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Improving Energy
Efficiency on
Existing Building
Stock

This feasibility study has been commissioned by Dover Harbour Board in response to an application for funding
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by 31 July 2015.
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1 Improve the Quality of Ports Management (via a Training & eLearning Programme) & Safeguarded
Maritime Employment.

1 IntroduceSustanable Innovation & Energy Efficiency In Ports benchmarking novelty technologies (e.g.
cooling system using sea water), sharing best practices (e.g. on a Multi Utility Provider) and investing
in offshore wind energy parks.

1 ImproveCrossBorder Connectivitin The English Channel / Southern North Sea by optimising port
infrastructure (quays, pontoons).

1 Promote Cooperation between Ports & the Marine/Energy Industry via ireati®nal B2B events &
stakeholder engagement which creBsked relevant sectors.
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demands of the port as a whol&he study also looks at the use of energy saving plant for the current docks
configuration and Low and Zero Carbon Tealogies that can be employed.

To meetthe above aims this feasibility study looks at the following:

1 Improving energy efficiency of existing building stock in the Port of Dover Estate.

1 The ports existing electrical infrastructure and how this would nedaktadapted to enable an
energy centre to be connected.
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1 The use of traditional and renewable energy sources as part of the Energy Centre.

1 Opportunities for energy savings from-dentralised Low and Zero Carb@thnologies*.
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of Dover. Refertappendix 6.

This study has been prepared on the basis of a high level strategy-@weas opposed to a full detailed
analysis.



The energy demand of the port is considerable, and consideration should be given to where and how the energy
is used. Muclof the existing building stock including their building services installations are over 15 years old and
as such are not as energy efficient as modern buildings.

The Port of Dover currently, has an-goning programme for the replacement of old, energgfficient plant
which has resulted i 5% reduction in energy use year on year. This programme will continue year on year to
further reduce the energy usage.

Thissection of the study highlights the areas where improvements are already Inedade and sggests further
areas for consideration where useful energy savings can be made

Lighting

The lighting load is a reasonable proportion of the electrical demand within the port; therefore, this makes lighting asvthimbpactor
for consideration wha reducinge nergy usage. Due to the natiand operation ofthe portthe lighting is on within the buildings for a
majority of theday and night. The externallitjng around the portis also on from sun set to sun rise, for operational and safety reasons.

General Building Lighting

The port buildings have a mixture of different lighting with varying lamp sources, mainly, fluorescent (T12, T8 andurjsewl halogen
(warehousesand sheds). The control gear within thésminairesis a mixture of a swich start and electraic high frequency.

The Port of dover have carried out a number of feasibility studies with regard to replacing building lighting and havey edpaded/
upgraded someof the old fluorescent luminaires with newer T5 alternativesLED.

T12fluoresceniamps are very inefficient compared to more modern T8 and T5 alternatives. T12 lanmtpscaraing ncreasingly difficult
to source as they were withdrawn from 1 April 2012 and are no longer manufactured, therefore are now obsidieteapital cost of
obtaining the lamps is also increasing, due to lackwedilability The higher output versions can be up to £15 per lamp.

The control gear within the luminaire is also an important factor as electronic high frequency control gesal 52@% less energy than
switch start control gear.

As comparisorgsingle bare battern luminaire with an 85W T12 1800mm long fluorescent lamp with switch start controlagdwr (
available for this type ofimp) will provide an output of 6400 lumensada rated life of 20,000 hours and will use 72W of energwn.
equivalent bare batten luminaire in fluorescent T5 would be a 2 x 35W T5 1500mm long fluorescent laimigitbquency control gear
providing an output of 6600 lumeng, rated life of 20,00 hours and will use 72W of energy.

TheT5option provides an energy saving of approx. 30% over the T12 equivalent and will pay b&cjeiar
A majority of the buildings have luminaires with fluorescent T12 or T8 lamps with a mixture of switchrgitatigh frequency control gear.

The previous example demonstrathat changing older fluorescent T12 luraires to more modern T5 luminais with high frequency
control gear will generate significant energy savings.

A further option available wouldéchanging from fluorescent lamps to LED.

LED technology for lighting has moved on significantly in the past few years, the LEDs are more reliable, more effinizm eost
effective.

Although LED luminaires are typically28% more expensive thasther lamp sources, their energy consumption is less. The payback
would need to be considered on anindividual case basis. Another consideration, not related to energy, is maintenamgpicady. a
modern fluorescent lamp has a rated life of 20,0@%,000 hours, where LED sources have a rated life of 5Q,00@00 hours, therefore,
the costof lamp changes is also reduced as in the lifeime of the LED a fluorescent lamp will have to be changed 2y@ pimesib

Taking the example above:

An equivalent LED luminaire with an output of 6400 lumens will use 62W of energy, with a rated life of 50,000 hours.frbigdeilin
energy saving of approx. 40% over the T12 equivalent and will pay ba€k yeérs, due to the higher capital cosgttbe LED luminaire.



As with the previous work, the Port of Dover have undertaken, a feasibility study would need to be carried out for e &tlwiinziige, to
identify which option would yield the most energy saving and which option is most finantaile, considering the payback period and
the expected life of the building.

Buildings such as the import Freight Shed, which has a large quantity of T12 Fluorescent Luminaires with Switch stgearcstimild be
considered for upgrade, especiallg the lights are on 24 hours a day and lamps are becoming increasingly more difficult to obtain.

Although ideally re placement of lumirras for more efficient ongis best considered at asset re place ment stage, to minimise the payback
period, each buildig should be evaluated on a case by case basis, as significant energy savings can be made, with good payback periods.
There are many more building within the Eastern and Western docks, where upgrading the existing lighting will generatst@mfgy
savingsFor any new build buildings at the Port of Dover high efficiency luminaires with LED light sources should be considéilestend u
where possible.

External Lighting

The Prt of Dover has already replaced/upgraded the main High Mast lightittinthe Easterrand WesterrDocks, which has given an
energy saving of around 50% compared to the previous high mast installation.

The port however, stillhas a large quantity of external lighting, most of which is currently a tungsten style lam§SOnNaz Metal
Halide). These use a large quantity of energy and are on from dusk till dawn all year round.

Replacing these with LED luminaires will produce significant e nergy savings. Another consideration, not related to ereenggniance
cost. As advised above LED technology has a much increased life, therefore, the requirement for lamp changes using highdevel acces
equipmentis reduced.

The continued use gthotocellsand time clocksville nsure thatthe length of time that individual lumaires are operationas minimised

There are lamp columns within the docks that are listed or are of historic interest, it may not be possible, to re pladediveser, it may
be possible to refurbish these luminaires and change the lamp source toAlEidugh it may be technically possible to achieve this it may
not be financially viable

A feasibility study would need to be carried out for each individual case, to identify the financial viability of the schesigegring the
payback period.

Generally, replacement of external lighting columns for more efficient luminaires would be best considered at asset re platageend
minimise the payback period.

For any new external lighting, such as required for the DWDR project, LED e xterna] kgplotird be instéd to minimise the energy use.

Lighting Control

The control of the lighting is also an important factor as conventional manual switching within bsildiegfar more energy as typically
the lighting is switched onin the morning aizdeft on all day, whether itis required or not.

Within the port most of the lighting is manually switched with limited automatic control, therefore there is the potemtiajifiting to be
left on for periods oftime when areas are unoccupied, whglvasted energy.

Control such as manualon absence off in occupied areaswould be a solution to thisand will yield energy savings, asedmefatba is
unoccupied the lights will automatically turn off via PIR or microwave sensors and will rdgaiswitch to be pressed to turn the lights
back on.

Further energy savings can be achieved by automatically dimming luminaires dependant on the available daylight withinBhgpace
extent of saving willbe dependent on the size ofroom and amountaifable daylight. Maximum energy savings will be achieved through
having every luminaire dimmable, however, this willhave a high payback period. As a balance between cost of lumirenieggnd
savingitwould not be unreasonable to have window romudiing only, making the payback much lower.



In areaswhich have short term occupancy such as toilets, automatic on/off occupancy control should be considered, &lihaitjhot
necessarily yield as much energy saving as the option above, it wilbizeuser friendly for occupants.

The installation of lighting controls is most sensibly implemented at the time of luminaire re placement (due to the azgiofgthe
wiring); however, this would need to be reviewed on a case by case basis, as s@aewak as toilets or occasional use rooms may
payback quicker as a standalone entity.

With any lighting control systems the commissioning ofthe system is key to achieving energy savings. Each of the ppegamatess
needs to be reviewed and set axding to the room use/occupancy. Poor commissioning of the system will resultin low energy saving and
in some cases poor user perception ofthe system. As a strategy the systems should be commissioned at the time ofi astdlthtm

reviewed 612 months after installation and reommissioned if required.

Lighting control would be required within new build commercial buildings at the Port of Dover lighting to be compliantiiditihgB
Regulations Part L. A strategy similar to that described abouéddineed to be implemented withiany designs for new buildings

Power Factor Correction

In an electric power system, a load with a low power factor draws more current than a load with a high power factor éonéhasount

of useful power transferredhe higher currents increase the energy lost in the distribution system. This is wasted energy; therefore a high
power factor is generally desirable to reduce transmission losses and improve voltage regulation at the load.

Linearloads with low power €or (such as induction motors) can be corrected with a passive network of capacitors or inducters. Non
linear loads, such as rectifiers, distort the current drawn from the system. In such cases, active or passive powerreatfonamay be

used to counteract the distortion and raise the power factor.

As the Eastern Docks and Western docks have separate electricalinfrastructure, we have reviewed them separately.

Eastern Docks

The Eastern Docks has already had power factor correction installdtearargo terminal LV switchpanels and the Terminal Control LV
switchpanel. The corrected power factor ofthe supplies is approx. 0.97, which is acceptable.

In reviewing the metering information for the other LV switch panels and supplies around ttezrEascks, the power factor generally was
good between 0.95 and 0.98.

However, the power factor on the LV switchpanel supplying the Reefer socket outlets for the refrigerated containers hpoangower
factor. Atworstitwas recorded at0.6. Thoad on this switchpanel is a variable fluctuating load, (mainly due to the quantity of containers

pluggedin at any one time), however, adding power factor correction to this LV switchpanel will increase the efficierg@uovfar being
used.

WesternDocks

The Western Docks has no power factor correction installed at any of the LV switchpanels.

In reviewing the metering information for the LV switchpanels and supplies around the Western Docks, the power factolyyeae glod
between 0.95and 0&

Therefore, at present there appears to be no requirement for power factor correction within the Western Docks.

Power Factor correction will be considered during the DWDR project as a quantity of Reefer sockets are likely to bdonstdtigdraed
containers and as observed from the Eastern Docks these supplies tend to have a low power factor.



Building Fabric
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Much of the existing building stock is overd®0 years old and as suchis not as energy efficient as modern buildings. However, upgrading
the insulation levels is not necessarily practical/or cost effective within existing buildings.

Upgrading tle fagade of an existing buildingis typically not practical and the cost of carryinigewbrk typically far outweighthe energy
savingthat will be achieved. However, if some of the older existing buildings have unfilled external cavity wagdj$h é-dé vity with loose
fill insulation will make a significant difference. The U value ofthe wall is likely to improve by 15%.

Insulating floors in existing buildings is also very difficult and not practical.

Upgrading the roofis a more straightfeard element to upgrade. Dependant on the roof structure insulation can be added/upgraded.
With pitched roofs, with a roof void, glass mineral wool insulation can be easily installed within the void, either atian add/hat is
already there or a cmplete new installation. Typically 200mm of glass mineralwool rolled insulation has a U value of 0.18 W/m2k,
dependant on age of building this could provide up to a 20% improvement. This is a very cost effective way of savirs¢mergy,
installationcostis low and can be carried out atanytime. If the buildings have flat roofs upgrading the insulation level canviee aghie
stripping off the existing roof covering and insulation and installing new.

Upgradingwindows is also a fairly straightfard element to upgrade/replace. Existing single or old double glazed windows can be
replaced with modern standard double glazing or triple glazing. This could make a significant difference as the glapirmtyabéen the
least thermally efficient flaric within the building.

The U values of the typical types of windows are detailed below:

Single glazings W/m2k

Double glazing (15 years old).5 W/m2k
Double glazing (Current).6 W/m2k
Triple glazing twicel.2 W/m2k

As can be seen above tdéference in U value makes it worthwhile considering changing the windows. Triple glazingis typicaltwice as
expensive as modern double glazing and although the U value is better than double glazing, the costis currently p robibjiared to
the energy saving made.

In certain circumstances it may not be possible to change single glazed panels for modern double glazed units dueddc¢he hist
characteristics of the building. In this case another optionis to add secondary glazing behind thg esisfiows. Secondary glazing is
almost as effective as double glazing in reducing heat loss but does not change the external character of the building

The upgrade works detailed above should all be considered at asset re placement stage or when negsliretaliganisation works are
planned, as the cost of upgrade/replacement is likely to outweigh the cost of the energy saving.

When planning new buildings, the U values of the buildings should be carefully considered with regard to energy. Althdungh Bui
Regulations Part L stipulates minimum U value standards, for energy efficiency a consideration should be to improve theddbes by
20-50% to significantly reduce the energy being used within the building.

