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This final stage of the research aims to bring together the technologies identified in the
state of the art review with the local expertise and opinions of the Norfolk and Suffolk
Boatbuilders and Operators and the expertise of the academic team, to evaluate the most
appropriate technologies for the advancement of Sustainable Boating in the area. The
approach taken involves reviewing all the technologies identified and assigning them a
score so that they can be competitively ranked. The scores are to a certain extent
subjective, but they may be viewed as being based on expert opinion derived from the
state of the art review and the elicitation exercise.

The technologies are scored in the context of: their applicability to the broads (now or in
the longer term); their acceptability to the stakeholders (as represented by the members of
the NSBA) involved; their environmental impact (locally and globally); and their economic
viability. Inevitably the final score for each technology depends on the weighting assigned
to these different factors. The sensitivity of the scores to the weighting is explored in nine
different scenarios covering a range of possible weightings of the environmental impact and
economic viability. The whole analysis is set up in a matrix format whose details are
described in the following sections. An electronic version of this analysis (Appendix 4
Spreadsheets.xls) accompanies the report in the form of an EXCEL spreadsheet.

For the matrix evaluation the technologies, listed in the left hand column of the spread
sheets, are first ‘filtered’ according to applicability to the specific issues and locality. Those
considered applicable now or in the future are subjected to further analysis and are colour
coded accordingly. Those technologies not considered relevant for an ecologically
sustainable boat for use on the broads are removed at this stage and not evaluated further.

The approach taken involves reviewing all the technologies identified and assigning them a
score from 0 - 3 (zero is maximum undesirable impact, three is minimum) based on their
environmental impact (locally and globally), and their economic viability. This enables them
to be competitively ranked. The scores are to a certain extent subjective, but they may be
viewed as being based on expert opinion derived from the state of the art review and the
elicitation exercise. They were finalised after peer consultation within the School of Marine
Science and Technology at Newcastle University, and with the NSBA project leaders.

The technologies are then also scored in the context of their applicability to the broads area
(now or in the longer term) and their acceptability to the stakeholders involved (drawn
from the results of the elicitation exercise described in Appendix 3, see “"Stage 1” in “Charts
and Diagrams”, page 121-122).

The final score for each technology has been calculated according to different weightings,
where environmental:economic is weighted 25:75, 50:50 and 75:25 respectively. Within
these ratios, the ratio of global:local environmental impact must also be considered.
Therefore, for each environmental:economic ratio, the environmental ratio split
(global:local) is also varied 25:75, 50:50 and 75:25 respectively. This results in nine
weighted scores, and these are all compared and plotted to provide an indication of any
‘overall leader’ technologies.
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Three main results sets were analysed: the primary set (Results Set 1) includes all
technologies considered applicable now and in the foreseeable future, but does not take
account of the acceptability to the local boatbuilders; the second set (Results Set 2) takes
account of the acceptability of the technology to the local boatbuilders, the stakeholders, by
applying the acceptability filter; and the final set (Results Set 3) applies both this
acceptability filter and an applicability filter, which takes out technologies that are not
available now.

The technologies are grouped, broadly as in the state of the art report, to enable
identification of leading technologies in each field. The comparison of the impact of building
the hull from GRP against the use of low energy lighting, for example, would have little real
value (See sheet “Grouped Weighted all”, see page 121-122). In a separate worksheet
(“Weighted all”, see page 121-122), the technologies have been left as one group, and
assigned a group ‘number identifier’ to enable comparison between technology areas in one
results set.

0% % 1

The weightings for the nine scenarios analysed are shown in the Table below.

Condition 1 2 3 4 5 6 7 8 9

Global

) 12.50 | 25.00 | 37.50 | 6.25 12.50 | 18.75 | 18.75 | 37.50 | 56.25
Environment

Local 12.50 | 25.00 | 37.50 | 18.75 | 37.50 | 56.25 | 6.25 | 12.50 | 18.75
Environment
\E/f:tr)‘i‘l’ig'c 75.00 | 50.00 | 25.00 | 75.00 | 50.00 | 25.00 | 75.00 | 50.00 | 25.00

The scenarios were analysed in three sets, as described above.

3.1 Results Set 1: Current and Future Technologies, Local Stakeholder
preferences ignored (Applicability and acceptability filters off)
These are the rankings when the average condition (2) is considered.

2 3 & &

4 1

[N

Wind Power and Pedal launch Equal scores

2 Amorphous Silicon PV, Biodiesel, Cadmium
Telluride PV, wind turbines

3 Copper Indium DiSelenide PV; electric
propulsion, mains charging;
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Multicrystalline Silicon PV. Bioethanol,

ul|h

Diesel engine enhancements; and Direct
methanol fuel cell, respectively.

