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We are grateful to the following BPA associate members whashaperted the
research and writing of this paper. We are also grateful to the UK and
international portsvho completed our survey, took part in phone interviews or
provided information, data or shared their valuable experiences.

Arkevistaprovided analgis and modelling of A
datafor vessels in UK ports in 20T%is work will be
analysed indetail in followon pieces of worl
Arkvevistadeliver bespoke market, competitor al
A k customer intelligenceleveragng global maritime
r eVISi.G data (including AlS) and easch to analyse marke
and distribution networks, prioritise sales lea
study vessel anplort activity and map markets.

Arup provided advice and insightfrom their
experiences in the maritime sectohrup are an

independent firm of designers, plagrs, engineers
consultants and technical specialists offering
broad range oprofessional services. Through ¢

work we make a positive difference in the world.

Schneider Electricontributed specialist advice,
insight and expertiséfrom their exgrience in
- providing shore power systems in the UK |
SCI‘&“EIdel‘ around the world. Schneide Electric provides
Electric energy and automation digital solutions |
efficiency and sustainabilignd isa leading shore
power connections systems and electrical

distribution systmssuppliet
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TT CLUB '/
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UK ===
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The power to deliver a better future

TT Club provided their insight into potential
emerging risks aund the provision of shore powe
TT Club is the leading provider of insurance
related risk management services to t
international transport and logistics industry.

UK Power Networks Servicesovided technical
expertise and guidancelUK Power Network
Services provides solutions to global ener
challenges that enable clients to take advantag
the energy transition and decentralisation.
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The BPA is technology neutral when it comes to emissions
reduction but it is likely thatlsore powerwill be pat of a mix of
emissions reductions solutions for ships at berth in UK ports in
future.

There are significant barriers to implementation of shmwever
in the UKwith uncertainty and risks bourne by ports and benefits
accruingelsewhere

The primary barrier iscapital costs no shore power project
anywhere in the world & been undertaken without plib

support. Agreen maritime fund to support sh@power in the UK
is clearly neededo help meet prohibive costs particularly

aroundenergy networks and generation

Theprice of electricityn the UK is much highdnan in counties
where shoe power is providedMost ports with shore power
provision have support to help make electricity as a marine fuel
more competitive and @t needs to be replicated in the UK

There is dack of consistent demanfdom vessels calling the

UK for shore powefGovernmenneeds to address thiThe BPA

IS putting forwarda zero emission berth standard for discussion
with industry and Government which would drivedgmand for
emissions abatement technology andowide certainty for
invesbrs. We are keen to discuss thigealistic alternatives that
spread the costs of decavbisationand emissions atement
fairly

There are a number of otér barriers that Government and
industryshoudd address and areas of potential further research
and analysisthe BPA is ready tparticipatewherever we can be
of value.
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The UK pds industry is critical to the UK economy, handling the overwhelming
YIF22NAR (& 27T [oKksSlsd faciliate thie pbvRiGhdf offsNore energy
and support leisure and tourism and the fishing industry, contrib&&28dgillion

in business turneger and £9.7 billion in G\&nuallyto the UK economy as well
as 115,000 jobs. Each ygawrts contribute approximately £2 billion to the
Exchequer and investund £600 million in infrastructure.

Shipping is by far the moshergy and carboafficient way to move freight and
the British Ports Association has long argued that when it comes to climate
change, ports and gtping are part of the solution, not part of the problem.

Weallrecognise that action is needed to reduce emissions from ports and ships
Whilst emissions from port operations are typically very smalt ports are
taking action to reduce their impact. Many ports in the UK providestdtage
shore powerconnections for leisure boatsmaller fishing vessetsd smaller

port craft Highcapacity connections for large vessels or cruise ships present
signifi@ant technical and funding challenges for ports, howefsrof April 2020,
there are no largescalecommerciakhore power connections available in the UK.
This report sets ouhe readnswhy.

We haveexaminel the primary barriers to investment in thegwision of shore
power in the UKThese are examined in detail bateéestand out:(1) high capital
costs (2) expensive electricityand(3)a lack of consistent deman@ur research
indicates that there are no existing shore power projects on anyisagritcale
anywhere in the world, with the exception of those that have received substantial
public funding. Whilst we celebrate smaller scale projects that have been
undertaken, largscale shore power is currently almost always not commercially
viable.

As a critical part of logistics and supply chains, ports will have a wider role to play
in facilitating the decarbonisation and wider emissions abatements efforts of the
freight industy. We recognise thatsubject to the source of the electricighore

power has the potential to be @able tool for meeting public policy aims such as
the UKand ScottistD 2 @ S NJ/ WeS2¢ro tar@ets? and some of the goals set

1 (UK Governmen2019)
2 (Scottish Government, 2019)
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out in the Clean MaritiemPlad 4 as well as Government clean air politiéghilst

the Bitish Ports Association is technolewgutral when it comes to meeting
thesegoals,we recognise that shore powes likely to playa role in reducing
emissions at bertht is clear that its not feasible to install shore power at every
berth in the UK naccommodate every vessel. We think it is likely that shore
power will be part of a mix of future solutions to reducing emissions from ships
in ports.

The core contention of this papertisat this cannot be done without public
investment in four key areagt) pre-project planning and feasibility studi¢g)
network upgradesr off-grid generation{3)shoreside infrastructureand(4)on-
boardelectricalsystems.

This is not something avpropose lightlyg the Bitish Ports Associatiohas
traditionally argued that Government should not intervene directly in a
competitive marketDecarbonisation is a serioaad unprecedentedhallenge
and the ports idustry is serious about playing i@

We also set out a case for a tax exemption for electricity when it is being used to
power vessels at berth to bring it into line with marine fuel, which is exempt from
tax.

Finally, webelieve that agoaltbasedregulatoryapproach is needed to driwg
demand for emissions reductions at bertie propose a zeremission berth
standard thatvouldhelpcreate more certainty around investments in emissions
reductions technologies and solutions and help with some eftéchnical
barriers.This would neetuy-in and support from the wider maritime industry
and real collaboration between Government and industry: we are ready to play
our part in that and we are open to alternative solutions.

Our research has found thattao dzA t R A G F Yy R (st likeh £t € O
to work on its own, particularly given the price of electricity in the UK. Even where
electricity prices have been low, vessels have not always used the infrastructure
available to them.

3 (Department for Transport, 204p
4 (Department for Transport, 20b9
5 (Department for Environment, Food and Rural Affairs, 2019)
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Mandatory regudtion of shore power would disincevise other emissions
reductions solutions and be an inefficient and expensive pélizgreemission
berth standard ia technologyneutral, goabased policy approach that will allow

industry to tackle the issue irhé manner best suited to their specif
circumstanceslit recognises that some technologies will be complementary
rather than competing with each othaiherevessels choose or are unable to
comply, theyg Af f &AGATE O2y (NR O dzi Sucture2 ThisP I NB
approach isflexible ar@iA S &4 D2OSNYYSyid I WINBSyYyQ
first time.

We believe that &echnology neutral, godlased approach is the most sensible
way to reducing emissions from ships in pddger time, funds colded from a

levy could fund innovatevnew green projects in the UK maritime industry. Such
a scheme would need to be carefully designed to ensure that it would not affect
the competitiveness of particular sectors or trades whilst also ensuring that it
drivesbehavioural change and privatey@stment.

The British Ports Association presents these proposalb@siacpackageThe
barriers to shore power are complex and intertwined and the solutionsatsast
be multHfaceted. Whilst funding or reductions in electricity prices would be
welcone, there is a need to incentivise vessels to use the infrastru@urdarly,
supplyside support and collaboration will be needed to provide the
infrastructure

This document is offered as policy proposal and discussion document on how to
drive demandor low emission technologies for vessels berthing in the UK.

4L 2 J &1

1)
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Recommendation

Primary Recommendations

Responsibility

1

AClean Maritime Funtb support emission:s
reductions in the maritime sector
Barrier: High Capital Gss

Department for Transpori

Removing taxes on shoreside electritity
bring it in line with marine fuel
Barrier: High Electricity prices

HM Treasury

Goatbased measures to increase demand
such as zero-emission berth standard
Barrier:Lack of constent demand

Industry to develop;
Government to introduce
and administer

SecondanRecommendations & Next Steps

4

Regulatory advice and support for maritin
industries for emissions abatement

Department for Transpor

5

Exploring power as a service as a potenti
alternative model of shore power provisiol

Industry; Government

Continued national and international
engagement on developments to support
shore power and wider emissions
abatement options including exploring
collaborative programmes and informatior
sharirg

BPA; industry
Government

Research into quantifying the costs and
benefits of shore power and other emissic
abatement options, including the

development of an emissions calculator

Governmended: BPA

A reviewof the energy planning system an
how it supports maritime emissions
reductions

Governmemnded, Industry

Further analysis and research into deman

and modelled demand scenarios in future

BPA and partners

10
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What is shore power?

Shorepower is the provision of electricity thips berthed alongside in port.
When at berth, ships will turn off their main engines, which are used for
propulsion. Vessels connecting to shore power are also able to turn off their
auxiliary engines, which arsad to generate power needed faccommodé&on

and other electrical needs for crew and passengsraell as cargo systems in
some casesshore power is often sourced from the grid but could be from an off
grid sourcesuch as a wind turbine NG or renewablearge.

Shore power is also known@O2f R ANRYAY3IQZX | KA&G2NR(
ships with coafired engines would cool whilst at berth. As well as cold ironing,

Al A& ftaz2 1y26y | a W2y aK2 Ndiernai®es SNJ & dzl
maritme powe2> | YR aS@#&NI f 20 KSNJ & SNJ

Certain types of vessels will have other power demands whilst at berth.
Containerships oother vessels with refrigerated cargior instance, needo

power cargo units and tankers will have safety systems such as inert gas
scrubbers that also need p@w. Cruise ships will have large hotel loads at berth
due to the number of passengers and crew on board.

The provision of shore power to small vessels such as most leisure craft and small
fishing vessels is relatively straightfard and increasingly conan in the UK.
These types of vessels need low voltage and low capBaijger vessels have
higher power demands and will need higiitage connections with transformse

either shoreside or choard totransform voltage, with cruise ships typically
havingparticularly large electrical logdmdfrequencyconversion requirements

Most vessels operate at a different frequency to the UK ghie.Royal Navy has
commonly used shore powéor its vessels for many years, recently installing a
13.5MW offgrid power plant to provide shore power to new carriers in
PortsmoutH.

Off-grid solutions are also possible, with power being generatesteior locally.
Onsite renewable generation cabi&lso be used to generate zegmission fuels
such as hydrogen, which ddube delivered directly to a vessel or effectively used
as storage and then delivered by barge as clean electricity.

6 (Royal Navy, 2019)
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Vessel Type \ Typical maximum power requirements
RORO/Ferry | 6.5 MVA

Contaner Vessel | 7.5 MVA

Cruise | 16/20 MVA

LNG / Tanker / FSU / FP# 10 MVA

SourceABB

Power Capacity Typical spafication

<100kW 230/400/440\¢, 50/60hz
100¢ 500kwW 400/440/690\¢ 50/60hz

500-1000kW 690V/6.6/11k\¢, 50/60hz
>1MW 6.6/11kVc 50/60hz

Source: GloMEEF
¢KS 1 YQa SftSOGNROAGE ySGg2N] 2LISNI (S:
frequency standard for vesselghe global fleet is divided between 50Hz and
60Hz systems. To accormdate both kinds, shore power systems usually need
frequency converters at the ste side significantlyincreasing costs.

Frequency on board 60 Hz
Container (<140m) 37%
Cortainer (>140m) 94%
Container total 74%
Ferry / RORO 70%
OilTanker 80%
Cruise (<200m) 64%
Cruise (>200m) 100%
Cruise total 83%

SourceABB

"(ABB, 2017)

8 (GIoMEEP2020 GIoMEEms aproject aimed asupporting the uptake and implementation of energy efficiency
measures for shipping, thereby reducing greenhouse gas emissions from shipping.

9 Industry experts we spoke to told us that in all but the biggest projects, frequency comweosid make up

20-40% of project costs (of work inside the port, so excluding any network upgrades). For a very large project this
might fall to 10%.

