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Preface

This Thesis was written between the fall and winter of 2006 in Géteborg , Sweden, under the
supervision of professor Arne Jensen and the Swedish Shipowners Association. The challenge
was to combine Business and the Environment in a manner that each balances with the other. In
modern times, this seems to be the golden riddle. In the begining of the project, | knew little of
shipping and even less of emission trading;it seemed like a good start. A big 'thank you’ to Mr
Arvidsson of the SSA, Mr Holmstrom of Munters, Ms Eliasson and Mr Angervall of Brostrom, Mr
Giskegjerde of Farstad, Mr Hildebrand of Rederi Transatlantic and all the operators for their time.

| hope this study can be of use. A special 'thank you’ to Mr Lazanas and Mr Venkata.

Introduction

This Thesis comprises of nine chapters. In Chapter 1 background information is given concerning
environmental regulatory forces, abatement technologies and literature encircling the concept of
voluntary NOx trading in EU. In Chapter 2 and 3 problems that initiated the search and the
purpose of the Thesis are stated. In Chapter 4 the methodology for research and problem solving
is explained. Chapter 5 sets the conceptual foundation for the basic ideas that are exploited
thereafter. Chapter 6 outlines the most representative schemes and the emissions markets. In
Chapter 7 individual vessels are sampled and their tradable emissions are calculated. In Chapter
8 investment is evaluated for shipowners. Chapter 9 refers to business opportunities through

voluntary NOx trade for shipowners.



1 Chapter - Background

In this chapter we shall discuss background information to identify the environmental trend
through international regulatory forces both for Maritime and for land emitters participating in NOx
trade. After, economic instruments for controlling ship emissions and emission abating

technologies for vessels will be presented.

1.1 How it all started; from Rio to Kyoto and back to Brussels

On 3rd June 1992, just as the world was starting to see the potential of global markets and supply
chains, United Nations called for a global Conference on sustainable development and pollution
control. As the West was moving to the East — no Wall in between- and some of Asia was
embracing accelerated industrialization, it was understood that an intervention was needed to
ensure sustainable global growth and to prevent natural resources from being wedged by
opportunism. United Nations General Assembly, having studied alarming results on climate
change, had already developed a climate-change treaty a month earlier.

In Rio de Janeiro, Brazil, a hundred and seventy two countries were represented on the highest
level, 108 of which at level of heads of State or Government, encircled by 2,400 representatives
of non-governmental organizations (NGOs) in an unprecedented for a UN conference, both in

terms of size and scope.

Just eleven days later, Canadian Conference Secretary-General Maurice Strong announced the
finality of the event, resulting in four global conservation documents:

The Rio Declaration *. Puts “ Human beings at the centre of concerns for sustainable
development. They are entitled to a healthy and productive life in harmony with nature”
(Principle 1), while ” States shall cooperate in a spirit of a global partnership to conserve,
protect and restore the health and integrity of the Earth's ecosystem” (Principle 7). It is legally
non-binding.

Agenda 21 2. An overall plan to combat poverty, change consumption patterns and promote
human settlement and development.

Forest Principles 3, Recognizes the importance of woodlands as natural resources,

environmental assets and carbon dioxide storage organisms. It is legally non-binding.

! General Assembly, Report of the United Nations Conference on Environment and Development, ‘Rio Declaration on
Environment and Development’, Rio de Janeiro, 3-14 June 1992, [Online] Available
http://www.un.org/documents/ga/confl51/aconf15126-1annex1.htm, November 15, 2006

% United Nations Economic and Social Development, ‘Agenda 21’, [Online] Available
http://www.un.org/esa/sustdev/documents/agenda21/english/agenda2itoc.htm, November 15, 2006




The Biodiversity Treaty *. Concerns the “conservation of biological diversity, the
sustainable use of its components and the fair and equitable sharing of the benefits arising
out of the utilization of genetic resources.”(Article 1).

Framework Convention on Climate Change > A binding agreement which aims to reduce
emissions of greenhouse gas (GHG) to prevent global warming from anthropogenic
intervention. The treaty includes provisions for updates, called Protocols that set mandatory

emission ceilings.

The most recognized of the protocols that followed, is the one negotiated and developed in Kyoto,
Japan, five years later, changing industry and environmental policies alike.

Although the Conference of Parties would meet twelve times after 1992, it was only the Kyoto
Protocol that caused such commotion, media coverage and intensive negotiations as quantitative
reductions of greenhouse gas and the allocation of responsibility among countries were put on
the table.

The Kyoto Protocol (see Appendix, Chapter 1, Kyoto Protocol summary) is a constitutional
amendment to the United Nations that commits underwritten governments to reduce carbon
dioxide, methane, nitrous oxide, hydroflourocarbons, perflourocarbons and sulphur hexafluoride
in the following sectors: industrial processes (mineral, metal, chemical and other), solvent,
agriculture, waste and energy (energy industries, manufacturing, construction, transport, solid
fuels, oil and natural gas). It establishes that anthropogenic emissions must be tamed on
environmental, social and economic grounds through local, regional, national and/or multinational
efforts. Countries have the responsibility to enact on best available scientific information and
should co-operate for best results. The later includes definitions such as ‘joint implementations’ or
‘clean development mechanisms’, as well as a flow of know-how and finance from Annex B
countries to the developing world. The baseline for reductions was set to 1990 emissions and

countries of Annex B are expected to comply.

This may have led United States — an otherwise big polluter- not to ratify the Protocol on the

grounds that (as explained by Robert 0. Mendelsohn )6:

% General Assembly, Report of the United Nations Conference on Environment and Development,’Annex 11l NON-
LEGALLY BINDING AUTHORITATIVE STATEMENT OF PRINCIPLES FOR A GLOBAL CONSENSUS ON THE
MANAGEMENT, CONSERVATION AND SUSTAINABLE DEVELOPMENT OF ALL TYPES OF FORESTS’, Rio de
Janeiro, 3-14 June 1992, http://www.un.org/documents/ga/confl51/aconfl5126-3annex3.htm, [Online] Available ,
November 15, 2006

* ‘The Convention on Biological Diversity’ [Online] Available
http://www.biodiv.org/convention/articles.shtml?a=cbd-01, November 15, 2006

® United Nations Framework Convention on Climate Change, full text, [Online] Available
http://unfccc.int/not_assigned/b/items/1417.php, November 15, 2006

® Mendelsohn, Robert 0., PhD, An Economist's View of the Kyoto Climate Treaty, National Public Radio,November 19,
2006, [Online] Available http://www.npr.org/templates/story/story.php?storyld=4504298, November 15, 2006




1. It excludes developing countries (hamely China and India) from any obligations,
although by 1997 these were not negligible polluters.

2. The 1990 baseline is too low for the US — given its economic growth at the time. EU
had aligned with Eastern Europe achieving an overall low percentage for reduction
targets.

3. To achieve such reductions the cost will be a burden for the US economy as EU could
achieve reductions in 5%/ton, while US would need to spend 100$/ton respectively.
Global warming affects low latitude countries with warm temperatures mostly.

