can reach 11 knots and
transport up to 60 people. The UK
license for the boat means it can carry a
maximum of around 50 and travel at a
maximum of 8 knots. It is 14m in length

and 6.6m wide.

The vessel is driven by two 8kW electric
motors, one in each hull and has PV
solar panels, covering 20 m?, installed
upon the vessel’s roof. If fully charged
off the grid prior to sailing the electric
motors are capable of running for up to 8
hours without the use of the PV panels if
necessary including during night time
cruises. The manufacturer’s
specifications for the boat state that the
running costs of this vessel compared to
an equivalent vessel using a combustion

engine are 45 times lower.

Procurement and retrofitting of on-
board systems

The boat was originally one of three
solar powered ferries operating out of
Neuchatel in Switzerland's Three Lakes

Region for the Swiss 2002 National

Exposition devoted to Nature and
Technology. The three ferries carried
people to and from one of the exhibitions
in the middle of the lake, on a
continuous basis for six months between
May and October 2002.

The boat was initially developed and
built to be used within a freshwater
environment, however after some initial
Chichester

teething  problems in

Harbour’'s some alterations to
components to make them suitable for a
tidal maritime environment and the
rigorous certification procedures that

went with this were required.

Financial incentives

The boat was bought by Chichester
Harbour Conservancy as part of a three
year Heritage Lottery Fund scheme
developed by the Conservancy called
Rhythms of the Tide. In total 47 practical
schemes were assisted in and around
the harbour, Solar Heritage is just one of

these.

Marketing/Promotion
The programme of advertised trips is
promoted in an annual activities

programme in addition to any other



promotional activities conducted by the
Conservancy to highlight any other
activities and services that it offers
particularly through its website and

promotional leaflets.

Conclusions

The boat has been a successful means
of promoting sustainable transport within
a fragile, protected marine environment.
It has also provided an engaging
mechanism for targeting education and
awareness raising work. Passengers at
the end of their trip will have
experienced Chichester Harbour first
hand, learning about its importance,

wildlife, history and management.

The fact that the boat was purchased
second-hand rather than a bespoke
design specifically made for this purpose
made a significant financial saving for
the Chichester Harbour Conservancy. It
is highly unlikely that funding could have
been sourced to pay for a new model.
This is a lesson that other operators

should consider when deciding upon a

solar-electric vessel to suit their own

requirements.

References and Sources
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3.3 Electric-solar boats in La Rochelle, France (19

Present)

Background and Objectives

La Rochelle Urban Community has a
twenty year history of promoted clean
mobility, with special emphasis on
electric propulsion systems. Using
electro-solar boats has formed a major
plank of this policy. This is part of a
wider strategy, one in which it is hoped
that the town can become a national and
international example of sustainability

and low carbon living.

From 1998, electric powered “Le
Passeur” boats have been operating
between the two sides of the old town
harbour in La Rochelle. From April 2009,
two brand new “bus de mer” electro-

solar boats will also be operating on the

98 —

other-and longer- sea route, from the
Old Harbour to the Leisure Harbour,
replacing the thermal ones. Around
500 000 people use these services each

year.

Electric propulsion was chosen because
a fully electric ship is able to be
respectful towards the environment by
avoiding the emission of polluting or
greenhouse gas, and by decreasing

ambient noise level.

Implementation

The Urban Community’s public transport
provider, RTCR, manage the four
electro-solar boats via the operator,
TMAR  (Transports

Rochelaise). The

Maritimes  de
I’Agglomération
services offered are part of a fully
integrated public transport network
operated through a personal smart card
system. The smart card system and the
transport network as a whole is seen as
aimed at addressing the transportation
requirements of both tourists and La

Rochelle inhabitants.



The first

introduced in 1998 and a second in

electro-solar boat was

2004. Adaptations of the boardings have
been necessary to carry the electricity.
The “Le Passeur” provides a shuttle
service between the two sides of the old
town harbour — a three-minute cruise
instead of a fifteen-minute walk. It
operates all year long, seven days a
week. Totally integrated in the public
transport network, it addresses not only
the tourists but also La Rochelle
inhabitants. The success of this led to
the creation of the “bus de mer” shuttle
service between the Old Harbour and
the Leisure Harbour (Minimes) which will

be inaugurated in April 2009.