Wingsails, Monocrystalline Silicon PV,

N | O

Proton Exchange Membrane Fuel Cell,
Direct Ethanol Fuel Cell, Regenerative Fuel
Cell, Alkaline Fuel Cell

Steel

Aluminium, Concrete and Wood

Low Styrene GRP

D WIN |-

Natural Fibre Reinforced Thermoplastic and
GRP

Glass Fibre Reinforced thermoplastic

Wood reinforced thermoset

N[O (1

Carbon Fibre Reinforced Thermoplastic

[SY

SafeBoatSkin Antifouling System

N

CuProtect and Seajet Antifouling Systems

BoatScrubber Antifouling system

5 & 4

[SY

BMT Low Wash Hull

N

Whale Tail Propulsion

w

PDX Drive

6 2" 3 &

Composting Toilet

Vacuum Toilet

Treatment Tank, Membrane Separation

N WN|-

Waste Compaction

(- 3 &

Halyard and Hamworthy Filter Systems

N |

Grey Water Collection

0 3

Economic appliance power use; efficient
use of waste heat; insulation; recycling
and domestic waste reduction

Noise - insulation and exhaust muffling/
improvement; water pollution - exhaust
and bilge water filtering

An overview of the results for the fuel and powering is given in sheet “"Overview Future, No
Accept” in the spreadsheet (see page 121-122). Two tables are displayed for the fuel and
ranking of the different technologies by
name/acronym for each condition, with the actual scores for each technology being shown
in the corresponding boxes in the lower table. The red horizontal lines are the demarcation

powering. The upper table shows the

4 1

105




Appendix 4: Analysis

between changing scores, i.e. technologies lying between two horizontal lines in a column
have the same score; these are also marked by the colour shading, as in the key. The
tables indicate that:
Wind power and pedal launch 2 in all conditions,
Amorphous Silicon PV (ASPV), Biodiesel (BD), Cadmium Telluride PV (CTPV) and
wind turbines (WT), all with the same score, 2 ,
Copper Indium DiSelenide PV (CIDPV) ranks equal with electric propulsion, mains
charging (EPMQC),
Multicrystalline Silicon PV (MuSPV) ranks equal with Bioethanol,
All the considered hydrogen input fuel cells (PEMFC, RFC, AFC) and also DEFC,
generally rank fairly similarly, and in the lower half of the scores, with the exception
of DEFC in condition 9, when the weighting is most heavily skewed toward global
environmental impact.
CIDPV scores lowly when a high weighting is given to global environmental impact.
Diesel engine enhancements perform less well as the environmental impact

weighting increases whilst economic viability weighting decreases..

An overview of the results for materials is given in the second set of tables in sheet
“Overview Future, No Accept” in the spreadsheet (see page 121-122). As in the previous
section, the two Materials show the rankings and corresponding scores for each technology.
The tables indicate that:

Steel 2 across all scenarios.

Depending upon the weighting applied, Concrete, Aluminium, Wood and Natural
Fibre reinforced thermoplastic 2 , in condition 2, Aluminium, Wood and
Concrete all rate equally second.

Low Styrene GRP appears in the 2, as does glass fibre reinforced
thermoplastic.

Carbon fibre reinforced thermoset ranks lowly across all scenarios.

Four coatings were considered (see page 121-122).

The SafeBoatSkin A/F system 2 , because of the lack of an acceptability
score; CuProtect antifouling system and Seajet antifouling system 2 -

-- 5 & 4 1

Three technologies were considered (see page 121-122) and were found to be independent
of the conditions, with the BMT type hull ranked first, the whale tail wheel second and the
PDX drive third.
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- - &
The performance of the water treatment systems is straight forward as they are relatively
insensitive to the different conditions (see page 121-122).

For Black Water treatment, composting toilets 2 across all scenarios, and
vacuum toilets or membrane separation . Black water treatment tanks enter
at the third level.

For Grey Water treatment, the two filter systems rank equally and grey water
collection is rated considerably lower.

- -0 3

Other technologies assessed include those relating to: economic appliance power use;
efficient use of waste heat; Insulation, recycling and domestic waste reduction; noise -
insulation and exhaust muffling/improvement; and water pollution - exhaust and bilge
water filtering. They were considered to be insensitive to conditions. The first four all
ranked the same and the last two ranked second equal.

3.2 Results Set 2: Current and Future Technologies with Local Stakeholder
Preferences included (Applicability filter off, acceptability filter on)

2 3 & &
4 1
1 Wind Power Equal scores
2 Amorphous Silicon PV, Biodiesel, Cadmium
Telluride PV, wind turbines
3 Copper Indium DiSelenide PV, electric
propulsion, mains charging
4 Multicrystalline Silicon PV. Bioethanol
5 Diesel engine enhancements
6 Monocrystalline Silicon PV
7 Wingsails
8 Proton Exchange Membrane Fuel Cell,
Direct Ethanol Fuel Cell, Regenerative Fuel
Cell, Alkaline Fuel Cell
9 Pedal launch
10 Direct methanol fuel cell
1 Wood
2 Low Styrene GRP
3 Natural Fibre Reinforced Thermoplastic and
GRP
4 Glass Fibre Reinforced thermoplastic
5 Carbon Fibre Reinforced Thermoplastic
6 Steel Stakeholder acceptability
7 Aluminium and Concrete discounting metals
1 CuProtect and Seajet Antifouling Systems
2 SafeBoatSkin Antifouling System
3 BoatScrubber Antifouling system
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5 & 4