Heat Recovery Ventilation Systems

Mechanical ventilation systems can be fitted with a variety of heat recovery devices that provideptieg of intake air, leadingto a
reduction of building energy use.
Typical heat recovery systems used in ventilation systems are listed below with thesngege efficiencies:

1 Runaround coilg; 45 to 55%

1 Thermal wheelg 70 to 80%

1 Plate heat exchangec60 to 70%
Heat pipes have not been considered as these are rarely used in the UK.

)
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other systems the intake and exhaust ducts need to béocated.

Typical capital cost per installation:
1 Runaround coils; £5,000 to £7,000
1 Thermal wheelg £7,000- £9,000
1 Plate heat exchangers£6,000- £8,000

Typical building thermal e nergy saving per installation:

T Runaround coil; 10%
T Thermal wheelg 10 to 20%
1 Plate heat exchangecl0 to 20%

Typical payback periods:
1 Runaround coilg; 2to 10 years

1 Thermalwheelg 5to 12 years
1 Plate heatexchangec5to 12 years

The above data is taken from Carbon Trust information based on a building of 25@@mup to 250 occupants. None of the buildings at
Port of Dover are either this size or have this number of occtgpdine efficiencies and typical percentage thermal energy savings will hold
true but the installation costs will be lower. However as the actual energy saved in kWh/year willbe lower the payb atspidiely be
towards the longer periods shown.

Several of the larger buildings at The Port of Dover do currently have heat recovery systems installed in the ve ntilatios. Sysére are a
number of buildings e.g. Passenger Services buildings in the Eastern docks, where heat recovery can be aatebfiitedrovide e nergy
savings.

Building Services HVAC Plant

The methods described below are technologies or means available, which can be retrofitted to the Heating, VenfilatiorCondiifom
(HVAC) plantto reduce energy consumption. The mestabebcribed below are only those that will prove cost effective for réting to
the currentinstallation. The subsequent section below describes systems that can be used when existing plant needddocede rep

Retro-fit Technologies:

a. Fitinvertersto fans and pumps and adjust commissioning valves / dampers to reduce system resistance so reduce energy
consumption.

b. Ensure AHU filters are clean.

Change AHU main filters for low pressure drop units.

Use of occupancy dependent ventilation control i.e.ananical ve ntilation system controlled by air quality so that the system

onlyrunsifoccupancyis detected and then only to a level to maintain air quality to an acceptable level e.g. 1500ppm.

e. Heatrecoveryunits e.g. ru@round coils

oo

Replacement Technobies:

f. Replace plant e.g. chiller units and boilers so more closely match building load so plant is operating closer to p eak. dfficse
may also incdude modularising plant to make this achievable e.g. 3 No. boilerinstead of 1 No. so that undéloaatthno.
boileris off, 1 No. is atfullload (and efficiency) and 1 No. boiler is modulating.

g. Change from mechanical ventilation to natural ventilation where practical.



Building Energy Management Systems

Use of Building Energy Management 8y (BEMS) either on a building by building basis or ansite basis to monitor and control
energy use through control of HVAC and electrical installations.

Port of Dover haa BEMS which monitors most of the buildings at the port. It does not, howeaee the ability to change set points or
control HVAC systems in all these buildings. Therefore, extending the system to all buildings and, upgrading to alidwlifulitdead to
energy savings. These energy savings will result from controllimgtplgain maximum efficiency, reducing room temperatures to match
comfort levels, early notification of plant malfunctions / running outside normal parameters.

Rationalisation of Electrical Distribution Network

To enable an energy centre to provide e lagity to the Port of Dover the electrical distribution network would have to be rationalised.

The Eastern Docks has a consolidated single point of supply from the electricity authority, feeding a private HV netwdrtharBastem
dock, makingit easr to manage the demand and load across the site and to introduce electricity generated from an energy centre.

This is not the case with the Western Docks. There are eight individual substations on the electricity authority ne tvabrkupply the
various loads around the Western Docks area. These are fed from 2 separate electricity authority HV rings (Refer to appeisdix 1).
makes the management of demand and load around the site much more difficult. It also makes it more difficult to condmleyeasnale
on site electricity generation, as the load on each ofthe sub stations will fluctuate and any excess energy ge neratgdditcalay
substation, would have to be exported rather than being utilised by other demands on the site.

The DWDRmject will increase the electricity demand at the Western Docks and the locations ofwhere the load is utilised. During the
early phases ofthe DWDR project rationalisation and reorganisation of supplies will need to occur, to enable the eletizicdbf the
scheme to be met. Therefore, it would be sensible, at this time, to consider the rationalisation with a view to conneethaggy centre

to the network in the future.

The Eastern Docks currently has approx. 2.2MVA of spare capacity andlthismase to nearer SMVA upon completion of Stage 1a of
the DWDR project, as services that are currently based at the Eastern Docks are moving over to the Western docks; treeleddren
the Eastern Docks will reduce.

This spare capacity cannot ransferred by the statutory authority from the Eastern to Western Docks as the suppliesare on a separate
parts of the electricity authority network.

However, itis possible to extend the Eastern Docks pgitdkV HV ring, to the Westermobks, to provile additional load at the Western
Docks. There are existing ducts which run from the Eastern Docks to the start of Marine Parade. These ducts can be kxighdaihe
Parade to join the Eastern and Western Docks, to enable the HV cablesto be idgstallel y ONB I GAy3 (KA & af Ay é
Eastern Docks it will make it easier to manage the demand and load across the Port as a whole. It will also mean thahageremted

from a future energy centre can be utilised within the Easterd ¥estern Docks.

Within phase 1a of the DWDR project, due to the roaélignment works at Union Street, the Tarmac Roadstone sub station willhave to
be relocated, to allow for the raligned works. The current location of the existing Hoverportstation is also not practical for the new
scheme. Therefore itis proposed to consolidate the Hoverport, Clock tower and Tarmac Roadstone sub stations i ntaastatige

a single location, as these are on the same electricity authority 11kV HVItiaga pacity of the new stdiation will be approx. 1.6MVA
(subject to confirmation from the electricity authority). This will make it easier to manage the Load and will re ducenaradetand
standing charge costs.

Within Phase 2 of the project althohdhe sub stations othe south side of the Westerndzks have spare load capacity, theyare notina
satisfactory location to supply the new load. All ofthe sub stations on the south side of the Western Docks are on tH¥ sarge
therefore the proposl is to install a new sustation (located in the vicinity of A20/Union street junction) off of the existing 11 kV HV ring
and rationalise the sub stations around the Western Docks (This proposal is subject to agreement from the Statutory Authority

As aub stations on the south side of the Western Dock are on the same electricity authority HV ring, it would be possibl¢ tivea dap
statutory authority HV network to provide a single point of supply, and then re configure the existing sub stations ke tiettitork to
the Western Docks can become a private HV network.

With the extension of the private HV network from the Eastern Docks, the two private networks can be linked, to proviie afesupply
and resilience to essential services for both festern and Western Docks. Thiswill also enable a central energy centre that could supply
the load to both Eastern and Western Docks.



Energy Centres

This section of the study looks at the use of Energy Centres in three scenarios at the Port oT Bigwsction will discussthe use of
traditional technologies for the production of heat and electricity as well as opportunities for the use of alternativesotiemergy.

Energy Centres

Energy Centres are bespoke plant rooms designed to supplygtehyildings via district / network schemes and using a combination of
traditional and sustainable technologies. The use of Energy centres allows:

| More efficient use of plant than distributed systems.

Reduced installed plant capacity.

Energyto be supigld more efficiently through higher plant operating efficiencies.
Enhanced opportunities for low or zero carbon (LiE2Chnologies

Lower (energy) standing losses.

Lower energy use.

Lower C@Qemissions.
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Future proof energy supplies.

Energy Centres typicgltomprise the following plant:

Boilers (usually a combination of gas fired and Biomass)
Thermal Stores

Combined Heat and Power (CHP) units

Electrical Sutstation
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LV Switchgear

They occasionally include district cooling, either in the form of vapourmression chiller units powered from the grid or CHP sait
absorption chillers utilising the thermal energy from the CHP unit.

The CHP units are normally sized so that they run for the maximum number ofhours peryear and at as close to their negpanitya s
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demand as this is the lowest thermaldemand at any pointin the operating year. Sizing it larger than theseadlitate rejecting heat to
atmosphere for part of the year resultingin loss of efficiency.

The electrical power is distributed around the site via the electricity distribution network fe eding to loeslatidns or direct to buildings.

An advantagef Energy centres is that they can be builtin modular form so that their capacity can be increased as the site develops. Thi
allows the initial installation to match the required capacity, thereby reducing initial capital expenditure and gettingumeedficiency

from the plant. As a site develops and further buildings are built the energy centre can have additional plant ad dedftr dad¢er

increased load.

Energy savings from Energy Centres are mainly attributed to savings from thermal e nerggtionmduhich is a low cost bgroduct of
electricity generation. Typically these savings are inthe region of 15 to 20%, although can be as high as 35 to 40% d&geadin
configuration and development mix.

The Port of Dover has a number of featutiest |ends itself for consideration of an energy centre:

i A compact site(s) with a number of buildings requiring power and heat.
1 24 hour operation giving a large number of operating hours (increases overall plant efficiency).
1 The ability to realise signdant e nergy savings.
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Eastern Docks Energy Centre

The current energy demand at the Eastern Docks, assessed from utility bills, is:
1 Electricity=13,187,000 kWh peryear
1 Thermalvia Oil =2,424,822 kWh peryear (243,187 litres)

This comprises the follawg:

Estimated Maximum Demand (Electrical) = 2.2MVA
Average Demand = 1.4AMVA

Minimum Demand = 0.95MVA

*Installed Thermal Capacity = 610kW

Estimated heating (Heat pumps + direct electric) = 2239kWt
Estimated Domestic Hot Water |oad (electric) = 248kWt

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

Estimded Cooling load (via VRF) = 1550kWt

*Wet heating systems

The electrical demand figures above are the total values for the Eastern docks ie includes electric heatmgestit hot water services
(DHWS.

As can be seenfromthe above there is vendifiermal load that is not derived from electricity. Therefore, any Energy Centre for the
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mains infrastructure anthe build cost.

There are a number of other serious drdacks at the Eastern Docks which makes the siting of an energy centre here currently unviable:

1 There is no gassupply to the site. A large proportion of the thermal energy and running of the @s)Famgnergy
centres, is via gas. This is mainly due to the low fuel cost. A proportion of the thermal energy can be provided from
Biomass or other renewable source.

91 Distribution mains will need to be installed around the docks. This will cause majoption to traffic flow and port
operation.

1 Mostofthe buildings will need their heating, DHW and Coolinginstallations replacing for wet systems, as the bulk ofthe
thermal loadis direct electric. Thiswould be major additional capital cost and dismnupt the port operation.

If the existing building stock were to be refurbished and fitted with wet heating, DHW and, cooling systems in the fututerthg in the
longerterm, be viable to build an energy centre.

Initial studies estimate that to quport the Eastern Docks any future Energy Centre would likely comprise the following plant (capacities are
estimates only based on current building demands):

3 No. Boilers 500kW

Thermal Stores

1 No. 1000kW CHP units

1 No. 800kW Absorption Chiller Unit

1 No. 700kW Watecooled Chiller Unit (Seawater)

1.0MVA Electrical Subtation

LV Switchgear

=A =4 -8 -8 -8 -8

Space would have to be found in the Eastern docks for the building of an Energy Centre and this would conflict with te&atsgies
(TMI project) to removéuildings from the site to facilitate improved ve hicle movements.

To compensate for no grid supplied gas, gas could be produced on site from anaerobic digestion plant (Refer to Ap@¢hdix 3
Alternative Energy Sources) to power a 1000kW CHP unit.

Based on information available for Energy Centres built to date, the cost of building an energy centre is between £500kop e netgy
forlarge centresand £1.5M per MW for smaller schemes.

An Energy Centre for Eastern Docks will be relatively s makfive the cost will tend to be towards the £1.0M to £1.5M/MW.

Based on these assumptions and figures, at approximately 5SMW of e nergy capacity, the centre would cost between £5M and £7.5M
(excluding provision of new gas mains from the grid or an anaediéstion plant and; cost of infrastructure distribution mains and
0dzA £t RSNX& 62Nl aoo
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Energy savings from Energy Centres are mainly attributed to savings from thermal e nergy production. Typically theseesavthgs a
region of 15 to 20%, although cée as high as 35 to 40% depending on plant configuration and development mix.

Estimated energy demands from an energy centre for Eastern Docks are approximately:
1 Thermal=12,750,000kWh per year
1 Electricity =4,785,000kWh peryear

Therefore, assumingeEnergy centre for the Eastern Docks would realise between 15 to 20% savings on thermal energy this amounts to
approximately:
1 1,912,500 kWh peryear

The typical cost of energy from an energy centre is currently 4.0p/kWh therefore the annual e nerggdgogtwould be approximately:
1 Thermal =£76,500.
1 Electricity=£358,875

Unfortunately due to its commercially sensitive nature, it is difficult to obtain any meaningful data on operating / rensisdor Energy
Centres. Without this information it @ifficult to make an accurate assessment on{bagk periods.