12
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A cable management
system to allow cables
to be lifted to the
appropriate part of the
vessel to be plugged in

//’ % (or vice versa)
7 EXEKXXEx:
@ Frequency conversion, if needed. UK
@ frequency is 50Hz. Ships electrical
systems are either 50 or 60Hz. If the
Transformer: Depending on connection is not for specific vessels,
the available power source, or if those vessels are 60Hz, the
a transformer may be power will need to be converted.
needed to step power down
to a suitable voltage
]
6 ¢
(] s 6 & 6 4 ) b ,0.0.4
j‘ WRRERN ARR AN $odetatetotets tetetetilils
B 0 _:.
J
| | |
L 1 L 'l
- 1 A\l | 1

Cables from the grid carry high voltage
electricity to a local substation, where

it is transformed to a lower voltage
and distributed to local users
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Vessel types

<=1k

1¢5k

5¢ 10k

10¢ 25k

Gross Tonnage

25¢ 50k

50¢ 100k

Oil tankers 230/400/440V

400/440/690V

690V/6.6/11kV

690V/6.6/11kV

690V/6.6/11kV

6.6/11kV

6.6/11kV

Chemicdlproduct

400/440/690V | 400/440/690V | 690V/6.6/11kV | 6.6/11kV 6.6/11kV
Gas tankers 400/440/690V | 400/440/690V | 6.6/11kV 6.6/11kV 6.6/11kV 6.6/11kV 6.6/11kV
IV QeI (SIC  230/400/440V | 400/440/690V | 400/440/690V | 400/440/690V | 400/440/690V | 690V/6.6/11kV
CINEIEINGE (ool 230/400440V | 400/440/690 | 400/440/690V | 400/440/690V | 690V/6.6/11kV
Container vessels 400/440/690V | 400/440/690V | 690V/6.6/11kV | 6.6/11kV 6.6/11kV 6.6/11kV
R RRVEERICI 230/400/440V | 400/440/690V | 400/440/690V | 690V/6.6/11kV | 690V/6.6/11kV | 6.6/11kV
RETICT0[SIAVERREIlS 230/400/440V | 400/440/690V | 400/440/690V | 690V/6.6/11K | 6.6/11kV 6.6/11kV 6.6/11kV
@11 ale](=R{U[eJo]\VA 230/400/440V | 400/440/690V | 6.6/11kV
SO RYEREEIS 230/400/440V | 400/440/690V | 6.6/11kV

10 (GIoMEER2020)

14
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Vessel types

Crude tankers

Chemicdlproduct tankes

Gas tankers
Bulk carriers
General cargo
Container vesss
RoRo vessels
Passenger ship

Fishing vessels

when needed.

100¢ 400

10¢ 25k
100¢ 400

10¢ 25k
100¢ 400

British Ports Association

300¢ 750

Gross Tonnage

300¢750

50 350 100¢400 | 300¢ 750 | 300¢ 750

50¢ 350 300¢750 | 300¢750 | 300¢750 | 300¢750 | 300¢ 750
50 350 50 350 500¢ 3,000 | 500¢ 3,000 | 100¢ 400

50¢ 350 50 350 500¢ 3,000 | 100¢ 400

50 350 50 350 100¢400 | 300¢750 | 300¢750 | 300¢ 750
50¢ 350 50 350 100¢ 400 | 100¢ 400 | 300¢ 750

50 350 50¢ 350 100¢400 | 300¢750 | 300¢750 | 300¢ 750
50¢ 350 100¢ 400

Note: These figes are indicativand are the costs for installing equipment on existing veS$mscost of adapting
vessel for shore connection depends on the plant design and the possibility of varying the voftageeaoy range

11 (GIoOMEEP2020)

Source: The IMOGBIEEP Projett

15
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The Benefits of Shore Power

Emissions at berth account for approximately 16%hgi€xarbonemissions

13% of NO&and11% of PM1&? Connecting to shore power results in significant
reductions inat-berth air emissionsWhilst it is impaant to contextualise
emissions from both ports themselves and vessels within ports (see6)able
lowering emissions of both greenhouse gases and other air pollutants is a priority
for the industry.

~ NOE { 2dzNDS ! LI NI A2y
O S )
Z 5 2 =
c B = 3 © f‘é
2 83 > 4 =
S 8Bea 5% 2 = =
o §e)
9 x 3 =8 = ¢ g
(N 36.7 239 |0.2 [<0.1 |<0.1 |02 |15 [36.8 |62.8
22 30.5 17.4 |0.1 |<0.1 [<0.1 |01 |07 [31.6 [49.9
< 42 326 |03 [<0.1 |02 |0.1 |44 |42 783

7B 41.3 243 |04 |02 |01 |02 |1.4 |459 |72.6
5 \ 40.4 23.8 |0.2 |<0.1 |[<0.1 [0.2 |14 [449 |70.6
6 | 47.3 248 |04 |0.2 0.4 0.2 |15 |60.3 |87.9
Source: Arup for UK Major Ports Grdl
*Location numbers correspond to ports participatindnenresearct

The provision of shore power is often presented as a soltdaroimproving air

guality, but its potential for helping redugeeenhouse gasmissions should not

be overlooked.Connecting to shore power only reduces greenhouse gas
emissionsi GKS &42dz2NOS 2F GKS SySNHe& Aa W3
generation is made up of around 40% renewables, that is likely to continue to
grow.Many ports have invested significantly in on site renewable energse

otherwise closer to energy gersion sites Combined with the growing
greerhouse gas intensity of théK Grigthismeanghat thecontribution of shore

power to decarbonisation is ireasingly recognised.

125chneider Electric
13 (Arup for UK Major Ports Group, 2018)
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According to a study by Entécshorepower can result iron-site emissions
reductions of 97% for NOx, and 89% for particuldteshould be noted that the
ultimate source of the electricity may be fossil fuel which effectively moves
emissions elsewherddowever, in the UK this is increasingly from cleaner
sources.

Shore powealsoeliminatesvibratiors and noise from auxiliary engiraerth,

which has been measured at-200 dB in close proximity and improve
YFEAYUGSYFyOS O2yRAGAZYya  Emidklonsi KBing & KA L
manoeuvring, which can be significant, are not affected.

Shore power is ndhe only zero emission berth solution. Some hybrid batteries
charge whilst on a voyage allowing vessels to be zero emission at berth, for
example, and otheoptions are being developed.

14 (Enteg 2018
15 (European Commission, 2006)

17



EMISSIONS BY TRANSPORT MODE

grams of C02 /tonne-km v
A ’ R Boeing 747 435
. Ipskinl BT 1.100

ROAD i 8O

: Intermodal

R A , L (contail:leerr)n]tl:a?n 35
Diesel
: Iocum:liis\fe 49

SH’PP'NG Large bulk carrier 2 5

By far the most Large container
oHfiion wayto ship 12.5

move freight




British Ports Association

The UK ports industry

This sectioroffersbackground information on the ports industry that is helpful
background to latesections where we set out some barriers to th&tallation

of shore poweland potential solutions to overcoming those barriers.

As a relatively small isldwith a largepopulation and advanced economy, it is
no surprise that the UK boasts a large number of commercial harbbere are
approximately 125 cargbandling portsaround the UKwith 445 ISP$ertified
UKterminalsregistered by thénternationd Maritime Organisation (IMO).

The UK ports industry is diverse, independent and competitieethe second
largest in Europe, handlig% of UK tradalmost 500 million tonnes of freight
andover 60 million international and domestic pasger journgseach year

The industry contributes £29.0 billion in business turnover and £9.7 billion in GVA
to the UK economwnnuallyas well as 115,000 jobs. Each year itidustry
contributes approximately £2 billion to the Exchequer and invests around £600
million in infrastructure. The aggregate impacts are much higher: it is estimated
that the ports industry helped to support a total of £70.0 billion in turnover,
822,000 jobs and £10.8 billion through the compensation of employees if2017.

EachUKharbourauthority is a unique statutory entitgystablished with its own
primary legislationUK portsare required by law tmperat their harbours
commercially for the benefit of its users.

Ports are diverse in the type of cargoes they hamdhleany have become
spegcalised in particular markets or tragi@though there are still a large number

of multipurpose ports that cater to a range of vessels and cargoes. There is also
diversity in the degrees of vertical and horizontal integration: some ports are
owned byshiping or logisticorganisations notably in the ferry sector, for
example. There are different levels of vertical integration: some port authorities
will also be port operators, others are more of a continental landlord model, with
separate private opators handling cargo and passenger operatiohisis
RAGSNEAGE Aa GKS & SdeveldaphippolicyachalNddging.i K 0 dzi
Just as the markets they serve vary, so too do ports themselves. The ports sector
in the UK has changed substantially otrex last thirty years. A process of
privatisation and deregulation has created a unique ports industry.

16 (CEBR for Maritime UK, 2019)
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Ports in the UK fall into one of thfé@wnership categories: Private, Municipal,
and Trust. All three models are open to market forces, and are run indiepén

as stanehlone, seHlfinancing enterprises, free from systematic Government
support or subsidy.

Dry Bulk
4%
Other

Lo-Lo

including export cars
and pax vehicles (1.5%)

Source: Department for TranspodrPFreight Statistid8

A mature industry, (ports in the UK have been operating in the UK for over two
millennid®and. NJA UoldéstE@tinual business is Aberdeen HarBpuannual

cargo throughput tends to rise and fall with GDP. As well as handling cargo, many
ports have diversified to cater to wider maritime industries, such as shipbuilding
and repair, bunkeringishing, leisure and tourism (including cruise), and ofésh
energy. Ports have responsibilities for maintaining their harbours for the benefit
of its users and have powers to charge those users accordingly for the
maintenance of the port and where applite, pilotage. Maintaining a port
incurs significant cosandharbour dues must be set at an appropriate level and
can be challenged if users do not feel they are fair.

71n Scotland, port and ferry operatGaledonian MacBrayrg a company owned by the Scottish Government.
Caledonian Maritime Assets, the Harbour Authority for 24 ports in Scotland, is alsecowielly by Scottish
Government.

18 (Department for Transport, 2019c)

19(BBC News, 2002). In 2002 archaeologists identified harbour works in Poole dating back to 250 BC.

20 (Aberdeen Harbour, 2020)
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The competitive nature of the UK ports industry is the result of Government
policy designed to deliver private investment and an efficieniskocs industry.

Ports compete with others in the UK and Europe on the quality of their
infrastructure and quality of service, as well as other areas largely outside of their
control such as locaticaend hinterland connectivity.

The National Ports PoliStatement says that the Government welcomes and
encourages such competitidhlt has delivered an industry that is efficient and
invests hundreds of millions of pounds in capital investment every yea

Government policy has successfully delivered aniezfti@and investing ports
industry. Challenges such as climate change which necessitate rapid
decarbonisation were not part of this design and whilst the industry is used to
adapting to new environmeal regulations on a regular basis, tackling both
climate change and improving air quality will need greater collaboration and
partnership between industry and Government.

When developing or implementing climate change policy, Government and
others must benindful of the fact that moving freight by water is Aythe most
efficient mode of transport. A holistic approach to emissions reduction is critical
and indeed electrification in general can be ciosslal Ports are very much part

of the solution to lavering emissions and in many cases, there are no fealist
alternatives. It is therefore important that shipping is not put at any unnecessary
competitive disadvantage that may disincentivise modal shift towards shipping.

2! (Department for Transport, 2012)
22 (British Marine Aggregatess@giation, 2020)

| Four barges delive- of
aggregate ta' hamesidavharves every
| day of the yea, taking 900 lorries o
the streets according to theBritish
Marine Aggregates Associatitn

Jud

21
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The British Ports Associatioonducteda survey ir-ebruary and March 2020 of
its members on theiattitudes towards shore power and barriers they perceived
as preventing them from installing it in their ports or terminals. We also
undertook indepth phone interviews with several ports in the UK to underst
some of the challenges in more detail. la tourse of our research we also spoke
to several European ports on their experiences with shore power.

A summary of the responses to our survey is attached at Annex A.

We found that capital costs were the sit@ommonly identified barrier, followed
by therelated challenge of energy network capacity (which typically comes at a
large cost to remedy), the cost of electricity and a lack of demand.

We have examined these barriers in detail in the following segtamwell as
summarised some of the wider cleglfes that were raised with us.