1 Whale Tail Propulsion

2 BMT Low Wash Hull

3 PDX Drive
6 2" 3 &

1 Composting Toilet

2 Vacuum Toilet

3 Treatment Tank

4 Waste Compaction

5 Membrane Separation
( ' 3 &

1 Halyard and Hamworthy Filter Systems

2 Grey Water Collection
0 3

1 Economic appliance power use; efficient
use of waste heat; insulation; recycling
and domestic waste reduction

2 noise - insulation and exhaust muffling/

improvement; water pollution - exhaust
and bilge water filtering

When future technologies are considered equally with current technologies the situation is
less clear cut, although clear winners still emerge. The relative performances can be viewed
in the “"Overview Future” and “"Overview Future 2” spreadsheets. The results are presented
here as deviations from the case in Set 3 (below), which filters out technologies that are

not applicable now.

The analysis (see page 121-122) showed the following:
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The first two sets of rankings remained unchanged, i.e. 2 - wind power, 2
- Amorphous Silicon PV (ASPV), Biodiesel (BD), Cadmium Telluride PV (CTPV) and
wind turbines (WT)

The future technologies begin to compete in the next three rankings of the current
technologies.

The most promising of the future technologies is Bioethanol, which competes in the
2 with Copper Indium DiSelenide PV (CIDPV) and electric propulsion, mains
charging (EPMC)

The next highest ranking future technology is the Wingsail, which ranks as high as
2 providing the environmental impact is favoured over economic
considerations.

Direct Ethanol Fuel Cell (DEFC) and Regenerative Fuel Cell (RFC) rank next equally
although the latter is discounted on its acceptability rating.

The analysis of materials presents a more confused picture as the future technologies
compete with the best of the current technologies (see page 121-122). The main points to
emerge are:

Natural fibre reinforced Thermoplastic (nFRP) compete for the first rank if the
environmental impact is favoured over economic viability.

Glass fibre reinforced Thermoplastic (gFRP) behaves in a similar fashion, but only
rising to the second rank.

Direct Ethanol Fuel Cell (DEFC) and Regenerative Fuel Cell (RFC) rank next equally
although the latter is discounted on its acceptability rating.

The materials otherwise show the same trends as displayed when the future
technologies weren't included.

& &

Future technologies have little impact on the remaining categories, but it can be
summarised as:

Hullform and propulsion - the whale tail propulsion system rates higher than the
BMT Low Wash hull because the latter has a lower acceptability rating.

Water treatment - the black water treatment tank rates higher than waste
compaction

3.3 Results Set 3: Current Technologies only, with Local Stakeholder

Preferences included (Applicability and acceptability filters on)
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1 Wind Power
2 Amorphous Silicon PV, Biodiesel, Cadmium | Equal scores
Telluride PV, wind turbines
3,4and 5 | Copper Indium DiSelenide PV; electric | These technologies are
propulsion, mains charging; Diesel engine | sensitive to the weightings
enhancements; Monocrystalline Silicon PV, | applied, but CIDPV and
Multicrystalline Silicon PV. EPMC perform consistently
well.
6 and 7 Pedal launch and Direct methanol fuel cell, | Discounted by applicability.
respectively.
8 Bioethanol, Wingsails Future Technology
9 Direct Ethanol Fuel Cell, Regenerative Fuel | Future Technology
Cell
10 Proton Exchange Membrane Fuel Cell Future Technology
1 GRP and Wood Wood scores better on
environmental issues
2 Low Styrene GRP and Wood Wood scores better on cost
3 LSGRP and GRP GRP scores better on cost
4 and 5 Wood and Carbon Fibre reinforced
thermoset, respectively
6,7 and 8 Steel, Aluminium and Concrete, | Discounted on applicability
respectively
9 and 10 Natural Fibre Reinforced and Carbon Fibre | Future Technology
Reinforced Thermoplastic, respectively.
1 CuProtect and Seajet Antifouling Systems
2 SafeBoatSkin Antifouling System Low applicability rating
3 BoatScrubber Antifouling System Future Technology
5 & 4
1 BMT Low Wash Hull Low applicability rating
2 Whale Tail Propulsion Future Technology
3 PDX Drive Future Technology
6 2 3 &
1, 2 and 3 | Composting, Vacuum and Waste Compaction
Toilets, respectively
5and 6 Treatment Tank, Membrane Separation Future Technology
( ' 3 &
1 Halyard and Hamworthy Filter Systems
2 Grey Water Collection Low applicability rating
0 3
1 Economic appliance power use; efficient use of
waste heat; insulation; recycling and domestic
waste reduction
2 noise - insulation and exhaust muffling/

improvement; water pollution - exhaust and bilge
water filtering
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- -7 4 1