Western Docks Energy Centre

The current energy demand at the Western, assessed from utility bills, is:
1 Electricity=2,600,000 kWh peryear
1 Thermalviagas=1,914,816 kWh peryear

This comprises the following:
1 Measured Maximum Demand (Electrical) = 800kVA
1 Installed Thermal Capacity = 1740kW

Most of the load for the Western Docks is at the Cruise Terminals and Lord Warden House. Although Lord Warden House piesityes
and daily load imakes up only about 25% of the load. The Cruise Terminals make up most ofthe remainingload. However, the Cruise
terminals have a sporadic use being in operation for only 2 to 3 days per week during the summer and very infrequenttyadwiimtgr.
Without a steady, consistent load an Energy Centre for the Western Docks, in their current configuration is not viable.

With the development of the Dover Western Docks Revival programme which is likely to include private development op oftu gitie
Marina with leisure / residential facilities and also, a Distribution Hub comprising office buildings and warehousing, anéimtezgy C
likely to become a viable proposition. This may be in the form of a Developer funded enterprise with an e nergy s ugpli@inbve nture
between DHB and an energy supplier.

The Estimated energy demand for the Western Docks including DWDR phases is:
1 Estimated Maximum annual Usage (Electricity) = 18,910,000kWh per year
1 Estimated Maximum Thermal annual Usage = 13,358,800b&VIlye ar
1 Estimated Maximum Demand (Electricity) = 5500kW
1 Estimated Thermal Installed Capacity = 3750kW

To support the Western Docks in a future configuration an Energy Centre would likely comprise the following plant (capaetitt®ates
onlybased o current building demands):
1 5 No. Boilers 500kW
Thermal Stores
1 No. 1200kW CHP unit
1 No. 800kW Absorption Chiller Unit
3 No. 700kW Watecooled Chiller Unit (Seawater)
1.2MVA Electrical Subtation*
LV Switchgear
*Remainder of electrical supply fro the grid.

= =4 =8 -4 -

There will be space available to build an Energy Centre onthe areas put aside for private development.

However, there are a number of serious drmarcks at the Western Docks which makes the siting of an energy centre here currently
unviable:
1 There is only a small consistent load available.
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1 There is no route fromthe DWDR site to the Cruise terminal site for running the Distribution mains.

Based on information available for Energy Centres built to date, the cost of building an e nergy séetiween £500K per MW of energy
forlarge centresand £1.5M per MW for smaller schemes.

An Energy Centre for Western Docks will be relatively medium sized and therefore the cost will tend to be towards the £0.7M t
£1.0M/MW.

Based on these assumptionadfigures, at approximately BMW of energy capacity, the centre would cost between £5.6M and £8.0M
O0SEOf dzRAYy3 O02ai F2NJGKS LINP@AAaAAZY 2F AYyTNI alNHzOGdzZNBE RA &G NR 6 dzii 7

Energy savings from Energy Centres are mainly attributedviogs from thermal energy production. Typically these savings are inthe
region of 15to 20%, although can be as high as 35 to 40% depending on plant configuration and development mix.

Estimated energy demands from an energy centre for Western Docleppgreximately:
1 Thermal=13,358,800kWh per year
M Electricity =18,910,000kWh peryear

Therefore, assuming an Energy centre for the Western Docks would realise between 15 to 20% savings on thermal e nergymtsiito amo
approximately:
1 2,003,820 kWh peryear

The typical cost of energy from an energy centre is currently 4.0p/kWh therefore the annual energy cost saving wouldbeaigbyo
1 Thermal =£80,153.
1 Electricity=£1,418,250

Unfortunately due to its commercially sensitive nature, itis diffialobtain any meaningful data on operating / running costs for Energy
Centres. Without this information it is difficult to make an accurate assessment chaakyperiods.

From studies carried out by Arup Group Ltd. for the Department of Energy and Clirkatey 38 awS @A Sg 2F (KS 3ISyS

RSLIX 28YS8Syild LIRGSYdAalt 2F NBySélotS St SOGNROAGRE (S OKegeafedsediSa Ay
this study to make predictions for payback periods on an Energy Catiert of Dover.

Based on an 8MW Energy Centre for a future Energy Centre at Western Docks, including the private developer stagesedsabd@maiss
an estimate of paybackis made below.

From the above the capital cost from an Energy Centre will ied region of E5SM to £7.5M

CNRY ! NHzLJQa &aGdzRé@ NBLR NI 2LISNIGAY3I I YR YIAY(GiSylyOS 6hgav 024032
Therefore O&M cost estimate = £140,000 x 8BMW = £1,120,000 per year.

From ez<pﬂerienAce of recent Energy Cen:[re sehe within theAUKthe Owner/ Operza}o[s have, found itpegessary to gnte[into energy/wlea§e )
FAINBSYSyua 2F vHn 02 Hpb €SEFENB AY 2NRSNI 02 NBO2dzLd U Khsh udzA{f &K S WS
below).

Therefore thisbould be considered as the payback period.

Build, Own, Operate, Transfer (BOOT) Scheme

The cost of building and operating an Energy Centre at the Port of Dover, as can be seen from the foregoing, will baldensidee
region of £8Mto build and fI0K per yearto operate.

With major infrastructure projects itis common to seek a venture with a third party who will contract to build the fadityhen either:

1 Leasethe facility backto the Port of Dover for an agreed number of years (Port ofidmydrthen operate the facility).
1 Own and operate the facility, selling the energy to Port of Dover and possibly other local developments.

1 Own and operate the facility, selling the energy to Port of Dover and possibly other local developments, before
transferring the facility to Port of Dover ownership after an agreed number of years.
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The third party will fund the building of the energy centre at their expense and recoup their outlay through an agreefbrehtafacility
or by selling the energy to Pof Dover at an agreed price for an agreed period, usually long term (20 to 25 years). During the term energy
price increases are allowed, in accordance with agreed formula, which are also regulated by legislation.

These schemes offer the following adtages:

The Port of Dover would not have to find the initial capital cost to build the Energy Centre
The Port of Dover would not have to find the staff to operate it.

1
1
1 The Port of Dover does not have the responsibility of maintaining the facility.
1

The Porbf Dover would be purchasing Energy at a lower cost than itis currently.

These schemes can have the following disadvantages:

1  When the facility is transferred back major investment could be required to replace plantitems.

1 The costofthe facility is paimhck over 20 to 25 years as opposed to the entire life of the facility.

De-Centralised Low and Zero Carbon Technologies

This section of the feasibility study looks at the use of Lowand Zero Low Carbon technologies (LZC) for the Port of Dover.

puls
o

ArepdNIi s WhLJia2ya F2NI wSySgtotS 9ySNHe i GKS t2NI 27F 5 29D
written (refer to Appendix 6) and much ofit still helgiue today.

This section expands on those technologies idestifis viable for use at Port of Doverinthe previous report and describes other
technologies not considered at the time.

All the systems described within this section will provide energy savings and give a reduction in the Ports carbon féotpeiver,
further assessment will be required in order to understand whether the [ayback periods involve d will provefordiseePortof Dover

The following Low and Zero Carbon Technologies have been considered:
T Wind Turbines

Solar Photovoltaic

Ground Soure Heat Pumps

Air Source Heat Pumps

Sea Water Cooling

Adiabatic (Evaporative) Cooling

Solar Energg Solar Thermal

Biomass

= =4 =8 -8 -8 -8

K [ %/ (SOKy2ft23A8a I1

Q)¢

tt26Ay3 WwSySgloftS 9ySNHe&Q a2dzNDS
wind Energy
Sola Energy PV
Solar EnerggSolar Thermal
ASHP

E_ R JE I I\

Wind Turbines
A description of Wind Turbine systems is given at Appendix 2.

I NBLI2ZNI (GAGE SR ahlLliazya T2NI wSySslo6tS 9ySNHe |G (KBeRdINI 2F 5
Dover.
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may also be planning consent issues related to such large turbines.

However, smaller scale, HAWT turbines generatingin the 15kw range would be suitable to be installed in the port, altpaghabk on
theseis notas gud as larger scale options.

Photovoltaics

As mentioned within appendix 2 Photovoltaics in the marine environment is not as efficient as in land, however, thégoizdspibtential
for PV to be utilised on smaller scales on individual buildings.

Atthe Eastern Docks, the Passenger Handling Building and Terminal Control building would be suitable for PV panels talmmitistalle
roof.

Atthe Western Docks the existing Cruise Terminal 1 and 2 buildings would be suitable for PV installations.

Within the DWDR project a number of the buildings may be suitable, however, this willneed to be assessed on an individuairzasis
the detailed design.

The overall efficiency of photovoltaic panels in a marine environment is not fully defined andalsl@aependant on location, therefore in
assessing the suitability of PV on the various buildings, it would be advisable to trial a number of different makes fgmes @f a
building within the port to determine the exact efficiency and inform on thesirs uitable panels tatilise and the likely payback

Ground Source Heat Pumps (GSHP)
A description of GSHP systems is given at Appendix 2.

There are a number of buildings within the Eastern Docks that are heated by oil fired boilers using Clastd3 gas oi
their primary fuel. To increase efficiency, reduce energy costs and carbon emissions these oilfired boilers could be
replaced with GSHP to reduce energy consumpton.

However, a number of factors combine to make the use of GSHP at the Port of Bss/&nlourable:

1 Restricted space available atthe Eastern Docks site for sinking boreholes or installing horizontal
networks, without disrupting Port operations.
Buildings heating systems will need to be changed to utilise low temperature water.
Due to lowoperating temperature$&sSHIs not suitable to safely ge nerate domestic hot water (DHW).
This leads to the necessity for a second system and increased capital costs.

1
1

Air Source Heat Pumps (ASHP)
A description of ASHP systems is given at Appendix 2.

There are a number of buildings within the Eastern Docks that are heated by oil fired boilers using Class D gas oilas
their primary fuel. To increase efficiency, reduce energy costs and carbon emissions these oil fired boilers could be
replaced with ASHP t@ duce energy consumption.

Seawater Cooling

Within the Port of Dover the only building likely to benefit from seawater cooling, being close enough to the seato
make installation feasible, is the Refrigerated Cargo Terminal (RCT) planned for the \DestiesnThis building has
an estimated cooling requirement (peak load) of 960 kWr.

A standard refrigeration solution for the cooling would comprise of packagecbaled liquid chillers supplying fan
coils units within the building. These refrigerationitsrtypically have Coefficient of Performance (CoP) values around
2 t0 2.2 (ratio of input power to cooling effect).

By changingthe refrigeration units to wateooled units the CoP raises to approximately 3.5 to 3.8. The units water
cooling would comerbm utilising sea water in the condenser to reject heat.

Assuming the RCT coolingis required for approximately 2750 hours a year and a seasonal efficiency of 0.6 (taking the
industry standard) then the electricity used in each type of chiller units fliasvs:

1 Aircooled=0.6x2750 x 318 (power input) = 524700 kWh/year

1 Watercooled = 0.6 x 2750 x 184 (power input) = 303600 kWh/year
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Options for renewable energy in the Port of Dover

The watercooled chillers will use approximately §60% |ess electricity than their atooled counterparts whictsi
approximately 221100 kWh/yeawhen factoring in the energy cost (11.5 p/k\WRort tariff) this equates to an
annual saving of approximately £25,426.

Adiabatic (Evaporative) Cooling
A description of Adiabatic Cooling systems is given at Appendix 2.

Within the current Port of Dover there are no suitable chiller installations that can be utilise this technology.

Solar Thermal Systems
A description of Solar Thermal systems is given at Appendix 2.

Withinthe Eastern docks the only buildings likely toéfit from solar thermal systems are the Passenger Services
Terminal buildings (East and West) and the Passenger Handling Builtiiege buildings currently each have a high
domestic hot water load which is provided by 2 No. 900 litre calorifiers heage82kW electric heaters (each).

Withinthe DWDR projects (Phase la & 2), although having a relatively small domestic hot water demand, the
following buildings are likely to benefit from solar thermal systems:

1 RCT

1 RNLI

Biomass Systems

Biomassreduces thcarbon footprint of buildings but does not reduce energy use. Therefore they have not been
considered any further.

Alternative Energy Sources

Biogas from Sewerage Pumping Station

Located at the western end of the Port of Dover is Dover Town main wadéz pumping station. An investigation
was made to ascertain whether the methane released fromthe plant was in sufficient quantities to make the
collection of it viable as a source of gasto power a CHP unit.

Investigations to Southern Water proved fietas contact with the correct person could not be establisHedrther
investigation with the design team showed that not only would the quantities of methane be low but that it would
also likely be sporadic.

If firm data from Southern Water can be @ined in the future, it may well be worth reonsidering this option
although, for the scheme to become viable legal agreements would need to be reached with Southern Water of the
purchase of gas, agreement of guarantee of supply etc. These may welldifftvat and costly to reach.

Anaerobic Digestion (AD) Plant

An Anaerobic Digestion plant (AD) would form part of an energy centre for either the Eastern or Western Docks to
provide Biegas to power a CHP unitand or boilers. A brief explanation ofrAbeeDigestion plant can be found at
Appendix 3.