The Kyoto Protocol is a temporary treaty that employs expensive capital investments

before a long-term treaty engages the world.

The objections, sustained or rejected, whisper a logistic malady for the Unites States that may
prove more costly in the future; that the overall system has been inefficient as more
energy/resources per capita are consumed to fuel the American economy than anywhere else.
From the first Conference of Parties’ the issue of bunker fuels was addressed, in terms of

"8 and Maritime and Aviation

“consistent inventories, allocation of emissions, and control options
were excluded from national totals but reported separately for informational purposes onlyg.
During the Subsidiary Body for Scientific and Technological Advice, twenty-second session
(SBSTA 21)™, International Civil Aviation Organization (ICAO) and International Maritime
Organisation (IMO) concluded that it is feasible to monitor greenhouse gas emissions (incl.
namely N,O) and identified areas for improvement to be included in the 2006 IPCC** Guidelines.
But targeting six greenhouse gases was not enough. The industrial world experienced
acidification, eutrophication and ground level ozone concentrations were regularly harmful. Even
if the soil of the south could endure such concentration, the woodlands of the north were at risk. It
became apparent to the European Union that other gases should also be restricted. The LPC
Directive'” aimed at limiting emissions from large combustion plants; SOx and NOx were

circled™®.

Soon after Kyoto, MARPOL Convention was enriched under the auspices of United Nations with

" Berlin, March/April 1995

8 Background information, UNFCCC, [Online] Available
http://unfccc.int/adaptation/methodologies_for/vulnerability and adaptation/items/3416.php, November 15, 2006
° United Nations, Distr. General FCCC/CP/1999/7 Conference Of the Parties, Fifth session Bonn, 25 October - 5
November 1999, p. 37, [Online] Available http://unfccc.int/resource/docs/cop5/07.pdf, November 15, 2006

10 subsidiary Body for Scientific and Technological Advice, twenty-second session, Bonn 19-27 May 2005, document
name FCCC/SBSTA/2004/INF.5

! Intergovernmental Panel on Climate Change

*2 Directive 2001/80/EC

¥ NOx= NO + NO2, Ozone Position Paper, July 1999, [Online] Available,
http://ec.europa.eu/environment/air/documents/pos_paper.pdf




Annex VI'* on limiting SOx and NOx emissions from ship exhausts. Once the protocol would get
into force in 2005, a global ceiling of 4.5% m/m sulphur content of fuel oil would be set, with IMO
monitoring the average sulphur content worldwide. Annex VI also set mandatory ceiling for NOx™
on diesel engines rated above 130 kilowatts, or 175 horsepower.

Meanwhile, European Commission was exploring cost-efficient ways to effectively reduce
greenhouse gases in compliance with the Kyoto Protocol but still prevent industry and energy
from a shock. Amidst lobbying, economic studies and technical surveys the idea of emissions
trading was born in the Continent. As greenhouse gases were already traded in some American
states successfully, the European Union welcomed the idea and the European Emission Trading

Scheme (EU ETS) were born*® in the year of grace 2003.

1.2 The MARPOL Convention

The MARPOL 73/78 is an International Convention to prevent pollution “of the marine
environment by ships from operational or accidental causes”*’. Adopted by IMO in 1973, it was
revised in 1978. Since then it has been enriched by Annexes on pollution by oil, noxious liquid
substances, harmful substances in packed form, sewage, garbage, and air pollution.

Annex VI - Regulations for the Prevention of Air Pollution from Ships- was adopted in 1997 to be
into force as of May 2005 and it concerns NOx, SOx, freon and halons. Apart from a universal
cap of 4.5% m/m of sulphur, the Protocol establishes special "SOx Emission Control Areas"
(SECAS), where the sulphur content in fuel drops to 1.5% m/m. Baltic Sea is designated as a
SECA. Annex VI also prohibits the use of halons and chlorofluorocarbons (CFC) on new
installations with a tolerance until 2020.

The NOx Technical Code specifies testing, survey and certification of marine diesel engines to
ensure compliance and smooth adaptation of both ship-owners and manufacturers when Annex
VI goes into force. The requirements for NOx are found in Regulation 13 and are based on the
NOx curve seen in Figure 1.1.

The limits of NOx are related to 'engine rated rankshaft speed’18 (see Table 1.2). They refer to
diesel engines that are not used solely for emergency purposes and apply to installations over
130 kW which are built after 1 January 2000, or are subject to major conversions. Even if the

initial certification is found at the engine builder, final responsibility of providing valid NOx

* Annex VI - Regulations for the Prevention of Air Pollution from Ships
'* Mandatory procedures found in NOx Technical Code
® Directive 2003/87/EC, 13 October 2003
7 International Convention for the Prevention of Pollution from Ships, 1973, as modified by the Protocol of 1978 relating
thereto (MARPOL 73/78), Annex VI- Regulations for the prevention of air pollution from ships



certification falls onto the shipowner and failure to provide the authorities with such will

compromise the vessel’s flexibility on global operations.

Figure 1.1 - The IMO NOXx curve.
Source: EPA

The ratification requirement has been met (minimum of 15 states controlling at least 50% of world

gross tonnage) and Annex VI applies to all states that have ratified the 1997 Protocol as well as

to all vessels of non-signatory countries operating in waters under the jurisdiction of Protocol

1997 parties'®. Although regulations would officially commence in 2005, parties involved were

encouraged by the International Maritime Organisation to conform as soon as 1st January 2000.

Annex VI was amended in July 2005 in order to establish the North Sea as a SECA as of

November 2006. The NOx Technical Code was also revised.

Table 1.1 - NOx baseline from Regulation 13. Source : United States Evnironmental
Protection Agency, EPA

NOx emission limit in grams per kilowatt Engine speed (n) rpm

hour
17g/kw-hr For n<130 rpm
45.0 x n(-0.2) g/kW-hr For 130 n <2000 rpm
9.8 g/kW-hr Forn 2000 rpm

A strategy to reduce sulphur on ships by the European Commission is found in the Directive
2005/33/EC; as of August 2007 all vessels carrying EU flag must use 1.5% sulphur fuel in both
the North Sea and the English Channel.”