An overview of the results for the fuel and powering is given in sheet “"Overview Current -
Powering” in the spreadsheet (see page 121-122). Two tables are displayed for the fuel and
powering. The upper table shows the ranking of the different technologies by
name/acronym for each condition, with the actual scores for each technology being shown
in the corresponding boxes in the lower table. The red horizontal lines are the demarcation
between changing scores, i.e. technologies lying between two horizontal lines in a column
have the same score. Where the technologies’ scores along the lines are sensitive to the
conditions, the individual technologies are associated with coloured boxes so that the
variation in scores can be more easily tracked. The tables indicate that:

Wind power 2 in all conditions,
Amorphous Silicon PV (ASPV), Biodiesel (BD), Cadmium Telluride PV (CTPV) and
wind turbines (WT), all with the same score, 2 ,

Copper Indium DiSelenide PV (CIDPV) ranks equal with electric propulsion, mains
charging (EPMQC),
Monocrystalline Silicon PV (MoSPV) ranks equal with Multicrystalline Silicon PV

(MuSPV),
Diesel engine enhancements (DE), (CIDPV and EPMC) and (MoSPV and MuSPV)
2 8 , depending on the conditions.

(MoSPV and MuSPV) become competitive with (CIDPV and EPMC) if a low weighting
is given to economic viability.

Diesel engine enhancements perform less well as the environmental impact
weighting increases whilst economic viability weighting decreases.

The pedal launch 2 and the Direct Methanol Fuel Cell 2 %
although both have the lowest acceptability rating

The remaining technologies are all classed as future technologies. They take the
following ranks: 2 9 Bioethanol (Be) and wing sails (ws); 2 9
Direct Ethanol Fuel Cell and Regenerative Fuel Cell (RFC); 2 9 Proton
Exchange Membrane Fuel Cell (PEMFC)

An overview of the results for materials is given in the second set of tables in sheet
“Overview Current - Materials and Coatings” in the spreadsheet (see page 121-122). As in
the previous section, the two Materials show the rankings and corresponding scores for
each technology. The tables indicate that:
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GRP or Wood 2 , depending on the conditions, although wood rates higher
as the importance attached to economic viability weighting decreases,

Wood or Low Styrene technologies (LSGRP) 2 with LSGRP rating higher
as the importance attached to economic viability weighting decreases,

GRP or LSGRP 2 depending on conditions,

Wood reinforced thermoset 2 for all conditions apart from condition 9.
Carbon fibre thermoset (cFRP) 2 for all conditions.

Steel, aluminium and concrete 2 8 % although their

acceptability ratings rule them out.

The remaining materials, natural fibre reinforced Thermoplastic (nFRP) and glass
fibre reinforced Thermoplastic (gFRP), 2 are classed as
future technologies.

Four coatings were considered (see page 121-122).
- The CuProtect antifouling system 2 , and the Seajet antifouling system
2 , apart from the last three conditions where the environmental
impact is rated as more important than expense, when the situation is reversed.
The SafeBoatSkin A/F system is discounted by its acceptability rating and the
BoatScrubber A/F system is rated as a future technology.

-- 5 & 4 1

Three technologies were considered (see page 121-122) and were found to be independent
of conditions, with the BMT hull ranked first, the whale tail wheel second and the PDX drive
third. However, only the whale tail wheel was given the highest acceptability rating.

- - &
The performance of the water treatment systems is straight forward as they are relatively
insensitive to the different conditions (see page 121-122).

For Black Water treatment, composting, vacuum and waste compaction toilets rank first,
second and third, and black water treatment tanks and membrane separation systems are
rated as future technologies, the latter being discounted anyway by a low acceptability
rating.

For Grey Water treatment, the two filter systems rank equally and grey water collection is
rated unacceptable.

-- 0 3

Other technologies assessed include those relating to: economic appliance power use;
efficient use of waste heat; Insulation, recycling and domestic waste reduction; noise -
insulation and exhaust muffling/improvement; and water pollution - exhaust and bilge
water filtering. They were considered to be insensitive to conditions. The first four all
ranked the same and the last two ranked second equal.
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This section will look at the tabular and graphical depictions of the analysis and identify
trends, as well as high and low scoring technologies under different weighting systems. The
first set of graphs and results to be studied concern the variation of the environmental
global:local balance when the economic weighting is constant.

4.1 Chart 1: Economic impact set at 25% weight, environmental impact
global:local varied (75% total):

Fuel and Powering:

The fuel and powering systems to score highest in this category are:

Amorphous Silicon PV

Biodiesel

Cadmium Telluride PV

Wind turbines

Wind-power

The pedal launch also scores very highly, but has a lower acceptability rating.