Technology

All  the solar-electric vessels were
designed by the locally-based company
Alternatives Energies, with the majority
of companies involved in the design and
construction of the vessels being local to
La Rochelle. Each vessel has solar PV
panels attached to their roofs and an
onboard battery to store the energy
produced. Each time they come in to
dock to drop off and pick up passengers
a boost charge is used to top up the

onboard batteries to supplement the

renewable energy generated by the

panels.

“Le Passeur”
The 10-metre “Le Passeur” catamarans

can receive 30 passengers - including

disabled people - and 5 bikes. Its design
allows a reduction of the bow wave
helping to protect the river banks. It is
equipped with 2x10 kW engine, 20 kWh
Nickel Cadmium (NiCd) batteries and 9
square metres solar panels providing
about 2 hours extra autonomy (about
10% to 20% extra running time). The
main innovation lies in the feeding
induction allowing a full charging of the
batteries at each stop, without electric
fink-up or intervention of the pilot. The
energy consumption per passenger is
about 21Wh/km — 0.07MJ/km. Attention
has been paid on a continuous
monitoring of the electric propulsion and

recurrent maintenance operations have



ensured a good functioning of the boats

all year long.

“Bus de Mer”

Each catamaran is made of lightweight
composite and aluminium materials.
They are equipped with two 22kW
submersible swivelling brushless electric
motor (pod propulsion) and 130kWh
Nickel Cadmium (NiCd) batteries. Unlike
the ‘Passeur’ vessels (that are confined
to within the harbour) these are
designed to be capable of withstanding
the waves, wind and currents of
seagoing navigation. The optimum
cruising speed is 6 knots (12 km/h), but
is capable of reaching a maximum
speed of 8 knots (15 km/h).

These catamaran-type vessels were
designed to consume a minimum
amount of energy. Their power demand
is low thanks to their slim hulls,
streamlined pod units and lightweight
composite materials. 16 m2 of roof
mounted polycrystalline photovoltaic
panels with a peak output of 3.5 kW
meet a significant amount the power
requirements of each of the vessels. The
onboard batteries hold the charge for a

full day’s service and are recharged at

night, when the collectors no longer
capture solar energy. Daily running
costs are kept very low at approximately
€7/day with only 120 kWh being drawn
from the electrical grid to top up

batteries.

The vessels are 15 metres long and
have a beam of 5 metres. They provide
a large passenger capacity of 75 people.
Each boat will make 15 return trips a
day; each journey taking 20 minutes.

Promotion

The solar boats at La Rochelle have
received a great deal of positive publicity
and much effort has been made to
promote the boats and the wider
sustainable agenda that the municipality
Is trying to promote as a whole. Media
coverage has featured in local and
national newspapers, local TV and radio,
and specialist magazines. In addition, a
press kit, “Cruising aboard the
Copernic”, has been widely
disseminated amongst members of the
media. Further promotion has been
achieved by including details of the
services into all of the public transport
information and marketing aimed at

tourists and local residents. All of these



measures have meant that the use of
electric boats in the area has soaked

into the public consciousness.

Finance and Incentives
The initial startup cost of introducing the
two ‘Bus de Mer service was
€1,808,726. Of this the acquisition of the
two boats without the additional solar
equipment was €1,270,398 while the
additional solar equipment cost a further
€534,000. Additional

connection work cost €4,328.

electrical

An application was submitted to FREE,
the Poitou-Charentes regional fund for
environmental excellence to help fund
the “Bus de Mer” service. This fund
pools the powers and resources of the
Poitou-Charentes Regional Council and
the French Environment and Energy
Management Agency, ADEME. The
Council and ADEME finance the fund
equally to support environmental
operations initiated in the Poitou-
Charentes Region. The FREE Fund is
financed by the European Union via
ERDF Fund Measure 1.8. The
contribution made amounts to €213,600

or 12% of the total cost for both boats.

It is anticipated that ticket sales will be
able to repay much of this investment
over the course of time. One-way tickets
are to be charged at €1.55 between
September and June and €1.75 during
the peak holiday months of July and
August. In addition the service is fully
integrated into a variety of existing

multimodal and season passes.

Barriers

The main design challenge for the Bus
de Mer vessels was ensuring that they
were suitable for a tidal maritime
environment. There are currently few
mass produced electric boats suitable
for use upon the sea due to the limited
levels of onboard power storage made
available by most modern batteries.
Particularly where strong tides are
present a vessel must have sufficient
ability to work against strong currents in
order to get to wherever it is intended to.
Its two 22kW electric motors gives the
vessels more than twice the power of
the Le Passeur model and helps

overcome some of these problems.