45 -
4 -
3.5
3
2.5 -
2
1.5 4
1
0.5 -
O 4

Lack of demand Capital costs Costs of Electricity v Lack of capacity in local

marine fuel transmission network

m Weighted Average

Source: BPA Member Survey
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High capital costs

UKports operate on a commercial basis and investnaed spending therefore
must have a viable business caSer survey and qualitative phone interviews
found thatthe high capital costs were the biggest barrier to the installation of
shore power. This iooha surprisinginding for most people who afamiliar with

this issue. We have found that this barrier can be split betW&gmgh capital
costs for installing infrastructure inside the port g8y high costs and charges
for any remedial work that Wibe needed on the local distribution network
including providing additional capacity, building new substations and any
network reinforcement that may be necessary.

We have not spoken or heard from any ports who have said that this is not a
barrier, altrough clearly some ports have overcome it angovide powerg

albeit noneso far at a large scale. One port we spoke to who has been considering
a large capacity shore connection said that if the project went ahead it would be
despite the costs and lack business casé¢he project would be undertakeon

its environmental merits alone.

This barrier is not unique to UK ports; it is consistently raised in discussions,
interviews and meetings with port authorities and operators that we speak to
around the vorld.

The overall cost for shore powerojects varies significantly depending on
location the capacity of the connectiathe and characteristics of the local
energy networks.
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Date first Maxlmu_m
: Total Cost Capacity
operational
Juneau USA 2002 USD 5.5m |11
Gothenburg | Sweden 2010 SEK 7m 2.5
New York USA 2011 USD 21m |20
Oslo Norway 2011 NOK 7.8m |45
Oakland USA 2013 USD 70m |8
Krigiansand | Norway 2014 NOK 4.2m | 0.5
Bergen Norway 2015 NOK 7.5m |0.5
Livorno Italy 2015 EUR 3.5m |12
Vancouver | Canada 2017 CAD 12m 7.5
Dunkirk France 2019 EUR 2.2m |8
Vancouver | Canada 2019 CAD 6.8m |75
Genoa Italy 2020 EUR 4.5m |40
Kiel Germany 2020 EUR 15m |12.8
Hamburg Germany 2022 EUR 76m 33.5
Note: currencies not adjusted for inflation
For reference, April 2020 currency rates are roughly 1 USD 0.81 GBP
0.58 GBP; 1 SEK 0.08 GBP; 1 NOK 0.08 GBP; 1 EUR 0.88 GBP

Source: BPresarch
Table7 shows the wide variance in reported project costs feorange of shore

power projects. The uncertainty is compounded by the fact that gmojects
include the cost of network upgradesusually the bulk of the cogtwhereas
others do not othey were not necessary.

The costs of potentially having to upgrade local energy networks were cited by
most people we spoke to amgspondents to our survegentified it as the
biggest barrier. The second highest barrier identified as df capacityn the

local energy network, whidh related to the capital costs barrier.

Large vessels will require in the order of 5SMW per connection which could be a
quarter or half the typical demand for a small to medium port. This connection
will inevitably put sess onlocal energynetworks, whichrequires either
significant capital expenditure on reinforcemémtemedyor energystorage
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A feasibility study into network upgradesuld cost around £60,00&8nd there

are additional costs associateftth investigainhg shore power technical viability

For many ports we spoke to, even relatively small upfront costs are can be
dissuasive given thether barriers identified below, but the system of charges
punitive for ports looking to lower emissioias their custaners.The costs for
studies inside the port tend to be much smaltemusually around £5,000
according to suppliers we spoke to.

Project Element EstimatedCost ranges
Feasibility Studies; Surveye-Project work £5 to£70k
etc

Network capacity upgrades, reinforcemen £2m to £25m for a 16MV

etc connection

Off-grid generation Up to £6m

Infrastructure inside port or terming £0.3m to£10m

including groundwork etc.

Retrofitting Vessels Up to £1m
Source: BPA resear

The necessity for network upgrades will be a major factor in any shore power

odzaAySaa OFaSe 2SS §221SR G blFdA2yl

understand how many ports energy caasits would affectOf the top ten

largest ports in England and Waledlrpughput, seven were in areas where the

nearest substation was or near full capacit$? > Even where theres additional

available capacity, there may not be enough to ntleetrequirements of shore

connectionsWe would be interested to see more-depth research and analysis

of network capacity specifically in regards to shore power and wider port

electrification.

Off-grid generation

Onssite generation offers potentialalternative to connecting to electricity gsd

In some locations where the capital costs associatedngitivork remediesre
particularlyhigh, offgrid solutions might be (relatively) more financially viable.
Ports are often in good locations for the geat®n of renewable energy such
and many UlKorts have installed solar panels and wind turbines, as well as other

2¥(Department for Transport, 2018)
24 (National @d, 2020)
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technologies. Submarine energy cables from offshore wind farms often come
ashore near ports, tooMost renewable energy sources are internmtte
generators however and so may need agded large, and costly, energy storage
options alongside it as well as transformers and other equipment.

Maximum Power Output Project Cost

SinglelOkW turbine £345k

SingleBOOkWturbine £1.0Bm

SinglelMW turbine £1.25m

Single 3MW turbine £2.33m

Single 3.5MW turbine £3.13m

Note: If the turbine is connected to the grid to export energy, then there |
related costs that could significantly increaserallproject costs

Source: Renewls FirsP

25 (Renewales First, 2015)
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The Price of Hectricity

The price of electricity compared toarine diesel is consistently raised as a
barrier to the takeup of shore powelUJK electricity prices are the second highest
in Europe, before taxe’$ From our participation iEuropearports forums, this

IS not specific to the UK, although as showhatéble below it is a bigger barrier
given the costs.

When building a business case, a port must be confident that their prothet
electricity ¢ will be able to compete agat marine fueland any potential
alternatives that might appear in the lomgerm. Ports will usually also need to
add their own margins to the electricity to recover their investment costs.

Nation Pence pekWh

UK 10.96
Spain 7.83
Germany 7.75
Norway 7.35
Belgium 6.48
USA 5.69
France 5.67
Netherlands 5.31
Sweden 4,62

Both the prices of electricity and the price of marineeli@actuate and different
shipping owners and operators (and indeed ports) will have differing buying
power when it comes to negotiating prices. This makes direct comparisons more
difficult.

Shiing is an extremely competitive industry and it is cleaug from our
conversations with ports that shipownerke most commercial organisatioQs
will in most cases take the cheapest viable option on en&tgrefore whilst
using auxiliary engines is the cheaper option and with no regulation in place to

26 BPA Research
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prevent it (notwithstanding IMO and emissions control area rules), it will be
difficult for shore power to compete.

Consumer facing sections of the shippimdustry such as cruise may opt for
shore power for their reputation or because customers demamiaessure may

also begin to fall on carriers from investors which may change behaviour but our
view is that for the majority of shippingpst will remainlie primary driver of
choice between using auxiliary engines and plugging in, where available.

600
500
400

300

Price: US $ per Metric Tonne

200

100

Apr 12,2019 Aug 30, 2019 Jan 17, 2020

Source: shipandbunker.cém

Our understanding is that a large shipping line buying marine fuel in large
quantities might expect to pay around $0.08 (£0.06) per kWh. During our
research we were told that smaller organigas in the UK might currently expect

to pay around £0.13 per kWh.

27 (Ship and Bunker, 2020). Values as of 20 May 2020.
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Lack of demand

UK ports are markded and provide their infrastruate and services based on
anticipated or actual demand from port usekdack of consistent demand from
port userswvas identified as a major barrier for UK ports in the provision of shore
power.lt is not as big a challenge as capital cdsts| networkcapacity or even

the price of electricity, but it iseverthelesseen by many as a prohibitive barrier.

Onlya miority 1199 2 F L2 NI a NBALRYRAYy3I Gdf 2 dzNJ
inquiries about the availability of shore power at bertRlone interview
revealed that cruise andontainer lines tended to be the main segments that
enquired about shore power. Some meemd also noted that these sectors are

often demanding, reflecting the extremely competitive nature of tisestors

Ferries are another seor that are often mooted asuitable for shore power,
given the predicable vessel calls and berthing timelatively lower power
demands and high degree of vertical integratimiween vessels and ports.
Ferries in the UK are also highly competitiidany ferrieshave a short
turnaround time which we were toltbuld make plugging in unfeasileut that
many ferry ompanies are exploring a wide range of options to lower air
emissions, including the uséaxhaust gas cleaning systems aylrid systems.

OffshoresupportvesselfOSVsare also sometimes suggested as an appropriate
segmentfor showcasing shore powegiven that these vessels are at berth for
longer periods of time and usually work out dfiagle port. Phone interviews
suggested thathere had not been a significant demand from this sector in this
regard

Demand from shipping more widely

There are ove®6,000vesselsn the world as of April 2028 Around 50,000 are
internationally tradingnerchant vessels, according to the International Chamber
of Shipping?®

28 Although new technologies such as contact changiag help resolve this particulissue
22(UNCTD Data Centre, 2019)
30 (International Chamber of Shipping, 2020)
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Tablel1l World nerchantfleet by type of ship
Total fleet

Oil tankers

Bulkcarriers

General cargo
Container ships
Other types of ships

Source: UNCTAL
There is little reliable evidence as to the number of vessels in the global fleet that

are able to connect to shore powellarksons Research suggdbere are 525

vessels with shore connectiotfs. However @ta shared with us by the
Environmental Ship diex® shows that there arapproximately 160 vessels that
have the ability to connect to shore, with container ships standing ouB8@&h
of them havingshore connection# This accounts for approximately 15%altbf

container vessef¥.

31 (UNCTD Data Centre, 2019)

%2 (Clarksons, 2020)

33 (Environmental Ship Index, 2020). The Environmental Ship Index is a voluntary scheme that allows ships to
register particularabout their vessels in order to qimglfor port tariff discounts at participating ports. The Port

of London Authority is the only UK port that participates as of May 2020.

34 This data includes vessels who have capacity to connect to shore power althisungh guaranteed that it is

in warking order, but it is the most reliable indicator we have found so far. The large discrepancy between the
FAIdz2NBA YI& 6S RdzS G2 GKS FILOG GKIFG /fFNjazyaQ REGE A
@SaasStaqQ 02y y Sgbiokage/ Bhe data indy algozust simply b&ikcomplete.

%t is worth noting that many of the ports offering ESI scheme incentives are container ports.
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Typeof vessel ‘Number

Bulker 85
Chemical tandr 81
Container ship 809
Dredger 3
Ferry 2
Fishing 4
Gas tanker 2
Multipurpose ship 247
Other vessel 127
Passenger vessel 36
RoReShip 25
Sailing vessel 1
Tanker 27
Tug 51
Total 1500

Source: Environmental Ship Index as shared witl

Container ships with
shore connections

m Container ships withou
shore connections

36 (Environmental Ship Index, 2020)

Source: UNCTA@ata provided to the BP£
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Whilst we recognise that our data may be incomplete, it is clear that at present
only aminority of ships overall ardke to connect to shore power.

Data for cruise ships is also patdmytthe cruise industry is likely the most shore
power ready of all shipping segmen@uise Lines International Association
(CLIA) report that as of 2085 (27% of total cruise shipsjuise ships are
equipped for shore powe¥

Whilst wethink it likelythat the number of vessels with shore connectionk

grow, data from Clarksons Research shows that just 1.5% (56) of the current
vessels on order willdve shore connectior’§.Even acounting for some
possible underreportinghat is concerningDespite this, andansidering the

costs for retrofitting vessels with shore connections is substantially higher than
costs of installing them during their buiidgdoes not seem likeljat there isto

be a significant growth in demand in the near fut@eross the boardyiven the

20-30 year lifespan of vessels.

Demand by sector

There are other factors affecting the demand for shore power from different
types ofvessels calling at UK ports thee have not considered. This includes
potentiallydifferenttypesanddifferentlifespans of vesselgpicallycallingat UK

ports. The points above may not be comprehensive; they are however illustrative
of an issue picked up in our survey, in our wiws and in conversations and
discussions over many years: there is currently not enough demand to make
shore power a commerciallyable option in the overwhelming majority of UK
ports.

The higher prevalence of shore power installations on certain tyfpesssels
does offer some hope howevdduring the course of our research we spoke to
the Port of Hamburg, which is currently expagdits shoe power availability
including offgrid and mobile solutions Hamburg estimate that shore
connections are conodrated in larger container vessels and cruise ssaiqml
predict this will grow. The table below shows estimates of the number sélses
that will be ready to connect tshore powemat the Port of Hamburgithin five
years.

