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2. INTRODUCTION TO THE THREE PILOTS IN HELLEVOETSLUIS

To make Hellevoetsluis ports carbon neutral, the potential of using renewable energy is
researched. Based on the research unit and quality, this research is exploratory. Thus, it
follows with research instruments of survey and interview for later analysis. Knowledge
gained from it can be used to conduct a reasonable business case.

With the development of this research, ethical dilemmas like different facilities and the
changes of energy are possible to have potential problems like personal benefit (job,
salary), environmental dangers. For example, when it is necessary to build solar panels or
wind turbine, it is important to protect the old city and nature at the same time.

The goal of this research is to conduct feasible business cases applied in Hellevoetsluis.
These business cases are formulated to reduce energy costs, meanwhile to realize carbon
savings through renewable energy exploitation in Hellevoetsluis. A way of achieving
carbon saving in Hellevoetsluis is to investigate the feasibility of each renewable source.
While the carbon footprint of all activities is measured first among the port, then carbon
neutral goals can be set. In business cases, environment, technical challenge and financial
issues including cost and benefit should be taken into consideration accordingly. While
exploiting renewable sources, two harbours and a marina in Hellevoetsluis could achieve
carbon neutrality at some extent, and the extent needs to be analysed and calculated
during the research.

From searching information about general ports to focus on Hellevoetsluis, environmental
trend will be learned during the process of research, there will be new views on renewable
sources and it might be helpful in many fields.

At the first stage, the collected data mainly focus on several samples: solar energy, wind
power, tidal power and wave energy. Devices of these renewable sources and energy
parameters containing tidal range, installation length of wave devices and available area
of solar panels installation are within the scope of this research. When these
environmental concepts are introduced, desk research on techniques issues including
solar plant, small wind turbine and battery storage are being conducted. The population of
this research is data of all sub questions in Hellevoetsluis ports. Port officers and wind
turbine researchers are selected as our interview object, relevant reports are chosen for
our desk research. A comparison among each renewable source is required, and then the
best option will be selected from the assessment.

For Hellevoetsluis three business cases/pilots are investigated, concerning application of:
1. Small wind turbines in Helius harbour, project deliverable 2.1.2.
2. Floating solar panels in Marina Cape Helius, project deliverable 2.1.3.

3. A BPS-storage in Veer habour, project deliverable 2.1.4.

The options were selected after a pre-feasibility study and site visit on March, 2018.
Given the very small tidal amplitude, (0,3 m), tidal energy was not considered further.

HZ Report on PECS Pilot Systems 4
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Small wind turbines Helius harbour

Helius harbour is situated most west in the port of hellevoetsluis.

National Fire Museum 0
Roompaot
Cape Helius

Figure 2.1 Area of Helius harbor

Figure 2.1 shows the area of Haelius harbour. The main energy consumption is electricity
which used to maintain the daily operation of three clubs at here. According to the
potential of renewables, the most possible method to reduce carbon emission is to build
some small wind turbines on the coast. The option to install solar panels on the roof of the
sailing associations was abandoned in an early stage, due to proclaimed insufficient
mechanical strength of the roofs. As discussed with port managers and client, solar panels
are not allowed to be placed on the roof. In addition, the south shore will be occupied by
six wind turbines and not enough space is available for solar panels.

The best option in this harbour is to take advantage of wind energy. Considered with
noise factor, it is better to build small wind turbines with smaller blades.

HZ Report on PECS Pilot Systems 5
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Wind regime

Figure 2.2 describes wind speed in the next few months. Substantial wind power is
available here as the highest wind speed will reach over 10kn and most of time it is

around 6kn.
Long-term forecast Hellevoetsluis : Wind 13.04.2018 - 12.07.2018
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Figure 2.2  Hellevoetsluis Wind (Long-term forecast Hellevoetsluis Temperature 90 days)

Depending on the tendency and annual wind map attached in the appendix, future wind
speed will normally range from 8 — 6 knots which is expected to be developed.

Wind turbines

from April in 2008 to December in 2012, 11 types of wind turbine have been tested based
on their generated amount of energy, consumption and relevant parameters. Each type
has their advantages and disadvantages, see table 10.1

Table 2.1  Available options of small wind turbines (Testveld Kleine WindTurbines
Zeeland)
| Opbrengst in kWh
WRE 060 | Skystream | Airdolphin Swift WRE 030 | Energy Ball | Passaat Montana Turt
| Totaal 1ste jaar 485 2109 393 191 404 [E] 578 2691 4
WRE 060 | Skystream | Airdolphin Raum WRE 030 | Energy Ball | Passaat Montana Turt
| Totaal 2de jaar 56 Filk! 406 633 614 b5 660 415 Jl
[ woenen | Chuetrsam | Airdalnhin | Nasni | WOEN | Enaenu Rall | Dassast | Mantsns | Tt
As for WRE 060, this Ropatec WindRotor is a vertically driven wind rotor which

demonstrates special product characteristics through its unique construction. (Product
Information Sheet) Comparing to WRE 060, some types like Skystream can reduce
consumption from the grid by up to 400 kWh per month in a 12 mph wind. (skystream
3.7). In addition, other wind turbines have advantages of quiet or stability. Ampair motor

HZ Report on PECS Pilot Systems 6
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is designed to be smooth running, quiet and vibration-free to the severest marine
environments and all components are sealed to prevent corrosion. (Ampair Pacific 12Volt
100Watt Marine Wind Generator)

For urban application, small vertical wind turbines have advantaged:
1. Less susceptible for turbulence

2. Low noise production.

Noise production

As a result of 3 clubs in this harbour, noise is a big challenge for building wind turbines.
Noise is absolutely undesired and controversial issue. However, it is common weakness of
conventional wind turbine. Noise emanated from wind turbines comes from two main
sources, the mechanical noise from the turbine’s nacelle and the aerodynamic noise from
the wind turbines blade. The dominant of these two sources is the blade of wind turbine,
especially during the blade’s downwards stroke during a rotation. (Casey, 2013)

Figure 2.3 How loud is a wind turbine? (Kellner, 2014)
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Figure 2.4 describes the relationship between the sound-power level of turbines and the
rotor diameter. It turns out that while blades lengths increase, the potential for greater
noise goes up. (HAYASHI, 2012)

HZ Report on PECS Pilot Systems 7
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Figure 2.4 The relationship between the sound power level and the rotor diameter.
(HAYASHI, 2012)

Based on research, a kind of small wind turbine with small blades that are able to produce
less noise is available in recent years. To residents around the marina, it decreases the
danger of suffering noise.

Energy consumption

The main energy consumption used to maintain the daily operation that includes
supplying electricity for three clubs in Haelius harbour. In 2016, the electricity
consumption is about 135882 kWh and gas consumption is about 20212 kWh.

Selection of the wind turbine
Some small wind turbines as follows:

Table 2.2  Test production of period (Testveld Kleine WindTurbines Zeeland)

Test production of period (kWh)
WRE 060 @ Skystream  WRE 030 Swift Ampair

Total 1st year 485 2109 404 191 245
Total 2nd year 526 2171 612 633 341
Total 3rd year 562 2271 649 317 358

According to table 2.2, it describes test production vary from the first year to the third
year, Skystream generates more wind energy production than others. In addition, within
these types, power production of Skystream wind turbines in each year is more stable
than others relatively, fluctuating from 2109 kWh to 2217 kWh with maximum gap of
121kWh. Comparing to other type like Swift wind turbines, from 191kWh to 633 kWh with
gap of 442 kWh, Skystream wind turbine has more superiorities. After all, steady
production efficiency is an essential point to further operation.

HZ Report on PECS Pilot Systems 8
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Table 2.3  Consumption in kWh & Percentage (Testveld Kleine WindTurbines Zeeland)
WEE 0&0 Skystrean hmpair
) Consumption/ . Consumption/ . Consumption/
ERSED D Production Consumption Froduction Sensumiien Froduction
Total 1st vear T 1. 40% 24 1. 10% 15 G, 10%
Total Zrd vear 16 3% 27 1. 20% 14 4. 10%
Total 3rd vear 13 2. 30% 23 1. 00% 10 2. T0%

Because of calculation and record, although consumption of Skystream wind turbines to
start up is more than other three types, the percentage (consumption/production) is the
lowest except in the 2nd and 3rd year comparing to WRE 030. Table 2.4 shows that not
only more production can be guaranteed by Skystream but also it consumes less
relatively. Therefore, Skystream is regarded as the best choice for this project based on
above mentioned.

Table 2.4  The description of skystream 3.7 (Skystream 3.7 windgenerator, 2018)
Weight 77 kg
Rotor diameter 3.72 m
Contour surface 10.87 m=

Type

Windward rotor with sta

Rotation sense

Point of change (looking

Wick material

Fiberglass reinforced cor

Number of blades

3

Tips speed &0 to 325 rpm
Estimated speed 9.7-63m /s

Alternator Brushless permanent m:
Yaw steering Passive

Brake system Electronic stall contro

Start wind speed 35m/s

The price of each small wind turbine is €5069.97. (Skystream 3.7 Wind Turbine 2.6KWp
SOUTHWEST Land 230V 50Hz, 2018)

The Skystream 3.7 is the first small-scale wind turbine with the control system and the
inverter is already installed as standard in the housing. This small windmill (rated power
1.8 kW) already produced useful energy at low wind speeds. In this way, residents and
small businesses (a large part of them) can generate their own energy and reduce their
electricity bill thoroughly. Based on analysis above, the Skystream 3.7 can be used for
this harbour.

Legal

The wind turbines will be installed in Haelius harbor might cause associated legal issues.
Firstly it is essential to ask for permission of the land owner to install these devices and

HZ Report on PECS Pilot Systems
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prepare all relevant documents. In addition, the permission of government to implement
the project is also necessary.

Business case

As table shows, there will be installed 6 Skystream 3.7 small wind turbines. They can
produce 13251 kWh per year in total. Then it can save €1987.65 in electricity cost. The
investment cost associated with implementation of 6 wind turbines is €30419.82,
(Skystream 3.7 Wind Turbine 2.6KWp SOUTHWEST Land 230V 50Hz, 2018) annual
operation cost is €3180.24. Therefore, assuming the pilot lifetime is 20 years, on average
it will cost €4701.23 per year. Obviously, although it can save less carbon emission, it will
cost a lot to apply these applications.

HZ Report on PECS Pilot Systems 10
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Table 2.5 Business case for wind turbines (HZ University of Applied Sciences, J. van
Berkel., 2018)

Preliminairy viability check PECS pilots
Tool: Jacob van Berkel, HZ University of Applied Sciences
Data provided by: Skystream, Advitek energy systems

Brief description of the system and the pilot Character
Brief description of the system in which the pilot is Small wind turbines in
implemented (e.g. a part of the harbour) Haelius harbour

boundary is small wind
Where is the system boundary (e.g. the perimeter of |turbine system(6 turbines)
the harbour). including connection to the
electrical installation

pilot = specifically wind
turbines in harbour

What is the PECS pilot system?

Reference electricity price [ct€/kWh] 15.00
Reference costs CO2-emission [€/tonne] incl

Current system performance
Electricity consumption in Kwh 135,882.00
Gas consumption in m3 20,212.00

Future system performance
Electricity production 6 small wind turbines in Kwh 13251.00

Costs
What are the investment CAPEX costs associated with

. . . 30419.82
implementation of the pilot [€]
What are the annual operation costs (OPEX) 3180.24
associated with implementation of the pilot [€/year] '
Pilot lifetime
Pilot lifetime (minimum of technical or economical)
20 years
[year]
Annual Energy + CO2 benefit, expressed in €: 1987.65
Annual costs (simple), expressed in €: 4701.23
Reduction of CO2-emission of the system, after 9.75

implementation of the pilot [%]

It turns out that small wind turbines program is not feasible to be conducted in Helius
Harbour from a financial perspective. This project further adds the burden and expense of

HZ Report on PECS Pilot Systems 11
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the port company instead of saving expenditure. Comparatively, the CO2 reduction rate
will reach 9.75%, but the cost of implement will be more expensive than current cost. It
clarifies that wind energy is not suitable to be exploited in Haelius Harbour from financial
perspective if only the port company will pay these costs.