The following is a brief study into a possible Anaerobic Digestion plant based onthe use of a 1200kWe CHP unitin an

Energy Centre. The 1200kWe CHP unit has been chosen as this size fits with the d$titneges nergy demands of
both the Eastern and Western Docks.
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Options for renewable energy in the Port of Dover

To support a 1200kWe CHP unit the Anaerobic Digestion plant would need to deliver approximately 4,563€80 m
of biogas. Thiswould require a plant handling approximately 24,000 tongeeiof feed stock and have a total plant
area ofapproximately 90m long x 75m wide with the storage silos approximately 6 m high.

Cost of providing the AD plant + CHP:

Capital cost for installing AD plant is approximately £8750 per kWh
Yearly maintenarecost for AD is approximately £520 per kWh

Capital cost = £10,500,000 + VAT
Annual maintenance cost = £624,000

Costof energy fromthe grid:
Electricity = £0.115/kWh
Gas = £0.045/kWh

Oil = £0.056/kWh

Costof energy from CHP (Typical) = £0.04/kWh

Mostof the thermal energy at Port of Dover is supplied from gas oil, therefore the average cost per kWh for energy at
the Port of Doveris £0.051/kWh

Therefore cost of supplying energy from the AD / CHP plantis around 1/4 of grid supply.

Conclusions

1 ThePoii 2F 52 @SNDa OdzZNNByd LINPAINIYYS F2NIGKS NBLX I OSYSyi
reduction of energy usage. This programme should continue targeting the areasidentified within this report, such
as lighting.

1 To enable an Energy Centeeprovide electricity to the Port of Dover, the existing main electrical infrastructure
will need to be rationalised and adapted to enable an energy centre to be connected.

1 An Energy Centre for the Eastern Docks could be viable in the future.

An Energyéntre for the Western Docks could be viable in the future.

With the development of future phases of the DWDR project an Energy Centre, incorporating a mix of traditional

and renewable energy sources, may be a realistic proposition.

1 AnyEnergy Centre isdilly only to be financially viable through a joint ve nture with an energy supplier or private

developer.

Capital cost of an 8MW Energy Centre is estimated at £8M

Payback period foran 8MW Energy Centre is estimated at 25 years

Retrofitting of LZC technolcag e.gPhotovoltaigpanels and smaller scale HAWT turbines, to the Port of Dover

existing buildings will reduce energy use and provide payback oninvestment.

1 Sea water cooling for the RCT will provide energy savings over traditiomaicdéd systems.

1 Anaerobic Digestion plant may be viable with an Energy Ceantiee future but ve hiclenovements to spply
feedstock and remove waste will need to be considered.

1 Grants and Funding streams are currently available for new renewable energy projects. It bamnaranteed
thatthese grants and funding stream will be available inthe future.

= —a

= = —a
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Options for renewable energy in the Port of Dover

Recommendations

=

Continue the capital replacement program for the introduction of low energy lighting and installation
of lighting control systems.

Existingouilding services installations should be replaced / upgraded with low energy, energy saving
systems and devices, where practical, to affect energy savings.

The rationalisation of the electrical distribution network should be carried outduring the DWDR
project, with the view to connect to an Energy Centre in the future.

Any significantthird party property development should undertake further detailed study for the
inclusion of an Energy Centre at Portof Dover, including use of alternate and renewabdy e

sources.

Further investigation into the type of Photovoltaic Panels to utilize atthe Port of Dover, including
trialing a number of different makes/types to assess the most suitable panel to utilize.

For all new build projects the aimshouldbetokat S@S | . NSSIFY N} GAy3 27F

WY+ SNE

All new buildings should have very good U values and utilise low energy building services installations

such as LED lighting, lighting controls and heatrecovery ventilation systems.
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Appendix 1- Site Information

Port of Dover Electricity infrastructure

The electrical infrastructure within the Port of Dover has evolved over timbabtisiness need has changed. This
has in partled to the electrical infrastructure being fragmented.

The infrastructure at the Eastern docks is different to the Western Docks. The Eastern Docks has a single point of
supply from the electricity authontne twork, where the Western Docks has multiple points of supply fromthe
electricity authority network.

Eastern Docks

The Eastern Docks has a single point of supply provided by the electricity authority (UK Power Networks) which is
located near the entince to the Eastern Docks. A private 11kV HV ring runs around the Eastern Dock site with
eighteen sub stations (of varying capacities) located around the site transforming the power from 11KV to 400V. At
each of the suistation locations there is an LV gehpanel which provides supplies to buildings, estate lighting or
otherloads within the near vicinity.

At each substation location there is also a standby generator to provide security of supply in the event of power
failure.

The Dover Harbour Boaadirrently reserves 4.5MVA of capacity; however, over the past 12 months (June 2014 to
June 2015) the highest recorded maximumdemandis 2.2MVA.

All of the electricity currently used at the Eastern Docks is supplied from the electricity authority network.

Western Docks

The Western Docks is supplied by eight separate substations connected to the electricity authority network. The sub
stations are fed from two separate Electricity Authority 11KV HV ring circuits. Thstadioms supply the various
mainloads around the Western Docks areaand are dedicated sub stations for Dover Harbour Board

There are also a number of smaller LV supplies to office buildings, car parks, etc., which are supplied from other sub
stations on the electricity authority networkThese sub stations also supply other consumers in the locality.

As mentioned above the eight s«tations are fed from two separate 11kV HV ring circuits. One ring supplies three
sub-stations to the east side of the Western Docks and the othersimgplies five suistations to the west side of the
Western docks.

The three sukstations to the eastern side are:

Hoverport (363999)
1 The existing Hoverport area is fed by 2 No. 800k VA transformers providing what is believed to be
N+1 redundancy.
1 There & currently noload on this supply. However, 700kVA of Load is being reserved for future use
bythe DWDR project.

Clock Tower (363156)
1 The existing Transformer is a 300kVA transformer.
1  The Clock Tower supplies the Prince of Wales Pier (Kiosk, Café@dgdthn lights), Sea Angling
Club, North Pier, Marina and Esplanade.
1  The highest Maximum demand reading between May 2014 and May 2015 is 50kVA.

Tarmac Roadstone (363213)
1  The transformer at this substation appears to have been removed, however, theagiW&in units
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remain.

1 The removed transformer was a 250k VA transformer and it is understood that a majority of this load
may still be available to Dover Harbour Board although not reserved.

The five substations to the western side are:

Snargate Stre€363210)
1 The existing Transformer is a 500kVA transformer.
1 This substation feeds 2 toilet blocks, marina sockets, swing bridge pillar and external boat hoist,
together with a few other smaller single phase supplies.
1 The highest Maximum demand reading tveen May 2014 and May 2015 is 108k VA.
1 DHB are currently payingto reserve 200kVA of Load

Western Docks (364384)
1 The existing Transformer is a 1000kVA transformer.
1  The highest Maximum demand reading between May 2014 and May 2015 is 265kVA.
1 DHB currently reerve 1000kVA of Load

Hawksbury Street AUTO (363177)
1 The existing transformer is a 1000kVA auto transformer that transforms the voltage from 11kV to
6.6k V.
1 The substation feeds the Brett/Ce mex Plant and sewage pumping station on the opposite side of the
accessroad.
1  When the Brett/Cemex plant moves out there will be some available capacity (unknown at this time)

Tug Haven (364260)
1 The existing Transformer is a 315kVA transformer.
1  The highest Maximum demand reading between May 2014 and May 2015 is 130kVA
1 DHB currently reserve 250kVA of Load

Southern House (363211)
1 The existing Transformer is a 500kVA transformer.
M  This sub station feeds Lord Warden House and No. 1 Shed together with a number of other small
external loads.
1 The highest Maximum demand re adibetween May 2014 and May 2015 is 55kVA.
1 DHB currently reserve 400kVA of Load

As can be seen fromthe above summary, the loads on some of the transformers are low.

Current Gas Infrastructure

This section of the report looks at the current gas netwiarfkastructure at the Port of Dover.

Eastern Dock

Currently there are no grid network gas suppliesto the Eastern Docks. Gas mains are present running along Townwall
Streettowards Jubilee Way but these are relatively smallfor the supply to domesditirdys.

Western Docks

There is currently a 125mm gas supply running along The Esplanade to serve Harbour House and the old Hoverport.
This service has been capped at the junction of The Esplanade and Union Street and the supply to the Hoverport

removed,although the main is still live and serving Harbour House.

A pipe of this size would have a capacity of approximately 25 to334¢ﬁ70q 365kW).
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There is gas infrastructure serving the Cruise terminals and Lord Warden House which runs along thte A20 an
branches along Admiralty Pier. This main is approximately 250mm and has a capacity of approximately 120 to 165
m*h (1300 1750kW).

Current Fuel OIl Infrastructure

This section of the report looks at the current fuel oil infrastructure at the Poxadfer.

Eastern Dock

There are currently seven buildings in the Eastern Docks that use oil fired boilers as their primary means of generating
thermal (heat) energy for heating and producing domestic hot water.
All these boilers are relatively small capggcanging from 250kW to 350kW output.

Each oil fired building has its own dedicated fuel tank local to the boiler with ncdot@nections.

The total fuel oilused during the twelve months of July 2014 to June 2015 was 243,187 litres which equates to
approximately 2,425,000kWh of energy.

Western Docks

There are only two buildings covered by the Western Docks, within Wateroo Crescent, known to use fuel oil for

heating. Both these buildings are domestic houses converted for mixed office / domestithese.is no data
available to assess the fuel oil usage.
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Appendix 2- Low and Zero Carbon Technologies

This appendix describes the Low and Zero and Carbon technologies (LZC) available.

Wind Turbines

A wind turbine isa device that converts energy from the wind into electrical power. Wind turbines canvaryin size and
power output from very small onesthat can supply energy for battery charging systems (boats, caravans efc.) to large
ones grouped on wind farms that suggelectricity directly to the national grid.

The output froma wind turbine is sensitive to wind speed. It is essential that turbines should be sited away from
obstructions, with a clear exposure or fetch for the prevailing wind (A fetch is the disteuscevhich air is moving

over water). Wind speed also increases with height soitis best to have the turbine high up, and most small turbines
have towers much higher relative to their diameter than large ones.

A turbine will begin to generate electricityith a typical wind speed of6m/s and will continue to do so until the
wind speed reachesthe cut out speed, (about 25m/s). Atthis pointthe turbine willshut down, rotate out of the wind
and wait for the wind speed to drop to a suitable speed towalbe turbine to start again.

Wind turbineswork at their most efficient when there is a relatively high wind resource on a site and where air flows
avoid turbulence (e.g. from nearby buildings).

A major problem with wind turbines is they generate powsdren the wind blows rather than when the poweris
required. In the past this has made them uneconomical to operate as the price paid to export electricity to the grid is a
fraction of the price paid for electricity used fromthe grid. This is no longer an issue due to the governments

Feed in Tariffs.

¢KS gAYR GdzNDAYS OFLy 06S aAT SR Ay (62 gLead ¢KS FTANRIDG
summer time electrical baseload to maximise the amount of electricity used by the lpiildia to low price paid for
exported electricity. The second option is to oversize the turbine to take advantage of thdii-@aiiffs and the

economy of scale of larger turbines (a larger turbine has a lower cost per kW of installed capacity).

Photovoltaics

Photovoltaics (PV) is a method of generating electrical power by converting solar radiation into direct current
electricity. Solar photovoltaic cells contain two layers of seamiductor materials, such as silicon, and when light
shines onto the ceBlectrons pass across the junction between the two layers; this produces a flow of electricity
which can be harnessed. Electricity can be generated even if there is an overcast sky.

With advances in PV technologies the panels are now suitable for unsarine e nvironments although the outputis
de-rated.

Until recently the cost of photovoltaic systems had been prohibitive ; however with the introduction of therieed

tariffs (see below) the cost became more feasible with reasonable payback periodsiskirged. In addition, as
photovoltaics have become more popular the prices of the systems have reduced significantly. An array providing an
output of 1kW peak can be expected to costinthe region of £2,500 to £3,500, depending on the type of panels used
and size of installation.

Feed intariffs (FIT) are anincentive to generate electricitgitan Payments are received for each unit of electricity
generated, with an additional payment re ceived for each unit of electricity that is exported back guithéf itis

surplus to the building/site load. The tariff levels can be changed by the government but once a system is registered
the tariff is fixed for a settime period (25 years for PV). To be eligible for the FIT payments the PV panels must be
Microgeneration Certification Scheme (MCS) certified. To obtain this requires the panels to be installed by a MCS
certified contractor and conforms to their standards. The feed in Tariffs are typically reviewed annually and have been
reducing significantly ovaecent years.

To maximise the output froma PV panels they should be mounted facing south and ideally at 30° to horizontal. This
would maximise the output of panels and allow for optimum electricity generation.
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Ground Source Heat Pumps (GSHP)

D { Ista® a systemthat utilise the stored thermal energy of the ground for heating and cooling of buildings. The

electrical energy used by the GSHP, to transfer the thermal energy from the ground to the building, is several times
lessthanthe heattransferfrd® ¢ KA a f SIFRa G2 D{ltQa 2LISNYiGAY3 6AGK / 2STFFA
¢3.5i.e.forevery 1 kW of electrical energy used by the GSHP the GHSP traq8férk\W& of thermal energy into

the building for heating.