37 (Cruise Lines International Association, 2019)
38 (Clarksons, 2020)
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Estimated Shore Power

Vessel Type SubClass Readiness by 2046f vessels
callingat Port of Hamburg)
Container 1-ULCS Future >RUEU| 80%
2-ULCS 405*63 75%
3-ULCS 400*60 42%
4-New Postpanamax 44%
5-New Panamax 30%
6-Old Panamax 2%
7-Feeder/NOKmax 5%
Cruise 1-CRUISE>2500 pax |82%

2-CRUISE<2500 pax | 27%
3-CRUISE<1000 pax |51%
Gas/Oil/Chemicg 1-Suezmax/VLCC
Tanker 2-Aframax
3-Panamax
4-NOKmax
5-LNG

Bulker 1-Capesize
2-Postpamamax
3-Panamax
4-NOKmax 3%
Multipurpose 1-Large General Cargo
2-Large General Cargo
3-NOKmax 11%
Source: Hamburg Port Authority estimates sharedB#Ri

This is an interestingew ofthe situation irone major European poitYe would
welcome more robust insight into thprevalenceof shore connections in
different segments of thevorld fleet and credible projections on how this is likely
to change in future

It is not a coincidence that the prevalence of shore power installatiGdhsape,
where its use is currently voluntary, are to support vessels that call regularly or
where aconsistent demand can be expectatd that these vessetse ahead in
installing connection equipment on board
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Our research and experience from talkingpéot professionals in Europe is that
successfuthore power projects angsuallyundertaken as colaborativeeffort.

I GodzZAfR AO YR (KSe gAtf O2YS¢ | LILINE
cruise terminal, we found that cruise vessels had detlio plug in for various

reasons including the cost of electriéitynterviews with European part
suggested that many projects (both complete and planaeslindertaken on a
partnership basis with agreements and involvement of vessels and occasionally
with other ports on established liner or ferry routes.

Cost Recovery

The primary issue with a lackdemand for shore power is the missed revenue
opportunities from selling power to vessels. This would be the only method of
recovering costs for shore powenstallations for ports and termindis.
Therefore a lack of consistent usage of available shmrer would mean that

the port or terminal is unable to recover the capital costs. In addition to this risk,
there are a number of fixed costs associated withre connections that must

be considered.

As a supplier of energy to tenants or customers, podsr charges for more

than the actual electricity that is used. Distribution Network OpergiokOs)

and the operators of the transmission network charge the use of their
transmission and distribution networks. Included in these costs will be yapaci

or availability charges, which covers costs incurred by the DNOs for ensuring that
the agreed power capacity is always available to the customer. Volume
management charges will also be levied if the customer ns@e than the
agreed power capacitythese charges are designed to help network operators
manage the balancing of supply and demand across the network.

This means that if a port installs shore povieranticipation of supplying
significant amount of power to vessels at berth and it isuset, they will be
incurring costs for that power anywapn top of the capital investmerwehave
estimated availability charges to be approximafdlys0 per kVA of available
capacityper month. This would equate to approximatel3@000a year in us

3% (Collins, 2019)

40 vertically integrated logistics/freight companies who own terminals and vessels can potentially recover costs
from fuel savingg obviously depending on what they pay fuel and electricity, both of which vary. Even here,

for the mog part it will be difficult or take a long time to recover costs.

41 This figure was supplied by a BPA member port
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of system charges fon&MW/10MVAshore connectionSome larger porisay
be able to negotiate lower charges, but the fact remains that there are ongoing
and sigificant charges for ports for installing shore power if it is not used.

In addition to usef system charges, there aatsofixed costs incurred by ports
and terminals supplying shore power for maintenance and for any additional staff
hours that may be rexled to operate equipmentWe have covered the
challenges around other electricity chargewhere poweris usedc in a later
section of this report.

As we have established, the cost of building shore connections in ports and
terminals can run into many hmns of pounds and are built on the expectation
that they will be usedThe cost of insillingshore connection equipment on a
vessel are usually considerably smalkespecially when included at construction
phaseln shortports installing shore powequipment bear significant costs and
must do so in the expectation of reasonable usagereasvessels installing or
retrofitting shore power connectiorgaverelatively smallecostsand there are
alsofew ongoingcosts or concerns.

Given the above, W@ 2 y Of dzZRS (Kl 0 6KSyYy AG O2YSa
debate on shore power, thererea substantially higher risks for ports and
terminals in providing a supply without demand than there are for vessels
requestingdemand without a supplf{evenwhere here are shor@ower enabled
vessels callingegularlyat aport (or particularberth), there remains uncertainty

for the port in thatvesselsandroutes can change.

Therefore anyGovernment that wants to see shore power play a significant role
in emissbhns reduction; as seems reasonable for certain sectors at leastist
maketackling the lack of demand a central pillarany policyconsiderations
Tackling lack of demand migbtus on certain sectors but must not do so in a
way that confers a compiitze advantage oanyparticularone of them

35

[@kN



Examinindhe Barriers to Shore Power
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All ships 4,112,944 1.00/18 | 15,066| 234,006
Passenger ship 2,227,407 N/A|21 8,928 | 228,081
=l Wet bulk 494,120 | 0.90|13 |15,543| 234,006
<@ Container ship 454,016 | 0.70|13 |38,520|217,673
= Dry breakbulk 430,344 | 1.10|19 5,438 | 91,784
Dry bulk 259,551 | 2.00|13 |31,940| 203,483
B Rolton/ roll-off ship | 187,532 | N/A|17 | 25,368 100,430
All ships 193,462 | 1.10|/17 |13,667|217,673
Passenger ship 135,259 | N/A|18 12,278| 171,598
o Wet bulk 12,329 1.10{13 |12,485| 170,004
=@ Container ship 8,355 0.70] 13 37,344| 217,673
Dry breakbulk 17,646 1.50| 18 3,323 | 71,543
Dry bulk 1,800 2.70| 13 | 25,699| 99,195
Rolton/ roll-off ship | 15,870 N/A| 15 24,483| 100,430

Notes: Figures supplied

42 (UNCTD Data Centre, 2019)
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Vessel siz€ODWT) Number of vessel Percentage of tota
arrivals (2018)

Tankergtotal: 15,448)

1-4,999 5446 35%
5,000- 19,999 7072 46%
20,000- 99,999 1738 11%
100,000+ 1192 8%
1-4,999 16457 28%
5,000- 19,999 40635 70%
20,000+ 508 1%
Fully cellular container vesséistal: 3698)
1-4,999 590 7%
5,000- 19,999 4897 56%
20,000+ 3211 37%
1-4,999 16194 68%
5,000- 19,999 5220 22%
20,000- 99,999 2348 10%
100,000+ 99 0%
1-4,999 9438 75%
5,000- 19,999 2881 23%
20,000+ 0 0%
1-4,999 903 47%
5,000- 19,999 979 51%
Unknown 53 3%

* Deadweight tonage is not a particularly useful indicator of cruise ship size a
measures cargo and passenger weight.
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Secondary Barriers & Considerations

In addition to the primary prohibitive barriers discussed in the previous section,
ports have raised a vatjeof other concerns and considerations with us around
the provision of shore power.

The issues discussed belaary in significanc&Ssome will be prohibitive barriers
stopping projects from going ahead whereas others will be lesser considerations.
Some ca be overcomeothers might need some assistance from Government.
We have included these in a separate sedmthey are of a different magnitude

to those listed above, which are raised by almost every port in every conversation
about shore powerTheseissues have been raised by one or more ports during
our research

Complexity
The sheer complexity afhat need to be done to get a shore connection in place
was mentioned by numerous ports in our discussions.

A portsprimary business iensuring ' g | d o n 6 why lanylmey would

the  provision  of  suitable gre so many nagging issues that add
infrastructure and in many case y p to big barriers

pilotage .Cargo érminalsare logistics' your primary business it can be very
specialists whose business tise ‘o f f putti ngo

efficient movement of cargo throug|
the terminal. The energgystem is
comdicated and everpreliterary investigations can be expensive and time
consuming.

BPA Member during phone interview

Whilst the provision of shore power may in years or decades to come offer ports
a competitive advantage especially in sectors such as cruiee,now it is a
difficult andcostly activitythat immediately seems fraught with risk with little

no reward for the port.

Many ports are not in areas with significant spare power capacittharehergy
planning and upgrade system seems designed to punish the operator who tips
local enegy demandver the limit withsignificant charges for extra power with
little guarantee it will be used feasibility study alone will cost a port £60,000
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In short, even a cursory look into providing shore pawenough for many of
the ports weinterviewed todecide that it istoo complicated with little or no
rewardg at least not as things stand.

Other Opportunities

Several ports we spokegaid they had explored wider electrification possibilities

in their port or terminal. Emissions from vessefwoirt andfor at bertht NB W{ O2 LJX
0 Q S Y R#Mank s already putting significant thought into hbest

OFy NBRdAzOS § KSA NI @opbbth §reethauséSyasesandDirier a 4 A
pollutant air emissionsAs commercial entities, ports do not have endless
resources to spend on emissions reductions and must decide where best to
spend their time and monein some locations, power availability may also be at

a premium.

Many ports have already invested in #fliecplant, equipment and vehicles.
Others are planing to. Others have found it not feasible for their particular
circumstances.

For many ports, therefore, shore power may bempeting with other
investments that offer the port itself more immediate audranteedemissions
reductions optionsinvestingn electrification of port infrastructure or plant and
equipment may offer benefits directly to the port instead of its custoniéns.

KFa LISNKFLA 0SSY YIRS Y2NB dzNBHS#hel o6&
2020 budget toremove tax relief on diesel faronroad mobile machinery
(NRMM) which will have a significant impact on many cérg@adling portsThe
D2BSNYyYSyidaQa aidriadSR AyuSydiazy Aa G2 A
succeeds then it nyareduce theresource (cash, time and power capgcior

shore power in some ports. If, as many of our members report, it fails as the
alternatives are too expensive or not suitable (for exanvplare told that many
battery-powered forkliftscannot comptte a fullR I @w®r between lengthy
charges) themany ports will have to bear additional cogtstentiallyreducing
investment available for shore powand indeed other operational efficiencies
competing for investment

A S
X 2

Z

43 (Greenhouse Gas Protocol, 2020). The GH@ @&t / 2 N1 NI 4GS {dF yRIFENR Of I aaA¥
intotKk NS waodz2L5aQd {021 m Syraarzya INB RANBOG Syriaa
are indirect emissions from the generation of purchased energy. Scope 3 emissiahidirect emissions (not

included in scope 2) that occur ihet value chain of the reporting company, including both upstream and
downstream emissions.
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Emerging Liabilities

Port authaities each have enabling legislation that set thdir powers and
duties. Common to most harbour authorities is a responsibility for ensuring
navigational safety and conservancy. Many also have pilotage duties. Terminals
do not have specific statutory ties related to their business as a ptfrt.

Beyond he provision of infrastructure and pilotage, ports often offer ancillary
services, either directly by leasing out land to terminaad third partiesThese

services include cargo and passenger operatlaypsp, vessehaintenance and

repair, bunkeringandthe provision of freshwater and goodhe provision of

L2 oSN G2 | @S&aasSt i 0SNIK A& FyR [fgl
charterer.The provision opower for a vessel is relatively new serviaepfarts

andcould introduce sigridant new liabilities on ports, transferring responsibility

for the provision of power from the vessel to the parthe longer term

Vessels at berth depend on power, not just to keep the lights on but often for
cargo omrations such as pumping cargo @0 from shore, keeping cargo
refrigerated, or running critical computer systems. This is not a theoretical
problem.

There will be a shift in liability as the provision of power will become a port
responsibility rather than being under the control of tessel. In the event that
critical systems are lost on the vessel the costs could rapidly escalate. The
commercial risk to the port of defending and paying out for claims could be
significant. Suchmounts will either have to be costed into financial prsahs

or mitigated by the provision of (expensive) backup systems, further denting any
commercial case.

4 Those handling vessels over 300 GT will have security obligations from the IMO and those dtititad
national infrastructure or in scope of certain reguas, like theNetwork & Information Systems Regulations
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ading)

Disincentivising Modal Shift

The British Ports Associatis a champion for coastal shippiggnoving more
freight by water around the coast and using inland waterwaiigping is the
most carborefficient mode to move freighkloving freight by water helps takes
traffic off the road and lowers emissions ovei@ur industry would be wary of
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anything that makes shipping less competitive against other modes of freight
transportg particularly in the name of emissions reductions as the overall effect
of encouraging more freight onto other modes could actuatkease emissions.