A second barrier was the lack of
electricity grid connection to the quay

that the vessels were to be moored at.



This would have prevented the charging
of onboard batteries when needed due
to lack of suitable solar conditions. It
would also mean that any excess power
generate by the boats’ PV panels when
at dock could not be discharged into the
national grid for use elsewhere. A major
redevelopment along the quay ensured
that the correct infrastructure was in
place to facilitate this. In addition the
boarding quay for improved in order to
make it more accessible to members of
the public to use, particularly the young,

elderly and disabled.

Conclusions

After a ten-year period of operation, the
electric/electro-solar technology used by
the first generation of shuttle boats in La
Rochelle has turned out to be reliable
and a clean, valuable addition to the
public transportation network helping
reduce greenhouse gas emissions and

noise levels. The technical objectives in

terms of establishing energy autonomy
and comfort have been achieved and
the electro solar boats have been well
received by both users and pilots.

The new “Bus de Mer” service is a sure
sign of the confidence in the technology
held by those working in the
municipality. In the future La Rochelle
wishes to capitalise upon its experience
by become the driving force in the region
by developing industrial-scale production
of electric cars and boats and by
becoming a European showcase for
automated electric transport of the

future.

References and Sources
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3.4 The New Era, solar powered paddlewheel boat,
Caledonian Canal, Scotland (2008 — Present)

Background and Objectives

The New Era is the world’s first solar
powered paddlewheel boat and provides
regular passenger trips on the
Caledonian Canal in Scotland. Regular
services of this vessel began in July

2008.

The advantages of choosing a vehicle
with this technology as opposed to more
conventional fuel driven vessels were
that:

No exhaust emissions therefore
no C02

greenhouse gases

contribution to

Bladder-wrack type seaweed,
common in the area, causes
electrically-driven propellers to
clump and render the boat
powerless. Paddle wheels brush
through the weed and give
reliable propulsion even in the
thickest of weed-soup.

The onboard engines are virtually

silent allowing close up views of

the birds and habitats of this
important environment

The stern paddlewheels do not
reach any deeper into the water
than the rest of the boat and are
protected by the hull.
Paddlewheels are very energy-
efficient at low speed, because of
the minimal slippage between the

paddles and the water.

Implementation

Technology

The New Era was a one off commission
and was constructed by Seastrike, an
established builder of aluminium boats in
Walsall near Birmingham, England. It
was fitted with its revolutionary
paddlewheels in Scotland by its new
owner. Aluminium was chosen as the
material for the boat’s hull because of its
high strength combined with low weight
and easy maintenance. The low weight,
in combination with the hull design,
minimises draught which is as low as
14cm when empty and just 20cm when

fully loaded. This means the New Era



can go where other boats cannot go,
and is able to land
almost anywhere. The
low weight -and
therefore minimum
displacement- makes
the New Era
surprisingly energy-
efficient at her normal
cruising speed, even if her shape might
suggest differently. The vessel's hull is 6
metres long expanded to 7.4 metres,
when the paddlewheel frame is fully

extended.

The vessel is driven by two electric
motors which are powered by four 120
Watt polycrystalline  solar panels
installed upon the vessel's roof. Each
motor drives a paddlewheel at the stern
of the boat 130cm in diameter and 65cm
wide, with 16 blades each. The solar
panels feed into a bank of batteries (4 to
6 leisure batteries of 12V 70Ah each)
that store energy for up to 6 hours of
cruising. The boat also has an 8
horsepower petrol outboard engine that
serves as a backup. During the 2008

season this was not required once.

The boat accommodates between 1-2
crewmembers and up
to 7 passengers. When
wholly reliant upon the
electric motors its most
efficient cruising speed
is 3.3 knots, although it
can reach speeds of
4.2 knots. The battery

capacity at 3.3 knots is approximately 6

hours, while at 4.2 knots that goes down

to approximately 2 hours

In the five years since she was built, the
New Era has undergone considerable
development in her electrical systems
and propulsion, while the basic hull and
fittings have remained unchanged. The
end result is a safe, well-tested, and very
capable craft that does everything that

was envisaged in the original design.