18*MARPOL 73/78 Nox and Sox contrgbnline] Available
http://www.eagle.org/regulatory/noxsoxpaperaugOf.pelember 15, 2006
19 Singapore Administration Shipping circular No.22004

20| svblad and Fridell
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1.3 NERA Report

What is often referred to as NERA Report21 is in fact a study conducted by NERA Consulting in
2005, on behalf of the European Commission Directorate General Environment that focuses on
‘Economic Instruments for Reducing Ship Emissions in the European Union’. In 138 pages, four
different instruments are examined in terms of reliability, costs and performance in a systemic
manner, that is, each and every instrument is examined within the European frame of policy and
business. In particular, the instruments examined are:

i. Credit-based trading approach

ii. Consortium benchmarking

iii. Environmentally differentiated charges

iv. Environmental subsidy approach

Credit-based trading approach: In a credit based programme, sources that voluntarily reduce
their emissions below their ‘business as usual’ (BAU) line are provided with credits, representing
the reduction achieved. These credits are tradable in an emissions market, where other sources
purchase these credits in order to comply with their environmental control. A credit-based trading
approach aids -those companies facing high abatement costs in their installations- to comply with
the line of environmental regulations by acquiring reductions made by other sources, usually with
lower abatement costs. There is a central administration that verifies the emission reductions and
translates them into credits, while offering other administrating services, such as account
keeping. Examples of such trade are found in the Kyoto Flexible Mechanisms and in California,
where vessels reduce emissions on behalf of land emitters under the RECLAIM programme. The
most important aspect of credit-based programmes is to establish a baseline of reductions; too
high and abatement costs are sky high, too low and credits are allocated for reductions that would
have been achieved anyway. Other choices to be made regarding monitoring, verifying and

reporting procedures will determine if there is a balance between reliability and costs.

Consortium benchmarking:  After some mandatory environmental regulation, voluntary
consortia are formed between vessels. Vessels commit to achieve an average emission rate,
known as benchmark, trading among one another to achieve this rate. The benchmark is the
mandatory baseline set by the government regulator. Administration is held by the consortium,
which in turn could limit members by setting restrictive requirements. Like in a credit-based

system, the key is setting the benchmark baseline, while benchmark rates can be measured in

ZL*Economic Instruments for Reducing Ship Emissionthe European Union — European Commission

Directorate General Environmennline] Available http://ec.europa.eu/environment/air/pdf/task3 _fiodil
November 15, 2006
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the input (emissions per unit fuel) or in the output (emissions per unit engine energy output).
There is a flexibility regarding procedures of monitoring, verifying and reporting, which could be
organised by the consortium or reported directly to the governmental regulator; this, of course,
does not exclude random or periodic checking by the regulator. So far, benchmarking experience
includes fuel standards for the automobile industry and a proposal by Californian Air Resources

Board on NOx and PM for frequent port visitors.

Environmentally differentiated charges: These include charges collected with port dues per
vessel utilising a port. A charging menu could be based on vessel type, size, vessel
characteristics, class, emission intensity etc. Administrating costs are low as environmentally
differentiated charges could be plugged onto the existing port dues system. There are two basic
downfalls though; ports are increasingly under private third-party contractors and operate in a
deregulated competitive environment. Ports with increased dues from environmental overheads
may only shift the traffic to neighbouring competitor ports. Experience from this system may be

found in Finish port of Mariehamn, port of Hamburg (discontinued) and Alaska.

Environmental subsidy approach:  In other words, financial facilitation and/or support to
companies undertaking environmental alterations through grants, low-interest lending, lighter
taxation etc. One parameter of subsidy is which vessels —of those steaming in EU waters — would
be eligible to such support. Since 40% of the European traffic is ‘visiting’ vessels, tendering
European companies would not lead to sufficient results. The subsidy approach is thus treated as

supplementary to other measures in order to forward and/or support the sector at a given time.

After conducting numerous calculations, NERA concludes that trading NOx is the best approach
as there are many options on abatement and costs appear to be much lower than those of land-
emitters. The baseline proposed is the IMO NOXx curve. As for sulphur, significant reductions are
achieved in a cost-effective manner via a benchmarking approach as there are already existing

regulations, with flexible options between 0.5 and 1.5 sulphur fuel content or seawater scrubbing.

1.4  DEMO Project

DEMO Project was launched to investigate whether NOx and SOx emission reductions on sea-
going vessels can be verified and monitored. The Project was broken into 4 phases. In Phase 1
‘methodologies are pre-evaluated and details clarified’, in phases 2 and 3 the actual testing takes
place, and in phase 4 the results are communicated and recommendations are made to the

relevant authority bodies. Regarding NOx, selective catalyst reduction and internal engine

12



modification technique were tested and regarding SOx, low sulphur fuel and scrubbing
technology respectively. The main part of the reported project commences by defining the

tradable emissions reduction as:
Emission reductions = Baseline emissions — Actual emissions

It is, therefore, the emission reductions that are achieved beyond the baseline that are of
economic value. In a cap and trade scheme, the baseline will equal to the allocated emission
credits. Several baseline options are discussed and the IMO NOx curve is proposed. Specific
ships are referred to and tested respectively. The final report frames monitoring on-board for NOx
and SOx discussing parameters and uncertainties in a technical manner. It also examines

auditing and methodology for verification of the on-board monitoring tests.

The conclusions of the DEMO Project are that reductions can be monitored and verified in

practice and that reductions are real and cost effective.?

1.5 Abatement technologies on vessels NOx

Nitrogen control tecniques were passed to maritime after being developed and tested for power
plants. Along the way, some of the techiques became more commercial than others and many of
the vessels presently under construction are getting equiped with nitrogen abatement
installations, or are preparing for a later installment®. NOx contol techniques in vessels are :

i. Basic internal engine modification (new and retrofit) of slide valves. Conventional fuel
valves are exchanged with low-NOx slide valves, which release lower heat in the
combustion chamber reducing NOx emissions.

ii. Advanced internal engine modification (IEM) technique.

iii. Direct Water Injection (DW1). Fresh water is injected to the combustion chamber in
order to lower the temperature and thus, NOx emissions.

iv. Humid Air Motor- (HAM). Hot air and water vapour are used to cool down the
combustion chamber. Like with all water injection techniques, there is some risk of
cylinder wear.

V. Selective Catalytic Reduction SCR.

Selective Catalyst Reduction uses ammonia to break nitrigen oxides into nitrogen and water:

% pEMO Project, full report, [Online] Available http://www.pwc.com/se/swe/about/svcs/demoprojewlfireport2005.pdf
November 15, 2006
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NH3 + NOx N2 + water

Urea solution is injected to the hot flue gas after combustion and nitrogen oxides need to be

between 270°C and 500°C. SCR is the most common method of reducing nitrogen oxides on

ships and around 300 engines worldwide have this system installed. If SCR is used in

combination with oxidation catalyst (OXI), volatile organic compounds (VOC) and carbon oxide

(CO) are reduced considerably.

Each abatement technology achieves different reductions of NOx and requires different

investments (Table 1.2). The queen of all technologies is the Selective Catalyst Reduction

system, which decreases NOx 95%.