Whilst the provision of shore power would radfect this, concerns have been
raised by indusyr colleagues in the UK and beyond that steps to mandate its use
in Europe could impact the competitivenessiupping.

Quay Space

For many pds and terminals, quay space is at a premium. Land at the coast is
expensive, especially in the south of Engl&xdilst some ports will have a lot of
spare land, most will not, especially in a terminal and at operational berths. This
must be factored ird shore power plans. Disrupting operations to dig trenches,
where needed, is also something no port will relghilst the equipment needed

for shore connections has a small footprint, it still takes up space in a terminal
and at the berth and this museldactored imo construction plans.
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Safety

Several ports raised potential safety issues around installing glmover. Whilst

we are unaware of argafety incidents related to shore connections it was noted

that handling cablesmhere that is necessary)Bn  RRAGA 2y | £ Wl dzF
such as transformers and cable management systathsot be welcome.

Electricalequipment add additional obstacles @am operational environment
which could create cargoandling issues for some or electrical hazards.

UK muifunctional port model

Many medium and large sized UK ports are multifunctional méthy berths
used to hand a variety of different types of vessels and cargoes. Whilst certain
types of vessel, such as ferfi@say need specialigtguipment and dedicad
berths, most vessels do ndih many multifunctional ports it would not be
feasible to install shore powetr@very berth. Most shore power projects we have
seen in our research involuestalling equipment at a handful of berths.

Terminals and vessdisth seekto minimise thetime spentat berthloadingor
discharging cargoShore connections aresually fixed¢ although mobile

solutions do existt would therefore be difficult to charge most vessels unless
0KS WaK2NBE L2 gSND dobtIpatticular cargolopetatonsii 2 0
that vessel required. Moving a vessel before or after cargoatipns would not

be feasible as theme at berth outside of those operations would be minirttal.

would also undermine the financial and environmenta¢ ¢asssel manoeuvring

Is a significant source of emissions and dboiliaryengines would be in s
duringcargo operations)

Many of the shore power projects we have looked at in North America and
Europe are at berths used by specific vessels and ddsigngartnership or
agreement with a shippinglide | gAYy 3 | WAK2NB LJaB SNI 0
port may thereforenot make much sense without a good idea of which vessels
would use it and when.

Electricity charges

In the previous section we discudsavailability charges, also known as capacity
chargesThese are essentially standing chargestiergy users pay to cover the
costs of havinghe power they need available to therAmongst the other
charges that ports pay for as part of their energlg laife volume management
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charges andransmission charges (TNUd&rges; Transmission Network Use
of Service).

W{ LJA {uBpeedictaBlédd@mandmeans higher electricity charges for a past

of course does higher energy consumptidhe provision of shie connections
results in both higher energy use asignificant spikes in demanis significant
energy users, most ports will pay Transmission Network Use of System (TNU0S)
charges Theseaare paid to cover the cost of the transmission network operator.
TNUO0S charges amirrentlyforecast byestimating demand during three peak
halthourly periods betveen November and Februagyknown as triadsThe
amount of energy used during these periods can significantly affeentrgy
charges paid by a user and myaorganisations that use a lot of power will
attempt to manage their load during these peak tinteespite not being known

in advanceHaving a large vessel drawing a significant padich may be
SljdzA @l £t Syd G2 | LJ2 NI Q-aduridya triedNieriodid2 6 S NJ
therefore a potential risk for a port.

We understand that there aneroposals to change this system of charging, this
uncertainty means that ports (and other energy users) will find it difficult to
understand what their costs might bethe long term.

Volume management chargage also levied on ports that use more thaeit
agreed capacitand ports connected directly to the transmission network will
also incur balancingervicesuse of system @JoSgharges

Whilst these costs carebpassed on, they could be significant dinerefore
lower demand and/or weaken the hosss case.

Stranded Assets

Another barrier to building a viable business case for shore power is uncertainty
around the future of marine fuelsr other emissions reducin or abatement
technologies At berth emissions account for ju$6% of a shi@ carbon
emissions on average (although this will differ by vessel type). Most cargo vessels
seek to minimise their time at berth for commercial reasons. Shipping is under
pressure to cut emissions at sea as well as at berth and wielst are lots of
excitingtechnologies and innovations that make ships more efficient and thereby
cut emissions, ultimately the holy grail for shipping is a zero emission fuel.
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Some portstoldsithati KSe& &l ¢ | NAR&al 2F aK2NB 02y
| & & &dssetQ that dmot seeout their design life because they are no longer
needed or rendered obsolete.

We heard from one port with shore power connections in North America that
there 5 some interest in shore connections from some shipping lines, but that
W 3 NBéestrtents compete with other targets such as the IMO 2020 sulphur
cap that drove investment in LNG, scrubber technology andudpiur fuel.

Others have argued that shore wer would not necessarily be rendered
obsolete by low or zero emission technglay fuel ag; depending on the costs
¢ shore powercould be a complementary technology.
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There is no definitive list of ports orrides with shore poweralthough we
understand the work is underway by severgagate organisations on building
databasesWe believe that there are approximately 150 berths around the world
with shore power availabfe.

Ports and berths with shore power

‘9,
S

Source: Schneider Electric

We have analysedozens okhore power schemes from around the waailad
looked at mechanisms used to support shore power projé€uts researclid

not find anycurrent examples of any significant shore power projects anywhere
in the world that have@roceeded without some level ptiblic fundingwith one
exception If there are any largeapacity, commerciaHlynanced projects, we
have not been able to find them and they are in a small minority.

Whilst most port authorities dside of the Ukare public entities with varying
degrees of political influence, most are expected to operate on a commercial
basis and be at least castutral, although many will make a profit the USA,
dredging icommercial harbours undertaken byhe armyand in Europe there
has been significant iestment of EU funds in ports.

4 Source: Schneider Electric. This figure includes shipyards, naval bases and connections for commercial fishing
and leisure, includg superyachts.

46



British Ports Association

¢ KS | YQ& L3 NI dheréfofeRam@whbtBinusGa iR Sidt thel sictor

Is entirely independent of Government and generally operates commercially with

very little public fundingor Government supporfhis is somethintipe industry

has always proudly supportebhe UK is also somewhat unusual in the high level

of centralisation of policy and public spendifige combination of these factors
means that ports are not®f & 2 NJ Wi SGSNBRQ (KIFIdG GKS D
making.In short, UK portfunction effectively at their primary purpose: private
investment in infrastructure and the efficient handling of cargo and passengers

and oversight of navigational safety.

In Gothenburg, for example, the port is owned by thg government and is
responsible for tackling emissions from road traffic as well as emissions from
vessels.

The necessity of public funding

Regardless of how efficient ports are in each of the camand projects we
looked at, public investment wase&taed necessary for shore power projects to
go ahead. We have not examined countries where there is no available large
scale shore powegrovision

We have sought information across a wide range osportl countrie3Ne have

found only one example of d@e power project being funded entirely from
LINA @I 0S & 2 dzNJ Sawi betthNAA\ Jyin@ds 3Adaskd. Ralzivansaiher
project where we have been able to find information on the funding of the
project, there has been some level of public subsiMgbelieve it unlikely that

the projects for which we could not find funding data would have been funded
solely through commercial means given the available data and our experience.
This echoes findingsoim our survey and interviews with UK ports where wesw

told that investigations into shore power has usually found that it is not financially
viable in commercial timescales.

Several countries, such as Norway, Germany, France, Canada and the United
Staes have national or regional funding schemes (or etgsof wider schemes)

that are dedicated to specifically supporting shore power projects. A summary of
different types of support available is described in the next section.

47



Examinindhe Barriers to Shore Power

Data limitations

We havegathered data from mostly public sources, which lsted in the
annexes to this report. In some cases we have contacted ports to clarify
information. Often the data that is publicly available is contradictory or imprecise,
or missing key details. Somefsdchave initiated multiple, sometimes overlapping
projects and at least one port we spoke to had dismantled one of their shore
power systems after it became obsolete. Some countries and ports are more
open about funding and project costs than others, smithetimes projects have
changed between announcememnd completion (in terms of costs and
specification, in one case never proceeding at all). The most complete data we
have is for Europe and North America, where the majority of-Ergke shore
power awailabilityseems to beoncentratedfor now) We have tried to use the
latest reports where we are not sure or information is conflicting. Different ports
or authorities also have different definitions of what costs are included in a
project¢ in particuér grid upgrades are sometimes included and sometinog.
Occasionally vessel upgrades are included as well.

Despite this, we believe the information we have gathered represents the most
comprehensive and up to date dataset on the availability of shavemtbat is
currently availableWe are pleased toearn that other organisations are
gathering robust data directly from ports and we hope that some of this
information will be made public in some form.
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Terminal

Vessel

Date

Cost

Capacity

Funding

Bergen

Skolten /
Montelabo

types
Cruise

2020

(millions) (MW)

NOK 84

20

Port rec'd 50m NOK from Enova, a state ow
grant scheme

BKK (a renewables company) and Bergen P
applyfor NOK 50 million iestablishment
support from Enova. The rest spit on the
companies themselves, but in the calculus it
that the cruise ships cover the investment o\
time.

Bergen

oSV

2015

NOK 7.5

0.5

72% public funding
Bergen Municipality (NOKnallion), Hordaland
County Municipality (NOK 1.5 million) and
Enova (NOK 1.9 million). The rest is paid by
port authority.
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Vessel

Cost

Capacity
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Funding

Dunkirk

Container

(millions) (MW)
EUR 2.2

Cofinanced by the Urban Community of

Dunkirk, theHautsde-France region (via the

Europea Regional Development Fund), and
G0KS t 2N 2F 5dzy 1 ANJd
Terminal de Flandres was provided for the p
authority (GPM de Dunkerque) by ACTEMIU
part of Vinci Energies.

Genoa

Vado
Gateway

Cortainer

2020

EUR 4.5

40

Unknown

Genoa

2020

EUR 8

9.5

Unknown

Gothenburg

Quay 4e49

RoPax

2010

SEK 7

2.5

Estimated 40% from Kilmatklivet fund

Halifax

Cruise berth
22

Cruise

2014

USD 10

20

75% Public funding

$10-million cooperativenitiative among the
Government of Canada, the ProvinééNova
Scotia and the Port of Halifax. Transport
Canada will contribute up to $5 million to the
project. The Province of Nova Scotia and the
Port of Halifax will each contribute an
additional $2.5 nflion.

Hamburg

Altona
Cruise
Terminal

Cruise

2016

EUR 10

12

The ten million euro shore power system in
Altona was funded by the federal governmer
and the EU with 7.2 million euros.

Hamburg

Container

Container

2022

EUR 76

33.5

Under discussion
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Terminal

Vessel

Cost

Capacity

(millions) (MW)

Funding

Juneau Princess 2002 |USD5.5 |11 Princessent approximately $5.5 million to
(Alaska) Cruise berth construct the shore side facilities and to retrg
the vessels (about $500,000 each)
Kiel Norwegenka| Ferry; 2019 |EUR 1.5 (4.5 0/ O0ennnl Vv F NER-Molstid |
terminal Cruise from a tind that supports port infrastructure.
(ferries- The rest was from the Port of Kiel
color line)
Kiel Ostseekai | Ferry; 2020 |EURLS |12.8 Funding from EU CEFENT), and fderal state
(cruise) and | Cruise of Schleswigolstein (the same fund as the
Stena's Norwegenkai project)
Schwedenka
(ferry) berth
Kristiansang Cruise 2014 |NOK 4.2|0.5 Funded by the port, although the ferry
company Color Line also made separate
significant investment made possible by the
NOx fund
Kristianand | Ferries and 2018 |NOK 38 | 16 The plant costs close to NOK 40 million and
cruise paid for by the EU Innovation Fund Horizon.