Marketing/Promotion

New Era Boat Trips promotes its
activities through its website
www.spanglefish.com/newera. However
there is no fixed sailing schedule as
tourists are asked to visit the boat at
North Kessock on the north shore of the
Beauly Firth or phone the captain in

advance using the contact details found



on the website. The vessel's captain
decides wupon the suitability of the
weather and the tide before agreeing to
a voyage. This scheme is on a far
smaller scale than the other case
studies explored in this guide and it is
perhaps understandable that a far
smaller emphasis is placed upon
promotion and marketing due to the

costs and expertise required.

Conclusions

This example proves that it is possible to

provide low-cost  tourist-orientated
services using electric vehicles and that
the technology is not solely the preserve
of large resorts or companies. The New
Era was created as a result of the vision

of one individual willing to spend time

and effort on adapting an existing boat in
order to create a unique solar-electric
vessel, different to any that had
previously existed. Costs were kept low
by retrofitting an existing boat with the
paddlewheels and the solar PV panels.
This ‘DIY’ style may not be appropriate
in some resort settings, but in the
context in which it has been applied in
Scotland it has generated a certain
appeal which will be attractive to passing
tourists or those that book in advance

using the internet.
References and Sources
New Era Boat Trips,
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3.5 Alster Sun, Solar Powered Boat in Hamburg and

the Serpentine SolarSuttle, London’s Hyde Park

Background and Objectives

The British-based design company
SolarLab, headed by the German
designer Christoph Behling, is
responsible for designing up to 40 solar-
powered boats around the world. This
case study explores two of the most
successful examples of these; the Alster
Sun in Hamburg and the Serpentine
SolarShuttle in London. The two vessels
are best described together in one case
study due to the many shared technical
and contextual similarities that they

share.

The operators of these boats in both
cases sought models that offered the
following advantages:
No exhaust emissions and
therefore produced no COz2
emissions
Fewer water pollutants than
would result if other fuels were

used

Low maintenance components
like  photovoltaic  generators,
batteries, electrical gears

Minimal disturbance of surface
waters

Low operation costs

Alster Sun, Solar Powered Boat
in Hamburg (2000 — Present)

Alster Sun is one if the world’s largest
solar powered boats. It has been
operating on the Alster River in
Hamburg since 23 May 2000 as a
passenger ferry. The designers’ stated
aim was to create a symbiosis of

technology, ecology, and design.

The boat is operated by Alster-Touristik
GmbH, and is used to take tourists
around Lake Alster. The lake is an
artificial one within the city limits of
Hamburg and is considered one of the
city’s tourist highlights. Tours typically
last 50-minute ride although the vessel
is also available for private charter.



Technology
The vessel is model known as the RA
82/17 built by Kopf

(www.kopf-

Solarschiff

solardesign.com) and
designed by
Christoph  Behling,.

The ship uses a two

hulled catamaran

design constructed of

stainless steel and

weighs approximately 43 tons. The roof
is made of curved glass modules that
incorporate a unique cell lamination
process that layers photovoltaic cells
between Plexiglas and a clear
membrane that produces a combined
peak output of 5.8kWp. The vessel’s
considerable dimensions (height 4.45m,
length 25m, width 5.40m) enable up to
110 passengers to travel onboard at any

given time.

The vessel uses two 25 kW AC motors
and is able to reach a speed of 5
kilometers per hour simply from solar
power alone. If required to go faster the
vessel can reach speeds of 15 km/hr by
obtaining a boost from two 1200 Ah, 96
Volt auxiliary batteries. The PV panels

and the two auxiliary batteries enable

the boat to travel between 70 and 90 km
between charges. An advantage of
having such a large generating capacity

is that even in winter,

when the boat is

docked, it can
generate additional
income and

renewable electricity

by feeding back into

the grid of the
Hamburg Electric Company.

The boat is only in operation between
April and October. This is partly because
Lake Alster is liable to freeze through
much of the winter and secondly that the
volume of PV generating output is much
less during the months outside this
period causing the vessel to loose its

unique selling

point to
tourists.

At over 40
tonnes of
weight (of

which 6 tonnes
are Dbatteries)
the vessel has

to travel slowly,



with a maximum speed of 5 km per hour
when solely using solar power. However
on the lake regulations do not permit any
vessel to travel any faster than 10 km
per hour, making this limitation less
important in this context. However
should the boat be required to go faster
power would have to be drawn from the
on-board batteries. The boat is powered
through two 8-kilowatt marine screw
propellers and casts off five times a day.
As a result of its renewable propulsion it
is calculated that it saves 4.5 tonnes of

CO?2 each year.