Althoughthe CoPofGS Qa4 sAtf @F NB RSLISYRAy3 2y G(GKS GéLlS 2F NBEFNARIS
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temperatures below 50°C.

These systems work best when the ground conditions are well compacted (solid) and are conductive with a high heat
capacity (porous material within an aquifer) e.g. wet chalk. These conditions exist at the Porexfmaking the site
ideal for a vertical bore system.

GSHP systems are efficient but due to high capital cost have long payback periods e specially when replacing gas fired
systems. Payback periods are generally inthe order of 12 to 40+ years widikng tnto account Renewable Heat
Incentives (RHI payments) and 6 to 14 years with RHI payments. Refer to Cost Estimates and Basic Payback Period
Analysis section.

Air Source Heat Pumps (ASHP)

F{1tQa NB I &aeadasSy (Kl ( d=ntalfarachingdadcoalifgsfdildings. B¢ SNAe 2 F (K
electrical energy used by the ASHP, to transfer the thermal energy from the air to the building, is several times less
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refrigerant used and operating conditions and varies, in the order of, between 1 (under very low ambient

temperatures) and 3 ie for every 1 kW of electrical energy used by the ASHP the AHSP trgi&skessdf thermal

energyine 1KS O0dAftRAY3I F2NIKSIGAy3ad 1'a GKS /2t @FNASa RdzNRARy3
them across the whole heating season ie the total useful energy supplied against the energy used. This is the Seasonal
Performance Factor (SPF).
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temperatures below 50°C.
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factors still leads to long payback periods, especially when replacing gas fired systems. Payback periods are generally

in the order of 10 years when changifrom direct electric heating to not having a payback within the buildings

lifetime when changing from oil or gas, without taking into account Renewable Heat Incentives (RHI payments) and 5

to 30 years with RHI payments. Refer to Cost Estimates andBadiack Period Analysis section.

Seawater Cooling

Seawater cooling systems generally utilise seawater to provide a means of heat rejection for central refrigeration plant
or as precooling to chilled water systems. Less commonly, it can be used directholing coils, chilled beams etc. to
provide cooling within the building.

The system comprises seawater inlet c/w fish guard, filters, pump set, heat exchanger and discharge pipe.

A standard refrigeration solution for the cooling would comprise ofqaged aircooled liquid chillers supplying fan

coils units within the building. These refrigeration units typically have Coefficient of Performance (CoP) values around
2 t0 2.2 (ratio of input power to cooling effect).

By changingthe refrigeration units tvatercooled units the CoP raises to approximately 3.5 to 3.8. The units water
cooling would come from utilising sea water in the condenser to reject heat.
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2Adiabatic (Evaporative) Cooling

Adiabatic coolingis an enhancement of standard packagedbaled chiller units which can reduce energy
O2yadzYLIiA2y 2F GKS dzyAd o6e dzLJ G2 om:d LG O2yarada 27
coilsinorder to preool the ambient air, by adiabatic cooling, on to the condensersrétiges the condensing
temperature and lowers the fan volumes. The system is controlled automatically to optimise water use ensuring
energy savings always exceeds water costs.

Adiabatic cooling packs can also be refitted to existing chiller units. Hogwer, unlessthe chillers are relatively high
capacity, realistic payback periods are unlikely.

On new installations this can prove to be a cost effective means of reducing energy use.

Solar Thermal Systems

Solar collectors can be used to generate dotitdsot water or space heating, although they are more typically used
for domestic hot water applications due to the low grade heat generated. Solar thermal systems can be one ofthe
most costeffective renewable energy systems available.

The technologyd becoming increasingly popular and it is one which does not usually require planning permission.

Two types of collectors are available: evacuated tube and flat plate collectors. The latter is the more common system
type in use inthe UK and is less expiea than the evacuated tube type but they are typically not as efficient.

Solarthermal panels are normally mounted on the seafatbing roofs of buildings so as to maximise the output of
panels and allow for optimum heat generation. They normally haydaek periods of between 10 to 15 years for
commercial applications but this does depend on having a sufficient demand for hot water. In buildings with low hot
water demand itis unlikely that these systems will realise a payback within the buildingadifet

Biomass Systems

Biomasstechnologies are systems that use bio fuelsinstead of fossil fuels to provide thermal energy for heating and
hot water generation. These bio fuels range from woodchip, wood pellets to biogases adidbéb

Biomassreducgthe carbon footprint of buildings but does not reduce energy use.
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Appendix 3¢ Other alternative Energy Sources

There are two sources of alternative energy that have been considered in thisreport for the Port of Dover, both of
these sources ofbiogao power CHP units.

Anaerobic Digestion (AD) Plant

Anaerobic Digestion is the process by which organic matter such as animal, food waste or liguédtei®is broken
down by bacteriain sealed, oxygen free containers (digesters) to produce biogtsafra rich) and bidertilisers.

The Biogas produced is then used as the fuel to run CHP plant providing power and heat for the anaerobic digestion
plant with the excess being used to power and heat other buildings or sold to the grid.

There are seveldypes of AD plant and available in varying sizes ranging from 50 tons per day to 450 tons per day
(feedstock throughput) producing between 3,500,006p3ryear of biegas to 31,500,000 ?‘rperyear of biegas. This
equals to an approximate energy prodiot of 19,420 MWh/year to 174,780 MWh/year.

Using the smallest plant, when used to run a CHP unit this biogas will ge nerate approximately 7575 MWh/year of
electricity and 6465 MWh/year of thermal energy.

The advantages of using AD plant are:
M fuel from renewable sources
1 possible financial benefits from saleable waste products e.g. fertiliser
1 possible financial benefits from grants and incentive payments
1 Lowerenergy costs

The disadvantages ofusing AD plant are:

1 Significant capital cost
Significant mainteance cost
Long payback period.
Increased traffic movements to supply feed stock for AD
Increased traffic movements to remove AD waste products
Large foot print required for AD plant

= —a —a —a —a
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Appendix 4- Grants and Funding Streams

There are various bodies / ganisations within the UK that applications can be made to in order to secure funding for

FYR WiKNRdAdAK tATSQ LI evySyida Ay NBflGAz2zy G2 AyadlrtflriArzya
technologies.

Examples of organisations that may provideding are:

UK Government (Energy Saving Trust)

The Carbon Trust

The National Lottery

Interreg

TenT
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Any business proposingto use Low and Zero Carbon technologies and renewable energy could be eligible to receive
government payments for the energy produtef they meet the criteria. These payments are commonly known as
FeedlIn Tariffs (FITS) and Renewable Heat Incentives (RHI).

FITS payments are made in relation to electricity generated.
The tariff received depends on the technology used and the sysigmadity.
Eligible systems include:

1 SolarPV

T Wind Turbines

1 Hydroelectric

1 CHP

Tariffs (Generation) range from approximately:
1 4.85p/kWh to 13p/kWh for Solar PV
1  14.45p/kWh for wind turbines
1 14.45p/kWh for CHP

¢ NATFA | NB aLX Al xpodRRifDSY SN GA2yQ GF NATFFa YR 9

The Generation tariff is’re ceivgd for the amount of electricity produced and used on site. ’ .
¢CKS WOELIZNIQ UF NATF¥ Aa NBOSAYUSR F2NJUKS FY2dzyua 2% SE
much lower than the Generatidariffs, in the order of 2p/kWh.

These payments are made fromthe energy shipper.

O«
u»
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Q)¢

RHI payments are made inrelation to thermal energy (Heat) produced and used on site.
The tariff received depends on the technology used and the system capacity.

Eligible sgtems include:

Biomass Boilers

GSHP

ASHP

Solar Thermal

Biogasgeneration

= =4 —a —a A
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Appendix 5¢ Calculations

Crofton Design
The Hoppers EASTERN DOCKS THERMAL LOAD ASSESSMENT

Goblands Farm Business Centre

Hadlow, Kent, TN11 OLT

Tel: 01732 850440 Drn [ chk | [ Date [Sch Ref No

Fax: 01732 850334 SUMMARY IM [ co] [ 2207115 [ 1

email: kent@crofton-design.com

Phase Thermal Load kW Heating Load DHWS Cooling
Passenger Handling 953 818 19 993
Port Control 412 392 20 238
DCT 336 336 0 0
Pass Servives E 263 126 104 171
Pass Services W 219 105 87 143
Freight Import 1 163 154 9 0
Freight Import 2 318 308 10 0
Total 2663 2239 248 1544
%Oﬂsn Design WESTERN DOCKS ELECTRICAL & THERMAL LOAD
© Foppers ASSESSMENT

Goblands Farm Business Centre

Hadlow, Kent, TN11 OLT

Tel: 01732 850440 Drn [ chk | [ Date [Sch Ref No

Fax: 01732 850334 SUMMARY IM [ co] [ 2207115 [ 1

email: kent@crofton-design.com

Phase Electrical Load KVA Thermal Load kW
Phase 1 106.11 0
Phase la 1511.50 355.94
Phase 2 1283.02 19.65
Marina Curve (by others) 1850.12 1729.34
Lord Warden House 220
Cruise Terminal 1 250
Cruise Terminal 2 400
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Appendix 6¢ Options for Renewable Energy in the Port of

Dover Report

Options for Renewable Enerqgy in the Port of Dover

1. Introducti _on

With increasing traffic passing through the port and the master plan underway, operations are
continuing to expand. Due to the increasing amount of energy being used, and the rising prices,
utility bills are a significant part of the ports budget. Th e following graph (Figure 1) shows the
cost of electricity from 2005, and the forecasted budget for 2007. As an increase of almost 50%
is predicted, it is more than apparent that alternatives need to be considered in order to help
reduce these overheads.

DHB's Electricity Expenditure

Cost
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1000000
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600000
400000
200000

2005 2006 Budget for 2007
Year
Figure 1: DHB6s &electricity expenditure for

With improving technology and increasing environmental awareness, renewables are becoming
an increasingly viable option for small and large scale power generation. Renewable energy is
energy that will not run out, such as wind and solar. At present, generation from wind is the
most practical form of renewable power, with a large range of products available on the market.
Renewable energy from solar power is becoming more realistic with new systems also producing
hot water to reduce heating bills. The technology for tide and wave energy is much larger in size
and is designed with large industrial or regional power generation applications in mind. In
consideration of these technologies, this report will be looking at the possibility of the Port of
Dover using renewable energy to reduce its utility bills. This is outlined in the aims and
objectives below.

The aims and objectives of this study are to:

Find suitable options for generating renewable energy for the Port.

Find |l ocations for methods of generation
Show the potential for saving money and reducing CO2 output.

Analyse data to see if the area has an adequate amount of re newables.

Research products currently on the market.

Compare HAWT6S and VAWTH6S to find a turbi
suitable for use at the Port of Dover.

=a =4 =8 -4 -8 A
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Compare the physical characteristics of the turbines currently on the market to fin d
suitable products.

Compare and analyse the initial cost, maintenance and possible savings of the suitable
products.
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2. Wind Power

Wind is the most common form of renewable energy; however, it currently generates less than
1% of the wo rThedJ& & a grimepogitign. to harness wind energy, receiving 40%
share of Europeds total wind energy. Dover
helps to funnel the dominant South Westerly winds to the area.

In order to see if itis vi able for Dover to use renewable wind energy, several enquiries have been
made about the average wind speeds of the area and about the products that are currently
available.

Dover Harbour Board (DHB) measures wind speed at its Tide Gauge, based on the end of the
Prince of Wales Pier. The equipment is a Valeport Midas 400 weather station, this records wind
speed and direction, sea and air temperature, amongst other readings. The data is logged every
minute, providing a large and detailed amount of data whic h can be analysed.

This data has been recorded since 1990, though for the requirements of this report, only data
since 1996 has been used.

The wind speed data has been averaged whilst the mode of direction was calculated in order to
find the most common direction. These were then used to calculate and produce wind roses of
the area to show the most common wind speed and direction. These are represented in Appendix
1.

The daily wind speed data was also averaged to find the monthly average data since 1996, this
can be seen in Figure 2.
21 Results

The lowest average monthly wind speed between 1996 and 2006 is 5 knots (3m/s), the majority
of the months average between 5 knots (3m/s) and 10 knots (5m/s).

The winter of 2000/2001 seemed to have a particularly high average peaking at a 15 knot (8m/s)
average in December 2000.

The highest average reached was 18 knots (9 m/s) in February 2002.
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W Average Windspeed
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Figure 2: Average wind speed in Dover Harbour (recorded from the tide gauge atthe end of the
Prince of WalesPier) Coor di nates of tide gauge: 51A60651.87270606

The wind roses shown below, and in Appendix 1 show a distinct South Westerly trend throughout
the past 11 years. There is an exception with the 2005 data with the highest proportion o fwind
coming in from a North Westerly direction. 1998 and 1999 had the highest proportions of wind
coming in from the South West and a high percentage of that was over 7 knots.