Electric propulsion (mains charge) has a relatively wide range of scoring, with high
acceptability. When the local environment is favoured over global, it scores highest.
Wingsails also score well under this weighting. Diesel engine enhancements score low at all
environmental balances, due to the low economic weighting.

Materials:

All the materials technologies score lower overall; the best scoring materials are:
Aluminium

GRP thermoplastic

Low styrene technologies for GRP

FRP, natural fibres

Steel

Wood

Coatings:

This group exhibits generally high and fairly compact scoring. All coatings follow the same
pattern of weighted options where the highest scores are achieved when the emphasis is on
local environment, with the exception of ‘Seajet’ antifouling system, which reverses this
trend, exhibiting the highest score for high global weighting, and the lowest for high local
weighting. ‘SafeBoatSkin’ scores highly on all points, although has a slightly lower
acceptability.

‘CuProtect’ and ‘Seajet’ score relatively highly, although each benefit from a different
environmental weight balance: ‘CuProtect’ scores higher when more weight is given to local
environment concerns, whereas ‘Seajet’ favours global.

‘BoatScrubber’ exhibits the lowest scores in this group, along with a lower acceptability
rating.

Hullform and Propulsion:

This group shows a compact, relatively high score set, all following the same pattern,
where the highest scores are those related to a high global environment weighting.

The highest scores are for the BMT type low wash hull (25% global and 50:50) and the
Whale Tail Wheel (75% global); this scores well whichever environmental weighting system
is used and also has a high acceptability rating. The rating for the low wash hull is lower.
The PDX drive scores lowest overall, and also exhibits low acceptability.
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Black Water Treatment:

In this grouping, composting toilets score highest over all environmental split categories;
treatment (storage) tanks display the largest range of results, having a far more
detrimental impact on the global environment, than locally. Vacuum toilets exhibit an
average and equal score in all three scenarios. Waste compaction scores lowest under all
three systems.

Grey Water Treatment:

Grey Water Collection scores relatively lowly in these systems, but particularly when
increased weighting is placed upon the global environment.
The two filtration systems score equally highly, and also rank high for acceptability.

Other:

Bilge and exhaust water filtering and noise insulation/exhaust muffling are the only
technologies in this group not to score the maximum across all scenarios. They score
highest when precedence is given to local environment. All rate maximally for acceptability.

4.2 Chart 2: Economic impact set at 50% weight, environmental impact
global:local varied (75% total):

Fuel and Powering:

The fuel and powering systems to score highest in this category are:

Amorphous Silicon PV (scores highly across all environmental balance scenarios)

Biodiesel (all)

Wind Turbines (all)

Wind Powered (all)

The pedal launch also scores highly again, but exhibits low acceptability (all)

Cadmium Telluride PV and Electric Propulsion (mains charge) score highly when the local
environment is favoured over global.

Materials:

These score lower overall; however, the best scoring materials are:

Concrete (all)

Steel (all)

Wood (all)

Aluminium also scores highly in these cases, except when the global environment is given
maximum bias.

Low Styrene Technologies for GRP scored closely behind these technologies when
maximum local weighting was applied.

Coatings:

‘SafeBoatSkin’ scores highly across all weightings, albeit with a lower acceptability rating.
Seajet and ‘CuProtect’ also score relatively high; ‘Seajet’” when global considerations are
weighted highest, and ‘CuProtect’ when local environment is given the maximum weighting.
‘BoatScrubber’ exhibits the lowest scores in this group, along with a lower acceptability
rating.

Hullform and Propulsion:

The PDX drive scores lowest overall, especially when local environment is weighted highly,
and the Whale Tail Wheel also relatively low at all weightings, although with a high
acceptability rating. The BMT type low wash hull scores well under all three weighting
systems.
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Black Water Treatment:

Composting toilets score highest in this group, with vacuum toilets the next highest; both
systems rate highly for acceptability. The black water treatment (holding) tank displays the
widest range of results, scoring more highly when the local environment implications are
given the greatest weighting.

Grey Water Treatment:

Grey Water Collection scores relatively lowly in this system, but particularly when increased
weighting is placed upon the global environment. The filtration systems both score highly
under all weighting conditions, and also rate highly for acceptability.

Other:

Bilge and exhaust water filtering, and noise insulation/exhaust muffling are the only
technologies in this group not to score the maximum available across all scenarios. They
score highest when precedence is given to local environment. All rate maximally for
acceptability.

4.3 Chart 3: Economic impact set at 75% weight, environmental impact
global:local varied (25% total):

The variation of environmental impact balance has little effect in these cases, compared to
the overriding economic case. The technologies which perform best under these conditions
are:

Fuel and Powering:

Amorphous Silicon PV

Biodiesel

CdTe PV

CIS PV

Diesel Engine Enhancements
Electric propulsion (mains charging)
Pedal Launch

Wind Turbines

Wind powered

Materials:

These score lower overall; however, the best scoring materials are:
Concrete (all)

GRP

Steel (all)

Aluminium (not 25% local)

Coatings:

‘SafeBoatSkin’ scores highly, albeit with a lower acceptability rating. ‘Seajet’ and
‘CuProtect’ also score relatively highly.