Financial incentives

50,000 deutschmarks (the equivalent of
€26,000) in state funding was provided
by the Hamburg State Government
towards the initial capital investment
behind the vessel. The rest of the 1.5
million deutschemark (€770,000) price
tag had to be met through private

capital.

Conclusion

Despite the cost of tickets being the
same for the Alster Sun as the more
conventional vessels run along the same
route and costing more to construct,

Alster-Touristik GmbH hope to recover

the cost in the long run due to lower
maintenance cost. Alster Sun has
helped draw tourists and provided
international

positive national and

publicity for the city of Hamburg.

Serpentine SolarShuittle,
London (2006 — Present)

Background and Objectives

On July 18th 2006 a solar boat aimed at
visitors began sailing upon the
Serpentine Lake in London’s Hyde Park.
The SolarShuttle is run by Bluebird
Boats, the company contracted to
operate boating services in Hyde Park
and Greenwich Park. The vessel runs
regular 1km crossings between the
northern side of the Serpentine and the
south. In addition it is available for

private hire.

Technology

The Serpentine SolarShuttle is capable
of carrying 40 passengers across the
lake using an electric engine powered
entirely by 27 curved glass-modules,
similar to those used on the Hamburg
Solar Shuttle, generating a peak output
of more than 2kW. Other than the glass
modules the rest of the structure is



made of steel, making it durable and

long lasting.

A specially designed system stores the
energy in
batteries and
optimises the
performance  of
solar cells,
batteries and
motor. The solar
energy stored in
the batteries
should allow the vessel to sale 20 miles
without the benefit of additional input
allowing it to run at night and on days
with little available sunlight. The vessel
is 14.5m long and has a cruising speed
of 8km/hr. It is steered by two electric
motors making this boat easy to handle

and highly manoeuvrable.

Bluebird Boats estimate that the initial
cost of the boat is approximately 15%
higher than comparable conventional
boats, however this cost is likely to be
recovered within 3 years due to the
saving achieved by having a free energy

supply.

In addition when docked and not
therefore running under the power of its
solar cells or the stored energy in its
batteries the boat continues to generate

electricity which can be connected up to
the national energy grid and sold
generating another stream of revenue
for the operators and producing
additional renewable energy at the same
time. As a result of its renewable
propulsion it is calculated that it saves

2.2 tonnes of CO2 each year.

Procurement
The vessel was designed by the British-
SolarLab. This

company was established by Christoph

based company

Behling, the person responsible for the
design of the world’s largest solar
powered boat in Hamburg. The
experience gained from this and other
solar boat projects informed him when

designing the vessel for the Serpentine.

7



The vessel was then manufactured by
the German-based company Kopf
Solardesign at the cost of $421,000.

Marketing/publicity

The boat has obtain a vast quantity of
publicity, having featured heavily in
international TV and press such as the
BBC News, CNN and The Wall Street
Journal at the time of its maiden
commercial voyage. The vessel has also
featured in a number of design

magazines and trade publications.

The level of publicity achieved can be
attributed to:
Having had the high profile, world
renowned designer Christoph
Behling work on the design.
The high profile setting of its
operations; Hyde Park is one of
the largest parks in central
London and a major visitor
attraction.
High profile visits from members
of the design community and
politicians such as Sir Norman
Foster and the chief scientific
advisor to Prime Minister Gordon

Brown.

Conclusions

The SolarShuttle and Hamburg Shuttle
are considered showcases for future
solar transport in aquatic environments.
They have demonstrated that solar
electric boats are a viable means of
tourist propulsion within large modern
urban centres like London and
Hamburg. The success of these projects

can be attributed to three factors.

Firstly, efforts made prior to their launch
to raise awareness and generate
positive publicity across a variety of
media raised the schemes’ profiles and
let to wide scale recognition amongst the
public and within the trade press. Much
of the publicity focused upon Christoph
Behling, founder of Solarlab, and a world
renowned designer for clients like Tag
Heuer and Nokia. Undoubtedly some
passengers have been drawn to the
vessels as a result of some of the
‘celebrity’  that  surrounds  them.