Based on general situation, the reduction of CO2-emission is 0.36kg/Kwh (Bereken je
CO2-uitstoot, 2018). The total energy saved from small wind turbines is 13251 kWh, so it
means these small wind turbines can reduce 4770.36kg CO2-emission per year.

Conclusions

1. Depending on the long-term wind speed forecast and wind map, it is assured that wind
energy can be exploited in Haelius harbour through small wind turbines while 540
meters length field is available based on on-the-spot investigation. Different types of
wind turbines are compared on cost and energy production.

2. The production and stability of Skystream 3.7 is superior to others and thus be the
final choice of business case. Taking electricity price and energy production into
consideration, annual energy benefits will be €1987.65 while costs containing 6 wind
turbines and complete electrical system could reach €4701.23 in the next 20 years.
Due to 13251.00 kWh electricity produced by these wind turbines, reduction of carbon
emission analyzed in the business case will be 9.75%.

3. This business case help this harbour reduce carbon emission but not feasible from a
financial perspective.

recommendations

The SDE+ (in Dutch: Stimulering Duurzame Energieproductie) is an operating grant.
Producers receive financial compensation for the renewable energy they generate.
Production of renewable energy is not always profitable because the cost price of
renewable energy is higher than the market price. (Stimulation of Sustainable Energy
Production (SDE+), 2018) It aims to encourage the production of renewable energy in the
Netherlands.

Combined with this governmental policy, this research for renewables accords with SDE
accurately. It is the best way to meet financial requirement efficiently.
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3. INTRODUCTION MARINA CAPE HELIUS

Figure 3.1 shows the area of Marina Cape Helius. It is @ marina mainly for tourism. The
main energy consumption are electricity and gas which is used to maintain the daily
operation. There are suitable area to set up solar panels for reducing the carbon emission.

Malshoek Q@

snal Fire Museum Q

Figure 3.1 Area of Marina Cape Helius

Solar power

As figure 11.2 shows, depending on the forecast of Hellevoetsluis radiation, it turns out
that average solar radiation within this period is approximate 1000 W/mm?2.1t is predicted
that in the next few years, the radiation will range from 800 - 1200 W/mm?2.

Long-term forecast Hellevoetsluis [Wimm™2]: Radiation 13.04.2018 - 12.07.20°

1600 rrr
1400 |-
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500 =i

s00 [
400
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Figure 3.2  Hellevoetsluis Radiation (Long-term forecast Hellevoetsluis Temperature 90
days)

Substantial solar power can be exploited and Veer harbour has installed solar panels these
years. These facts justified that it is feasible to develop solar photovoltaic system in
Hellevoetsluis ports.

HZ Report on PECS Pilot Systems 16
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As conventional solar panels are generally placed on the flat ground but most of flat
ground has been used for residence houses and business hall in Marina Cape Helius.
Therefore, the suitable location that we observed during the on-the-site investigation is
not available. Another possible area for solar panels is a water area alongside the shore
but conventional solar panels might be damaged as water level changes constantly. In
addition, available area for solar panels installation are limited by lots of ships which need
to park along the shore.

Compared with conventional Solar panels, there is an innovative model, floating solar
panels. According to the present condition which had no available area on the ground, it is
the only way to apply solar panels by floating ones.

Through research, there is an innovative floating PV system named Hydrelio that allows
standard PV panels to be installed on large water area. (Hydrelio Floating Solar System,
n.d.) With the help of floating structure, it can be placed on the surface of water.

There are data analyses to each sub question for Marina Cape Helius. After analysis, it
shows the final answers to sub questions.

Energy Consumption

Marina Cape Helius is a marina. The main energy consumption is to maintain the daily
operation which includes supplying electricity for WSV buildings and outdoor lighting as
well as tourism consumption. In 2016, the electricity consumption is about 135882 kWh
and gas consumption is about 20212 kWh.

Floating Solar

Instead of conventional solar panels, it is an innovation to explore the surface of water for
saving area on the ground. Firstly it is a new technology, the relevant source and data is
not enough to investigate. The manufactures of floating solar panels are less than
conventional one. What is more important is the process of comparison, the models and
types of floating solar panels are limited.

Through further research about different kinds of solar panels and their functions, a kind
of floating solar panel was found out that meets requirements basically. This innovative
technology to ground-mounted systems is particularly suitable for water-intensive area.
(FLOATING SOLAR PANELS: A VIABLE SOLUTION?, 2018)
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Figure 3.2 floating Solar Panel Hydrelio (Hydrelio Floating Solar System, 2018)

Through research, there is an innovative floating PV system named Hydrelio that allows
standard PV panels to be installed on large water area. (Hydrelio Floating Solar System,
n.d.) A secondary non-slip HDPE float links the main floats together and provides a
platform for maintenance as illustrated in figure above. With these floating solar devices,
solar energy can be exploited in Marina Cape Helius without occupying other space.

According to Ciel & Terre, the system is easy to install and dismantle, can be adapted to
any electrical configuration, is scalable from low to high power generation, and requires
no tools or heavy equipment. It is also eco-friendly, fully recyclable, has Ilow
environmental impact and is cost effective. (FLOATING SOLAR PANELS: A VIABLE
SOLUTION?, 2018) As the Hydrelio information shows, it is not necessary to assemble and
mount with special or heavy tools. The installation work of the Hydrelio technology is
quick and simple. Minimal condition for construction work is an area of 5 meters length
and a width equivalent to the floating platform row (depending on structure design).

Location

Based on the research, it is expected to use solar energy in Marina Cape Helius. Floating
solar panels are determined to be used and placed on the north side and the south side of
the port as shows in the Figurel. The north area is approximately 600 m2 with 40 meters
length and 15 meters width while the south area is also about 600 m2 but with 10 meters
length and 60 meters width. 100 panels will be installed with complete connection to the
electrical system. (blue mark in figure 22)|
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Figure 3.3 Location to set up floating solar panels

Legal

The floating solar panels will be installed in Marina Cape Helius might cause associated
legal issues. Firstly it is essential to ask for permission of the land owner to install these
devices and prepare all relevant documents. In addition, the permission of government to
implement the project is also necessary.

Business case

As table .. shows, there will be installed 100 Hydrelio floating solar panels. They can
produce 27930 kWh per year in total. Then it can save €4189.50 in electricity cost. The
investment cost associated with implementation of 100 Hydrelio floating solar panels is
€51503, annual operation cost is €500. Therefore, assuming the pilot lifetime is 25 years,
on average it will cost €2560.12 per year. Obviously, it can save much carbon emission,
besides the annual cost after implementing this system is less than annual energy benefit.
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Table 3.1 Business case for solar panels (HZ University of Applied Sciences, J. van
Berkel., 2018)

Preliminairy viability check PECS pilots
Tool: Jacob van Berkel, HZ University of Applied Sciences
Data provided by: Wattco, Maasdijk

Brief description of the system and the pilot Character
Brief description of the system in which the pilot is Floating solar panels in
implemented (e.g. a part of the harbour) Marina Cape Helius

boundary is solar panel
Where is the system boundary (e.g. the perimeter of |[system(100 panels)

the harbour). including connection to the
electrical installation

pilot = specifically solar
panels in harbour

What is the PECS pilot system?

Reference electricity price [ct€/kWh] 15.00
Reference costs CO2-emission [€/tonne] incl

Current system performance
Electricity consumption in Kwh 135,882.00
Gas consumption in m3 20,212.00

Future system performance
Electricity production sloar panels in Kwh 27,930.00

Costs

What are the investment CAPEX costs associated with
implementation of the pilot [€] (offer wattco)

What are the investment CAPEX costs associated with
implementation of the pilot [€] (estimation 10,000.00
connection cost)

What are the annual operation costs (OPEX)

41,503.00

500.00
associated with implementation of the pilot [€/a]
Pilot lifetime
Pilot lifeti — - X
ilot lifetime (minimum of technical or economical) 25-30 years
[year]
Annual Energy + CO2 benefit, expressed in €: 4,189.50
Annual costs (simple), expressed in €: 2,560.12
Reduction of CO2-emission of the system, after 90.55

implementation of the pilot [%]
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It turns out that floating solar panel program is feasible to be conducted in Marina Cape
Helius from a financial perspective. Comparatively, this project represents a significant
improvement in carbon neutrality that the reduction of CO2-emission of the system after
implementation of the pilot is 20.55%. Most importantly, energy requirement is able to be
satisfied by exploiting solar energy. It clarifies that solar energy is suitable to be exploited
in Marina Cape Helius.

Based on general situation, the reduction of CO2-emission is 0.36kg/kWh (Bereken je
CO2-uitstoot, 2018). The total energy saved from floating solar panels is 27930kWh, so it
means these floating solar panels can reduce 10054.8kg CO2-emission per year.

Conclusions

1. After confirming the energy consumption with enough relevant people, it is clear that
in 2016 the electricity consumption and gas consumption is 20212 kWh. Solar
potential is rich based on data from long-term radiation forecast.

2. Hydrelio floating PV system can be applied on the surface of water so it is chosen for
business case. Annual cost of using solar energy including installation and purchase
reaches €2560.12.0ne hundred floating panels will be installed near shore covering an
area of 1200m2. Reduction of carbon emission of the system will be 20.55% in the
next 25-30 years.

3. Port can be benefited from it with less carbon emission and proper cost. Therefore, it is
feasible to apply this project in the future.

recommendations

The SDE+ (in Dutch: Stimulering Duurzame Energieproductie) is an operating grant.
Producers receive financial compensation for the renewable energy they generate.
Production of renewable energy is not always profitable because the cost price of
renewable energy is higher than the market price. (Stimulation of Sustainable Energy
Production (SDE+), 2018) It aims to encourage the production of renewable energy in the
Netherlands.

Combined with this governmental policy, this research for renewables accords with SDE
accurately. It is the best way to meet financial requirement efficiently.

Reference list

Bryden, I. G.,, & Couch, S. J. (2006). ME1—marine energy extraction: tidal resource
analysis.
Liang , C., Zheng, Y., Zhou, X., & Wu, J. (2017). Sustainable Port Oostwatering.
Hippinen, 1., & Jaana Federley. (2014). Fact-finding study on opportunities to enhance the
energy efficiency and environmental impacts of ports in the Baltic Sea Region.
UNFCCC, V. (2015). Adoption of the Paris Agreement. I: Proposal by the President (Draft
Decision). United Nations Office, Geneva (Switzerland), (s 32).

Watson, M. (2008). Assessment of energy saving opportunities for Portsmouth
Commercial Port. BIBLIOGRAPHY \Il 2052

ThorburnNiall. (2008). What does it actually mean to be carbon neutral.
BIBLIOGRAPHY \Il 2052

HZ Report on PECS Pilot Systems 21



iiterrey =

2seasmerszesen  Ports Energy and Carbon Savings

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Ren21R. (2011). Global status report. 2011.
HAYASHI, K. (2012). Low-noise Design for Wind Turbine Blades.
Kellner, T. (2014). How Loud Is A Wind Turbine? General Electric.