Table 1.2 - Abatement methods for vessels and relev

ant costs. Source: Lovblad and Fridell

NOx control technique cost Capital cost Operating ¢ ost Reduces by Life span
Basic internal engine modification Conventional cost + 200 None. Less lubricating oil possible. 20% 5 years
new and retrofit of slide valves in per valve (2 valves per No estimates available.
new engines. 9-12 NOXx ton cylinder)
Advanced IEM technique. 19-98 Not possible to estimate. None. Less lubricating oil possible. 30% of IMO | Engine life
/ton NOx for new engines Vary from one vessel to No estimates available. baseline

another
Direct Water Injection DWI. 345- 50 /kw. New cylinder heads | 90g/kWh of high quality water. 50% 4 years
411 /ton NOx required consisting ¥4 of Distilled 15 /m3. Drinking water may

engine value. be used.
Humid Air Motor- HAM. 198- 90-130 /ton NOx on new 0.15 /MWh — around 4000 fora 5.7 | 70-85% 25 years
268 /ton NOx on new ships, 263- ships, 110-130 /ton NOx for | MW engine
306 /ton NOX for retrofit retrofit
Selective Catalytic Reduction 40-60 /kWh for new builds, Urea 170 /ton NOx or 2.6 /MWh Up to 95% 20 000 hours.
SCR. 316-413 /ton NOx for new 60-100 for retrofits Possible lower cost due to 10 years
ship on MD fuel. RO>1.5 S 526- competition. + 8000 for (according to
710 /ton NOx cleaning=1000 per year per vessel Munters)

Of the above options, Selective Catalyst Reduction will be utilised to count returns on investment

on vessels in a voluntary NOx trade scenario. SCR is the most commercial technique and also is

in accordance to the best available technique concept.24

ZExperiences from use of some techniques to reduce emissions from ships’, Gun Lovblad and Erik Fridell, Goteborg, 3

Mar 2006

24 abbreviation BAT, term found in IPPC Directive, Kyoto Protocol, the NEC Directive [§19]
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1.6  Voluntary NOx trading for vessels

Regarding a voluntary emissions trading scheme for vessels, the Swedish Shipowners’
Association (SSA) communicated a proposal25 in 2002. Since the initial communitation, changes
have taken place in Maritime world, Europe and the environment: MARPOL has been annexed,
NERA and DEMO were conducted and European Union launched an emissions trading scheme.
If the SSA proposal was ahead of its time in 2002, it may still be a little bit 'advanced’ as an idea
but according to the trends, it should be talked about a lot in the near future, in a sense that i) it
identifies maritime and European environmental developments ii) defines real maritime options

and iii) it proposes a realistic NOx and SOx trade.

The SSA proposal is based on success stories in emissions trade in the United States, as well as
on the fact that the regulatory approach has not been particularly fruitful.
The proposal defines the trading parameters, such as
i. General conditions, where rules, liquidity and products are not modified, while centralised
clearing, counterpart risk and transparency outline the main advantages.

ii. Central administration and registry to be similar to the EU ETS.

iii. Trading territory to be that of EU 25 and vessels participating will only be accounted for
reductions accredited in European waters (see Appendix, Figure 1.3, Map of the
European Seas)

iv. Cap budgets include those installations covered by the IPPC Directive®

V. Matters of compliance, verification and monitoring

The Association explains that the trading potential between participating vessels and land
emitters is high, since abatement costs (Figure 1.6) for industries are much higher. It also
underlines that emissions trading has important environmental results in the lowest price for

society overall, a factor that should not be underestimated.

To conclude, voluntary emissions trading for vessels is been shown to be a cost-effective
approach, which can be monitored reliably and which has obvious economic benefits for the

participating vessels.

% Emission trading schemes in Europe for Sox and M@ding shipping[online] Available
http://www.sweship.se/Files/PDF%20Dokument/06051%alF SSAProposal.pdiovember 15, 2006
% Council Directive 96/61/EC, Sep 1996
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Figure 1.2 - Marginal abatement costs for land emit  ters ans shipping in Europe. Source:

Pricewaterhousecoopers-SSA

Still, there are some hesitations from ship-owners, concerning emissions trading with voluntary
vessel participants that could be summarised as
i. Emission trade is not a core activity and little is known for such a new concept in all
industries alike.
ii. Real benefits for participating vessels may not have been examined yet by many ship-
owners.
iii. There is sometimes uneasiness when dealing with environmental issues.
iv. The environmental factor has only lately been considered as a variable in economic
equations®’. In costing it has been regarded so far as an overhead imposed by regulation

in the form of taxation or penalty.

Therefore, on one hand we have real environmental and policy trends (eg., MARPOL, EU ETS)
and on the other hand we have a viable possibility of emissions trading with voluntary vessel
participation. The two can only be linked voluntarily, as EU guidelines cannot overcome the
international baselines. Volunteering may postpone prioritising the exploration of opportunities on

a company level, which could in turn undermine Maritime participation overall.

27*How to cost the environment?’, Financial TimeebFuary 2006
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2 Chapter - Problems and Purpose

In this chapter the problem, the purpose of the study and delimitations shall be stated in context

to international and European developments.
2.1  Problem

Undoubtedly, the ecosphere is scrutinized by human activity, jeopardizing the future. As a reflex,
governmental (and international) regulation seeks to control the damage. Unfortunately, due to
denial and postponement that goes decades back, industry has not been ready for sustainable

development. This results in costly options, lobbyism and socio-economic side effects.

There are real and unavoidable environmental policies for both land and maritime combustion
installations. These policies and regulations not only define the future trends but also i) have
financial implications to their owners and ii) may influence the pattern of production in the
European Union. Any environmental regulations on land industry, if not accompanied by cost-
efficient solutions, will disrupt European production lines and supply chains as shareholders will
relocate their business investments wherever these will provide good returns. Already Europe has
lost a lot of business to the East with direct social effect to the middle class. But ‘obstacles’ may

provide innovative opportunities, a future comparative advantage against global competition.

Environmental regulation and policy can sometimes be confusing. Emission trading -as opposed
to restrictions and enforcement- wishes to trigger reductions on behalf of companies. The idea of
trading emission reductions is still new; some environmentalists may oppose it as insufficient, the
public may see it as unethical and business is puzzled. The European Scheme for greenhouse
gases, although very promising, is complex and still emerging, while regulations and policy for
other gases are not entirely defined. This foggy environment makes business planning difficult,
while obscuring opportunities that may be there. Although there has already been discussion on
voluntary NOx and SOx trade between land and maritime installations, shipowners, who will
voluntarily submit their fleet to the trade, are hesitant or uninterested. As they are a key

component to trade, it is important to initiate their attention.
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2.2  Purpose

The aim of this paper is to examine and describe the economic benefits and business
opportunities for ship-owners in voluntary NOx trade in EU waters so that shipping companies
and other interesting parties may find a guideline for the future market. This will be done by
sampling specific vessels and virtually putting them in a future European NOXx trading market.
NOXx trading is therefore regarded as a cost-efficient and environmentally credible approach. This
Thesis aims to count returns for ship-owners emission abating in a future European NOx market,
where vessels participate voluntarily. At the same time this Thesis hopes to reveal other business

opportunities that may accompany such trade.

To closely approach economic benefits specific vessels (and with different characteristics) are
sampled. Sampling aims to represent the bulk of vessels steaming in European waters so that
operators, ship-owners and other interested parties may have a practical guideline. Through this,
it also aims to present emissions trading concept as a business incentive in order to achieve
environmental targets. The idea of business opportunities will show how an accessory (eg., a

catalyst) may also prove strategic.