Secondly, the central city-based
locations made them far more likely
tourist attractions due to the preexisting
boat hire and tour services already
operating at both locations (in Hyde Park

and the River Alster) and the reputations



of both cities as major tourist attractions.
Finally, much of the success of these
vessels is due to the particular suitability
of the technology for this type of
application which is an ideal candidate
for solar power, where ultimately high
speeds are not necessary, and steady,
efficient cruising is the desired outcome.
The perceived limitations of solar
powered vehicles (slowness of speed,
limited range etc) are not concerns for
the type of services being offered in

these instances.

While the success of these schemes is
undeniable some caution must be taken
before anyone wishing to introduce a
similar scheme elsewhere. Both are
bespoke designs from a world-renowned
designer and as a result had very high
Although

photovoltaic boats have been a reality

initial costs  associated.

for decades, the technology used in
these instances are truly cutting edge.
The likelihood of a model incorporating
this technology entering mass
production in the near future is low,
removing the possibility of dramatic falls

in the price of these type of vessel.
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3.6 Combustion engine-free zone, Zermatt, Switzerla nd

(1966 — Present)

Background/Objectives

Zermatt is one of Switzerland’s most
famous holiday resorts and attracts
tourists from all over the world. In 1966,
before the threat posed by
greenhouse gas emissions
was understood, the town
chose to close to cars
entirely in an effort to
prevent the air pollution
which was beginning to
cloud the impressive views
from the town of neighbouring peaks

(most notably the Matterhorn).

More than 500 electric vehicles (both
public and private) now dominate
transportation within the town, providing
an example for other tourist destinations

to follow.
Implementation

The ban on vehicles with combustion
engines came into effect in 1966. This

has since been reconfirmed by a 1990
local transportation act. Special permits
are granted by the town council if
residents wish to own their own small
electric vehicles. To promote safer, more
sustainable transportation no special
permit  is
required for
vehicles
such as
pushcarts,
sleighs, or

bicycles.

Residents wishing to own a car can be
issued with a permit by the police
allowing residents to drive and park at
the northern outskirts of the town.
Approximately 2040 non-electric cars
are parked in privately owned garages in
this outskirts district where the incoming

road meets the town.

Public transport in Zermatt is met by
eight electric buses that run on two
circular lines. These services link up the
town centre with the suburban outskirts

and the Ilower terminuses of four



cable/cog railways and are frequent
enough to remove the need for private
vehicles. Five of the buses seat 50
passengers, while the other three seat
27. The batteries in the larger buses
only require recharging once a day,
while for the shorter ones this must

happen twice a day.

Permits for electric vehicles are granted
to taxis and hotel owners under certain
conditions e.g. only hotels with a
minimum of 31 beds, a minimum of 4000
guest-nights a year, and a parking space
for the car within the property can
qgualify. The maximum speed limit within
the town is 20 km/hr and parking on

public streets is prohibited.

Freight is usually transported within the
town by hand carts, horse-drawn carts,
hand-towed electric carts, and small
electric lorries that require a special
permit. At a depot in the northern
outskirts of the town freight is transferred
between road vehicles coming from

outside to electric urban vehicles.

Technology
The majority of electric vehicles used in

Zermatt are also built there by two

producers, the Imboden family on
Bodmenstrasse and Garage Jumbo in
the district of Spiss using specified
dimensions stipulated by the local
authorities. This has led to the creation
of an iconic 1.40m x 2m vehicle design
which is unique to the town and is seen
as one of its trademark sights. The first
of these were built in 1977, and were of
such a good design, using sophisticated
technology and bodywork constructed of
aluminium, that many are still running
today. The aluminium frame means it
remains corrosion-free and light-weight
(approximately 2000kg). New vehicles
are not a low-cost option with prices
ranging between 65,000 and 90,000
Swiss francs (€42,500 and €58,900 at
current exchange rates). In addition
batteries require replacement several
times over a vehicle’s lifecycle and cost
between 6000 and 7000 Swiss francs
(approximately between €3960 and
€4610).

The heart of the vehicle is its battery. It
is charged with electricity from the
domestic supply network. Depending on
the age of the battery, the weight of the
load, driving behaviour, season and the

gradient of the terrain, it needs to be



charged either every day or every other
day. The life span of the battery varies
from four to twelve years depending
upon level of use a vehicle experiences,
the loads they carry and the road

behavior of the driver.