‘BoatScrubber’ exhibits the lowest scores in this group, along with a lower acceptability
rating.

Hullform and Propulsion:

The PDX drive scores lowest overall, and the Whale Tail Wheel also low, although with a
high acceptability rating. The BMT type Low Wash Hull scores relatively highly.
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Black Water Treatment:

Composting toilets score highest, with vacuum toilets in second, both systems rate highly
for acceptability.

Grey Water Treatment:

Grey Water Collection scores lowly in these weighting systems. The filtration systems both
score highly under all weighting conditions, and also rate highly for acceptability.

Other:

Bilge and exhaust water filtering and noise insulation/exhaust muffling are the only
technologies in this group not to score maximum across all scenarios, although they still
score relatively very highly. All rate maximally for acceptability.

The individual ‘high achieving’ technologies for each weighting case have been
outlined in the above 3 sections. Therefore the remainder of this section will look at
the trends affected by weighting only.

4.4 Chart 4: Environmental impact balance set at 25%:75% global:local,
economic impact weight varied:

Fuel and Powering:

DEFC, DMFC and diesel engine enhancements are affected seriously by this economic
impact choice, as are PEMFC and Regenerative FC. Diesel engine enhancements reverse the
trend set by the other powering options, as they benefit from increased economic
weighting.

Materials:

Thermoplastic GRP and Natural FRP, thermoplastic suffer under economic weighting.
Carbon and Wood FRP, although low throughout, benefit from increased economic
weighting.

Coatings:

‘CuProtect’ and ‘Seajet’ benefit from increased economic weight; ‘Seajet’ especially suffers
when environmental weighting is set at this balance.

Hullform and Propulsion:

The PDX Drive and Whale Tail Wheel both vary largely in score with economic impact
weighting. They do not score well under a high economic weight.

Black Water Treatment:
Membrane Separation suffers particularly under high economic weighting.

Grey Water Treatment:
Ditto grey water collection, to lesser extent.

Other:

There are no real changes to be seen in this group; the technologies which display any
difference score highest with high economic weight.
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4.5 Chart 5: Environmental impact balance set at 75%:25% global:local,
economic impact weight varied:

Fuel and Powering:

DEFC, PEMFC and Regenerative FC score particularly low when the economic weight is
maximum. In contrast diesel engine enhancements score highly in this instance.

Materials:

Carbon FRP scores low in all scenarios, and natural FRP thermoplastic when economic
considerations are weighted maximally. The maximum and minimum economic cases
fluctuate about the 50% mean throughout much of this group, indicating cost to be a major
factor in many of these choices.

Coatings:
This group broadly follows the same pattern throughout all of the conditions.

Hullform and Propulsion:

This group is mostly affected by economic balance. All three lines follow the same pattern,
with a marked drop as economic influence is increased.

Black Water Treatment:

Membrane Separation exhibits a large spread against economic influence here. The other
technologies are affected little.

Grey Water Treatment:
Varying economic influence has little effect here.

Other:

Those technologies not exhibiting maximum scores suffer from a reduced economic impact
weight system.

4.6 Chart 6: Environmental impact balance set at 50%:50% global:local,
economic impact weight varied:

Fuel and Powering:

Copper Indium DiSelenide (CIS) PV does not drop as low relative to the trend for 25%
economic weight, when compared to chart 5. Otherwise these charts are very similar.

Materials:
Graph follows the same shape and trends as Chart 5 in this section.

Coatings:

‘BoatScrubber’ benefits from reduced economic influence but scores lowest overall in all
cases; ‘CuProtect’ and ‘Seajet’ suffer here.

Hullform and Propulsion:

Economic weighting has a significant effect on PDX and Whale Tail Wheel, as mentioned
previously.

Black Water Treatment:
Same as for Chart 5
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Grey Water Treatment:
Same as for Chart 5

Other:
Same as for Chart 5

Some technologies will score well in all weighted cases, due to their high scores across all
categories. Equally, there will be some technologies that score relatively poorly across all
weighted situations because of consistently low input scores.

The scores of interest are those in the mid range, where the selection of value system, and
therefore weighting, alters the results, sometimes dramatically. For example, looking at
chart 5, the Whale Tail Wheel score varies significantly with the impact of economics,
against a constant environmental ratio of 75% global:25% local.

The individual technology groups are discussed here in more detail across all weighting
conditions:

Fuel and Powering

Wind-power and wind turbines score highly throughout, as do Biodiesel, and amorphous
silicon PV system.

Cadmium Telluride (CdTe) PV, and electric (mains charge) score well when local
environment and economic are weighted highly, as does CIS PV, but to a lesser extent.