Website

Delacey, L. Abundant silicon at the heart of cheaper renewable energy storage
system.(2016, 10 18) Retrieved 3 24, 2018, from NEW ATLAS:
https://newatlas.com/cheap-solar-energy-molten-silicon/45833/

Greenport. (n.d.) Retrieved 3 7, 2018, from Greenport: http://www.greenport.com/

Long-term forecast Hellevoetsluis Temperature 90 days. (n.d.) Retrieved 5 10, 2018, from
WeatherOnline:
https://www.weatheronline.co.uk/weather/maps/city?LANG=en&WMO=b4850&CON
T=euro&R=0&LEVEL=53&REGION=0003&LAND=NL&NOREGION=1&MAPTYP=ssrd&
SORT=&TIME=90

Hoek van Holland Sea Temperature.(n.d.) Retrieved 5 10, 2018, from Global Sea
Temperature: https://www.seatemperature.org./europe/netherlands/hoek-van-
holland.htm

UNdata | record view | Soil Temperature. (2010, 7 14)Retrieved 5 10, 2018, from
UNdata:http://data.un.org/Data.aspx?q=soil+temperature&d=CLINO&f=ElementCo
de%3al9

Testveld Kleine WindTurbines Zeeland. (n.d.) Retrieved 5 10, 2018, from Province
Zeeland: https://www.zeeland.nl/digitaalarchief/zee0801257

FLOATING SOLAR PANELS: A VIABLE SOLUTION? (n.d.) Retrieved 5 10, 2018, from
AENews: http://www.alternative-energy-news.info/floating-solar-panels/

Hydrelio Floating Solar System. (n.d.) Retrieved 5 10, 2018, from Ciel & Terre:
https://www.ciel-et-terre.net/hydrelio-technology/

Haringvliet. (n.d.) Retrieved 5 6, 2018, from Ministerie van Landbouw, Natuur en
Voedselkwalieit:
https://www.synbiosys.alterra.nl/natura2000/gebiedendatabase.aspx?subj=n2k&gr
oep=9&id=n2k109&topic=introductie

Casey, Z. Wind Farms: A Noisy Neighbor? (2013, 2 21) Retrieved 5 10, 2018, from
Renewable Energy World:
https://www.renewableenergyworld.com/articles/2013/02/wind-farms-a-noisy-
neighbor.html

Skystream 3.7 windgenerator. (n.d.) Retrieved 5 10, 2018, from ADVITEK ENERGY
SYSTEMS: https://www.advitekenergy.nl/wind/generator/skystream-37-
windgenerator.html

12V 200AH Lithium Ion Battery. (n.d.) Retrieved 5 11, 2018, from
lithiumbatterycompany: https://lithiumbatterycompany.com/12v-200ah-lithium-
ion-battery/

BATTERIES. (n.d.) Retrieved 5 11, 2018, from rollsbattery:
http://www.rollsbattery.com/catalog/#

NSB 100FT BLUE+. (n.d.) Retrieved 5 11, 2018, from northstarbattery:
https://www.northstarbattery.com/product/nsb-100ft-blue

BIBLIOGRAPHY \l 2052 Lithium ion battery. (2016, 3 13) Retrieved 5 10, 2018, from
versiondaily: http://www.versiondaily.com/lithium-ion-battery-advantages-
disadvantages/

Lithium Ion Battery Advantages & Disadvantages. (n.d.) Retrieved 5 11, 2018, from
electronics-notes: https://www.electronics-
notes.com/articles/electronic_components/battery-technology/li-ion-lithium-ion-
advantages-disadvantages.php

HZ Report on PECS Pilot Systems 22



iiterrey =

2seasmerszesen  Ports Energy and Carbon Savings

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Ampair Pacific 12Volt 100Watt Marine Wind Generator. (n.d.) Retrieved 5 15, 2018, from
ENERGY  MATTERS: https://www.energymatters.com.au/ampair-pacific-12volt-
100watt-marine-wind-generator-p-653.html?zenid=mcma3me8p6i7je94v0e7aflr02

Product Information Sheet. (n.d.) Retrieved 5 15, 2018, from WindRotor WRE.060:
http://www.soe-
townsville.org/strandwindproject/ropatec_windrotor_ WRE.060_data_sheet.pdf

BPS rotor tests going on at the Port of Ostend. (2018, 4 18) Retrieved 5 21, 2018, from
Ports Energy and Carbon Savings: http://www.pecs2seas.eu/news-events

Skystream 3.7 Wind Turbine 2.6KWp SOUTHWEST Land 230V 50Hz. (2009) Retrieved 5
21, 2018, from merkasol: https://www.merkasol.com/Skystream-37-Wind-Turbine-
26KWp-SOUTHWEST-Land-230V-50Hz

skystream  3.7. (n.d.) Retrieved 5 15, 2018, from  XZERES wind:
http://www.windenergy.com/products/skystream/skystream-3.7

Stimulation of Sustainable Energy Production (SDE+). (n.d.) Retrieved 5 22, 2018, from
Netherlands Enterprise Agency: https://english.rvo.nl/subsidies-programmes/sde

DECC wave and tidal cost and revenue report. (2010, 10 5) Retrieved 5 26, 2018 from
Ernst & Young:
http://webarchive.nationalarchives.gov.uk/20121205081857/http://www.decc.gov.
uk/assets/decc/what%20we%20do/uk®%20energy%20supply/energy%?20mix/rene
wable%?20energy/explained/wave_tidal/798-cost-of-and-finacial-support-for-wave-
tidal-strea.pdf

Magazine/ Journal

Drew, B., Plummer, A. R., & Sahinkaya, M. N. (2009). A review of wave energy converter
technology.

Inger, R. (2009). Marine renewable energy: potential benefits to biodiversity? An urgent
call for research. Journal of Applied Ecology.

David G. Victor. (2017). Prove Paris was more than paper promises. Nature

Others

HZ University of Applied Sciences, J. van Berkel. (2018, 5 15). PECS Deliverable 2.1.1.

HZ University of Applied Sciences, J. van Berkel. (2018, 5 15). PECS project, deliverables
1.3.2 and 1.3.3.

Baukje Bruinsma. (2018, 4 26). Email about energy consumption in Hellevoetsluis.

Manager. (2018, 3 14). Tidal energy in Hellevoetsluis. (X. Hu, Interviewer)

HZ Report on PECS Pilot Systems 23



iwerreg B

2seasmerszectn  Ports Energy and Carbon Savings

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

DELIVERABLE 2.1.7: FEASIBILITY OF LEM
IJMOND

IJmond (support HZ + UGhent)
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4. INTRODUCTION

Basis of the feasibility study for the LEM platform in the port of IJmond is the spreadsheet
shown on the next page. This spreadsheet is constructed to weigh the economic benefit,
including benefits from prevented CO, emissions, against the total costs of the project.
The LEM an abbreviation for Local energy management system. The aim of implementing
the platform is to keep as much renewable and locally produced electricity in the area,
instead of transporting it to trade it on the wholesale market. This will very likely decrease
the grid congestion problems and therefore postpone or prevent grid reinforcement.
Therefore this study will only calculate the benefits of the locally produced energy that will
stay on the business park specifically due to implementing the LEM platform.

Assumptions

To calculate whether this type of solution is actually feasible, some assumptions are
made.

1) The goal of at least 50 participants by the end of 2020 is achieved.

2) The average electricity demand of the 50 participants is 104.000 kWh, which is the
equal to the average demand (per business) of the complete business area. (In other
words: the mean of the sample is equal to that of the complete population).

3) The potential for producing electricity, using rooftop solar PV, for the 50 participants is
proportional to the potential for the whole business park. (In other words: the mean of
the sample is equal to that of the complete population).

Method and results

The table shows us several things. First of all is shows us the current annual energy
consumption of the system. This is calculated in the following way:

The average demand for electricity (104.000 kWh) is multiplied by the amount of
participants (50), which gives us a total amount of 5.200.000 kWh.

The next step is to decrease the amount of electricity that is produced by rooftop solar
PV, which is 4.098.706 kWh. However this doesn’t mean that all of this electricity can
be locally used. Figure 1 shows why this is the case.

Figure 1 shows that an overproduction of solar PV exists from April to August. This
means the excessively produced electricity will not be used locally and therefore needs
to be subtracted from the local renewably produced electricity. This leaves us with an
renewable energy use of 3.104.163 kWh and a total electricity demand (from outside
the business park) of 2.095.837 kWh. This is the amount that is written down in the
table. The corresponding CO, emission of this electricity use is 1237 tons, based on an
emission of 0,59 g/kWh.
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Electricity demand vs Solar PV production
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Figure 7.1 Electricity demand vs local production in the PECS IJmond system (Ruiter,
2018).

The next step is to calculate the future energy consumption. The hardest thing in this
stage of the analysis is estimating the extra amount of energy that stays on the business
park, solely due to the implementation of the LEM platform. This is done by analysing
existing literature about demand response programs in smart grid environments. Authors
like Albadi and El-Saadany (2008); Kirschen et al., 2000; Edward and Policy (2005);
Moghaddam et al. (2011); Lijesen (2007); Roger (2008) estimate that the elasticity of
substitution is between -0,065 and -0,14 on peak demand. This means that approximately
6,5%-14% of the peak energy demand can be shifted towards a different time period
(when using a demand response program). Because of the indicated uncertainty, we use
the more conservative estimation of a 6,5% reduction of peak demand. This would mean
6,5% more energy will stay on the business park, instead of being transported to be sold
on the wholesale market.

Now we can calculate the future electric energy consumption of the business park, after
implementation of the LEM platform. Before implementation the surplus production, or the
amount of electricity being returned to the grid, was 994.544 kWh. This will be reduced
by 6,5% after implementation of the LEM platform. Therefore ‘only’ 929.989 kWh will be
returned to the electricity grid. This means the future electricity consumption will be the
total electricity use (5.200.000), minus the total rooftop solar production (4.098.706)
subtracted by the return to the grid (929.989 kWh). The calculation looks as follows:
5.200.000 - (4.098.706 - 929.989) = 2.031.191 kWh.

This means a total reduction of 2.095.837 - 2.031.191 = 64.645 kWh could be realized.
The future annual CO, emission than will be 1152 tons, which means an annual CO;
reduction of 1237-1152 = 85 tons could be realized. Which is equal to 6,81% CO:
reduction.
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This brings us to an analysis of the costs of the project. This part is a little bit more
straight forward. The costs are split up into two parts: the capital expenditures (CAPEX)
and the operational expenditures (OPEX).

The CAPEX costs have a summed total of €134.000. This is built up in the following way:
1) Energy Management (sensing and controlling) System (EMS) module: €80.000
2) Smart meters: €4.000
3) Research: €17.000

The costs for the EMS module or the LEM platform software of €80.000 are based on the
tender document used by Omgevingsdienst IJmond to select a LEM software provider.
This amount has resulted from an extensive market consultation held by Omgevingsdienst
IJmond (who was supported by TNO). This market consultation has taken place with the
following 7 parties: Energy 21, EnergyZero, SWECO, EXE, Econvert, Scholt energy and
Enervalis.

The costs for the smart meters are based on the earlier mentioned 50 participants, which
all need to pay €80 for smart meter implementation. 50x80 = €4.000

The research costs were needed to get a good picture of the most important
functionalities of the LEM platform. TNO executed this study.

The OPEX costs need to be made for implementation of the ESCo. These are costs for one
person, who will be working for two days a week, to establish an ESCo. The total costs are
€50.000, which means €25.000 annually.

The minimal pilot lifetime is now estimated at 2 years. After this period the pilot phase

should be over and the LEM platform should be running under the control of the ESCo.
All costs are add up (CAPEX+OPEX) and divided by the minimum pilot lifetime.
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Table 7.1 Spreadsheet to assess the economic viability of a pilot.