Conclusions

Zermatt is one of a number of alpine
towns in Switzerland that have excluded
the combustion engine from their
centers. Others include Bettmeralp,
Riederalp, Saas-Fee, Rigi, Stoos, and
Wengen. Such measures were originally
implemented as a means of reducing
pollution and congestion and to make
the streets safer for pedestrians, not as
a means of achieving greenhouse gas
emission reductions. It was considered
important as a means of safeguarding
the tourist trade that is vital to the local

economy of these alpine communities.

Although the drivers for similar initiatives

in the future are to a certain extent

different to those that Zermatt initially
faced in the 1970s, the decades of
experience obtained in these examples
provide an excellent model for other
resort destinations that are considering a
future in which transportation propulsion
iIs clean and renewable. The level of
success achieved has been a result of
local legislative decisions and
demonstrate what is possible long term
strategic planning and strong leadership
from local authorities is exerted. It is
conceivable that the Zermatt model
could be transplanted to a variety of
different locations including coastal
resorts, settlements within national
parks, or areas of historical significance

or unique character.
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3.7 Replacement of conventional vehicles with elect  ric

three-wheelers in Mykonos, Greece (2001 — Present)

In 2001 the Greek island of Mykonos
introduced eight electric three-wheelers
to meet the challenges created by the
layout of Hora, capital of Mykonos. The
historical old town is characterised by
very few open spaces and many steep,
narrow streets, paved in stoned slabs. In
addition in certain areas private cars are
only allowed in between November and
February and in the very city centre are
not allowed at all due to the dimensions
of the streets.

Impementation

An in-depth survey was implemented in
Mykonos in order to define the local
mobility needs of residents and tourists.
The results of this survey suggested to
the Municipality of Mykonos that there
was a demand for small electric three-
wheeler vehicles for transporting people
and goods from the harbour to the city
centre. This had previously been done
by donkeys and small vehicles powered

by combustion engines.

Technology

As a result the Energy Centre of
Cyclades, in close co-operation with the
Municipality of Mykonos bought eight
conventional vehicles (with internal
combustion engines) were replaced by
eight one-seater electric three-wheelers.
The vehicle model used was the APE-50
E made by the Italian scooter
manufacturer PIAGGIO. This investment
was partially made as a result of
assistance provided through the E-
TOUR project funded through the
Energy Programme of the European

Commission.

The APE-50 E has a nominal power
rating of 2 kW, is capable of travelling 45
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km between charges and reaching a
speed of 30km/hr. The typical recharge
time is six hours. A centrally located
recharging station was installed by
PIAGGIO and the possibility of charging
the vehicles through the use of
photovoltaics is  currently  being

considered.

Promotion/marketing

A rental scheme was set up in order to
make the vehicles available to the
public. This scheme was branded ‘My
Hermes’, after the Greek god of travel
and is available to members of the
public wishing to transport goods from
the harbour (recharging costs are
included in the price). The Prefecture of
Cyclades and the Municipality of
Mykonos launched My Hermes to the
public in a specially arranged
promotional event. A good degree of
positive publicity was obtained from the
Greek press due to the ecological
benefits that the scheme provides
helping establish Mykonos’ growing
reputation as a sustainable holiday

destination.

Barriers

Research prior to the introduction of the
vehicles indicated a lack of electric two
or three wheeler vehicles available on
the Greek market. In addition a
significant lack of information concerning
the few products that were already
currently available was noted. To
promote the use of such vehicles further
a much greater effort would be required
to promotion and marketing campaign
both the benefits they bring and the
models which are available. At least part
of the responsibility for this must fall
upon the vehicle manufacturers and
dealers.
Procurement and maintenance of
available models was significant due to
the lack of dealers on the island. In this
case the PIAGGIO dealer in Athens
provided specialised training to local
technicians to help them maintain the
electric three-wheelers in Mykonos. The
same barrier would be significant on
other islands and remote regions of
Greece and beyond. However since
islands are ideal for the use of such
vehicles suppliers might consider the
possibility of establishing a wider

network of dealers.



Conclusions

The case of Mykonos illustrates how
under particular circumstances the
decision to use electric vehicles over
conventional ones can often be the most
practical choice. The Energy Centre of
Cyclades’ monitoring of the usage
patterns of My Hermes through detailed
customer questionnaires have indicated
that the electric three wheelers have met
the needs of those they were aimed at
extremely well. There have been few
technical difficulties with the technology
and their small size allows them to
overcome the difficulties other vehicles
have had to face within the steep,

narrow streets of Hora.