2005 2006
Figure 3: Wind roses showing wind speed and direction for 2005 and 2006 (recorded from the
tide gauge at the end of the Prince of Wales Pier)

Coordinates of tide gauge: 51A60651.872766N 1A19621. 4
2.2 Analysis
The lowest monthly wind speed average at Dover in the last 11 years is approximately 5 knots,

Dover is in a prime position to harness wind energy. There are many products on the market
and technology is continually improving, thereby making it possible to harness this energy. Small
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scale and domestic wind turbine products are considered in this project as the DHB does not
have the land space to consider using large scale installations. *

There are two types of small scale turbines on the market at the moment, Horizontal Axis Wind

Turbines (HAWT) and Vertical Axis WindtTadibtiinesal(d/ AW
looking turbine with the same design used for large scale installations. Due to their wide usage,

the technology is more advanced than with the VAWT, with a larger range of products, varying in

style and wattage.

VAWT are more suited to urban areas. Because of their design, the wind direction is not as
important. In urban areas, wind direction is varied due to the position of buildings, but this does
not affect the operation of the VAWT. This is because wind direction dos not affect VAW T so if
there is interference from obstructions, the VAWT will still turn.

Y

Figure 4: Far left: an
example of a domestic
6kw HAWT. Immediate
left: a domestic 6kw
VAWT.

The wind turbines generate electricity when the kinetic energy created by the wind turning the
gears and the generator, is turned into electricity. Consequently, the faster the gears turn, the
more electricity is generated, therefore wind speed is proportional to generated electricity. One
of the differences between the HAWT and the VAWT is that the HAWT has alow-speed shaft
turned by the blades, which is then connected to a high -speed shaft to increase the rpms
(rotations per minute). The VAWT tends not to have the low -speed and high-speed shaft, which
means there is less equipment inside it that can become damaged.

Financial savings are the major consideration when looking at renewable energy. Even though
the two examples used below are similar, there are other factors to consider. In this example,

products that are currently on the market have been compared. The HAWT is produced by
Proven Energy Ltd and the (VAWT) is from Quiet Revolution Ltd.

The following table shows the basic statistics of each type of domestic wind turbine:

Table 1: Basic Statistics of one HAWT and ore VAWT.

HAWT (WT6000) VAWT (QR5)
Qutput B6kw 6kw
Height 9-15m 14m
Diameter 5.5m 3.1m
Noise Output 45-68 dBa None
Annual Energy Output 6,000-12,000kwh 10,000kwh
Lifespan 20years 25years
Capital Cost £18,000 £30,000
Payback Period 2.85 years 4.76 years

The full technical specifications for both of these turbines can be found in Appendix 2 and 3.

1 A space of 150 to 300 m needs to be left between wind turbines or from other obstructions
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The following table shows the possible financial savings over the life span of the two turbines.
This is calculated with the turbines working at 30% eff iciency 24 hours a day, 365 days a year.
The cost of the turbines does not include the reduction from grants which may be available. This
is addressed in Section 6 of this report.

The saving per unit is the amount currently paid per unit, calculated b y the cost of electricity per
unit in 2006 at 5.0475p, and the climate change levy at 0.43p per kWh.

Table 2: Estimated savings using examples of products currently on the market.

HAWT (WT6000) VAWT (QR5)
The turbine x 30% 6kW x 0.3 x 8,760hr= 6kW x 0.3 x 8,760hr=
efficiency x (24 hours x 15,768kWh per year 15,768kwh per year
365 days)
= energy generated
yearly
Energy generated per 15,768kWh x £0.05775= 15,768kWh x £0.05775=
year x saving per unit =
saving per year £910.6 per year £910.6 peryea r
Cost of turbine  + annual £18,000 + £910.6 = 19.8 | £30,000 + £910.6 = 32.9
saving yr payback period yr payback period
= payback period
(Lifespan 1 payback (201 19.8)yr x £910.6= (251 32.9)yr x910.6 =
period) x annual saving
= saving over lifetime of £182.12 -£7193.74
turbine

From these figures, it would seem that the HAWT is more economically viable to use. However,

the amount it will save in its predicted life is only £182.12, assuming it will generate electricity
throughout. There are also other factors to consider that were mentioned previously (page 3).
These include the initial capital costs, maintenance, the start-up and cut-out speed for the

turbines. These could mean that the payback time is even longer for the turbines, with high
maintenance costs if things break down. Then the start- up and cut-out speeds become more of

an issue in order to make it worth while. Though the capital costs for both turbines are quite

high, the VAWT (QR5) costs nearly double at £30,000 to install comparedto t he HAWTO s
(WT6000) £18,000. This means a longer payback period for the VAWT (QR5).

Start-up and cut-out speeds for the turbines are an important factor to consider. The start -up
speed for the HAWT is 2.5m/s (5 knots) and 4m/s (8 knots) for the VAWT. As seen in Figure 3,
the start-up wind speed for the HAWT is equal to the lowest average wind speed that was
calculated in Dover. The HAWT also has the advantage that it does not have a cut-out speed.
This is where it does not stop generating electricity when the winds are really high. This is
shown in Figure 5. Even though power generation peaks at over 6000W at around 12m/s (23
knots), it is still able to generate power at over 20 m/s (39 knots). Over the last 11 years there
has not been an average monthly wind speed of over 18 knots, but the port can often have days
when it is significantly above this, with even stronger gusts of wind.

7000

. ., Figure 5: Electricity generated by HAWT WT6000 at varying
L A wind speeds. (From Technical Specification)
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Conversely, the VAWT has a higher startup speed of 4 m/s (8 knots), which means that over the
last 11 years, only 75% of the average monthly wind speeds have been sufficient enough to
generate electricity. This product also has a cut-out speed which is at 16m/s (31 knots).
Therefore at wind speeds over 31 knots, the VAWT stops generating electricity and spins freely.
This is so the working parts are not damaged due to friction during high winds. Even though
none of the monthly average wind speeds are over 31 knots, there are several occasions
throughout the year, especially during the winter, where wind speeds reach over 31 knots.
Between the 1% October and 31 December 2006, there were 35 days where the wind speeds
increased over 31 knots suggesting that the HAWT would be more suited to the metrological
environment of Dover.

By considering these two products, the HAWT and the VAWT do not make a significant savings
for the turbines to be worth the investment by the port. The initial investment oft he VAWT even
creates a deficit. One answer to this is reducing the cost of the turbines themselves, by applying
for grants to make it more economically viable. This is considered in section 6. Possible
locations for this product will be also considered in detail in section 6. Larger versions of this
product could also be considered, with the example of the HAWT (WT15000) from Proven Energy
Ltd. This is a 15kW turbine and the Technical Specification for this product can be found in
Appendix 4. However, with increased possible output, there is also an increase in the capital
investment and therefore increase the time that it would take until it actually paid for itself.

Figure 6: The HAWT WT15000 from Proven Energy Ltd.

G

-r'.}; sd

Below is a table showing the potential savings that the HAWT (WT15000) could have working for
1 year, at 30% efficiency. This is more than twenty times the savings of the HAWT (WT6000) or
the deficit of the VAWT (QR5). The cost data for this turbine was not available s o payback time
could not be calculated.

Table 3: Potential annual money saved with the WT15000 from Proven Energy Ltd.

HAWT (WT150000)
The turbine x 30% efficiency x (24 hours x 15kW x 0.3 x 8,760hr=
365 days) 39,420kWh per year
= energy generated yearly
Energy generated per year x saving per 39,420kWh x £0.05775=
unit £2,276.505 per year
= saving per year

The savings can be calculated for large industrial wind turbines (3MW). These have been
installed at Bristol Port where it is envisaged that the turbines will generate up to 75% of the
ports electricity. Below is a table showing the potential savings that a 3MW turbine could have
during a 1 year period, working at 30% efficiency.

35



Options for renewable energy in the Port of Dover

Figure 7: The Bristol Port Companies 3MW turbines on the edge of the Severn Estuary.

Table 4: Potential annual money saved with a 3MW turbine.

3 MW turbine
The turbine x 30% efficiency x (24 hours x 3MW (3000kW) x 0.3 x 8,760hr =
365 days) 7,884,000 kWh per year
= energy generated yearly
Energy generated per year x saving per 7,884,000kWh x £0.050475 =
unit
= saving per year £397,944.9 per year

With the potential to produce more electricity, the Port or Dover would have the opportunity to
export electricity to the National Grid. However, there are other costs to consider such as:

- Planning Issues

- Maintenance (employment of specialist technician)

- Visual Impact

- Implications of cable burial if built on Southern breakwater

- Interference with radar

- Interference visually with operations.

As mentioned abowe, the interference of radar returns by the wind turbines may be an in issue.
However, it is the large industrial turbines that have an effect rather than the smaller, domestic
products. This is because of the smaller diameters and the material that the domestic products
are made of.

The large industrial turbines have the reputation of affecting radar, as even though radar is able
to fade out stationary objects, the rotating metal blades are struck by the radar when they are at
different points of rota tion. This means that the radar picks the blades up as though they are
any moving object and translate them into noise. This may also cause a problem by the turbines
creating a shadow behind them. This would mean that if any object, or in the case of th e port, a
ship was directly behind the turbine, the people in port control would not be able to see them on
the radar. The type of product and its location must be considered carefully in relation to its
affect on operations. This is discussed in Section 9.3.

There is great potential atthe Port of Dover for wind energy to be harvested but the cost of small
scale turbines are currently making it uneconomical to consider installing them. With such a
large projected utility costs in 2007 of £1.8 million, these savings do not significantly reduce it.
In theory, if the payback time for the any of the turbines was shorter, it would not only help to
reduce the Harbour Boardob6s energy bills, but
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the environment. With these goals in mind, small wind turbines at present may not be the
answer. The economic viability of larger wind turbines will be addressed in more detail in section
8.
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3. Solar Power

Solar energy is becoming increasingly accessible as technabgy improves. Though more suited to
sunnier climes, there is still a place for solar power in the UK. Power is generated mainly by the
number of hours of sunlight and not entirely by the intensity of that sunlight. The leading
countries at present in Photovoltaics (PV) are USA, Germany and Japan boasting 90% of
installations.

Figure 8: A Photovoltaics module
(www.ecofirst.net)

In order to | ook at Doverdés suitability for the prod
needed so the amount of electricity that can be produced can be calculated. However, due to

costs, Dover sunshine hour data is not available from the MET office. For this study, Eastbourne

sunshine hour data has been used instead. At approximately 50 miles away, the data for

Eastbourne may not exactly be the same as Doverds bu
very slight difference in latitude is negligible, and will not effect the inclination of the sun and

therefore effect the sunshine hours. Below is a map showing the distance between Dover and

Eastbourne.

Figure 9: Location of Eastbourne in relation to Dover.
From the Eastbourne data, the sunshine hours and possible electricity output (using a 5 kW

Photovoltaic (PV) module) has been calculated. In order to compare the data since January
1996, (the same time span as the data for wind energy) a yearly total for the last 10 years has
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also been calculated together with a monthly and daily average for every month. The
electricity that could be gendeal has been calculated by the following formulae.

The wattage of the PV module is multiplied by the number of hours it is exposed to sunlight, and
then multiplied by any losses that the system may have.

= (Sunshine hours x Watts) x efficiency

The efficiency of PV modules depends on the material from which it is made. The main materials
are:

- Monocrystalline Silicon- 15-18% efficiency
- Multicrystalline Silicon Cells- 10-12% efficiency
- Amorphous Silicon- 6% efficiency

For these results, an example of 5kW has been used for the PV module has been used, with 18%
efficiency (the maximum efficiency available).

3.1 Results

The following chart (Figure 10) shows the monthly total sunshine hours and possible electricity
generation (at 18% efficiency) betw een January 1996 and December 2005.

There are the obvious winter/summer trends, shown by the peaks in the summer months and
troughs in the winter months.

The summer of 1999 peaked at 297.7 sunshine hours in July, having the potential to produce
267.93 kW with a 5 kW (PV) module.

The month with the least amount of sunshine hours was in December 2002.

Sunshine hours and possible electricity generation
at 18% efficiency.
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Figure 10: Monthly sunshine hours and possible electricity generation (at 18% efficiency).

The chart below (Figure 11) shows the total sunshine hour s for the years between 1996 and
2005. There is no significant variation between each year for sunshine hours, with the range

being only 415.6 sunshine hours. The amount of electricity that could have been generated
follows the same trend as the sunshine hours.
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Total Yearly Sunshine hours and possible electricity

generated at 18% efficiency
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Figure 11: Yearly total sunshine hours and possible electricity generation (at 18% efficiency).

Figure 12 is the monthly average for each month for the years 1996 to 2005. This shows, as
expected, that the main months for solar generated power are May to August, with December
and January experiencing the least sunshine hours and therefore generating minimal quantities
of electricity (60-80kwWh).

Average Monthly Sunshine Hours (96-05) and possible
Electricity Generation at 18% Efficiency
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Figure 12: Average monthly sunshine hours and possible electricity generation (at 18%
efficiency).

Figure 13 looks at the average daily sunshine hours for each month. With an average of 2
sunshine hours recorded in December, it is expected that approximately 2.25kWh of electricity
can be generated per day during this month. The sunshine hour daily a verage stands at a total
of 5.3 hours/day.
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Average Daily Sunshine Hours per Month and possible
Electricity Generated at 18% Efficiency
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Figure 13: Average daily sunshine hours and possible electricity generation (at 18% efficiency).

3.2 Analysis

The Sunshine hour graphs do not vary significantly each year, and the monthly trends are what
are to be expected with a low number of sunshine hours in the winter and a higher number in
the summer. During the summer, more electricity will be generated. However, DHB uses more
electricity during the winter for heating and lighting. Less electricity wo uld be generated by the
PV modules at this time.