The port itself pays the infrastructure, which
amounts to NOK-3 million.
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(millions)

Capacity
(MW)
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Funding

Livorno

EUR 3.5

12

Livorno Port Authorityecceived specific eo

financing from the Italian Ministry of
Environment (60%) and from the Region of
Tuscany (20%)

Long Beach

Tanker:;
Cruise;
Container

2008

USD 185

60

~70% grant funded. Remainder recouped fr
tenants (terminals)

Los Angeles

Containe;
Cruise

2004

USD 23.7

60

$25.5m

Marseille

Quai de la
Méridionale

Ropax

2015

EUR 4.4

1.5

Part financed by national and regional
government aid: funding by ttePMM , La
Méridionale, the State, the Feder, | 'Ademe &
the ProvenceAlpesCote d'Azur Regn

Marseille

Eastern
Harbour

2022

EUR 20

25

80% public grant funding: 4.5 million
ERDF(FEDER) funds; Port of Marseille (GPI
has signed a objectives and finauggi
agreement with the Departmental Council of
Bouchesdu-Rhone. The latter undertook to
finanOS dzLJ G2 nm: X dzlJ
electrification of four berths

Montreal

Berths 25,
27,29 and
M2

Cruise;
bulk layup

2017

CAD 11

9.6

C3$5m from SPTP; C$3m from Quebec
Government; C$3m from the Port
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Terminal

Vessel

Cost

Capacity

Funding

New York

Brooklyn

cruise
terminal (1
berth)

(millions) (MW)

USD 21

20

PA/NY/NJ voted to spend $12.1 million to bt

a shore power station. EPA granted another
$2.9 million for the projecand the Empire
State Development Corporation allocated $4
million to the project, for a total of $19.3
million.

O&land

Container

2013

USD 70

The Bay Area Air Quality Management Distr
and U.S. Maritime Administration (MARAD)
contributed $12.8mil 2y (2 GKS

power project; up to an additional approxima
$20 million were awarded to the Port by the
Cdifornia Air Resources Board (CARB) and {
Metropolitan Transportation Commission
(MTC)/Federal Highway Administration.

Oslo

Cruise

2011

NOK 7.8

4.5

Port of Oslo NOK 2 million

Color line NOK 15.2 million
Support Transnova NOK 2 million
Support Enova NK3.7 million

Oslo

Utstikker 2
Vippetangen

2019

NOK 17

NOK 9m from Enova.

Oslo

Sjursgykai

2020

NOK 18

NOK 9.1m fronkEnova.
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(millions) (MW)
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Funding

Palma de | Muelles Ferries 2020 |[EUR2.1|1.6 20% financed by the CEF European funding
Mallorca Paraires instrument
Norte

Prince Container | 2011 |[CAD 3.6 |6 Transport Canada, under the Marine Shore

Rupert Power Program, will contribute $Indllion to
the project. This funding is in addition to
$700,000 contributed by Western Economic
Diversification Canada, $200,000 from the
Government of British Columbia, and $900,0
from the PRPA and its partners, CN Rail and
Maher Terminals.

Rotterdam | Parkkade 2020 |[EUR 150 epnnnnn YlIAyteée O2YA

via the Dutch National Collaboration
Programme on Air Quality, will aimfind the
best way to improve air quality, particularly if
dzNB Iy FFNBFad | asSozy
scheduled fo2020 focusing on innovae
shore power concepts for larger sgaing
vessels.
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Terminal

Vessel

Date

Cost

Capacity

Funding

San
Francisco

Pier 27

reefers

2010

(millions) (MW)

USD 5.2

16

$1.9 milliong Bay Area Air Quality
Management District (Carl Moyer Program);
$1.3 milliong San Francisco Publitilities
Commission (capital fids); $1.0 milliog US
Environmental Protection Agency (Diesel
Emission Reduction Act Program); $1.0 milli
¢ Port of San Francisco (capital funds); San
Francisco Public Utilities Commission budge
PpannanInnn Fé NI Y LN @ NS
electricalinfrastructure.

Seattle

Cruise

2005

USD 1.8

16

Grid upgrade costs helped with a $50k gran
from EPA

Toulon

Toulon Cbéte
d'Azur (TCA)
terminal

Ferries

2021

EUR 15

Zero Fumee plan

Region (CRET + FEDER):BAZ f A 2 Y
aSUNRLRES ¢tayY nodod
Var5 SLIF NI YSy Gt [/ 2dzyO
{OGFGSY noyt YAttAZY
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Terminal Vessel Cost Capacity
(millions) (MW)

Valencia 2023 |EUR 8.5 30 The two projects are expected to be launche
during 2020 (April in the case of the substati
and June in the case lefislative
homogenization) and that they have gian
from the European Union. However, the
president of the APV has defended that, give
the relevance of both projects, "Valenciaport
will continue with or without European grants
Vancouver | Deltaportin | Container | 2017 |CAD 12 | 7.5 50% public foding
Delta, B.C. Total project funding is $12 million: $6 millior
FNRY ¢NFYyYyaLR2NI /|yl R
Technology for Ports Program and $6 millior
from the Vancouver Fraser Port Authority. B
operationd by the end of 2018.

Vancouver | Centerm in | Container | 2019 |CAD6.8|7.5 $3.55m from Shore Power Technology
Vancouver Programme; other half from Vancouver Fras
Port Authority

Sources: BPA Research from public information and some discussiposgtsy
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Below we hae examined in more detail how some countries and ports have
approached shore power.

Canada

Canadian ports are largely state owneceither by the federal oregional
Government, generally on a landlord model with private concessionaires
providing carg@nd passenger operations at termin&l€anadian ports handle

a similar volume of cargo to UK ports, although one fifth of that is handled by one
port (Vancouer)#’

Transport Canadathe federal institutionmesponsible for transportation policies

¢ launciS R (BKofe P&iwver Technology for Ports ProgdamA Yy Thisn M H ®
provided C$19.5m in funding to shore power projects. Fundiagy usually

matched with regionafunding or investment from other public sources. For
example, the SPTP program contributed C$&mthe t 2 NI 2 F a2y d N
Alexandra Pier Shore Power Projatt2015. The Government of Quebec
provided C$5.1m, witlQuebec Port Authoritycontributing the fimal 25%-

46 (Transport Canada, 2019)

47We could not findecent data for Canadian port throughput but in 2011 Canadian ports handled 466m tonnes
(Statistics Canada, 201&)mpared to 519m tonnes in the UK in the same year (Department for Trarpis).
Breakdowns for some individual Canadian ports has beee mzallable by théssociation of Canadian Port
Authorities (2016)
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C$3.4nf8 The fund closed in 2015. Other projects have been funded by federal
and other pilic sources earlier guises of this programmecluding the Prince
Rupert Port Authoritywhich was received approximately 70% of the project cost
from public sources for th&airview Terminahore power project for container
ships in 2016°

Province Port Funding

(CAD

Project

British Seaspan Ferries | Swartz Bayerminal Shore 88k
Columbia Corporation Power Project
British Vancouver Frase| Port Metro VancouveBhore 347
Columbia Port Authority Power Upgrade and
Enhancement at Canada
Place Cruise Ship Terminal
British British Columbia | BC Ferries ShoRower 2.02m
Columbia Ferry Services | Project
British Vancouver Frase| Centerm Container Terming 3.5m
Columbia Port Authority Shore Power1Bject
British Vancouver Frase| Deltaport Third Berth 3.55m
Columbia Port Authority Container Shore Power
Project
Nova Scotia | Halifax Port Port of Halifax Shore Powel 5m
Authority
Quebec Montreal Port |t 2 NI 2F a2y il 5m
Authority Pier Shoe Power Project
TOTAL 19.5m

Source: Transport Carafl

At the Vancouver Fraser Port Authorgtyhe largest port in Canada and third
largest in North America, there is a beneficial rate for shore power. This
arrangement with the local energy utilityeans that vessels only pay for their

48 (Cruise the Saint Lawrence, 2015)
49 (Canadian Shippg2010)

50 (Transport Canada, 2017)
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metered energy and not the peak demaiithis means that shomgower costs
are easily predictable for the end us€he power supply is interruptible although
this is rare and there are battery backups as part of ylséem.The port also
offers a 47% discount to vessels that have the ability to corfnthety provde
their connection requirementgalthough vessels are under no obligation to
connec) to help the port plarfuture capability requirements.

China

Major potts in China are administered by local government, with separate
entities responsible for port admstration and commercial port operations. The
Ministry of Transport has some competency over other ports and regulatory and
planning at all ports.

In the pas 15 years Chinese ports have been opened to some private investment
and private operations, albeit partnership with the state as joint ventures.

In 2017 the Chinese Government publisRenit Shore Power Plastating that

145 of the total 322 containdxerths at major coastal ports needed to have shore
power, with 20 already having beearstalled. The plan also set out plans for 62
addition dry bulk berth installations to complement the existing cruise berth
installations. 17 passenger vessel berths beeh upgraded with a further 48
planned. In total, the plan targeting the constructioh 317 shore power
connections’!

We presume the cost for these connections was borne by ports and electricity
network operators.

vy ~

LY HAM®BPE [/ KAYIl AYAN&ARRENDSRO2ZY PRRISENS I
this, China introduced shore power requirems on vessels. New requirements
introduced are being phased in on Chinese flagged vessels asaugb@ships

and nonrChinese flagged vessels equipped with shonaections.

The regulations also allow for alternative emission abatememnedauwction
options.

51 (Ministry of Transport for the People's Republic of China, 2017)
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Flag and
ship use

Effective
date

British Ports Association

Ship/engine types

Requirement

Ship age

Applicable ship types:
st | 1 ST
1/1/2019 NIVE Xcep
liquid cargo carriers)
1 Riversea vessels
Newbuild Appllcablg ship types: Need to install shore powe
1 Container ships
Built after ]lTT gzillj-liilfgllfjﬁ assenger
1/1/2020 ! passeng
ships
1 Passenger ships >3000g
9 Bulk caners >50,000gt
Need to use shore power
Chinaflagged Existing fleet while berthing over three
ships, . : . . . hours in coastal ports (or
d . equipped Effective Applicable ship types: All .
omestic . N .| two hours in river ports)
S with shore 1/7/2019 | except for liquid cargo carrier X
navigation ower whereshore power is
P available unless equivalent
measure®are used
Applicable ship typés
1 Government vessels
1 River vessels (except for| Need to install and use
liquid cargo arriers) shore power while berthing
Existing fleet . 1 Riversea vessels over three hours in coastal
. Effective . . .
without 1 Container ships ports (or two hours in river
1/1/2022 : . .
shore power 1 Cruiseships ports) whereshore power is
1 Rolton/roll-off passenger| available unlessquivalent
ships measures are used
1 Passenger ships >3000g
9 Bulk carriers >50000gt
New build Built after Need to install and use
1/1/2021 shore power while berthing
Existing Applicable ship types: over three hours in coastal
ships Effective 1 Cruise ships ports wheae shore power is
All ships without 1/1/2021 available unless equivalént
berthir? at shore power measures are used
Chinesg orts Need to useshore power
P Existing fleet . . ) while berthing over three
. : Applicable ship types: .
equipped Effective 1 All except for liquid cargd hours in coastal ports wher|
with shore | 1/7/2019 Xcep q 99 shore power is available
carriers .
power unless equivaleft
measures are used
a Only applicable when these ships have >130kW engines that fail to meet with IMO Tier Il regulations
b The official docun listssuggestive measures, including using clean or new energy sources, onboard

batteries, and auxiliary engine shutdown. However, it offers no guidance to demonstrate equivalency

52 (International Council oné2in Transportation, 2019). Original data frigtimistry of Transport for the People's
Republic of China (2018).
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Germany

Most German port authorities are public institutions, managingspfor their
respective states and operating largely as landlord pohsre are also some,
generally smaller, privatised portdational port policy is coordinated by the
federal Government.

LY hOUG20SNI Hamdp GKS DSNYIYy I8Ny YSyi
German ports. This will be available between 2020 and 2023. Further details have
not yet been published.

The German governmeistalso considering how it carake shoreside electricity
more competitive against marine fuelBroposals includeemoving a large
portion of a tax on electricity. German energy users pay a renewable energy levy
of 6.756 cents per kilowatt hogrthis is used to fund renewables projedslicy
makers are consideringdudng thisby 80% for shoreside electricity hyid-

2020

Proposalsalso under consideration includ#owingelectricity network operators

to make special arrangements for the supply of power to shore conneciibiss.
YSIya GKIFG Wt 2! Rcoildb&perRilted :n@anihgInditsriergyS v 0 &
supplers can offer discounts on the price of electricity in return for agreeing to
have the power supply cut off at short notice. This helps grid operators maintain
balance in the grid.

i
nal) {&w
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Norway

Norwegian port authorities are & &
municipal enterprises ¢ G

commercally  operated but &

owned by local authoritiesThe L%

Norwegian Coast&ldministration 5]
(Kystverke} ¢ a  central 5
Government agency ¢ is £
responsible for pilotage ang &
pawgaﬂonal and some pof '."i@

infrastructure. g‘?