2.3 Delimitations

This Thesis will not study environmental consequences and phenomena, nor will it insight
European policy or environmental innovations but may capture a snapshot of the above.
Economic benefits will be estimated per vessel for a selection of vessels and not for European
Maritime as a whole. Business opportunities will be examined at the level of cargo and passenger
vessels and not for every company involved, as chapter nine should represent Maritime
opportunities through emission trading and not be a business plan for the sampled vessels and/or

companies.
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3 Chapter - Problems analysis

In this chapter any sub-problems to the initial problem will be presented and analysed.

While researching for the benefits and prospects of voluntary NOx trade for vessels in EU, it was
important to decide on the approach, if, for example, this should be done on a company basis or
per vessel. At the same time, emission trading is more of a regulatory issue and it became
apparent that non-commercial factors where intervening. The characteristics of the emissions
market had to be clarified to their deterministic factors. Supply and demand in emissions trade

appeared to have non-commercial determinants.

In order to investigate opportunities and benefits of NOx trading for Maritime, various sub-
problems arise at different levels.
Regulatory Frame:

i. European and national policy is not yet fully set for NOx and SOXx, fogging the pathway.

ii. NOx and SOx are not yet traded on a European level (there is only a limited national
programme in the Netherlands); hense, there is not a defined platform to place the NOx
commodity.

iii. Since there is no European wide market for NOx and SOx, there are no historic data to feed
an economic model that would provide NOx price fluctuations and thus the size of returns.

iv. International law prevents any unilateral enforcement for Maritime.

Economic benefits:

v. Different vessels will have different emission reductions according to their size; every naval
engine is built to steam inside a particular steel construction and serves different
transportation needs.

vi. Capital costs are relevant to output (and secondarily to number of engines) and operating
costs (including maintenance) vary according to catalyst usage.

Business opportunities:
vii. Every supply chain has various players (land industry, transporters) that relate to each other,
environmental policy and emission reductions at a different level.
To encounter the above problems it is important to:
(Regulatory Frame)

i. Place NOx trade in the existing European frame of environmental regulating and policy by
identifying the trend.

ii. Investigate emissions markets, where they exist and understand the different conditions

under which they function.
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iii. Estimate NOx price on the margin.

iv. NOx reductions below the IMO baseline and their trading must be on a voluntary basis.
(Economic benefits)

v. Estimate tradable NOx emission credits in tons for different vessels through sampling

representative types and/or engine outputs.

vi. Estimate capital and operational costs for every installation.
(Business opportunities)

vii. Any business opportunities will be discussed on the outside, presenting ideas for further

investigation when the frame is complete and by interested parties.
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4 Chapter — Methodology

This study combines data collection from diverse disciplines such as Legal, Financial,
Engineering and Management covering environmental, Maritime and public policy issues. To
evaluate an investment, it is imperative to acquire a holistic view and understand how different

factors interact and weave reality.

To understand the emissions trade and environmental policy, European Directives, International
Conventions and Emission Schemes literature were studied, available on the Internet at the time
of the inquiry. International and European regulation were defined as deterministic to the

emissions market. Therefore, the background and the trend in emissions market had to be found

in legal documents.

It was decided that vessels should be sampled individually as each one contains different
technical and operational characteristics. A sampled vessel was chosen according to how

representative its characteristics were in the EU maritime traffic.

At the same time, abating technologies had to be examined. Some of vessels researched already
had an abatement technology installed, so it was important to declare the same denominator for
all sampled vessels in order to have the same platform technology for all. Information concerning
abating technologies for vessels was retrieved from technical reports available on the Internet.
One technology was chosen as a commercial option and according to BAT (best available

technology) concept that was often found in treaties.

As sampling was decided per vessel, it became apparent that the best calculations would be
those referring to individual vessels technical characteristics, so retrieval of technical
specifications was necessary for the next step. To calculate tradable NOx tons per vessel,
information was acquired through Fairplay database (technical specifications and other
information). Owners and/or operators were identified through Fairplay database and conducted
for providing operational information (through electronic mail or telephone interviews). For the
engineering calculations, NTM?® methodology (2005) was followed as presented in the elective
course ITR361 - Environmental aspects on logistics and transportation, Chalmers University of

Technology, Term 3, year 2006.

28 Network for Transport and Environment (NTM) is a non-profit organization that establishes a common and accepted
method of calculating emissions. It aims to promote and develop the environmental work in the transport sector.
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To compute returns on investment, it was important to calculate tradable NOx tons, speculate a
NOXx price in the future EU market and calculate the costs per vessel. Capital costs for installing
the abatement technology had also to be included as they are a large percentage of the
investment. Budgeting engineering projects is not a background skill of the author; costs for
sampled vessels where estimated in relevance to engine output of three sampled vessels, whose
investment costs were retrieved and communicated back to the SCR installation company.
Estimating installation costs (capital costs) would not have been possible without the assistance
of a company providing abatement solutions for vessels through electronic mail and interview
(Munters, Sweden branch). Operating costs were retrieved by technical and economic reports

available on the Internet.

A lot of time was spent in finding an accurate way to speculate NOx price in the future EU market.
Since this was unknown territory, a couple of other approaches were tested and failed before
arriving at the solution. Speculating on the NOXx price was done by consulting marginal abatement
costs (MAC) from relevant economic studies for Europe 25 financed by European Commission
and available on the Internet. A study from MIT University (Ellerman and Decaux) was retrieved

as a methodology backup.
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5 Conceptual Framework

Regarding the problem and sub-problem solving, conceptual frameworks will be presented and
analysed here below. Marginal Abatement Curves are defined and utilised

as robust methodology, Returns on Investment is presented as a valuable tool for evaluating
project profitability and The Natural Step is explained as a framework on sustainability and

strategic development.

5.1  Marginal Abatement Curves

Marginal cost denotes the change in total cost when producing one more unit. It takes into
consideration variables that influence production, such as labour, material, capital items or energy
that inevitably change by adding one more unit, thus the marginal cost function is expressed as a

derivative of total cost in respect to quantity.

TC
MC= d—Q where TC are the Total Costs and Q is the Quantity produced

In trade studies an emission reduction can be represented as a point on its marginal abatement
curve. The marginal abatement curve is a graphic representation deriving from a function that
considers environmental constrains and plots a corresponding shadow price. Each point (g,p) on
the curve shows the marginal cost for a region R of abating an additional unit of emissions in time
T. When (environmental) constrain becomes tighter, more quantity q needs to be reduced
corresponding to a point on the shadow price of greater value. Figure 5.1%is an example of
carbon dioxide (CO,) reduced and its corresponding marginal costs. Axe x'x shows the quantity q
reduced; it can be expressed in tons or as a percentage from a baseline. Axe y'y is the shadow
price of carbon produced by EPPA multy-sectoral multy-regional Computable General Equilibrium
Model (CGE) for a specific region at a given time*. EPPA model considers economic activity,
energy consumption and carbon emissions and maps a shadow price for carbon dioxide. The
Marginal Abatement Curve plots the shadow price for reducing carbon dioxide at a Region R in

'increasing severity’ conditions over time T.