PV generates electricity when sunlight hits the cells. These cells are semi conductors usually
made from silicon, and the light energy that is absorbed by the semi conductors causes electrons
to move about. Electric fields are used to direct the electrons around the cell and they create a
current when they pass over metal contacts at the top and bottom of the cell. This gives up the
power that we can then use. This is shown in the following diagram.

frent contit prid

: 2
2 } v A
hackcontact I

Figure 14: Principle of PV electricity
generation.
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The low efficiency of these cells is due to several factors:
- Silicon is not a good conductor
- Not all light rays are converted (some are too weak or too strong)
- Energy is lost in the connections/wires etc.

As technology improves, the efficiency of PV cells is increasing and production costs are
decreasing. The market has also continued to grow and subsequently there has been a decline
in manufacturing costs dropping by 3 to 5% a year in recent yea rs, the range of cost-effective
uses is expanding.

With such low efficiency rates, maximum sunshine hours are needed and therefore this
renewable energy application may be more suited to sunnier areas such as southern Europe and
along the equator, as opposed to the south-east of England.

The following table calculates the energy output of a 5 kWh PV cell working at 18% efficiency,
using the yearly average number of sunshine hours in Eastbourne.

Table 5: The annual monetary saving using a 5kWh PV cell at 18% efficiency using yearly
average sunshine hours (Eastbourne).

The PV cell x 18% efficiency x 1944.36 5kWh x 0.18 x 1944.36
(average yearly number of sunshine hours (96 -
05)) =1749.92kWh per year
= energy generated yearly
Energy generated per yearx sa  ving per unit 1750kWh x £0.05775
= saving per year

=£101.06 per year

With such a small annual saving, the payback time for the PV cell itself will be phenomenal when
the cost of a 1kWh cell is approximately £3000+ with the help of a grant. Thisisa high capital
cost for a renewable energy source that will only be saving around £20 a year (£101.06 / 5
(number of kW)). This has also been calculated using a high efficiency solar panel which may
also affect the initial price of the product. It has been difficult to use the example of a particular
product as PV prices are subject to more adjustment, depending on need, location and
installation.

The potential for solar power is certainly not as high as wind power in Dover at present with
product efficiency too low and costs too high. England is certainly not known for its amount of
sunshine and the number of sunshine hours, especially in winter does not help the argument for
solar energy. As with wind energy, grants may be the key to the use of solar en ergy within the
port, but space and location, as addressed in section 9, will also be an issue.
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4, Tidal Power

The technology for tidal power is not as developed as wind or solar power. Tidal energy
generates electricity by capturing the energy that is contained in moving water masses or tides.

Two types of energy can be extracted. These are:
- kinetic energy of currents between ebbing and surging tides.
- potential energy from the difference in height between high and low tides (captured by
barrages or dams).

Kinetic energy generation is becoming much more feasible today rather than buildin g large dams.
Placed in strategic areas with high current speeds, tidal devices are able to generate electricity
for a large proportion of the day. Even though tides are a reliable source of renewable energy,
they would not produce electricity 24 hours a day. This is because tides change direction and
vary in strength, depending on the lunar cycle.

The diagram below (Figure 15) shows the amount of tidal energy in areas around the coast of
the UK under 25m depth. According to the map, the area around Do ver has a tidal energy
density of 0.26-0.5kW/mz2. This is not very high when compared to the Severn Estuary that
generates between 2-5kW/mz2.

Areas of the UK uniquely
available to Pulse Technology
(bright colours)

4

Dover

D Dry land

D Water over 25m deep

Tidal energy density in water under
25m deep

B o-oxswvim
B oox-oskwim
. 051-1kWims
B ooi-2wvime
(] 2-swwrme

derived from Atlas of Manne Renewatle Energy
Resowces. (DT1)

Figure 15: Tidal Energy density around the UK.
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been analysed.
In order to do this, the diagrams (see Appendix 5) were split into a grid as shown in Figure 16.
At every hour, the currents were split into 1 knot, 2 knots and >3 knots. If a section had an area

of over 50% and speeds over 3 knots, the whole square was counted at >3 knots. The sections
were then cross referenced over the tide cycle and the number of hours that were over 3 knots
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where recorded and the diagram (Figure 16) colour coded. The data h as been analysed in this
way as a suitable site and the type of tidal generator depends on the speed and location of the
currents.

4.1 Results

The following chart shows the humber of hours in that area, where over 50% of the section has
speeds greater than 3 knots (1.54 m/s). This suggests the areas that would produce the most
energy are to the Southeast of the port, with over 3 knot (1.54 m/s) currents for 7 hours during
a tidal cycle. Unfortunately this area experiences the most intense vessel movements of the
surrounding area.

The areas that are least suitable area for capturing kinetic energy are closest to the shore with

current speeds not reaching 3 knots and a high rate of eddy generation. However, these areas
may lend themselves to the capturing of potential energy from the difference in height between
high and low tides.

7 hours 6 hours 5 hours

1 hour

Figure 16: Tidal Energy around the Port of Dover representing the number of hours the area has
tidal currents over 3 knots during a 12 hour tidal cycle.

4 hours 3 hours

4.2 Analysis

The results focus on the capturing of kinetic energy around the Port of Dover, and the speeds of
these currents are the key to the harvesting of this energy. As mentioned in section 4.1, the
marine side of renewable energy is a much younger technology, with many products still in the
early stages of testing.

The following products are all being tested and are more designed towards generating power for
regional areas and do not cater for the individual consumer (such as DHB) as do the wind
turbines or PV cells. For some of the following products, the Dover Strait may be ideal for
generating power in the future. As most of these products are still being developed and tested,
not all the information regarding the specified categories was available for this study.
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Table 6: An example of products that could capture tidal energy.

Product Current Speeds % Potential
Start- Ideal Max | efficiency annual kwh
up that could be

generated

Bowsprit 2m/s 4 65% 600 kW with 10m

Generator knots turbine diameter,
2 m/s (4 knots)
current,45%
efficiency=
2,332,800 kwh
plyr

Davis 2m/s 4

Hydro knots

Turbine

Gorlov 0.6 m/s

Helical

Turbine

Hydro- 2m/s 4 65% 600 kw

kinetic knots =3,369,600 kWh

Generator p/yr, 15m
turbines, a 2m/s
(4 knots) current,
65% efficiency

The 1.5 m/s

Stingray 3

knots)

In respect to the harvesting of potential tide energy, the Port of Dover has a mean spring range
of 6.0 m and a mean neap range of 3.2m. This means that during spring tides, the generation of
electricity from potential energy may be suitable.

The tidal lagoon below is suitable for a tidal range above 4m and is created by constructing an
enclosure within the intertidal range with different pools inside. There are then multidirectional
turbines between these pools that generate electricity when water is moving between them.
With several different pools filling at different rates, electricity is being generated all day and
solves the intermittency problems found with alternative devices.

Figure 17: Tidal Lagoon
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If any of the afor mentioned devices could be implemented in the immediate vicinit y of the port
due to its potential and the tidal range of the Dover Strait, the most logical would be a small tidal
lagoon. Though this may not be able to generate electricity directly for the port. These are
currently being built on a large scale (a 5km project planned off the coast of Swansea, Severn
Estuary) and would be impossible to implement due to the intense use of the shipping lanes in
the Dover Strait. This would make the other devices more suitable. However, the conditions
needed for the major ity of the devices are not within the immediate vicinity of the port and other
locations could be considered in the Strait.
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5. Wave Power

In general, large waves are more powerful. Specifically, wave power is determined by wave
height, wave speed, wavelength, and water density.

Wave size is determined by wind speed and fetch (the distance over which the wind generates
the waves) and by the depth and topography of the seafloor (which can focus or disperse the
energy of the waves). A given wind speed has a matching practical limit over which time or
distance will not produce larger waves. This limit is called a "fully developed sea."

The north and south temperate zones have the best sites for capturing wave power. The
prevailing west e blobwstongest m wintér.e Thie is shavm & she diagram below
(figure 18) where the yellow areas showing areas of increased energy are to the north and south
of the equator in the temperate zones.

Areas of High Wave Energy

Figure 18: Areas of high wave energy around the world.

Wave energy is affected by fetch (the distance over which the wind excites the waves). In the
UK, the west coast is particularly susceptible to the fetch over the Atlantic Ocean.
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Wave Height (m)
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For wave energy to generate power, wave height is the significant factor, as seen in Figure 19.
The average wave height in the North of Scotland and South-West of the UK exceeds 3-3.2m,
around the South East of England, the average is approximately 1.2-1.4 m. Therefore, Dover is
not an ideal location to consider the use of wave generation. This is supported further when
looking at the only wave energy device that is currently generating significant amounts of
electricity. Wave energy is similar to Tidal energy in that it is designed to power regional areas of
countries rather than individual areas. It is also less predictable than tidal energy.

5.1 Analysis

The Pelamis Wave Energy Converter is the only fully operational wave energy device. A wave
energy farm has been planned off the coast of Portugal. The design consists of several long
sections joined together by moving joints. These sections are moved by the waves causing the
hinges to move. The motion in the hinges is resisted by hydraulic rams, which pump high -
pressure oil through hydraulic motors. The hydraulic motors drive electrical generators to
produce electricity. Power from all the joints is fed down a single umbilical cable to a junction on
the sea bed. The device works best with medium swell waves and in areas approximately 5-
10km offshore allowing it to capture the larger swell.

Figure 20: The Pelamis Wave Energy Converter
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The Pelamis has been the most successful of the wave power generators so far, but other
devices as shown in Figure 21 (The Limpet), are still in the testing stages. It is obvious that
wave power generation is also a very young technology but with great potential. However,
neither of these devices would meet their full potential around Dover due to the lack of major
wave energy. There are also the logistical problems in terms of location and the major use of the
Strait of Dover, as mentioned in reference to tidal power (Section 4).

Figure 21: The Limpet Wave Energy
Converter. Converts wave energy
by compressing the air with the
waves and pushing it through a
turbine.
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6. Geothermal Heat Pumps

Geothermal Heat pumps are a system that can be used for heating and air conditioning in a
building by utilising the heat stored in the ground or in water masses such as ponds a nd
reservoirs. The electricity that the pumps use is much less and used much more efficiently than
if it were powering an electric heater. Also the thermal energy produces is usually 3 or 4 times
greater than the energy that is used to drive the system.

There are three parts to a Geothermal Heat Pump:
1 Aloop field
1 Aliquid pump pack
1 A Water Source heat pump

The loop field transfers the heat from the ground and can be installed horizontally or vertically in
either a closed loop or an open loop system. Water is run through this loop and the heat from
the ground is absorbed and pumped to warm the building. This also works the opposite way by
taking heat from the building in the summer and depositing it back into the ground, therefore
cooling the building. The size of this system depends on the size of the building that needs to be
heated or cooled.

A liquid pump pack sends water through the loop field and the water source heat pump (see
figure 22) The water source heat pump is where the heated water is pumped back too and
replaces the boiler or furnace. It is able to transfer the heat gained from the ground so it heats
the structure.

Figure 22: Liquid pump pack.

As mentioned above, there are two types of loop field; open and closed loop s.

The open loop system takes water directly from a water source such as a well and pumps it into
the heat pump. The heat pump then extracts the heat and then pumps the water back to its
source.

Closed loop systems have no interaction between the fluid inside the pipe and the ground
outside, with all the heat transferring through the pipe itself. There are several types of closed
loop systems. These are:

Vertical closed loop
Horizontal closed loop
Slinky closed loop
Closed pond loop

=a =4 =4 =4

The vertical closed loop system runs the pipe vertically into the ground to a depth of around 200
feet. This application is usually used when there is limited space.
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The horizontal closed loop field are pipes laid horizontally side by side in U-shaped. They are
buried below the frost line in a trench.

A slinky closed loop field is also buried in a trench below the front line, but the pipe is coiled and
then laid flat as shown in the picture to the left. This is usually used if there is not enough room
for a vertical closed loop system.

Figure 23: Slinky closed loop field.

Figure 24: Closed pond loop

The closed pond loop is becoming increasingly popular and looks similar to the slinky closed loop.
However, the closed pond loop is attached to a frame and placed at the bottom of a pond or
water source.

There are different types of Geothermal Heat pumps:
1 Water-to-air
1 Water-to-water
1 Hybrid

Water-to-air heat pumps can both produce heat in the winter and cool in the summer, replacing
the forced air furnace and also allows heat from the air to be transported back to the ground.

Water-to-water heat pumps are designed to heat water for a structure and domestic hot water
The hybrid heat pump can generate forced air and hot water at the same time.

Other details include:

Life expectancy 50 years
Suggested Payback time 3/5 years
Fluid in system biodegradable/non-toxic/non-corrosive
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6.1 Analysis

Due to the restricted space available, the systems that could be used at DHB would either be the
vertical closed loop system, or the closed pond loop. The closed pond loop could be installed in
the Wellington Dock, especially if the plans for Terminal 2 go ahead, leaving the Wellington Dock
to become a reservoir and an outlet for the River Dour.
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7. Hydroelectricity

Hydrop o we r captures energy from moving water and

electricity. There is the potential to generate electricity in the port for internal use by developing
the incoming water supply.