Preliminairy viability check PECS pilots
Tool: Jacob van Berkel, HZ University of Applied Scieces
Data provided by: Niels Tijhuis, Nick Ruiter, ODlIJmond

Brief description of the system and the pilot

Character

Brief description of the system in which the pilot is
implemented (e.g. a part of the harbour)

Business parks in the harbour area of the IJmond,
spread across two municipalities, Beverwijk and

Where is the system boundary (e.g. the perimeter of
the harbour).

Velsen.

What is the PECS pilot system?

The Local Energy Management-platform will offer
flexible distribution (based on demand and
generation) of local renewable energy. Local
actors (e.g. SME-firms) with high energy demands
or supply are connected to this virtual platform by
way of an IT-connection and smart meters, and
will be enabled to access the market, offer flexible
capacity and purchase local reneweble energy
when required or when it is economically most

beneficial.
Current system performance
What is the current annual energy consumption of the

2.095.837
system [kWh/a]
What is the current annual CO2 emission [tonne/a] 1.237
Future system performance
What is the future annual energy consumption of the

. . R 1.953.069
system, after implementation of the pilot [kWh/a]
What is the future annual CO2 emission, after 1.152
implementation [tonne/al )
Costs
What are the investment CAPEX costs associated
with implementation of the pilot [€]
Energy Management (sensing and controlling) System 80.000
(EMS) module ’
Smart meters 4.000
Research costs 17.000
Total CAPEX 101.000
What are the annual operation costs (OPEX) € 25.000
associated with implementation of the pilot [€/a] )
Pilot lifetime
Pilot lifetime (minimum of technical or economical) 2
[year]
Annual Energy + CO2 benefit, expressed in €:| € 120.700
Annual costs (simple), expressed in €:| € 75.500

Reduction of CO2-emission of the system, after 6,81%

implementation of the pilot [%]
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Conclusions

Based on the results shown above, a LEM platform in the port of IJmond seems to be
economically feasible. The final annual benefits, expressed in euros is €120.700, whereas
the annual costs are €75.500. This means the returns are 60% higher than the costs!

Sources
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DELIVERABLE 2.1.8: FEASIBILITY OF A
RECUPERATIVE STEAM TURBINE AT INDACHLOR

Indachlor (support Cerema)

HZ Report on PECS Pilot Systems 30



iiterrey =

2seasmerszesen  Ports Energy and Carbon Savings

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

5. INTRODUCTION

Background information on the IndaChlor project

The EU has established a hierarchy in waste treatment. The solutions can be to aim at:

1. No more waste generation.

2. Produce waste that is easily and directly recoverable.

3. Treat the waste in such a way as to make it easily recoverable, or extract a valuable
fraction (material or energy).

4. Treat the waste to destroy or extract a fraction that makes it harmful, or reduce its
volume.

5. Store the waste (with possible prior stabilization).

This hierarchy is currently complemented by an action plan of 2 December 2015 of the
European Commission adopting an ambitious package of measures in favour of the
circular economy and the adoption of a package of measures relating to the circular
economy and guidelines on the energy recovery of waste. The EU Action Plan includes
measures covering the entire product life cycle, from design, supply, production and
consumption to waste management and the secondary raw materials market.

What are the waste management measures planned?

Europe is currently losing some 600 million tonnes of waste materials every year that
could be recycled or reused. Only about 40% of the waste produced by EU households is
recycled, with recycling rates ranging from 80% in some areas to less than 5% in others.
The transformation of waste into resources is essential to make more efficient use of them
and to move towards a more circular economy.

What is the Commission doing to encourage the transformation of waste into resources
(secondary raw materials)?

Secondary raw materials still represent only a small proportion of the production materials
used in the EU. There are significant barriers to their integration into the economy, for
example due to uncertainty about their composition. Standards are needed to build trust.

General presentation of the IndaChlor operation

The schematic diagram of the synergy of the industrial process at the Loon-Plage -
IndaChlor site with the neighbouring industrial sites is presented below:

HZ Report on PECS Pilot Systems 31



interreg M
2seasmerszeeen  Ports Energy and Carbon Savings

nnnnnnnnnnnnnnnnnnnnnnnnnnnn

Process d’IndaChlor

Producteurs de résidus

chiorés
40000 T
PR—— — Traitement ces
ryssem. “clcools Vapeur résidus chiores Acide
N
" Hydrochlorique
e AT IndaChlor HCI eCOE oS
suffisance  Electricité 4 ~1%00T
— Production de
- 'k;r v 8 phosphate alimentaire
.

Economie circulaire!

Figure 8.1 The project: Technical content of the investment with flow sheet / description

The following diagram illustrates all the installations of the thermal treatment process for
chlorinated liquid hazardous waste at the Loon-Plage operating site.
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Figure 8.2 The project schematic.
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The purpose of the installation is:

- the valorisation of the recovered hydrochloric acid on the neighbouring site of the French
branch Aliphos (Ecophos Group) located in the North-East: this branch specialises in the
production of phosphates and uses hydrochloric acid for the extraction of phosphates
contained in the rock and phosphates contained in sewage sludge incineration ash;

- the energy recovery of the vapours produced to meet the needs of the neighbouring site
of the company Ryssen Alcools located in the North, which specialises in the production of
alcohols used in the composition of drinks, intended for perfumery and the production of
green fuels (bioethanol);

interreg @
2sessmers 20000 FOCUS ON Energy Recovery

| ascH, L

19 MW

Energy
Recovery
STEAM

= =

12,5 MW\ Process steam ‘ 0,8 MWa Turbine ‘
L | generator

o consumption
Alcohol distillery Indachlor

l ) _ - Electrical ‘

Figure 8.3 Energy recovery outline
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Figure 8.4  Process outine
- the production of electricity from part of the steam released by a turbine. This electricity

will be reused as a priority to supply the site's installations and may be fed into the EDF
grid in the event of a surplus.
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Figure 8.4  Process outine

The IndaChlor pilot within the Interreg project 2 Seas has its focus on the energy
recovery and electricity production part of the installation only.

Objectives to be achieved

At the Loon-Plage site, IndaChlor plans to operate a thermal treatment unit for
chlorinated solvent waste, called "IndaChlor" for "chlorine recovery unit", with a dual
objective of material and energy recovery. Recycling these hazardous wastes will produce
hydrochloric acid (HCI) and use the heat from the process to produce water vapour and
electricity.

IndaChlor's process will ensure a stable supply of secondary raw materials and renewable
energy to neighbouring industry.

The heat treatment process planned by IndaChlor will allow the treatment of pollutants
contained in used organic solvents with high chlorine concentrations. On the other hand,
this process will offer the opportunity to recover 99.5% of the chlorine contained in these
liquid hazardous wastes, in the form of hydrochloric acid (HCl). The recovery of
hydrochloric acid (HCI) from organic waste chlorinated solvents will replace the production
of hydrochloric acid (synthesis of hydrogen chloride from chlorine (ClI2) and dihydrogen
(H2) or co-production during the formation of chlorinated organic compounds) which is an
extremely energy-intensive industrial process.

For this reason, Indaver has sought an optimal solution where steam can be valorised
directly. This solution was found thanks to the synergy with Ryssen Alcools, which uses
steam directly in their process.
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IndaChlor through its project will also reduce (traffic impact study) to half the external
transport (by truck or rail) that would be necessary for Ecophos in its supply of
hydrochloric acid.

Expected results (target...)

IndaChlor through its waste recovery project will produce new secondary raw materials

and recover the entire chlorine molecule (40,000 tonnes containing 65% chlorine), and

consequently reduce

1. by half the external transport (by truck) that would be necessary for Ecophos in its

supply of hydrochloric acid (130,000 tonnes per year)

2. the natural gas requirement (104,000 MWh ©per vyear; except during

maintenance/repair periods) of Ryssen.

Ecophos: Avoid raw material consumption and transport benefits

Ecophos requires a large volume of HCI in their production. Without IndaChlor, its

volumes will be supplied by external 33% HCI suppliers from Germany, France, Belgium

and the Netherlands.

The synergy with IndaChlor allows Ecophos to substitute their external raw material HCI

with IndaChlor HCI from chlorinated waste.

In addition, there is a gain on transport of +/- 50%:

e IndaChlor's capacity (40,000T of waste at 63%) results in a volume of 129,550T HCI
20%. Only the 40,000T of incoming waste will be transported by truck and rail.
Transport between IndaChlor and Ecophos will be done through a pipeline connection.

e If Ecophos imported this volume in HCl externally, this is equivalent to a volume of
78,515T (=129,550*0.2/0.33) - because the commercial concentration is 33%.

e The synergy between IndaChlor and Ecophos then results in a transport reduction from
78,515T to 40,000T or almost 50% reduction!

Ryssen Alcohols: Substitution of fossil energy by energy from waste

Today, Ryssen Alcools uses a gas boiler for their energy needs. IndaChlor will make it
possible to substitute the majority of their fossil energy consumption with energy from
waste. Specifically, the symbiosis will achieve a natural gas reduction of 104,000
MWh/year equivalent to a CO2 reduction of approximately 20,500 T/year.
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Preliminairy viability check PECS pilots
Tool: Jacob van Berkel, HZ University of Applied Scieces
Data provided by: Jan Geroms, Indachlor

Brief description of the system and the pilot

Character

Brief description of the system in which the pilot is implemented (e.g. a part
of the harbour)

(part of) a 40k tonnes/year highly chlorinated
waste treatment facility. It will recovers all Cl
in form of HCI for re-use and recovers all
energy through steam (19MW thermal power).

Where is the system boundary (e.g. the perimeter of the harbour).

Arond the new sustainable energy plant

What is the PECS pilot system?

The pilot concerns the engineering, supply and
construction of a turbogenerator and its
anciillary equipment (electricity &
instrumentation and automation).

Reference electricity price [ct€/kWh] 5
Reference costs CO2-emission [€/tonne] 20
Current system performance
What is the current annual energy consumption of the system [kWh/a] 6560000
What is the current annual CO2 emission [tonne/a] 3608
Future system performance
What is the future annual energy consumption of the system, after
implementation of the pilot [kWh/a]
What is the future annual CO2 emission, after implementation [tonne/a]
Costs
What are the investment CAPEX costs associated with implementation of S OSO000
the pilot [€]
What are the annual operation costs (OPEX) associated with implementation E1000
of the pilot [€/a]
Pilot lifetime
Pilot lifetime {(minimum of technical or economical) [year] 20
Annual Energy + CO2 benefit, expressed in €:| € 400.160
Annual costs (simple), expressed in €:| € 213.500
Reduction of CO2-emission of the system, after implementation of the
100,00%

pilot [%]
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DELIVERABLE 2.1.9: FEASIBILITY OF BPS
PONTOON

To be written by UGhent
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6. INTRODUCTION

To reduce the carbon footprint of the port of Ostend, the potential of using carbon saving
and renewable energy technologies is investigated. According to the Kyoto protocol, all
carbon emission must be reduced by 20% by 2020. Carbon saving and renewable
technologies seem very promising solution to reach these ambitious targets.

With the development of this research, ethical dilemmas like different facilities, changes of
energy are possible to have some potential problems like environmental dangers and also
personal benefit. For instance, installing a big wind turbine may put at risk (or in danger)
bird specious, so additional measures should be taken to minimise the risk for the nature.

The goal of this report is to perform a basic examination of some possible solution so that
the carbon saving is achieved in the port of Ostend. Carbon saving and renewable
technologies with a high technology readiness level (TRL) are considered to conduct the
feasibility studies. The outcome of these studies will be used to form business cases so
that energy cost is reduced, and also more effective use of the energy is achieved.