Diesel engine enhancements score highly when economic issues are given maximum
weighting. They also perform better when local environment concerns precede global
issues, although the difference is not large.

Pedal launch scores well, but has a low acceptability.

DMFC is the highest scoring fuel cell; its best scoring scenario is when economic and local
considerations are maximum. In general fuel cell systems suffer with increased economic
consideration.

Materials

Aluminium (low acceptability), GRP thermoplastic (economic minimum), GRP low styrene
technologies (when local maximum), FRP natural fibres (when economic minimum), Steel
(when low acceptability) and wood all score relatively highly.

Aluminium suffers when global considerations are given maximum weight. Concrete (very
low acceptability), steel and wood all good. Again, GRP (low styrene technologies) good
when maximise local environment bias.

As above, but GRP, not steel when economic impact important.

Thermoplastic GRP and natural FRP thermoplastic suffer when maximum economic
weighting. Carbon and wood FRP benefit under economic bias, but still score low
throughout.

This group of technologies often show large fluctuations between economic cases,
indicating that environmental benefit is generally more expensive in materials technology.
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Coatings
‘SafeBoatSkin’ scores highly throughout, although lower acceptability.

‘CuProtect’ benefits from high local weighting, and high economic weighting. ‘Seajet’
benefits from low local weighting and high economic weighting.

‘BoatScrubber’ scores lowest throughout in this very constant group. It benefits from low
economic weighting and high local environment weighting and also has lower acceptability.

Hullform and Propulsion

Low wash hulls, like the BMT design score relatively well here. The PDX marine drive scores
the lowest when the economic consideration is weighted maximally, likewise, the Whale Tail
Wheel also suffers from economic implications. The PDX drive also ranks low for
acceptability.

Black Water Treatment

Composting toilet systems generally score well. Membrane separation suffers when
economic considerations are weighted highly, in particular.

Grey Water treatment

Grey water collection does not appear viable when compared to filtration under any
weighting system. The two filter systems both score maximum throughout all scenarios,
and also rate highly for acceptability.

Other

All of the options in this group score relatively well under all scenarios. All could be included
in an economically viable, sustainable boat for the area.

Results will always depend upon the judgement or value system being employed. A
decision must be made as to the position of balance between economic, global and local
environmental and social considerations, and also as to the scope of inclusion. For example,
if acceptability to the local community is chosen as a factor, then who constitutes this
community? Do all members of this community group qualify for an ‘equal voice’? Within
this study, it was decided that the opinions of the local boatbuilding community, in
particular the members of the NSBA, should be canvassed and incorporated in a social
judgement grouping.

These results are, by necessity and design, judgements, and therefore subjective. The
scoring system upon which they are based relies upon knowledgeable judgement decision
making, by a broad panel of academic and industry experts; based upon the findings of the
state of the art review and consultation with local boatbuilders and operators.

As can be seen in Chart 7, the technologies above the horizontal black line exhibit high
scores over all weighted cases, demonstrated by their high summed average score. These
can be considered to be the lead technologies overall. However, if we look at the
technology groups individually, it can be seen that no materials or hullform/propulsion
technologies meet this criteria. Equally, some technologies obviously score lowly across all
weighted scenarios, for example carbon fibre reinforced thermoset and wood reinforced
thermoset systems, both falling well below the red line. These can be discounted from
further investigation. Black water waste compaction, the PDX Marine Drive, co-mingled
glass fibre reinforced thermoplastic and grey water collection systems also fall below this
line.

Those technologies falling between these two lines include those that are affected most by
the choice of weighting system. This variation is better demonstrated by chart 8, which
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demonstrates the relative score under each weighting condition, for each technology. For
example, the area marked 'x’ in the GRP column shows the relatively small size of the
‘series 6’ (orange) result, in comparison with the others. This series relates to condition 6,
where the global local ratio is 25:75, and the economic impact is weighted at 25%. Equally,
GRP clearly suffers under the conditions of series 3 and 9 also, where the global local ratio
is set at 50:50 and 75:25 respectively, and the economic impact is again weighted at 25%
in both cases. In this instance, the viability of GRP clearly suffers when the weight of the
economic case is reduced relative to environmental considerations. The balance of
environmental weighting between local and global issues has no effect here, since GRP
scores equally lowly in either of these respects.

The final group ‘Other’ scores very consistently throughout all weighting categories and
throughout the group. Grey water collection benefits the most when the scoring is set to
series 6, minimum economic and global environmental consideration.