Hydropower generates electricity by converting potential energy in water stored at height, into
kinetic energy to turn a turbine, which then produces electricity. The amount of electricity that
can be generated depends on two main factors:

1 Flow

1 Head

The rate of the water flowing is measure in cu bic meters per second and usually depends on the
size of the catchments area of a river, local rainfall, rate of rainfall and the geology of the area,
or in the case of the port, the amount of water consumption.

The head is the measured distance that the water falls, with sites with 10m or less are classed as
low head sites and if there is more than 20m, they are classed as high head sites. The head
height is more important than the rate of flow, as even though there may be a relatively little

flow, the n energy that it gains form the amount of head is more important.

The Hydropower of a site is calculated using the equation below:

Hydro power (kW) = Head (m) x flow (m3/s) x 9.81*
(9.81* is acceleration due to gravity which can be assumed to be constan t).
The efficiency of the generator will also have to be taken into account.
Most hydroelectricity plants usually use rivers or dams to produce electricity. The proposed
source for hydropower is the water supply to the Eastern Docks of the Port of Dove r. The water
is supplied by Folkestone and Dover Water Services Ltd via two large reservoir tanks situated in

the cliffs, approximately 110m above the port. These tanks supply two pipes that run through
the cliffs, supplying the berths and the buildings situated in the Eastern Docks.

Figue 25: The reservoir tank above the Eastern Docks.

The two reservoir tanks have a maximum capacity of 180000m3 (180000 tonnes) and operates
using a ballcock mechanism to regulate the amount of water running into the tanks. The larger
of the two tanks, as shown in figure 25 has a depth of 22 feet and is rendered to reduce the
effect of the local chalk landscape on the water.
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The two pipes are connected to both of the tanks with the older of the two being laid in the e arly

1900086s, through a tunnel which was carved down throu
1987 and lies directly on top of the older pipe, both running at around a 20 degree angle. The

total vertical distance that the water travels through the cliff is 110m so itis classed as a high

head site.

The pipe that feeds the buildings has a flow rate of 8/9m?3 per hour (2.5 litres per second), whilst
the berth pipe which fills the ferries has a flow rate of around 30m3 per hour(8.3 litres per
second). However, the rate of flow will fluctuate slightly with demand. For example, if none of
the ferries are taking on water, the flow rate will be around 12m3 per hour or 3.3litres per
second. Even thought the flow rate is not that high, the distance that th e pipe drops will help to
give the water supply the potential energy from which electricity may be produced. The flow is
displayed on the pipes using electronic meters and is also remotely recorded in order to monitor
for any change in the amount used to look for leaks.

The pipes are also fitted with a pressure valve, which causes the water to back up on its self,

reducing the pressure in the pipe from 3/1. The valves are placed 14.8m from the bottom on the

new pipe and 17.6m on the bottom pipe. This wo uld mean that any hydropower generator

would have to be situated above this valve to have t
the valve as it may possibly reduce the pressure of the water itself. This would reduce the total

head to around 90m.

e

Figure 26: The pssure redin vale on the pipes.
When entered into the equation for the possible hydropower that could be generated at a site:
Pipe 1 = Head 90(m) x 0.0025(m3/s) x 9.81* =2.2(kW)
Pipe 2 = (During peak flow) Head 90(m) x 0.0083(m3¥s) x 9.81* = 7.3(kW)
(During normal flow) Head 90(m) x 0.0033(m3/s) x 9.81* = 2.9(kW)
A total of 9.5 kW during peak flow and 5.1 kW at normal flow are produced.

The table below shows the potential saving of the site, using the power that could be generate d
during normal flow.

Table 7: The potential electricity savings that could be produced by this site
Potential savings of site

The turbine x 80% efficiency x (24 hours x 5.1 kW x 0.8 x 8,760hr=
365 days) 35740 KWh per year
= energy generated yearly

Energy generated per year x saving per unit 35740 kWh x £0.05775=
= saving per year £2064.03 per year
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Most turbines have around an 80% efficiency and this has been taken into account when
calculating the potential energy that could be generated annuall y at normal flow. By using this,
the potential energy cost that could be saved was worked out at just over £2000 per annum.

The 20 degree angle of the pipe will not affect the speed of the water descending the pipes as
they have a diameter of 225mm. At this angle and diameter, there is not enough friction from
the pipe to have an effect meaning that it this does not have to be taken into consideration when
calculating the potential power of the water source.
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Moving = ¥
buckets o) Rotor
Fixed ‘ Rotatin
nozzle = m::zzleg
Moving e % )
buckets — J A Rotating
o o //, _ . Nozzle
ot — 5 o =N
=
:] Stator
:] — g % ;
- F; = § '
= A d A '
Rotation
Steam Pressure Steam Pressure

Figure 27: Principles of Impulse and Reaction Hydro Turbines.

There are two types of hydro turbines which are then divided into different designs. The two
main types are Impulse and Reaction Turbines as shown in figure 27.

An Impulse Turbine uses a jet of water to give the turbine momentum to turn. The water is
accelerated by a nozzle, hitting the curved blades of the turbine and turning the rotor. This is
usually used in high head, low flow rate sites.

There are three types of impulse turbines. These are:
1 Pelton
T Turgo
1 MichelkBanki/Ossbemer turbine
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Figure 28: The Pelton Turbine.

The Pelton Turbine consists of nozzles directing water into pairs of spoon-shaped buckets fitted
around a wheel. The buckets change the direction of the water flow using the energy to turn the
turbine. Pairs of buckets are used in order to keep the wheel balanced, and to make sure the
motion of the wheel is smooth and efficient. Pelton Turbines work best in high head and low
flow operations.

-
Generator ->
Nozzle inlet -5,
.

L

—

Turgo Rinner -> S—

Figure 29: The Turgo Turbine.

The second impulse turbine is the Turgo Turbine. This was developed from the Pelton Turbine
and the Francis Turbine. The turbine itself looks like a Pelton Turbine cut in half and the water is
again directed into the turbine through a nozzle. However, the Turgo is half the diameter of the
Pelton Turbine, and as the buckets are not mounted in pairs, the Turgo is able to cope with a
greater water flow as there is less interference with exiting water. More than one nozzle can be
used and the turbine has an extremely high efficiency rating at possibly over 90%.

The final impulse turbine is the Michell-Banki or Ossberger Turbine. This wheel is set on a
horizontal shaft, with a wide cylindrical runner consisting of a large number of curved blades.
The jet of water is directed into the whe el from a 45 degree angle. Due to the shape of the
blades, the water runs into the centre of the turbine and then back out. This means that turbine
does not become clogged with debris as it is washed away by this action. Even though this
turbine is not as efficient as some of the others such
ﬂ dintribulor as the Francis or the Pelton, it works very well in
} conditions where it is not fully loaded, producing a flat
efficiency curve.

blades

Figure 30: The Michell-Banki Turbine.

water flow

figure 6.7
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Reaction Turbines are more commonly used, utilising the weight and pressure of the water to
turn the turbine. To maintain this pressure, the turbine has to be either fully encased or fully
submerged in the water flow. These turbines are usually used in low and medium head sites.
This can be seenin figure 31.

There are several types of reaction turbines. These are:

9 Francis

1 Kaplan/Propeller/Bulb/Tube/Straflo
1 Tyson

1 Waterwheel

The Francis Turbine is the most common turbine in use. It is an inward flow turbine meaning

that the water flow goes thro ugh the inside of the wheel. As itis a reaction turbine, the water

changes pressure as it travels through the turbine, giving up its energy. It has a spiral shaped

inlet which helps to keep the source pressure high. The wheel is also shaped so that as the

water moves through it, the spinning radius decreases, which helps to harness more of the

waterds energy. These units wusually cover a head r a
range of flow rates, helping to make it the most widely used design.

L3
L

Figure 31.: The' Francis Turbine.

The Kaplan Turbine is similar to the Francis Turbine, but uses a propeller as the runner, instead
off a wheel. This turbine also works with the water changing pressure as it passes through the
turbine. These turbines are usually used on low head, high flow sites and the Propeller, Bulb,
Tube and Straflo are all variations of the Kaplan Turbine.

R :‘

I
Figure 32: The Kaplan Turbine.

The Tyson Turbine is different to the above two turbines as it does not need to be enclosed,
being positioned directly in the flow of a river or stream. A generator is mounted on a raft, with
a propeller positioned underneath. This is then pulled out to the centre of a river and tied of on
the banks.
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Figure 33: The Water wheel

The most well known hydropower system is the water wheel. This is a large wooden or metal
wheel, usually vertically mounted with a series of blades or buckets around the outside, which
are then turned by the water that fills them of pushes them as it passes.

All these products are designed to have a long working life of around 50 years with very little
maintenance

7.1 Analysis

The range of products that have been considered are
energy government funding website, ClearSkies. This would mean that if a product from this

website were to be considered by the Port of Dover as a feasible project for electricity

generation, there is the option of applying for a 40% grant as mentioned in section 9.

Due to the head of this site and the s mall flow rate, the products that have been researched in
greater detail where chosen by using the foll owing
needs:

1 Designed for high head

1 Designed for low flow rate

1 Can have smaller sized turbines

T +80% effic iency

The selection of a turbine for a particular site is based on the head available rather than the flow
rate because as the height of the head increases, less water gains more energy and can generate
more power. This is why flow rate has not been incl uded in the criteria.

Table 8: A table matching the turbine to the site in the Eastern Docks.

Specifications Designed for Designed for Small spaces +80%

Turbines high head low flow efficiency
Pelton . .

Turgo

Michell-Banki

Francis

Kaplan X

Tyson

XX XX
XX XX [X

X
Waterwheel X X

Table 8 shows that by using the above criteria that
turbines that would be most suited are the P elton and Turgo Impulse Turbines.

Seven companies were recommended by the Clear Skies DTI Grant Website that supplies Pelton

and Turgo Turbines, of which 5 could be contacted regarding the specifications, size, ideal head
values, maintenance, and the potential costs and savings of these turbines.
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Below the final list of companies that actually supply Pelton and Turgo Turbines.

Table 9: The range of Pelton and Turgo turbines available.

Company Model Recom Recom Maintenance Rated Nozzles
mended mended power
head flow rate output
height
NHT l(\)lHT25
Engineering
Lid 1500-
= 1-6
Wasserkraft | Pelton | 30-1000m Upto 10 | 1/2/4
Volk AG 000 kw
Turgo | 30-300m Upto 5 1/2
000 kW
TEPERSAC | T250
(Distrib: T300
SCS) T500
T600
Turgo Up to 25
gr;inearth GEE KW
ey 241
Asian MHG Up to 6m Greasing of the 200W up | 1
Phoenix 200HH lower bearing and to 250W
Resources | MHG Uptollm the changing ofthe [ 500W up | 1
500HH lower bearing seal. | to 600W
MHG 8-11m Turbine bearing 1000w 1
T1 has been greased up to
in the factory ready | 1200W
MHG | 12-17m for use but requires | 2000W 1
T2 re-greasing every 3 | up to
months of 2200w
continuous use.
MHG
T5
MHG 24-34m Require re-greasing | 4.7-8kW 1
T8 every 3 months of
MHG 24-34m continuous use. 9.4-16kW | 2
T16

Of the products available, they are all very site specific so there was not a large amount of
information available. From the details that could be used, the most suited turbines that could be
used are the Wasserkraft Volk AGPelton and Turgo and the Asian Phoenix ResourcesMHGT8.

This is due to the high head of the site and looking atthe p otential power that could be

generated as shown in Table 7.

The site in the Eastern Docks is unusual as the turbines are usually used in rivers and dam
applications. Due to the position and the setup of the site, there are many issues that may make
the installation and the running of a hydro turbine difficult.
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Options for renewable energy in the Port of Dover

. e TN
Figure 34: The size of the chalk tunnel with the water pipes running through.

The site, as mentioned on page 25, runs through a hand cut tunnel through the cliffs. Any
installation would have to be relatively small in order to fit in this area and not hinder passage
through the tunnel for required maintenance. Fortunately, there is the option of fitting the
turbine directly in the pipe. Also as the rate of flow is not very high and the potent ial of the
source is not too big, the size of the turbine would not be significantly huge. More of an issue
would be the size of the generator connected to the turbine. One option would to dig further
into the chalk cliff to make a small room for any oth er machinery. This would then increase the
cost of the turbine and would make the project more expensive to implement.

Most generators are designed for a flow rate of cubic meters per second. The demand from the
port water supply is in litres per second and even with the large head that the site has, the
amount of energy that can be generated is not a great deal as shown in figure Table 7. This is
also coupled with the possible reduction with the amount of water that is used. This is because
currently the shipping operators are not charged for the amount of water they use so ferries are
constantly being overfilled and wasting a large amount of water. However, there are plans to
start billing the ferry operators in the near future for the amount of wate r that the ferries take on
board when they are in the berths. This may mean that the ferries may only take on board the
water that they need, reducing the current demand and therefore reducing the rate of flow
through the potential site.

Figure 35: The flow meters on the pipes.

The DTI also supplies grants for micro hydro products and the port would be eligible for a 40%
grant on the cost and installation of the unit. However, with the units being very site specific, it
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