By measuring the carbon footprint of the energy consumption of the port, a carbon saving
goal can be set. In the business cases, some technical, economic (including cost and
benefit) and environmental challenges will be considered. Within this report, the potential
of renewable energy sources such as solar, wind, wave and tidal will be briefly examined.
In addition, storage elements such as chemical batteries will be also discussed. Port
officers and wind turbine researchers are selected as our interview object, relevant
reports are chosen for our desk research.

For port of Ostend, three business cases/pilots are investigated, concerning application of:
1. Medium-sized wind turbine with rated power of 100 kVA - D 2.1.5

2. Smart LED lights pontoon D. 2.1.6.

3. A BPS (Blue power synergy)-energy pontoon - D 2.1.9

The options were selected after a pre-feasibility study and discussion with the port staff in
Jan 2019. Given the very small tidal amplitude, (0,5 m), tidal energy was not considered
for further investigation.

ENERGY PONTOON BPS

Usually, in remote areas of the port where the distribution grid is not present and to
maintain activities that need electricity a diesel generator is used. However, these
generators suffer from very low efficiency, the CO2 emissions are very high and the ratio
€/kWh is very high. The purpose of the developed pontoon by BPS, in the framework of
PECS, is to provide electrical energy (or heat) in remote places of the port where the
access to the distribution grid is not available or to operate in grid connected mode and
inject energy into the grid. The energy pontoon is equipped with renewable energy
technologies which provide this electrical energy. However, due to the intermittent
behavior of the renewables, a combination of two or more renewable sources is made in
order to ensure continues supply of energy to the load. Solar irradiation is available only
during day hours and when clear sky is available. Therefore, at night the renewable
source does not produce any power. Wind can be present during both, day and night, and
it can be harvested with wind turbines and electrical generators to convert the wind flow
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into electrical energy. Thus the combination of solar and wind energy decreases the
intermittency and it increases the reliability of the supply. Nevertheless, there will be
periods when any of both will be present. Therefore, a battery storage system is foreseen
to cover the load demand when no energy is provided by the renewable energy sources.

SOLAR IRRADIATION POTENTIAL

The energy pontoon has the size of a cargo container (40x8x8 ft) and all sides plus the
top are covered by solar panels. A preliminary drawing of the energy pontoon is presented
in Figure 1. The total installed peak power is 14 kW.

Figure 1 Sketch of the energy pontoon developed by BPS
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According to [1] the average solar irradiation given for the latitude and longitude of the
port of Ostend is 950W/m?. Therefore, a rough estimate of the total annual production of
the solar energy of the pontoon will be 15.2 MWh. The pontoon can operate also in grid
connected mode and taking into account the price of 15 €c/kWh it will return 2 280 €/a.
Note that this is a preliminary calculation. Measurements on the field of the pilot will be
performed and the final annual energy yield will be then assessed more accurately.

WIND POTENTIAL

As mention above, wind energy can be also harnessed to decrease the intermittency of
the renewables. In this pontoon 6 Savonius’ vertical axis wind turbines are used as shown
in Figure 2 a). The rotors are arranged in an innovative configuration that allows each of
the rotors to harvest the redirected wind form the neighbor rotors. Thus, the harvesting
of the wind energy is improved. To achieve this, the rotors must be synchronized in order
to avoid mechanical contact and thus failure in the rotor blades. Hence, all rotors of the
wind turbines are mechanically connected and thus synchronized.
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According to [2], the average wind speed for an entire year in Ostend is 5m/s. In order to
ensure smoot mechanical power the wind turbines are paired in two and their mechanical
output is passed to a water hydraulic system. Then the hydraulic system transfers the
smooth mechanical power into electrical power. To do so, three hydraulic systems with
peak power of 7.5 kW are used. The manufacturer has installed two (optional 3) 7.5 kVA
generators in the energy pontoon. According to [4], large wind turbines achieve 2000 full
load hours which makes them very promising solution for decreasing the carbon footprint.
By making the same assumption, the proposed set of wind turbines has the potential to
achieve 45 000 kWh annual energy yield which will bring a gross profit of 6 750 €.
Nevertheless, because of the innovative topology, some final tests and measurements will
be performed in the pilot installation to access more accurately the annual energy vyield of
the wind turbines.

a) b)
Figure 2 Advanced wind turbine topology used in the energy pontoon of BPS
The choice of a Savonius type wind turbine guarantees low noise level which makes them

very suitable for leisure ports and marinas.

WAVE POTENTIAL

Wave energy is another renewable source that could be harvested and converter into usable
energy. Mechanical and hydraulic actuators are used to convert the mechanical energy into
rotational moment which turns the shaft of an electrical generator. According to the
manufacturer of the pontoon, the wave energy potential should have wave height of at least
0.5m and period smaller than 6s in order for the wave converter to be economically viable.
Unfortunately, the Belgian harbors do not have this wave potential so the wave converter will
not be implemented and investigated further for the moment. A test could be performed at a
test position at sea once the test location will be disponible.

ENERGY STORAGE

The combination of different type of renewable energy sources results in a reduced
intermittency of the energy supply but there will be some periods when no power will be
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delivered by the renewable sources. Therefore, some storage elements could be used to
contain the excess of energy and contain it for a later use. Battery storage systems are
promising solution for energy storage and in the recent years they became an
economically viable solution because of the decreasing prices of the storage. Reference
[5] reports prices of about 500-700 €/kWh and a life span of 10 years which also includes
the power electronic inverter. The total amount of cycles is about 3000 to 5000 cycles but
it is also dependent of the depth of charge. Therefore, end-user prices of about 0.15 to
0.24 €/kWh can be expected.

The energy pontoon will have a battery storage system with a capacity of 37 kWh with the
possibility for expansion up to 75 kWh. This stored energy will be used to satisfy the
energy demand which is needed to maintain the activities in the remote areas in the port
when the solar and wind are not available.

Finally, by using the pilot verification tool developed by PP4 (HZ University of Applied
Sciences), a summary of the feasibility study is listed in Fout! Verwijzingsbron niet
gevonden. where the CAPEX and OPEX are also given.

CONCLUSION

The combination of solar and wind power has a great potential to significantly reduce the
carbon footprint of the ports. In this particular pilot, the energy pontoon has the potential to
produce 60.2 MWh of electrical energy annually which can result in a total reduction of carbon
emissions with about 33.1 t/annually.

Literature:
[1]https://globalsolaratlas.info/?c=51.230314,2.942263,11&s=51.235647,2.935222&
e=1
[2]https://weather-and-climate.com/average-monthly-Wind-speed,Ostend,Belgium
[3]https://www.windfinder.com/windstatistics/oostende_pier

[4]Timmerman J., Deckmyn C., Vandevelde L. and Van Eetvelde G. “Low carbon
business park manual : a guide for developing and managing energy efficient and
low carbon businesses and business parks,” 2014

[5]Global trends in renewable energy investments in 2018, Frankfurt School-UNEP
Centre/BNEF. 2018.
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Table Spreadsheet to assess the economic viability of a pilot.

HZ

Preliminary viability check PECS pilots
Tool: Jacob van Berkel, HZ University of Applied Sciences
Data provided by: Yvon Timmerman, BPS

Brief description of the system and the pilot Character

Pontoon, with wind turbine and

Brief description of the system in which the pilot is implemented (eg. a
part of the harbor)

Where is the system boundary (e.g. the perimeter of the harbor). boundary is perimeter of pontoon

pilat = pontoon, with turbine,

i i 7
What is the PECS pilot system panels and optionally storage

Reference electricity price [ct€/kWh] 15

Reference costs CO2-emission [€/tonne] 20

Current system performance

What is the current annual energy consumption of the system [kiwh/a] 60200
What is the annual potential of saving CO2 emission [fonne/a] 33.11
Future system performance

What is the future annual energy consumption of the system, after

implementation of the pilot [kWh/a] 0

What is the future annual CO2 emission, after implementation [tonne/al 0

Costs

What are the investment CAPEX costs associated with implementation of

the pilot [£] LR

what are the_annual npe_ratiﬂn costs (OPEX) associated with 340

implementation of the pilot [£/3]

Pilot lifetime

Pilot lifetime (minimum of technical or economical) [year] 25
Annual Energy + CO2 benefit, expressed in €: 9,692 €

Annual costs (simple), expressed in €: 7,140 €
Reduction of CO2-emission of the system, after implementation of the pp

pilot [%]
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DELIVERABLE 2.1.10: FEASIBILITY STUDY OF
LINKSPAN

Portsmouth (support Solent)
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7. INTRODUCTION

Ports Energy Carbon Savings (PECS) addresses the challenge of achieving carbon
reductions through the introduction of low carbon technologies in maritime operations in
small to medium sized ports. The main focus is on demonstrations of low carbon
technologies and solutions in real life and different circumstances using the best mix of
low carbon options. This post —feasibility is written in the realisation of the construction,
delivery, installation, acceptance and operation of the Link-span having already taken
place but in deep and grateful acknowledgement of the contribution of Interreg 2 Seas
and the requirements of their Letter of Notification dated 24/07/2018.

Portsmouth International Port

Portsmouth International Port is owned by the people of Portsmouth (Portsmouth City
Council) and is in that regard rather unusual in the UK as being one of the few successful
ports within the UK that is not in private business hands.

The main business of the Port (unloading and loading ships) takes place on five RO-Ro
berths (Roll-On/Roll-Off) and two ‘standard’ berths that take ships with a more normal
discharge and loading method usually involving cranes, fork lift trucks and Lorries.
Portsmouth Port has the advantage of Geography in that its position to the West of Dover
makes it the natural port for traffic wishing to access France to the West rather than
travelling East to Dover and then having to ‘back-track’” once landed in Calais from Dover.
In measures of traffic Portsmouth does however have some distance to go in catching up
with Dover who at 19M passengers a year
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In the small map above you can see that those wishing to travel into France and Spain
benefit from travelling through Portsmouth rather than through Dover where a large
amount of additional mieleage needs to be undertaken simply to recoup miles added by
choice of route. The opening of the Channel Tunnel caused a small dip in numbers but
generally the routes served by Portsmouth reflect the choices of passengers who wish to
minimise road distance. St Malo, Le Havre, Cherbourg, Caan, Bilbao, Santander.

Development of the Port and Development of Linkspans

Ports develop. They do not choose how to develop (beyond perhaps deciding which trade
that they wish to be in and this will usually be based upon whichever trade will bring them
most money). In the two photographs above you have the merchant trade of Portsmouth
as it would have been seen from the start of WWI into the 1930’s. The principal trade
seen here was coal. The modern port as we know it does not yet exist it has not been dug
out of the weeds and mud of the upper harbour and the chalk cliffs of Portsdown hill have
not yet been scarred to provide the in-fill. The main trade was coal because Portsmouth
as the home of the Royal Navy needed coal for her new steam ships that had replaced the
‘Man of War’ sailing ships. This is the Camber Docks, once the heart of the commercial
port of Portsmouth it is now home to the Isle of Wight ferry, a few fishing vessels and a
yachting marina. It is to some extent an example of the challenges that face any port (not
just SMS) ports in having to deal with the challenge of changing trade routes, changing
trade types and (in the case of the Camber Docks above) changing fuel choices. Just a
few years after these photographs would have been taken the choice was made to convert
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the Royal Navy from coal to Oil, principally because it would take a large Battleship
24hours to ‘raise steam’ within her boilers sufficient to proceed out to sea. Changing to oil
gave the Navy the ability to sail immediately. Thus the trade for the small port above
changed virtually overnight.

Generally speaking, until the advent of WWII, having doors in the front of ships was
considered if not unwise then at least perhaps a little risky. The Herald of Free Enterprise
and Estonia disasters have done nothing to suggest that this was wrong. However, having
a door at each end of the ship allows cars and lorries to literally treat the ship as a simple
stretch of road, driving in at one end and off at the other. Turning vehicles around within
the vessel loses space and takes a great amount of time. The first serious use of Ro-Ro
vessels was in the D Day landings in 1944. All that has changed is that the beach is now a
linkspan connected to the port. The linkspan needs to go up and down at the ship at one
end and stay connected to the port at the other. A direct route from the port to the
National road system also helps.