#Decaux and Ellerman
% young et all, The MIT Emissions Prediction andi®oAnalysis (EPPA) model Report No. 6, MIT Joint
Program on the Science and Policy on Global Chabgmbridge MA, 1996
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The region R may correspond to a geographical region, such as a country, or to an industrial
sector, such as the Lime Production. For example, a 21% reduction of carbon dioxide that
Germany has to achieve by 2012, in order to comply with European Commission regulations
under the Kyoto Protocol. The hatched area under the marginal abatement curve shows the total
costs of a geographical area or an industrial sector for reducing q emissions under a certain

environmental constrain criterion.

Figure 5.1 - Marginal Abatement Curve for CO ,, g quantity reduced

In a trade situation, more than one area/installations/industrial sectors participate, each being
represented by different a abatement curve, since each shows individual economic activity,
energy consumption and reduction constrains. A region/sector with higher marginal costs (R1)
can encourage a region/sector with lower marginal costs (R2) to abate more quantity g.
Region/sector R2 has lower costs for emission controls; it may reduce enough quality to comply
with its regional/sectoral environmental contrains and it has an opportunity to reduce more
emissions and trade them with sectors that have higher costs, and thus would prefer another
installation to reduce emissions on their behalf. In an emissions trading situation, it does not
matter what installation acheives the reduction (up to a certain point; all installations have to try to
control some of their emissions) but to acheive the targets set in an area in absolute numbers. By
reducing more emissions, R2 region/sector/installation creates 'extra emission permits’, which it
trades with region R1. The difference in marginal costs between R1 and R2 creates a gain
potential for both regions. R1 will comply with lesser costs (hatched area A’All in Figure 5.2) and
R2 will be rewarded with a margin of profit (hatched area BB’l2) and be encouraged to continue
to abate more emissions than it is required to by regulation. The aggregate costs of meeting

commitments will also be lower as the average cost of abatement will be closer to the lower bar.
To outline demand and supply in emissions trade, we can be based on the marginal abatement

curves. In a no-trade situation every area/industrial sector/ installation has to reduce g1, g2,

g3...etc. quantity of emissions to meet requirements. The quantity reduced in a non-trade
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situation corresponds to a shadow price, called the autarkic marginal price of a
region/sector/installation. In an emissions trade situation, for example NOx trade, the price of
NOx in the market will be either:

i. Above the autarkic marginal price, and the region/industrial sector/installation will find it
beneficial to reduce more emissions than required and trade the extra emissions; that is,
to 'export emission permits’.

ii. Below the autarkic marginal price, and the region/industrial sector/installation will find it
beneficial to obtain reduction permits from installations with lower costs, that is, to 'import
emission permits’.

iii. Will coincide with its autarkic marginal price, and the region/industrial sector/installation

will remain idle concerning trading emissions.

Figure 5.2 - Marginal Abatement Curves used for trale studies

Figure 5.3%" on carbon dioxide compliance with Kyoto requirements shows graphically how import
or export of permits is triggered as the market price is higher or lower than the autarkic marginal
price p’ of the region/industrial sector/installation. The hatched area shows gains (savings for the

byuer and gains for the seller) from trading.

It is important to note than unconstraned aerias or industry sectors, for example Former Soviet
Union countries under the Kyoto Protocol or Maritime in a European NOXx trade, have autarkic

marginal cost equal to zero and will only export emission reductions.

Ellerman and Decaux® confirm on the robustness of MACs in trade studies. Indeed, two years
after the launching of EU ETS, we can confirm also the accuracy. Relevant literature mentions
marginal abatement costs for carbon dioxide to be between 12 and 20 per ton, depending on

the model utilized. The average price of carbon dioxide in the EU ETS (since now) is about 18

3L Ellerman and Decaux used wih permission
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fluctuating between 30 and 9 per ton®. Other literature speculating on the carbon price and

using other tools often results between 1 and 999 per ton.

Figure 5.3 - Demand and supply in emissions trade

52 Returns on investment

Return on investment (ROI) or rate of return is a tool that measures economic returns of an
investment or a project in relation to costs per cent. It appraises the profits of a project in
relevance to the investment costs, since economic activity aims to acquire the maximum benefits
from the least financial employment. As financial resources are limited, it is cautious to select an
activity or investment with the highest returns not only as an absolute number but in relevance to
the finances withheld until the investment repays. It is widely used to evaluate an investment or
compare the profitability of different activities in a company. It is computed from the general

formula

net benefits

ROl ———— x 100 %,
costs

Where net benefits are the deduction of costs from revenues:

Net benefits= Revenues — Costs

% page 6, Analysis of the Post-Kyoto CO2 emissions Trading using Marginal Abatements Curves, [Online] Available
http://web.mit.edu/globalchange/www/MITIPSPGC Rpt40.pdf, Decembermber 15, 2006

33 http://www.emissierechten.nl/marktanalyse.hibecember 15, 2006
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This general formula can be deployed as*

_Retum  GrossMargin Investment  (Revenue Costof .GoodsSold) Investment
ROI= Investment Investment = Investment )

Where Gross Margin is the financial contribution that comes back to the company, once the

investment is made. Gross Margin is the Revenue after we deduct the Cost of Goods Sold.

There are variations of ROI tailored to individual company needs and serving different
applications. As companies seek to recover their investment within one year, ROl is calculated for
the first year. Return on investment capital (ROIC) includes not only initial capital costs but

ongoing costs that may be variable, such as the operational costs™:

net'operating profits
(ROIC)= — = x 100%
investedcapital

ROl is a popular tool because in requires simple calculations and can be a communicated with
associates who have varying degrees of economic knowledge.lIt is valuable for investment
decisions that need rapid counselling or comparison of diverse and complex activities across
large organizations. Marketing and investment initiatives are proposals from analysing customer
needs, market conditions, competitive activities and company performance. Measuring returns on
investment insights such initiatives and projects the profit potential. It is used in strategic and

tactical development, which is why among other economic tools, this one was chosen.

Payback period shows the level of profitability in relation to time. It is defined as the length of time

required to recover an initial investment from cash flows generated by the investment.*

Cost of Project
Annual Cash Inflows

Payback period

When managing financial resources, it is important to understand when in time an investment will

repay, that is, the necessary time revenues need until they generate profits free from quittance.

% page 6, Analysis of the Post-Kyoto CO2 emissions Trading using Marginal Abatements Curves, [Online] Available
http://web.mit.edu/globalchange/www/MITIPSPGC Rpt40.pdf, Decembermber 15, 2006

% page 35, James R. Stock and Douglas M. Lambert, Strategic Logistics Management, McGraw-Hill Irwin Fourth edition
% The Financial Dictionary, C.R. Harvey and J. P. Sticht
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Payback period is important for financial planning but not only. When it comes to tactical and
strategic decisions, payback period will position the company on the chess board as ponderous
or agile in reaction to new market developments. The smaller the payback period, the more the

liquidity and the more accompany is responsive to market alerts.