Norway is arguably the mosg| gy
advanced country in termd the | &5 _
number of ports with shore E-éll, %ﬂ' 5P |
connections According to DNV o E

GlQa ! f GSNYI A QD¢ Source: DNV GL Alternative Fuels IrisiLJZ
there are approximately 50 ports

or terminals in Norway with shore connections.

Norway has several stamily grantschemes for emissions reductions. Qne

Enova ¢ has provided significant support to shore power projeEtsova is a
b2NBSIAlLY adFdGS FdzyRAYy3d 02Ré& Saill of Aac
transition.Enova is financed partly by electydievy®and partly by state funding
andinvests betwen £160m and £320theach year in energy and climate change
projects.

Enova has specific shore power funding scheme that has invested £48m in 90
shore power schemes since 2016, with a further raiorioe annoued laterin
2020.

Earlier rounds of fundingrovided up to 90% or 100% of funding for schemes.
Funding from Enova is typically matched or part funded by municipal or country
authorities with differing levels of input from the ports.

NorwegianPorts can also apply to the NOx fund for support fohores power
projects The NOx fund supports projects that reduce NOx emissions and is

53 Nonrhousehold consumers are charged a fee of 89 EUR pethgeaontributes to the financing of Enova
54NOK 24bn. We used a 0.08 conversionGBP.
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limited to 80% of project costs. NOx Fund investment is not available to projects
that are in receipt of other gevnment funding (such as Enova).

The Port of Oslo, Norw@& f | NBEhardling pOrtc Nds 2ambitiousCQ
reduction targetsset by the city. The city of Oslo has a target of reducing CO
emissions by 95%y 2030 (from a 1990 baseline). As part of thed,gort¢ which

is responsible for approximately 4% oé th A (i &@raissibnEand 9% of NO
includingships visiting the port has a target of an 85% &x@duction by 2030

(on a 2017 baselin€).The city has set ambitious targets to effectively be zero
emission by 2030 and has set climate budgets to help thes¢ targets.

55 Presentation at British Ports Association & UK Chamber of Shipping conference on decarbofiSaiiary
2020, London. The city has similar targets for Nit@xise and Methane.
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Spain

Spanish ports are state owned, with concessions granted to private terminal
operators. Port authorities report to central Government, rather than municipal
or provincial authorities, as is common in Europe.

As of April 2020 therare no significant shore power facilities in Spanish ports
that we are aware of, although the ports of Barcelona, Palma de Mallorca and
Valencia all have projects underway to eitheestigate or install connections.

The Spanish National Ports AgenByertos del Estadc K I & dzy RSNIi I 1 Sy
three-year project to draft up a masterplan for shore power in Spanish ports. This
hasbeencd Ayl YOSR ¢ A (R ! «Qsinthartig BopePFacility. Khe

LINP 2SO0 oAttt AyOfdzRS LA 20 alibasasSa |
investigate wider regulatory and technical barriers and potential solutions.

One of the barriers identified has been the price of electricity. Accordiaghs
levied on electricity for vessels as berth has also been effectively abolished: the
3SYySNIt GFE NI}YGS 2F p2 KlFa 0SSy 5 25 SNX

Sweden

Swedish port authorities are generally commercially run companies owned by
their respective municipalities, with a central Government agency responsible for
pilotage andsafety of navigation across all ports. Port authorities build and own
infrastructure and are responsible for safety and berthing with cargo operations
generally lased to private operators.

Sweden reduced tax on shoreside electricity by 98% in 2011. \WidaisB

Maritime Administration, which is responsible for deg@a pilotage and safety

2T YyI@AALGA2Y AYUNRRAdZOSR RAFTFSNEBYUGAL O
environmental performance. Fairway dues cover the Swedish Maritime

I RYA Y A & G Nslfoil engugn@ safe Ge@igation such as marking hazards and
icebreaking.

Ports in Sweden have accessed public funding for shore power through the
Klimatklivet (rouggf @ GNJ yatl GAy3 a W EtAYFLGS €
projects in one Swedish port wpoke to received around 40% of project funding

from this fund and will likely be used for applications for future projects.

56 (Spanish Ministry of Public Works, 2018)
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United States dCalifornia

Port authorities in the United States are statened and operated. They mostly

operate as landlord pts with private concessionaires operating cargo and
passenger handling terminal operations, with some exceptions. Navigational
dredging is done by the USN'& / 2NlJa 2F 9y 3IAYSSNE |\
YEAY OGSyl yOS Gl EQEi12P6\6f alshitmeddvaI@NS Y G+ E | i
California is weknown for being one of the most advanced shore power
programmes in the world, driven largely agnificant air quality issues in cities

such as Los Angeles. The California Air Resources Board (CARB) has been
regulatingat-berth emissions since 2007 at therts of Los Angeles, Long Beach,
Oakland, San Diego, San Francisco, and Huerfdewt operatcs calling at
Californian ports must ensure that 80% of their vessels that are at berth for more
than two hours are able toonnect to shore powe¥. Fleet operators have an
alternative option of using an alternative power source or using an alternative
abatement or control method that achieves the equivalent emissions reductions.

Terminal operators are required to report powequirements for shore power

to the Port Authority. California has spent approximately $1bn on projects related
to reducingair enissions, including Shete-Ship Power infrastructur&he Port

of Long Beach gpending around $100m @iore power conneatns at all of its
container terminalsfor example.

57(US Army Corps &ngineers2020)
58 (American Association of Port Authorities, 2020)
59 (CaliforniaAir Resources Board007
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UKCase Study: Orkney

In 2019 Orkney Islands Council Harbour Alitshannounced a project to provid

shore power at Stromness for the MV Hamnayaderry operated by Northlink.

The projecwill be the first large commercial ship shore connection in the U

This will cut the current overnight carbon footprint framK S @S & &
generators and engines, lowering the MV Hamnavoe's fuel consumption
least 500 tonnes a year and resudtin a significant reduction in carbon dioX
(CO2). It will also make a contribution towards further reducing nitrogensg
(NOx), sulphur oxides (SOx) and noise. This will save the lifeline ferry £16
servicing costs.

Orkney's renewable energgsources will provide the power. The 'Stromn
Multi-modal Low Carbon Transport and Active Travel Hub' project also in
charging points for electric buses, electric vehicles and electric bicycles.

Orkney is somewhat unusual in that the impressamewable energy generatic
means there is excess power available. The project has received suppo
Scottish Government @nEuropean grant schemes to enable it to go ahead

This case study bears out many of the findings in this report: shore poyesatp
are best achieved when there is a consistent and reliable demand, public s
for capital investment and energy capggdivhich in this case, ensures that t
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Examinindhe Barriers to Shore Power

Our research has highlighted three broad prohibitive barriers to shore power in
UK ports alongside a number of smallerdignificant challenges. Many of these
are not unique to UK ports and we have shown how other countries and ports
have approache this issue.

Whilst the ports sector in the UK is somewhat unusual it is not unique and we do
not believe there is anything abt UK port models that in itself is impeding the
installation of shore power.

We have put forward three proposals that we badi@vould support emissions
reductions from ships at berth in UK ports. We have not suggested-spetrific
policies (e.g. t@pecifically support shore power for cruise) but our proposals
could be tailored towards them if necessary.

Recommendation 1: A Cean Maritime Fund

There is a clear need for Governmemnestment to support decarbonisation and
0KS W3 NFB Sy mafithe setdmore §ederdllyshore power is one of

very few emission abatement options at berth thair@ven and technologicsll
mature with common standards. We believe it is highly likely to form part of the
solution to reducing emissions at berth the medium and long termOur
research has found that large scale shore power projects are rarely commercially
viable however

The lack of shore power connections in UK ports is therefore not a signal of
market failureg a traditionaljustification forpublic funding; but because of the
marketled nature of the industry. This is an overwhelmingly positive force for
the sectorin terms of delivering efficient logistitait when it comes to the
existential challenges of climate change, greater collalborand support from
Government is necessary.

Of the existing or planned shore powprojectsaround the world wherave
could findfunding information forpnly one did not have a public elemé&hThis
might be partly explained by th@vnership and goveance structure in ports
outside of the UK, but the overriding factor is the high upfront capital costs.

0¢KAA A& tNAYyOSaa /NIzAiaSaQ oSNILIK Ay !'frairlbz I LINIAO
willingness to invest in shoreer to reduce its emissions, lower costs and bolster its environmental credentials
with an increasingly enviramentally aware customer base and public.

68



British Ports Association

As things stand, ports fae® uphill strugglevhen considering shore power and
prohibitive and punitive charges and investments to make it happ&nntit
currently feasible without Government support.

Ly 2NRSNJ G2 YSSO (KS landgoatinde Wandpriove Bidza Y ¢
quality, some form of public capital investment will be neesi@oih.Whilst there

are existing funslin regions or constituent nations of the UK, they alaively

small and the coverage is patcldygamechangingmulti-year challengefund

should be ewmblished dedicatetb projects that will lower emissions from ports

and shipping: €lean Maritime Fund his should be separate from funding aimed

at early sage innovations such as MatB, which has been a welcome séyl

a form of recognition romBASNY YSy i G KF G G NI ywalll2 NI Qa
need greater involvement from the state.

There has long been a consensus between industry and Government in the UK
that ports invest inside the port gate in new infrastructure and services and UK
Governnent will provide the necessary surface connectivity in the forra of
suitable road and rail meork, althoughthere are examples of ports contributing

to projects outside the port to improve connectiviye believe it is reasonable

¢ and necessary for Government to bear gortion of the investment burden

for energy infrastructure outside the gagiven that¢ as with surface and digital
infrastructureq the benefits will accruto awide range of actors, including the
general public (and indeed Governrien

D2JSNYYSyld KIFa LINBOA2dzat e A RiSgsimerif A SR L
in shore powef? A split incentive is when the benefits of an investment by one
organisation or individual accrue elsewhere. In this case, the emissions
reductions benefs of shore power infrastructure by ports and terminals will
accrue to shlpgping, and to some extent the Government and the public. This
barrier should not be underestimated and is a critical part of the case for public
funding.

We would therefore advocat®r a funding structure that covered significant
portions offeasibility sudies and preproject work as well as capacity upgrades
and network reinforcement worér off-grid generationWe accept thaports
should bear a heavier burden oosts for infragucture inside the porthan work

61 (Department for Business, Energy & Industrial Strategy, 2019)
52 (Department for Transport, 20bP
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on the wider networkalthough this castill be prohibitivey expensiveso some
support will be neededNe would welcome a discussion between industry and
Government(s) as to the particulars of such a fund.

Government Industry
Support  Investment

Project Elerant Cost ranges

Feasibility Studies; Surve £5k to £70k | Up to 80% 20%+
etc
Network capacity upgrade £2mto £25m| Up to 80% 20%+
reinforcement etc for a BBMW

connection
Off-grid generation Up to £6m Up to 80% 20%+
Infrastructure inside port or | £0.3m to Up to 66% 33%+
terminal including £10m
groundwork etc.
Retrofitting Vessels Up to £1m Up to 66% 33%+

Source: BPA estimates from researth discussions wit
suppliers, portand energy stakeholde

Power demand

Modelling for the BPA by Arkevista suggest that vessels at berth in the UK used
over641,086,16&«Wh of energy in 2019. Removing vessels that were at berth
for less than two how; that number falls 602,411,805

Research by Frontier Economics for the Department for Transport in 2019
forecasted energy demands from UK ports from shore power under a business as
usual scenario to be aroun@®/h in 2026 and over 200GWh in 2051. &inain
ambitious decarbasation scenario shore power demand could be double that

in 2051%3Whilst there are many unknown variables between now and 2050 we
think that those are reasonable estimates.

We intend to examine demand scenarios in more detailsaparate piece of
work and would welcome collaboration from other industry partners in that.

53 (Frontier Economics, 201%or the Department for Transport)

70



British Ports Association

Figure2: Total Power Usage of Vessels at Berth in individual UK Ports
in 2019, monthly totals in KWh
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Figure3: Total Power Usage of Vessels at Berth in g@satJK Ports
in 2019, monthly totals in kWh
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This chart shows demand variance throughout the year, however what it does
not capture is that for every port there will be many berths. A medepth look
at the underlying data might give a better indioatof where rehble demand
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might be foundn 2019 cruise ships us88,461,30&Wh of energy at berth in

UK ports.Unsurprisingly, power usage of cruise ships at berths peaks during

cruise season.