The picture above shows the port being reclaimed from the shallows at the upper part of
the Harbour in 1976. Note the three vessels on the traditional berth to the right (centre)
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of the picture. This berth is still in use although ships of the length shown no longer have
a commercial life in UK waters. The current Maersk vessel that uses Albert Johnson Quay

is three times the length of the vessels that you see above.

In 1978 we see the completion of two berths with single lane/single decked link-spans.
Each investment in the port requires a business plan to validate the expense of
expansion. The success and take-up of the two berths built in 1976 and 1978 resulted in
investment in two further berths which required that new port land needed to be
reclaimed. In the picture below you can see a large dredger engaged in pumping sand and
gravel behind the piled perimeter to create berths humber 3 and 4. As you can already
see from the photograph the port is running out of room, there is little room to advance
to the North where Whale Island (now the home of RN Fleet HQ) and to the South the
Naval Dockyard itself. Time to start making better use of infrastructure in 1982.

Fast forward to 2010 and you see the modern port of Portsmouth below. Already we have
started to develop double-decked link-spans (berth No.4) in order to make better use of
space and you will see the two fast craft at the bottom of the photograph ‘hot berthing’ as
one waits off the berth for the other to leave.
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The International Port of Portsmouth is a very constrained port in terms of land, it makes
its business on 14 hectares of land and is constrained on all sides by either water, the
Royal Navy or unalterable roadway. It is these constraints that have caused Portsmouth
to seek alternatives to simple expansion by joining other SMS ports in finding smart ways
of growing. Most recently this has involved looking at more sustainable transport, for
instance, alternatives of using road for freight (IMPACTE bid Interreg IIIB 2005 - 2010),
making better use of existing infrastructure (C2C ‘Connect to Compete’ Interreg IVA),
port strategic planning (PATCH ‘Ports Adapting to Change’ Interreg IVA 2007-2013) and
the use of innovation to reduce dwell times for HGV’'s awaiting cargoes WEASTFLOWS
(Interreg IVB NEW).

It is no coincidence that these actions have a common theme of improvement and
improvement that either creates a more sustainable environment or improves the
efficiency of existing infrastructure without jeopardising our futures. The aims of a small,
struggling port to improve its efficiency can sometimes lead us to be blind to
improvements that may cost more initially but prove a great saving ultimately in terms
that cannot be measured in terms of finance. The ability to harness the aspirations of the
ERDF and Interreg funding has allowed the author to unlock improvements that might
otherwise have gone unsought.

Business Case for a New Linkspan

The following information is commercially sensitive and Portsmouth City Council would ask
that the information in the section of the report is not shared with those outside of
Interreg 2 Seas and the PECS partners. A linkspan has a rough life. Whilst (like most large
pieces of infrastructure) the design life will be stated as 25years, often it does not last
that long. This is particularly the case with one of the perennial problems associated with
ships and shipping (and one that has cause casualties throughout the world), the wrong
declaration of shipping weights. A double decked linkspan designed to take a maximum of
160tonnes at any one time with a safety factor of only 110% might well find herself being
ridden over by 240 tonnes of illegally loaded HGV's.

In considering the replacement linkspan for berth number 4 the option of ‘doing nothing’
was considered as a pre-cursor to the business plan itself, the following was determined:
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[0 The do nothing option will result in the berth 4 linkspan becoming un-operational in
2017/18.

[0 This will reduce the number of ships the port can accept. It is highly likely that this
would adversely impact on Brittany Ferries sailings. It is uncertain how Brittany Ferries
would change their timetable.

[0 The income loss associated with the do nothing option assumes Brittany Ferries will no
longer run a Spanish Service from Portsmouth.

[0 It also assumes the port will no longer be able to accept the majority of cruise ship
calls.

[0 The annual net reduction in income if we did not have a berth 4 linkspan was £1.3m

Having determined that the ‘do nothing’ option was not a viable alternative to either
refurbishing the existing link-span or purchasing a new one, the options shown in the
table below were considered.

It should be stated at this point that where the commercial survival of a port is concerned,
the idea of including in a business plan measures to reduce carbon footprint or improve
sustainability are not first concerns - they should be but they are not. Where carbon
reduction measures result in energy savings however, this is where you can get those
involved in the procedure to sit up and take notice. This is also where having like-minded
partners in other SMS ports is an advantage, where knowledge can be shared and where
mutual aspirations can take ‘solid” form as a bid for funds to ensure that Carbon
Reduction measures can be incorporated in new designs.

All of the five options shown in the table below are given in detail on the following pages
with each option being given its own page. HZ Draft report on HZ-PECS deliverables 54

It should be noted that these Business Plans are for the full piece of infrastructure itself
and not for the Carbon Reduction improvements to the initial design which are the result
of the PECS bid and subsequent grant funding from Interreg 2 Seas.

BERTH 4 LINKSPAN REPLACEMENT OPTIONS APPRAISAL SUMMARY

Option Initial
Rank NPV Capital Life of Linkspan
Expenditure| Linkspan | Downtime
£ £ Years Weeks

Option 1: £9m new linkspan in 2017/18 1 11,841,743| 9,000,000 25 2
FIJ;:!tion 2a: £6m r?furblshment offsite. No reduction 5 12,518,997| 6,000,000 15 30
in income. New linkspan 15 years thereafter
F)ptlon 2b: £6m‘refurblshment offsite. Reduction in 4 13,810,264 6,000,000 15 30
income). New linkspan 15 years thereafter
Optm? 3: £5.6m refurbishment in situ M&E refurb. 5 16,067,578 5,600,000 4 30
New linkspan 4 years thereafter
Optsoh 4: £3.1m refurbishment in situ M&E refurb. 3 13,361,213 3,100,000 4 27
New linkspan 4 years thereafter
Option 5: Do nothing (do not replace linkspan) 6 25,838,103 0 n/a n/a
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Key Notes and Assumptions Option 1 is the least risky option because: 1) Linkspan
downtime is far lower than refurbishment options. 2) During refurbishment unforeseen
problems may be identified with the linkspan, which increases the cost refurbishment.
With the exception of option 2b) and option 5, the options do not result in a reduction in
income. For refurbishment options this assumes: 1) Ferries that would have used berth 4
move to berth 2 or 3. This would mean Brittany Ferries may have to reschedule some of
their ships. This could result in a reduction in services running from Portsmouth thus a
loss of income (not built into appraisal excepting option 2b). 2) Works are undertaken
over the October to March period, and there will be very few cruise calls during this
period. 3) If there are cruise calls over the October to March period, they can still be
handled by the Port, such as on berth 4. However, this may not always be possible which
would result in less cruise calls and a loss of income (nhot built into appraisal excepting
option 2b). Option 2b) assumes Brittany Ferries would move the Baie de Seine ship from
Portsmouth (sailing to France and Spain) for a period of 12 months. It also assumes the
port could not accept any cruise line calls over the October to March period. Those cruise
liners affected will not return to Portsmouth for 5 years. The do nothing option will result
in the berth 4 linkspan becoming un-operational in 2017/18. This will reduce the number
of ships the port can accept. It is highly likely that this would adversely impact on Brittany
Ferries sailings. It is uncertain how Brittany Ferries would change their timetable. The
income loss associated with the do nothing option assumes Brittany Ferries will no longer
run a Spanish Service from Portsmouth. It also assumes the port will no longer be able to
accept the majority of cruise ship calls. Refurbishing the linkspan outside the October to
March period is not a viable option. This is because of increased throughput during the
summer period, including circa 40 cruise calls. Initial capital expenditure assumes

elements of the old linkspan can be salvaged, e.g. components, steel.
Option 1 - £9M New Linkspan in 2017/2018

Option 1: £9m New Linkspan in 2017/18 Year Year Year Year Year Year NPV
0 5 10 15 20 24
2017118 2022/23 2027/28 2032133 2037/38 2041/42
(£) () (£) (3] (£) (£) (£)
Capital Costs
New Linkspan 9,000,000
Loan (9,000,000)
Principle 360,000 360,000 360,000 360,000 360,000 360,000
Capital Costs Sub Total 360,000 360,000 360,000 360,000 360,000 360,000

Revenue Costs/ (Income)

Maintenance - 50,000 50,000 50,000 50,000 20,000
Interest 372,600 208080 | 223560 | 149,040 74,520 14,904
Revenue Costs / (Income) Sub Total 372,600 348,080 | 273,560 | 199,040 | 124,520 34,904
Net Relevant Cost / (Income) 732,600 708,080 | 633,560 | 559,040 | 484,520 394,904
DCF @ 2.0% 1.0000 0.9057 0.8203 0.7430 0.6730 0.6217
Net Present Value 732,600 641,330 | 519,740 | 415375 | 326,068 | 245520 | 11,841,743
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Option 2a - £6M Refurbishment off site, no reduction in Income. New Link-span 15yrs thereafter.

Option 2a: £6m Refurbishment Offsite. No reduction Year Year Year Year Year Year NPV
in income. New Linkspan 15 Years Thereafter 0 5 10 15 20 24
2017118 2022123 2027128 2032133 2037/38 2041/42
(£) () (£) (£) (£) (£) (£)
Capital Costs
New Linkspan
Refurbishment 6,000,000
Loan (6,000,000)
Principle 400,000 400,000 400,000 360,000 360,000 360,000
Capital Costs Sub Total 400,000 400,000 400,000 360,000 360,000 360,000
Revenue Costs/ (Income)
Maintenance - 50,000 50,000 5,000 20,000 50,000
Interest 248,400 165,600 82,800 357,696 283,176 223,560
Revenue Costs/ (Income) Sub Total 248,400 215,600 132,800 362,696 303,176 273,560
Net Relevant Cost/ (Income) 648,400 615,600 532,800 722,696 663,176 633,560
DCF @ 2.0% 1.0000 0.9057 0.8203 0.7430 0.6730 0.6217
Net Present Value 648,400 557,568 437,082 536,974 446,298 393,898 12,518,997
Option 2b - £6M Refurbishment off site. Reduction in income. New Linkspan 15yrs thereafter.
Option 2b: £6m Refurbishment Offsite. Reduction Year Year Year Year Year Year NPV
in income. New Linkspan 15 Years Thereafter 0 5 10 15 20 24
2017118 2022/23 2027/28 2032/33 2037/38 2041/42
(£) (£) (£) (£) (£) (£) (£)
Capital Costs
New Linkspan - - - - - -
Refurbishment 6,000,000 - - - - -
Loan (6,000,000) - : ) z =
Principle 400,000 400,000 400,000 360,000 360,000 360,000
Capital Costs Sub Total 400,000 400,000 400,000 360,000 360,000 360,000
Revenue Costs/ (Income)
Maintenance = 50,000 50,000 5,000 20,000 50,000
Interest 248,400 165,600 82,800 357,696 283176 || 223,560
Loss of Ferry Income 471,620
Loss of Cruise Income 107,800
Revenue Costs/ (Income) Sub Total 827,820 215,600 132,800 362,696 303,176 || 273,560
Net Relevant Cost / (Income) 1,227,820 615,600 532,800 722,696 663,176 633,560
DCF @ 2.0% 1.0000 0.9057 0.8203 0.7430 0.6730 0.6217
Net Present Value 1,227,820 557,568 437,082 536,974 446,298 393,898 13,810,264
Option 3 - £5.6M Refurbishment in Situ M&E Refurb. New Linkspan 4 years later
Option 3: £5.6m Refurbishment In Situ M&E Refurb. Year Year Year Year Year Year NPV
New Linkspan 4 Years Thereafter 0 5 10 15 20 24
2017118 2022123 2027/28 2032133 2037/38 2041/42
(£) (£) (£} (£) (£) (£) (£)
Capital Costs
New Linkspan
Refurbishment 5,600,000
Loan (5,600,000)
Principle 1,120,000 360,000 360,000 360,000 360,000 360,000
Capital Costs Sub Total 1,120,000 360,000 360,000 360,000 360,000 360,000
Revenue Costs f (Income)
Maintenance 20,000 5,000 20,000 120,000 20,000 12,000
Interest 231,840 357 696 283,176 208,656 134,136 74,520
Revenue Costs / (Income) Sub Total 251,840 362,696 303,176 328,656 154,136 86,520
Net Relevant Cost/ (Income) 1,371,840 722,696 663,176 688,656 514,136 446,520
DCF @ 2.0% 1.0000 0.9057 0.8203 0.7430 0.6730 0.6217
Net Present Value 1,371,840 654,568 544,035 511,682 345,000 277,611 16,067,578