5.3  The Natural step

The Natural Step (TNS) in a methodology for organizational planning. It assists companies to
make stretegic decisions for sustainable development that would retain short-term profits but also
ensure lond-term flexibility. The Natural Step acknowledges the ecosphere as a sustainable
complexity and has four system conditions to discribe human intervention.
i. Human activity can increase consentration of substances from the Lithosphere onto the
Ecosphere faster than they can be assimilated (eg., mining, oil extraction)
ii. Human activity is responsible for the concentration of substances faster than these can
be broken doen by nature (eg., farming, production industry)
iii. Human activity may degrade the ecosystem though manipulation (eg., over-harvesting,
deforestation)
iv. Human activities aim to satisfy human needs world wide
The natural step places an organisation in the Funnel, where it should manauvre, without hitting
its walls. The Funnel is a metaphor used to express the declining environment and the increased
social demand for resources (population increase and consumption patterns), which have
narrowed the margin for actions through time. The more society disregards the environment and
increases demand for resources, the narrower the Funnel becomes and manouvering proves
increasingly difficult. Sustainability keeps the walls of the Funnel parallel and leads society (and

companies alike) to an opening, where the ecosphere can sustain human activity (Figure 5.4).

A non-sustainable company that hits the walls of the Funnel contributes to contamination of
water, air and food, social unrest, boycotts, poor health etc. The Natural Step advises the
company to develop sustainably so as to avoid the walls of the Funnel. It is possible with
sustainable planning to meet company targets and minimize environmental costs. The earlier a
company acknowledges the future, the more time there is for efficient long-term planning and the
less the expenditure for environmental adaptations. The Natural Step places humans in the
centre of attention and assumes that self-preserving instincts will prevail to opportunism. It
clarifies that matter and energy only change form in the ecosphere; substances are not created
but are concentrated in amounts that cannot be sustained by human life, thus, pollution will not

destroy the Earth as an aggregation of chemical ingredients but it will create a system where flora
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and fauna may not survive.

Figure 5.4 — TNS Resourse Funnel Source: The Natura | Step Foundation

The NTS proposed four steps to take so that companies achieve sustainable development37.

A. Awareness: Denial does not contribute to solving. It is important for companies to
become aware that the environment is degraded and the fact that they play a larger or
smaller part.

B. Baseline mapping: In order to establish current status and the position of the company
within the Funnel. Mapping out material and energy consumption will reveal
sustainability.

C. Create: Envisage the (sustainable company) in the future. This involves creating a list of
features that (the sustainable image of) the company should have in the future.

D. Down to action: In this step the company prioritizes, which features should be looked
after first, and which are more important. Strategy should be outlined according to what

extent every action contributes to the sustainable corporate image of the future.

This is done through back-casting®, where one envisions oneself acting in a desirable future
frame so as to take decisions in the present that lead to the desirable future image. Strategic
thinking also utilizes upstream thinking, where sources of problems are remedied from their roots,
rather than treated symptomatically. From a strategic point, back-casting is more efficient than

forecasting and certainly more dynamic and intervening.

3" The Natural Step Foundation, http://www.naturgiste/articles/TNSFrameworkGuidebook.pdf
3 Karl-Henrik Robert, ‘Tools and concepts for sustdile development, how do they relate to a general
framework for sustainable development, and to edicbr?’, Jan 2000
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The importance of The Natural Step is that it creates awareness in a business organization
concerning external factors, which so far were disregarded. We could say that TNS has a
systemic approach placing the company within its socio-economic and environmental
surroundings, which makes it an important tool of strategy. It re-organizes corporate strategy by
adding the environmental factor in the function, not to undermine profits and flexibility but to

support them aiming to uplift the company in the present and in the future.
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6 Data sources — The trading markets

To understand a future NOXx trade in EU as a concept, we shall investigate existing emission
trading schemes, the emission market and the emission financial markets; in order to

comprehend the market determinants in a future European wide NOx trade, supply and demand.

6.1 The Prototype — Trading market of North America

In emission markets reductions of greenhouse gases may be traded so that at the end of the
calendar year all companies targeted under a scheme can comply with governmental restrictions
with lesser costs. For emission trading markets to exist, two prerequisites are necessary; 1)
government restricts emissions from combusting installations by dictating relevant environmental
laws and 2) the government allows companies to exchange reduction credits with one another,

focusing on the overall reduction targets.

North America was the pioneer in such schemes: EPA* SIP NOx Trading Program, was created
under the regulations of Ozone Transport Commission (OTC) Memorandum of Understanding
(MOU) in 1994 in order to control ozone pollution during the summer months. Eleven north east
states and the district of Columbia have established a cap for all major sources (of at least
15MW).

In 2003 the OTC program was suspended and and NOx State Implementation Plan (SIP) takes
over, expanding geographical covering to 19 States as seen in Figure 6.1, under EPA’s call for
ozone control. The total number of sources caped becomes 1500 (from 300) and reductions are

strengthened also; from 35-40% of the baseline they become 35-85% depending on the sector.

3
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Figure 6.1 - States of the NOx SIP Trading Program.  Source: Evolution Markets

39 US Environmental Protection Agency
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Environmental Protection Agency records all allowances and transactions in the NOx Allowance
Tracking System and for every ton of NOx emitted during the ozone season, one ton is ‘retired’
from the system. Companies that find themselves with a shortage of allowances may buy them in
the market, while companies with reductions superior to their allocated cap may sell or bank the
extra allowances for the forthcoming season (as long as the banking does not exceed 10% of the

yearly allocation).

Other programs in the USA include the Huston/Galveston Area (HGA) cap and trade program
covering eight counties in Texas launched in 2000. The HGA scheme includes a large number of
small installations, aims at aggressive reduction targets and operates in an area with robust
electricity consumption leading to an active and volatile emissions market®. Also the Los Angeles
scheme (RECLAIM), which was launched under the South Coast Air Quality Management District
(SCAQMD), and aims at all sources that emit more than 4 tons of NOx in the Los Angeles Basin.
Los Angeles is infamous for its smog and SCAQMD was launched as early as 1994 to control
NOx and SOx. Deregulation of the energy market in 2000 brought power plants in the area to full
capacity and the price of NOx climbed from 1 dollar per pound to 60. After pressure from the local
industry, the SCAQMD program was revised. The program devides emitters into two zones, Zone
1 is the coastal strip with concentration of installations and Zone 2 is the inland area. The zones
were designed to mirror geography, which is responsible for gas concentration in the first place.
Los Angeles, like Athens and its port Pireas, is situated in a basin and surrounded by mountains.
The wind blows to the land in the daytime trapping polluting gases. What is worth mentioning is

that RECLAIM Zone 1, the coastal zone, includes vessels.
As USA did not ratify the Kyoto Protocol, there is no legal obligation for the country to reach the

1990 baseline so all the schemes running are the result of state initiation or federal regulation

after the US Environmental Protection Agency (EPA) calls for emission controls.

6.2 The European Union Emission Trading Market

Unlike the US, European Union was the driving force of the Kyoto Protocol and that led to the

launching of the largest emissions trading scheme in the world, the EU ETS.