In addition, the island has received
much positive publicity from the Greek
press and been characterized as a
‘green island’ with the authorities
received very flattering comments
concerning their ecological sensitivity.
This is likely to have enhanced the

island’s appeal to tourists especially

those who value the sustainability of

their holiday choices highly.
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3.8 The Talerbus service,
(1989 — Present)

Background & Obijectives

The ecologically rich valleys of Austria
attract millions of tourists annually. The
Talerbus project was developed in 1989
to provide a public transport service into
the valleys of Lungau, Murau,
Nockberge, Schladming and Solk for
tourists thereby helping to reduce the
level of tourist-related traffic (and the air,
noise and water pollution associated
with it) in these areas. Each valley
sought to provide local solutions to link
traditional public transport services with
a diverse range of other modes of
transport such as valley buses,
ropeways, trains pulled by tractors and
other special forms of public transport. In
Lungau it was decided that electric

vehicles should be used.
Implementation

In Langau the project runs 8 electric
vehicles to take visitors up the narrow
valleys and is the sole means of access

Lungau region of Austria

for at least nine car-free designated
areas. The service is integrated with
regional bus services under the regional
timetabling system, enabling visitors to
plan round trip expeditions and to
access the talerbuses from towns
throughout the region. Stops in the
valleys connect to hiking trails, and ski
lifts have now been combined with the
talerbus service by means of an

inclusive travel pass.

The villages in each valley are
responsible for their own talerbus
service, and the service is coordinated
by a contact person at each local tourist
bureau. The barriers to further
expansion of these services are i) a
landowners’

reliance upon private



permission to use the many paths and
tracks that allow access to some of the
valleys that tourists wish to reach, and ii)
obtaining the capital investment required

for expansion.

Technology

Two types of battery have been used
within the vehicles,
Nickel-cadmium batteries

and Lead-acid batteries.

The nickel batteries are

smaller and lighter than

the lead ones and
consequently allow for

better performance levels. Batteries
have a limited lifespan and are typically
replaced every four years. Because
Europe-wide legislation has since
banned the installation of nickel-
cadmium Dbatteries due to toxicity
concerns related the chemicals used
within them replacement batteries have

reverted back to lead-acid models.

Vehicles are capable of travelling at a
maximum speed of between 50 and 80
km/h. The optimum speed however is
approximately 25 km/h. Commercial
vehicles such as the Ford Transit were

used and retrofitted with electric

batteries. Due to the limited size of these
vehicles the passenger capacity is
limited to between six and eight

passengers.

Vehicles typically have a range of 80 km
per charge when batteries are new. After
4 years this typically falls to 40-50 km
due to the age of the
battery. Recharge times
are typically 6 hours and
occurred at onsite plug-in
facilities. A trial using PV
solar cells linked to
charging facilities were
deemed not to have been successful.

Promotion/marketing

A comprehensive website has been
established to promote the Talerbus
service. It includes the latest news about
the project and a trip planner, network
map and service timetables to enable
holidaymakers to plan their travel in

advance.

Conclusions

Langau’s initiative has been largely

successful due to the contribution it has
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made to the development of sustainable
tourism in the area by attracting hikers to
the region while removing the necessity
of bringing their own vehicles. Moreover,
by becoming integrated into the wider
public transport network this initiative
has helped increase public transport use
in general in the region. Over 300,000
people each year use the service,
including tourists, local residents and

school children.

The financial savings from using electric
vehicles have proved marginal as
comparisons indicate that the costs
associated with replacing electric
batteries every 3 or 4 years cancel out
the savings achieved through reduced
daily running costs. It is difficult to gauge
whether customer numbers are higher
because of the decision to use electric
vehicles over those that use combustion
engines, however it a reasonable
assumption to make due to the

importance  that many  outdoors

enthusiasts traditionally place upon

sustainability issues.

The talerbuses have made travel without
a car far easier and has led the way in
showing what is possible in alpine
regions. Work is now underway to close
further valley roads within the scheme’s
area of operation to private car traffic
entirely or to introduce road charging
schemes for cars entering a particular
valley. This has already being done in

the Lessachtal valley.
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