HZ

Report on PECS Pilot Systems

52



iiterreg B

2seasmers eosn — Ports Energy and Carbon Savings

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

Option 4 - £3.1M Refurbishment in situ M&E refurb. New Linkspan in 4 years

Option 4: £3.1m Refurbishment In Situ M&E Refurb. Year Year Year Year Year Year NPV
New Linkspan 4 Years Thereafter 0 5 10 15 20 24

2017/18 2022/23 2027128 2032/33 2037/38 2041/42

(£) (£) (£) (£) (£) (£) (£)

Capital Costs
MNew Linkspan
Refurbishment 3,100,000
Loan (3,100,000)
Principle 620,000 360,000 360,000 360,000 360,000 360,000
Capital Costs Sub Total 620,000 360,000 360,000 360,000 360,000 360,000
Revenue Costs/ (Income)
Maintenance 20,000 5,000 20,000 120,000 20,000 12,000
Interest 128,340 357,696 283,176 208,656 134,136 74,520
Revenue Costs/ (Income) Sub Total 148,340 362,696 303.176 328,656 154,136 86,520
Net Relevant Cost / (Income) 768,340 722,696 663,176 688,656 514,136 446,520
DCF @ 2.0% 1.0000 0.9057 0.8203 0.7430 0.6730 0.6217
Net Present Value 768,340 654,568 544.035 511,682 345,999 277,611 13,361,213

Option 5 — Do Nothing

Option 5: Do Nothing (do not replace linkspan) Year Year Year Year Year Year NPV
0 5 10 15 20 24
2017/18 2022/23 2027/28 2032/33 2037/38 2041142
(£) (£) (£) (&) (£) (£) (£)
Capital Costs

Capital Costs Sub Total - -

Revenue Costs/ {Income)
Maintenance

Loss of Net Income 1,250,000 1,300,000 || 1,300,000 | 1,300,000 | 1,300,000 [ 1,300,000
Revenue Costs/ (Income) Sub Total 1,250,000 1,300,000 1,300,000 1,300,000 1,300,000 || 1,300,000
Net Relevant Cost / {Income) 1,250,000 1,300,000 1,300,000 1,300,000 1,300,000 || 1,300,000
DCF @ 2.0% 1.0000 0.9057 0.8203 0.7430 0.6730 0.6217
Net Present Value 1,250,000 1,177,450 || 1,066,453 965,919 874,863 808,238 25,838,103

Customer Requirements of a New Linkspan

Portsmouth International Port can be described in a humber of ways. The first would be to
describe it as a Municipal port insofar as it is owned by the people of Portsmouth through
Portsmouth City Council (PCC). The second descriptor would be that it is a ‘Landlord’ port,
that is to say that it does not run most of the services that operate within the port itself
but encourages private enterprises to compete for this work on PCC land.

Thus the stevedoring in the Port Ro-Ro part of the port is undertaken by Portsmouth
Handling Services a private company. Security around the port is similarly undertake by
private contractors. The port reserves for itself the roles of administration of the port as
well as engineering and the provision of mooring gangs for the vessels.

For the companies that wish to use the port there is a period of negotiation for what are
known as ‘slots’ on the available linkspan berths (rather like an airport). These slots are
for four hours although most of the ferries that use the port tend to wish to ‘turnaround’
in 2 hours or less. Staying alongside for greater than 4 hours results in a further 4 hour
charge period being levied. A typical week of ‘slot times’ is shown in the reproduced
spreadsheet below.

HZ Report on PECS Pilot Systems 53



iterreg
2 Seas Mers Ze

oo ' Ports Energy and Carbon Savings

nnnnnnnnnnnnnnnnnnnnnnnnnnnn

CFPSLOTTIMES 23Junis to  20Juntd  WeskiSims ORIGINAL
e W — B — B~ B —= B— PR —=—MPF—@1 - f—l——— 1 — N =

Sasiey T i

oo 1 e

[NOTE WHEN VESSELS ARE SCHEDULED TO ARFIVE OF SALL SINULTANEDUSLY, AMD ASE ON THE VESSEL WHICH DOES MDT HRAVE TO TURNWILL SESTH SAL FRST.

It can be seen from the above that the ship operators are interested in effective infrastructure that allows
them to load and discharge their vessels as efficiently as possible with the least delay and without
breakdowns. It also follows that when a major customer spends many millions of Euro’s on a ‘state of the art’
LNG powered ferry that will reduce Carbon Emissions significantly over any chosen route that customer will
expect the Carbon savings to not end abruptly at the port but for the infrastructure to complement their own
investment.

Type of Linkspan

Lifespan

A link span is very simply the floating link between the ship and the port itself. It is unusual for any
two ships to have exactly the same freeboard (height above sea level) and therefor the linkspan
must be fully adjustable for height. Whilst the link span and ship will both be prone to the same
tides, the linkspan itself must be built such as to be afloat at all times but also have sufficient
buoyancy to support the discharging cargo of freight and passenger vehicles.

The linkspan was designed for a life of 30 years.

The lifespans first major maintenance will be 10 years.

Design Standards

The linkspan was designed and constructed in accordance with, and classified as, a Lloyd’'s
Register classification AT Passenger and Vehicle Linkspan and also, where applicable, to the
latest British Standards, in particular BS5400 and BS6349.

Existing Facility
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The shore end of the linkspan was supported on the existing bank-seat. The contractor had to
determine that the existing structure was capable of taking the loads to be applied to it.

The existing guide pile was retained for the new linkspan. The Contractor had to determine its
adequacy for the loads to be applied to it.

The upper deck connects to the existing viaduct structure. The contractor determined that the existing
structure was capable of taking the loads to be applied to it.

Berthing and mooring loads
Horizontal structural capacity was determined from berthing impact, mooring and vehicle braking
loads.

Sinkage
The sinkage of the linkspan under live loading was not to exceed 350mm.

Vessels to be considered

All vessels in the existing Brittany Ferries fleet were considered. These vessels are indicated on
drawing MARS539/08. The requirement for freeboard of the linkspan measured at 1.5m from the
face was 1.0m to 4.5m achievable at all states of the tide.

The upper deck was to be retractable to provide clearance for overhanging bow structures/visors.
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Vehicles/Loading to be considered

For normal operations, the seaward end of the linkspan is supported on a buoyancy tank capable of
supporting the dead load of the bridge, upper deck and tank structure and the additional live load of
any one of the following vehicular loadings.

(i) 2 lanes of HGV Vehicles on the top and bottom decks simultaneously.
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(ii) 1 lane of loaded, 85t MAAFI units/Cassettes plus one lane of tugs returning empty on the lower
deck only.
(iii) 1 vehicle of 45 units HB loading (180t) on the lower deck only.

Geometry

The outer end of the lower deck of the linkspan was to be the same as existing to maintain the
position of vessels in relation to mooring and passenger access systems.

The operational requirements for the range of adjustment required for the linkspan decks and
fingers are shown on drawing MAR539/05.

Minimum headroom for the lower deck was 5500mm under normal operating conditions.
Maintenance stops were provided at the seaward end of the upper deck such that this headroom
may be maintained if the upper deck adjustable supports are removed.

The lower deck ship’s ramp landing area were to have a vertical curved profile similar to that of the
existing berth 3 linkspan ref. drg. MAR539/07. Wear strips shall be 100mm wide at 500mm spacing
provided over the seaward 12m of this area.

There is an adjustable flap approx. 20m wide at the seaward end of the lower deck capable of
being raised by 1.0m. Drg.MAR539/07 refers Hydraulic systems actuating this flap are accessible
for maintenance/replacement without the requirement for the flap to be removed or for floating
plant.
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Tank Size and Arrangement

The width of the tank is 30m at the outer face. The outer face of the buoyancy tank over a distance
of at least 5 to 25 metres from the projected line of the berthing face is set back by 3m from the
nose of the linkspan to provide room for bulbous bows.

The depth of the tank is limited by the draft available.

Additional bulkheads are provided within any permanent buoyancy tanks to reduce sinkage in the
event of damage.

The tank and its internal bulkheads are designed to resist water pressures equivalent to it being
sunk at high tide level.

There is be safe access to all permanent and adjustable buoyancy tank compartments, in
accordance with confined spaces regulations, for operatives carrying out maintenance works.

Pumping System
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The nose level of the linkspan is adjusted by changing the ballast water in the buoyancy tank
using a system of pumps and valves.

A pumping system shall is arranged to ballast and de-ballast the tank. The pump set must be
arranged such that pump(s) may be isolated and removed for maintenance whilst maintaining the
capability of the linkspan to operate at no less than 75% of its design speed.

Pumps are capable of raising or lowering the linkspan at not less than 200mm per minute and are
contained in a fully accessible plantroom. Electric pump motors are of the ‘soft-start’ type to reduce
energy consumption.

Valves are to be electric motor actuated. Electric motors to be of ‘soft-start’ type.

Pump Plantroom

The plantroom is accessed from the deck of the linkspan via a staircase. It contains adequate
lighting and a ventilation system. Lifting beams are provided over heavy items of equipment and
adequate hatchways to enable such equipment to be easily lifted in and out.

Flooring is non-slip finish and walls and the ceilings are painted white.

Hydraulic Power System
The Hydraulic Power Unit is located within the pump plantroom. It contains three pump/motor units. It normally operates with
two pumps running and one standby.

Hydraulic Fluid

Hydraulic fluid is biodegradable, fully compatible with Fuchs Plantohyd 40N (datasheet at
Appendix A). All components and seals are compatible with the use of this fluid.

6.14 Operator’s Cabins

a. The control stations are housed in enclosures which afford the necessary environmental
conditions for the control equipment they contain. They also provide all weather protection for the
linkspan operator and are fitted with internal lights, a suitable heater and provision for data
connections including ducting to the bankseat.

b. The position and layout of all controls and the arrangement of all control panel switches, lamps,
visual and audible displays etc. have been subject to the approval of the Employer’s
Representative.

c. Each cabin contains 4 no.13A power sockets

Lower deck operator’s cabin

The cabin is situated on the lower deck with a good view of the ship’s ramp landing area.
The lower deck operator’s cabin contains controls for the following:-

Main on/off switch/Swipe card reader

Ballast/deballast

Adjustable flap

External Lighting

Berth availability lights

Lower deck traffic barriers & lights

It shall also contain two CCTV monitor screens both fully capable of being switched between any
of the CCTV cameras.

Audible/visual Alarm with its Accept button, and fault annunciator lamp panel, or MMI with capability to display all fault
conditions of the pump system, HPU and mechanical and control equipment. HZ Draft report on HZ-PECS
deliverables 66
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Freeboard (set and actual) is displayed together with indicators for all other functions.
It also contains 2 no. CCTV monitor screens both fully capable of being switched between all and
any of the CCTV cameras.