The analysis has investigated the characteristics that might be exhibited by an ecologically
sustainable boat for use on the Norfolk and Suffolk Broads. The outcome is not a design
specification, but a ranking of all the technologies considered and analysed in a systematic
manner. The technologies to be adopted in the design are to some degree a matter of
subjective choice but should logically belong to the groups with the highest rankings. The
highest ranking technologies, those which score well under any value system, present
themselves clearly. The more interesting analysis involves the ‘mid-range’ results, where
the selection of value system (reflected in the weighting applied to environmental and
economic impact) alters the score of a technology.

the key results, from which the majority of the conclusions are derived are for the average
weighted condition (Condition 2 which is also equal to the summed average of all weighted
conditions), where the global and local environment each receive a 25% weighting (making
a total 50% weighting for environmental implications), and the economic implications
receive 50%. This was considered to be the most useful for the purposes of analysing the
results. It can be seen from the complete results sets that the choice of weighting system
has little effect on many of the rankings, and almost never alters the ‘best and worst’
candidates; this demonstrates the robustness of these results to conflicting attitudes and
prejudices.

Three tables are presented below, each giving the ranking of the technologies within each
domain (Powering, Materials, Coatings, Hullform, Black water treatment, Grey water
treatment and other technologies). The first table, Results Set 1, ranks the technologies
without filtering for current applicability, indicating that both current and future
technologies are included. In this ranking no account is taken of the acceptability of the
technologies to the members of the NSBA, the ‘local stakeholders’. The 2" and 3™ Tables,
Results Sets 2 and 3, do modify the rankings according to the local stakeholders
preferences. The difference between the two Results being that Set 2 continues take
account of current and future technologies, while Set 3 only includes technologies that are
available now.

In Results Set 1 the ranking is given for the technologies without taking account of the
preferences of the local stake holders, and so these results have the widest relevance. In
this Results Set both current and future technologies are included, and the value system
applied places equal weighting on economic and environmental considerations. In this
Results Set it can be seen that steel is the highest scoring material, and wind power and
pedal launch the highest scoring methods of powering. However, it should be recognised
that these results do not include any factor for the social acceptability of these technologies
to the customers and hirers, this information not being part of the scope of this study. Lack
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of acceptability by the end users could impact upon both the effectiveness and the
profitability of any proposed technology.

On the basis of the state of the art review, the elicitation exercise and the matrix analysis.
It is recommended that:

A design specification for an ecologically sustainable boat (EcoBoat) for use on the
Norfolk and Suffolk Broads be based on the outcome of a matrix analysis of the type
used in this report. The analysis could be adopted as it stands, or the scoring and
the conditions analysed, could be modified should circumstances warrant it.

The characteristics of the EcoBoat should be derived from the technologies awarded
the highest rankings in the analysis.

On the basis of the analysis, one out of a number of specifications based on current
technology might be a boat powered by wind and/or biodiesel, built of steel, wood or GRP,
with a ‘low-wash’ hull coated with CuProtect or Seajet antifouling, composting toilet and a
grey water filtration system. It would be well insulated, use its waste heat efficiently,
minimise and recycle its domestic waste and use its appliance power economically. It would
be designed for minimum noise and water pollution with appropriate insulation/muffling
and filtration systems.
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7 ;
9<; =
AII technologies Wlth initial scoring.
9< =
AII technologies, with calculated scores for each weighted condition.
9 <( - =
As above, split into technology groups.

& ;

><0% % 1 7 87 >4 1 =
Results Set 1: Current and Future Technologies, Local Stakeholder preferences ignored
(Appllcablllty and acceptability filters off).

><0% % 1 7 8? > = !
Results Set 1: Current and Future Technologies, Local Stakeholder preferences ignored
(Appllcablllty and acceptability filters off).

><0% % 1 7 8? >5 & 86" 8(' 0 =
Results Set 1: Current and Future Technologies, Local Stakeholder preferences ignored
(Applicability and acceptability filters off).

; ><0% % 1 7 >4 1 = #
Results Set 2: Current and Future Technologies, Local Stakeholder preferences included
(Appllcablllty filter off, acceptability filter on).

><0% % 1 7 > =
Results Set 2: Current and Future Technologies, Local Stakeholder preferences included
(Applicability filter off, acceptability filter on).

><0% % 1 >4 1 =
Results Set 3: Current Technologies only, Local Stakeholder preferences included
(Appllcablllty and acceptability filters on).

><0% % 1 > =
Results Set 3: Current Technologies only, Local Stakeholder preferences included
(Appllcablllty and acceptability filters on).

><0% % 1 >5 & 86 (" 3 & =
Results Set 3: Current Technologies only, Local Stakeholder preferences included
(Applicability and acceptability filters on).

All technologies, Economic impact set at 25%, Environmental varying, with acceptability
scores.

As above, Economic set at 50%.
As above, Economic set at 75%.

!
Global Environment impact set at 25% (Local 75%), Economic impact varying, with
acceptability scores.

As above, Global impact set at 75% (Local 25%).
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As above, Global impact set at 50% (Local 50%).

!
The column heights equate to the summed or average score, the equivalent of condition
2. The relative strengths of each condition under each of the nine conditions, can also be
seen, however, the nine series making up the charts equate to the nine conditions.

Chart 7 expressed as percentage columns, demonstrating the relative strength of each
case.
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