Figure4: Total Power Usage of Cruise Vessels at Bertdiindual UK
Pats in 2019, monthly totals in kWh
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In 2019 container vessels usg®,888,59kWh of energy at berth in UK ports.
Significant variation is observed over the course of the year.

Figure5: Total Power Usage of Container Vessels at Bertdiindual
UK Pdas in 2019, monthly totals in kWh
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Recommendation 2: Remove taxes on electricity as a marine fuel

It has been the position of the British Ports Association and the European
Seaports Organisation for years that electricity when usednaerine fuel must

be able to compete against marine diesel if it is to achieve widesaieadp

Our research founthat many ports regarded this as a significant barrier, making
it difficult to build a business case for providing electricity as a enéuel at
berth when the incumbent product was cheaper, for maig heard that, for
some, they saw electricity as aedper option than marine fuel for instance
certain ferries at berth overnight. However this is not the experience of most that
we spokeo. Most shipping lines, particularly those seen as most likely to adopt
shore power, such as large container vessetscruise ships, are more likely to
be able to use their purchasing power to lower the effective price per
kilowatt/hour of marine fuel.

Our view is that Government should help incentivise the use of shore power
where it is available by reducing taxesetectricity when used for marine fuel,
including auxidiry engines/generators at berthEssentially this would mean a
VAT exemption ana blanket removal of the climate change levy from shoreside
electricity.

64 An alternative proposal would be to make marine fuel less competitive by increasing taxes. However as shipping
is global and many vessels will not bunker in UK ports, this will not have thdethteffiect and may end up
incentivising modal shift to lesfficient forms of freight transport, thereby increasing emissions.
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Government Charges as a % of Total Business
Electricity Bill

Government Cost = Supplier and Distributer Costs

The Climate Change Levy (CCL) has bedredpoelectricity billgo incentivise
industry customers tase less energy and reduce emissginse 2001The CCL
has been increaseé three times in the last three years is now charged at
0.847pper kilowatt hour of usagé\ significant increase sin@&83pwas levied
against each kWh in 2018s the CCL directly increases with ek® usedthe
actual percentage of the total bilttabuted to the CCL can vary hugelye
estimate can be up to 3586 afinal bill

Whilst businesses can sign upltd&K S 3 2 @ SOhidyaré Eyainge Agreement
(CAA)to reduce the levy in return for agreeintp significantly reduce
consumption of energywe believe that the CCL should not disincentivise
emissions reduction through shorewer across the board.

Government charges can make up to-2%% of the totaklectricity bill paid by
ports (dependant on whether the port has entered into a CAA)

74



British Ports Association

Recommendation 3: Regulatory Incentives: a Goal Based Approach
We have identified the lack of demand for shore power as a significant barrier to
uptake in the UK.

The Government has sought to encourage a move to electric vehicles through a
mixture of finacial incentives andegulation in the form ofthe planned
prohibition of combustion engines from 2B. A similar twepronged approach
mightsupport emissionseductionsfrom shipping in ports

We have made the case faublic fundingn thispaper,but weare not convinced
that that alone wilchange behaviour in the tiframe needed to meet netero
targets.Having made a case for public investmerdvercome barriers to supply
we alsobelieve thata goalbasedregulatoryapproachto create orgrow the
demand foremissions abatement solutignsf which shore power lkely to be
a significant option.

We therefore proposas a tojic for exploratiora zereemission berth standard

¢ developedwith industry andintroduced by Governmenin an appopriate
timeframeg for UK portslt would need aufficient leadin time to allow industry

to prepare and invesf. This would be a significant undertaking amduld
require appropriate levels obosultation with the ports and shipping industries
to understand reamnable timescales and necessary support and potential
exemptions.

Our initial preference would be for a requireménit vessels over a certain size
atberth in aUK portfor more thama eertain period of timeo be required tdhave
net-zero emissions by ther using zereemission fuel, plugging in to shore
power®, offsetting emissions through an accepted scheme, or paying into a
Government administered levihe levy would be based on thenissions profile

of the vessel for its time at berth and adjusted ddferent types of vesselhe
receipts from this could be reinvested into a clean maritime fund.

Over time, funds collected from a levy coslgpportinnovative new green
projects inthe UK maritime industry. Such a scheme would need to be carefully
desgned to ensure that it would not affect the competitiveness of particular

85 Qur initial view on a suitable timeframe would be 2035 but even this is challenging and so this would need
careful consultatio and consideration
56 We accept that shore power does notaad 100% of emissions
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sectors or trades whilst also ensuring that it did drive behavioural change and
private investment.

I YHLIANBARY . SNIOK {dFYRFENRQ F2NJ 0KS 'Y
for Government and drive behaviour change in the shipping indd$tiy could

be tailored to target specific types of vessel such as the most polldatinguld

need to be Governmerdadministered to ensure a consistent approach across
every port. We bedve that it would be important for any funds raised to be
reinvested into clean maritime projects if possible.

We support a technology neutral approach to reducing emissions at beish. T
allows ports to tackle the issue in a manner best suited to theigue
circumstances. It would even allow for different solutions within the same port.
Many UK ports are multipurpose logistics hubs, handling different types of ships
and cargoes. Ouesearch shows that even the largest shore power projects in
the worldtypically install less than 10 connection pointsydviports in the UK

will have more than 10 berths and whilst certain ships will often call at the same
berth this is not always thase. It is not feasible for all berths in the UK to have
shore power aailable so clearly different approaches to meeting a net zero at
berth target will be needed.

We are open to alternative, realistic proposals on driving up demand for
emissions reductiws solutions. The British Ports Association is committed to an
open digussion with industry and Government about a zero emission berth
standard or an appropriate alternative.
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Demystifying Emissions AbatementOptions

The Government announced in the Clean Maritime Plan that it will ettalhé

Maritime Emissions Regulation Advisory Service (MERAS). This will provide
RSRAOFGSR &adzLJR2 NI (2 aGaAyy20FG2NBR dzaAy
assistingthem tNR dzZ3 K G KS NBIdzZ | 62 NBE LINRPOSaadé
platform to providesimilar advice for the wider industry on the regulatory and
planning process. Several ports we spoke to told us they liked the idea of
providing shore power but whenever thiyoked into it they found a wall of
bewildering rules and punitive processes.

We would welcome a discussion with wider industry partners about this and
other ideas about making shore power and other emissions reductions options
more accessible.

Inourdi©®dza aA2ya 6S KIS faz2 0SSy dsy¥iSNB3
a S NIBeveral Qatis told us that providing energy in the form of shore power is

not their businessbut we would like to explore the emergingodel of shore

power provision by thirgharty with providers to provide expertis€his could

even help tackle potentigssues around firshover competitive disadvantage in

that a thirdparty operator could be present in multiple ports in the UK and
Europe

Quantifying the Costs &Benefits of Emissions Abatement Options

We have discussed how investing in shore powepoasent significant risks to

ports whereas the benefits in terms of emissions reduction accrue elsewhere. We
would welcome a detailed examination of the costs aedekits of different
emissions abatement options and technologies. This would help both
Gowernment and industry understand the benefits of their investments and
GKSNBE GUKS Y2ad @lftddotS WINBSYyQ AyoS
include, for examplea shore power emissions calculator as we have seen
developed by some other countri&s.

TheBPA is currently exploring these issues and would welcome interest from
Government or industry in collaboration in this area.

57 (United States Environmental Protection Agency, 2017)
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A Review of Energy Planning and Maritime Decarbonisation

The current system of planning the laiggm energy needs for ports antd
wider maritime sector needs further consideration. The electricity demand of
ports and the wider transport and logistics sector will clearly rise rapidly in the
coming decades. Ports need certainty on what the loteren costs will be and
what capacityill be available.

Upgrades to energy networks offer wider benefits for other decarbonisation
options as well as to other local users. The way in which thisidedeand paid
for needs closer examination.

We have not considered this in detail in traper but would welcome a thorough
discussion with industry partners and Government as to how we overcome
capacity challenges and other issues relating to energyomies.

AlternativeProposals considered

The European Union is currently considering progosamandate the use of
shore power at Union ports. We believe that this approach is not feasible and
could disincentivise innovation and alternatiy potentially more suitableg
emissions reductions solutions. It would likely result in higher costsijqirsy

as costs are passed on which could weaken the sectors competitiveness against
other less efficient modes of freight transport. We would strongly opposkisimi
proposals in the UK.

Ports around the worltiavechosen tointroduce green incentives ffvessels;

giving discounts to ships that meeting more rigorous environmental standards.
Whilst we celebrate any port that chooses to voluntarily reward envirotaiign
friendly investments, we do not believe that this on its own would be enough to
changebehaviour at scale. Harbour dues are a critical source of income for ports
that are used to fund infrastructure maintenance and improvements and other
statutory duies such as safetyf navigation
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Respondnts to this survey formed a wide variety of the UK ports industry.
Results include the responses of both major and minor ports, and ports from
EnglandScotland, Wales and Northern Ireland are represented

Do you currently have any plans to install shopoeer capacity?

Hy:2 2F NBALRYRSY (4 nNBLI2ZINGS®R KK I LING KB (i
L2 6 SNJ OF LI OA G e nm: 27T RS2 RIYOTE cf:NE
are in the process of planning or installing shore poama,17% reported thy

0St ASYS GKSe WIfNBIFIRe KIFI@S Sy2daAK &aK?2l
Some noted in the comments thaitore power connectionarealready installed

andthey planto increase facilities. Others noted that they are only planning for
smaller vessels at the moment [(fisg, leisure, service & patrol vessels etc.)

Have you made estimates of requirements needed for your port to supply high
voltage shore power connectiottsport users?

There was an even split in the responses to this question, a third said yes, a third
sad no, a third said that are planning to in the next year.

Have you had inquiries from customers/port users about the availability of shore
power at your port(s)?

22% eported that they had not had any enquiries, 33% noted that they had had

W2y S 206 g2IOFR 0KS@ KIFIR KFER WwWazysSQs
Comments that expanded on this answer noted that the fishing sector already
makes regular use of shore powethers noted thaRoRo customers were now
investigating the potential of ship-shore connections and others reported that
SYlidZANASE KIFEIR O02YS FTNRY WaYl ff SN ONXzA :

What percentage of your customers would you estimate are currently ready to
comect to shore power?

Responses to this question were hugely varied. Many ports comdhémae
there were very few vessels within their customer based with shore power
capacity installed (around 2%). Others made the distinction between smaller
vessels andatger vessels, noting that for smaller vessels this-8596 but ©
10% for other commrcial vessels. One port who predominantly sees dry bulk
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carriers and general cargo, fishing and leisure vessels said they thought the figure
was closer to 100%, buttha Wa2YS OK2aS y20 (2 O2yyS
on fuel costs vs. electricity charge®

What percentage of your customers/port users would you need to plug in to
make shore power financially viable for your port?

12% of respondents said-29%, 12% saisl0-74%, 29% said financial viabilgy

not an issue, 29% said even with 100% of Ve$sving the capacity to plug in,

they would not see it as viable. Some respondents commented to note that this
g2dzf RYy QU ySOSaal NARf & Fdbily ather itwAsingored K S A |
about the power demand from vessels that did require a eshpower
O2yyYySOUA2y®d® hyS LERNI y20SR GKFG F2N
NBEO2JSNBR Ay + O2YYSNDAIE GAYS FNIYSQ
To what extent are the following a barriersiaore power in your port?

Most strongly identified athe ANB I 1Sa (0 WoLRBESNSNG | 642 YOK
02adaQsr GKSy Wil Ol 2F OIFLIOAGE Ay (KS
2F SEtSOGNROAGE & YENAYS FdSEQ YR FAYVI

We also asked respondents to record which statements they agreed/disagreed
with.

The stéement thatdrewthe 8 O N2y 3Sad | ANBSYSyld 41 a
AYy@SaadyYSyd Ay aAK2NB LIRggSNI Aa | IF22R
a0NRy3 I 3NBhSr¥ Sofvér with bedan Whportant part of reducing
shipping emissions in the UK inthetnexo n &SI NARQ GASR ¢6A (K
Yy AYLERNIFYG LINI 2F AYLNRGAY3I | AN |jdzl
Finally, a statement which evenly splibpke betweerllgre€and\disagre€vas
WD2PSNYYSYyl | yR (KS askdldylaiityeBiggenpizezi i NE
zeroSYA &daAz2y FdzSfaqQo
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