Upper Deck

The upper deck is supported from the lower deck and has the range of adjustment detailed on
drawing MAR539/05.

Speed of operation of the upper deck is:-

Extend/retract 50mm/sec

Up/down 50mm/sec

There is a self-levelling tread access stair to the upper deck from the lower.

Upper deck fingers
Fingers are individually selectable to cater for different vessel access widths and beams. The total
width of flaps is 10m (5m each side of the linkspan centreline). Fingers are 500mm wide.

Upper deck operator’s cabin

The upper deck operator’s cabin is sited with a good view of the fingers and the landing area on
the vessel. It contains controls for:-

Vertical adjustment of upper deck

Horizontal adjustment of upper deck

Upper deck fingers

Viaduct automatic barriers & lights

Vertical and horizontal positions of the upper deck are displayed, together with indicators for all
other functions.

It also contains 2 no. CCTV monitor screens both fully capable of being switched between all and
any of the CCTV cameras.

6.19 Berth Availability Signal

The linkspan includes LED berth availability lights in a position clearly visible from the bridge of
vessels. These lights are controlled by the linkspan operative from the lower deck control station.
The controls are:

i) Red - berth not available, stand off; HZ Draft report on HZ-PECS deliverables 67

ii) Green - berth available, commence approach;
iii) Off - no signal visible.

External lighting

Lighting to both decks are LED and provide an average of 50 Lux minimum, evenly spread.

B6.21 Internal Lighting

a. Internal lighting is installed in all the linkspan internal compartments for which access is required
for operational purposes and regular maintenance at monthly or more frequent intervals.

b. Internal lighting required for operational purposes is designed in accordance with the current
CIBSE Lighting Guide to give a minimum illumination of 150 lux. Isolation is by means of a manual
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switch in the switch panel

c. Lighting levels for maintenance purposes are sufficient to permit the maintenance function
without further portable lighting.

6.22 Emergency Lighting

a. Emergency lighting is installed in all linkspan internal spaces for which access is required for
operational purposes and also in any enclosed control station.

b. Emergency lighting is in accordance with BS 5266:1988 Part 1. All fittings are of twin tube self-
contained and maintained type, with a 3 hour duration.

6.23 Cyclamen

a. The Cyclamen units mounted at the shore end of the linkspan were removed.

b. Mounting brackets and ducts for Cyclamen units were provided in a similar position on the new
linkspan so that the units could be re-fitted.

6.24 Water Supplies HZ Draft report on HZ-PECS deliverables 68

A water supply for vessels was provided at the jetty side of the ship end of the linkspan with local
operating valve and provision for connection of a water meter by others. The shore end connection
is a 3" BSP female hose connection to connect with the existing supply and the ship end is a 3” 8-
bolt flange to BS 4504/8 PN16 to accept a meter by others.

6.25 Automatic barriers

The linkspan control system links in to the existing automatic traffic barriers and lights situated on
the bank-seat for the lower deck and at the bottom of the viaduct for the upper deck.

6.26 Audible & visual warning systems

All movement of the upper deck and upper deck fingers sound an audible warning and a visual
warning to all potential areas of danger.

6.27 CCTV System

4 No. CCTV cameras compatible with Dedicated Micros operating system are provided to monitor
the upper and lower decks of the linkspan.

The cameras are linked to screens in both operator’s cabins. These are capable of displaying the
current view from all or any of the cameras.

The cameras are also connected to a sprite compatible with Dedicated Micros and capable of real-
time recording, which will retain 30 days of records. This is connected to the Port CCTV network.

Vessel Approach Speed Monitoring

A speed monitoring device is fitted to the linkspan to monitor the approach speed of vessels. This
is displayed digitally on the appropriate CCTV monitor screen and linked into the CCTV data
retention system.

CCTV Monitors
CCTV monitors are 19” TFT screens

Control System

The linkspan is activated by a key operated switch. Provision is made for alternative activation by
proximity card. Space is available in the control cabinet for the necessary equipment to enable this.
HZ Draft report on HZ-PECS deliverables 69

The Ballast system is programmable to automatically achieve and then maintain an adjustable pre-
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set freeboard height. There is also a facility for manual up/down operation. The freeboard pre-set
and actual levels are monitored and displayed in the lower deck operator’s cabin.

The adjustable flap controls are up/down buttons.

All valves and pumps are capable of being locally manually operated in case of control system
failure.

The upper deck controls are up/down and extend/retract buttons, both manually operated. The
position of the upper deck is monitored and displayed in the upper deck operator’s cabin.

The upper deck fingers are individually selectable with an up/down button to operate all selected
fingers.

Carbon Reduction

The Contractor included carbon reduction technology into the design:

Higher Quality (longer lasting) steel to S355.

Softy starters on the ballast pumps to reduce electrical consumption.

LED lighting.

Environmentally friendly hydraulic Oil.

Paint system to have approximately 20-25 year life-span. Warranted for at least 10 years.

oD~

Disposal of Existing Linkspan
The existing linkspan was re-used (in part), recycled (in part) and disposed of (the remainder) in
accordance with environmental best practice.

Bird Deterrence
a) Where practical, measures were to be taken to prevent birds roosting in the structure and
on services.
b) External hydraulic valves and hydraulic/electric control equipment were contained in
enclosures to protect them from bird fouling, with access for maintenance.

Maintenance Access
All regular maintenance shall be possible without the requirement for additional access equipment.

Rationale

» The existing linkspan on No. 4 berth was coming to the end of its working life with increasing
failures and maintenance costs and a ‘bespoke’ software controlling system that could not be
upgraded to match necessary refurbishments.

» The Business Case looking at the options for the berth 4 linkspan indicated that the purchase
of a new linkspan was the ‘least cost’ option when one took into account losses incurred by
keeping a failing linkspan in operation.

» The possibility of financial support through ERDF in order to incorporate the improvements
necessary to try and match the Carbon Reductions incorporated into the new LNG drive
technology of the ‘Hornfleur’ could become possible.
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Honfleur in numbers

Vehicle capacity Length

Energy Saving Capability

Energy Saving features possible given higher specification of Linkspan

The customer required a larger linkspan of greater capacity. This did not mean that the
new linkspan could not be made more energy efficient but it did mean that the absolute
measurements of energy used may be higher than the original link-span’s albeit for
greater load and greater performance. The features that were considered (and either
implemented or not were as follows):

i. Solar Panels. These were considered for use on the linkspan but were dismissed as
being impossible for two reasons, the first that the linkspan has no roof onto which attach
such solar panels and no side that could be similarly used, being an ‘open’ structure and
because the linkspan moves up and down and would not be able to be kept at the optimal
angle for solar reception.

ii. ‘Soft Start” Electric motors. These were considered and implemented in the design and
build of the new linkspan as providing not just an energy saving in the operation of the
link-span but also extending the life of the motors and auxiliaries in use. Across the line
starting of induction motors is accompanied by inrush currents up to 7-10 times higher
than running current, and starting torque up to 3 times higher than running torque. The
increased torque results in sudden mechanical stress on the machine which leads to a
reduced service life. Moreover, the high inrush current stresses the power supply, which
may lead to voltage dips. As a result, lifespan of sensitive equipment may be reduced. A
soft starter eliminates the undesired side effects.

iii. Low Loss Electrical Transformer and Switchboard unit. The new Linkspan being of
greater size and performance than the original needed a new larger

transformer and switchboard that could take advantage of the new technology available
since the time of the original linkspan at berth 4. By the nature of the operation of a
transformer there is a heat loss created, due to current-low in conductors and a magnetic
flux circulating around the magnetic core. Whilst transformers are inherently efficient
(around 99% plus), transformer losses are thought to represent around 25% of all the UK
distribution network losses. The new low-loss Transformer and distribution boxes have
been fitted as part of the new linkspan in order to take advantage of these energy
savings.

iv. LED Lighting. The new Linkspan incorporates latest generation LED lighting
throughout.
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v. Sustainability Measures. The new linkspan incorporates higher quality steel that should
give this structure an operating life of 30 years rather than the 25 years of its
predecessor.

vi. Expected Carbon Savings. The new linkspan is of greater capacity (can suspend more
tonnes of vehicles moving across it at any one time) and of higher performance (it will
raise and lower more quickly than the one it replaces). In absolute terms it is difficult to
state what carbon savings will be made by the new linkspan (being 400 tonnes heavier
than its predecessor). However with a baseline figure of 243,000KWh consumption over 1
year of operation and 176 tonnes of carbon produced as a result of its operation we hope
to reduce this figure to 206,550KWh and 150tonnes respectively. The linkspan is still
undergoing ‘snagging’ as minor issues are addressed following its installation, but as this
probably includes re-designed hydraulic rams and new stainless steel bearing surfaces for
the upper deck, correct electricity consumption readings have not yet commenced.

Conclusion

The intervention by PECS in the development of the new linkspan for Portsmouth
Commercial Port was crucial. It is very easy in the commercial atmosphere of a busy port
to lose sight of what ‘can’ be done in the fog and fight of what ‘needs’ to be done. The
new linkspan was the perfect small pilot for proving that low energy/high efficiency starter
motors can be fitted and used even on the busiest structure. The lights can be LED even
though the specification has not changed with each new linkspan over the last 40 years.
The challenge now is to prove the energy savings on a piece of infrastructure that is
larger, heavier and more operationally efficient (it raises and lowers more quickly and
carries more traffic) than the one it replaced.
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Table Spreadsheet to assess the economic viability of a pilot.

Preliminairy viability check PECS pilots
Tool: Jacob van Berkel, HZ University of Applied Scieces
Data provided by: Mark Webb, Port of Portsmouth, Company Ravestein

Brief description of the system and the pilot

Character

Brief description of the system in which the pilot is implemented (e.g. a part
of the harbour)

Linkspan

- ——

Where is the system boundary (e.g. the perimeter of the harbour).

System boundary is the linkspan
perimeter

What is the PECS pilot system?

pilot = system = linkspan

Current system performance

What is the current annual energy consumption of the system [kWh/a] 161983
What is the current annual CO2 emission [tonne/a] 168,81
Future system performance
What is the future annual energy consumption of the system, after
implementation of the pilot [kWh/a] unknown
What is the future annual CO2 emission, after implementation [tonne/a]
Costs
What are the investment CAPEX costs associated with implementation of
the pilot [€] (direct claimable, ref. Revestein)
Soft starter on the ballast pumps to reduce the E-supply 30000
Hydraulic system environmentally friendly oil 5000
Total CAPEX [€] 35000
What are the annual operation costs (OPEX) associated with
implementation of the pilot [€/a]
Pilot lifetime
Pilot lifetime (minimum of technical or economical) [year] 20
Annual Energy + CO2 benefit, expressed in €: unknown
Annual costs (simple), expressed in €: 1.750
Reduction of CO2-emission of the system, after implementation of the
i unknown
pilot [%]
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D2.2.2. FINAL REPORT VERIFICATION STUDIES:

Using a straightforward calculation tool, the potential for application of Pilots-systems for
conversion of renewable energy in Ports has been assessed indicatively. On the basis of
this, the following conclusions can be derived:

1. Most of the techniques (6 out of 9), provide a positive business case. The annual
benefits (in terms of energy- and CO;- savings) are expected to be higher than the
annual costs. The data of 3 pilots (Linkspan, LED-pontoon and Hellevoetsluis-storage)
is inconclusive and open for further improvement.
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Figure 11.1 Annual benefits/costs for the pilots in the PECS-project.

The graph indicates the benefits, in term of annual savings [€] of Energy and CO-2,
compared to annual costs. A factor of 100% implies that the benefits are higher than the
costs.
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