According to the cap and trade approach, European Commission authorizes each and every of

40 \www.evolutionmarkets.com
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the national governments to allocate cap ceilings to their national industries. In turn, national
governments, through relevant technical and administrating bodies distribute permits to all
industries involved. Companies are left with the following dilemma: Invest on abatement
technologies at their installations or purchase credits (as supplement) on the market so that to
avoid penalties. Thus, sectors with low abatement costs are encouraged to invest on minimising
their emissions, while sectors with high abatement costs prefer to purchase reductions made by
others under a supply and demand mechanism, where the maximum price of a ton traded cannot
surpass the fine set by European Commission. What is evident in an emission trading scheme is
that abatement occurs in installations with low costs and is purchased by installations with high

abatement cost so that society enjoys emission reductions with the least overall costs.

EU - ETS started in January 2005 by trading CO, and consists of two phases. In Phase | (pilot
phase from 2005 to 2007) only CO is traded covering 45% of Europe’s emissions, with about
11,500 installations participating (rated thermal input exceeding 20MW). In Phase 1l (2008-2012)
other greenhouse gases can be traded, clean development credits and joint implementation

credits will be introduced through the “Linking Directive™*

. Clean Developed Mechanisms and
joint Implementations cannot surpass 10% of the National Allocation Plans* and are
supplementary methods of complying with the EC regulations. Aviation (with a modest but fast
growing share of 3%) will be included. During post-2012 ETS, aviation, maritime and forestry will
be included®, even as transport sector complexity may find solution in 1) cap and trade system

for fuel suppliers or 2) baseline-and-credit for the automobile industry.

Each company covered by the scheme is given a 'permit’ by the relevant national authority
(Regulator). A permit is a ‘licence to operate [combustion installations] and emit carbon dioxide™*.
Then each company is allocated with tradable allowances, each allowance equivalent of one ton
of carbon dioxide (CO2 t eq). All allowances given to companies for a given period consist of that
country’s National Allocation Plan (NAP), which is composed by a national body and must be
approved by the European Commission.Anyone not covered by the scheme (NGO, company, or
other) may also buy and sell allowances after opening an account in the Registry. NGOs like to
buy allowances and ‘retire’ them from circulation in order to lower the cap. Companies may also

purchase allowances for hedging and there is an emerging hedge funds market around emissions

“! DIRECTIVE 2004/101/EC of the European Parliament and of the Council, amending Directive 2003/87/EC

“2 Question 11jonline] Available http://ec.europa.eu/environment/climat/pdf/m06_452pdf December 12,
2006

3 Stavros Dimas, Member of the European Commission, Responsible for the Environment, EU Climate Change Policy,
Conference of National Parliaments of the EU and the European Parliament, London, House of Commons, 21 November
2005, speech/05/712, [Online] Available

“ DEFRA, Department for Environment, Food and Rural Affairs
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trade®.

The Registry is a web-based platform where records are kept, regarding company allowances,
company accounts and movement of allowances in and out of accounts. National Registries are
central to both EU Emissions Trading Scheme and (as from 2008) international trading under the
Kyoto Protocol. In every country the role of the Registry Administrator is carried out by an
authority body (eg., Environmental Agency in UK etc.). Comparing EU ETS and American
Schemes, one can see that in Europe the scheme has a decentralized approach, allowing each
member state to organise the administration according to its own needs and understanding, as

seen in Figure 6.2.

European Commission is the strategist and approver of NAPs. DEFRA, DTI* and Developed
Administrators are responsible in developing UK regulations, directions, policy and guidance of
the Registry and the installations. Regulators, such as Environmental Agency are responsible for
issuing and enforcements of permits, including reporting and monitoring. Also, Environmental
Agency is responsible for the maintenance and administration of the Registry. Installations that
need to comply with the scheme monitor and report their emissions to accredited Verifiers®’.
Installations surrender adequate allowances to cover their emissions for the given period (e.g.,

one year).

Figure 6.2 - Paradigm of UK Administration of Emiss  ions Trading. Source: DEFRA

5 Morrison, Kevin, Financial Times, November 1, 2006
6 Department of Trade and Industry, also regulatestmre installations
7 Article 12, Directive 2003/87/EC of the EuropearlRment and of the Council, 13 Oct. 20{8yline]

Available http://europa.eu/eur-lex/pri/en/oj/dat/2003/] 273/1520031025en00320046.pdécember 15,
2006
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Emissions Trading Calendar year:  Monitoring period starts on the 1 of January and by
February 28 every company receives their allocated allowances for the forthcoming year. The
verification process begins in August and until then the company relies on the abatement
technology and/or trades in the EU ETS market according to corporate planning. The annual
emissions report is done in December and is passed to the accredited verifier. As all national
Registries withhold a small amount of allowance for late entrants (about 6%), the remaining
allowances that were not utilised are auctioned in a spot market. In the 1st April all verified
emissions data is reported to the Registry and allowances are surrendered from the company
account by 30 April. If there is a difference between the allocated allowances and the actual
verified emissions, then the company is obliged to pay a fine; in Phase | the fine is 40 and for
Phase Il itis 100 per ton of CO,. Any remaining allowances are banked for the next calendar
year (exception: 2007 allowances cannot be banked for 2008). On the 15 May a list with all

installation in compliance is published.

Figure 6.3 - Calendar year for EU ETS. Source: DEFR A

It is evident that emission trading schemes have their routine of events, administration and
baselines. Administration may be bureaucratic consisting of many different bodies or simple,
centralised or not; consisting of national agencies which for better or for worse undertook their
new role. The basic difference that is of interest to this study, is the baseline set by the body of
authority, as it is responsible for shifts in demand and supply and thus, the price a unit of gas

takes in the market.
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6.3 The financial markets

A company that has accumulated reduction credits and has decided not to bank but to circulate,
has also to decide how and when; like all commodities, emission credits fluctuate in the exchange
and a strategy may prove rewarding."[...] substantial emission reductions — like any other

strategic global business challenge — ultimately become a financial issue.”*®

Trading emissions can be through a private dealer over the counter, or in an exchange.
Especially for the big players, trading in financial markets needs similar attention to any other
commodity. When the newcomer commodity was inserted in exchanges, functions such as asset
management, brokerage, insurance and hedging became part of the services provided. Financial
markets saw business opportunities and a new breed of expertise is restlessly working to ensure

good portfolio management.

Some exchanges were born when emissions trade commenced, while others, added emission
credits to their lists. In sort, exchanges today include:

i. The Chicago Climate Exchange (CCX). It is ‘the world’s first and North America’s only
voluntary, legally binding trading system’.49 Established in 2003, it now trades all greenhouse
gases and offset projects in North America and Brazil (including verification in certified
emission credits).

ii. Chicago Climate Futures Exchange (CCFE), ‘a wholly owned subsidiary which currently
50

offers standardized and cleared futures contracts on Sulfur Dioxide emission allowances
called Sulfur Financial Instruments (SFI).

iii. The European Climate Exchange (ECX). It aims at the continental market that is under the
European Trading Scheme and currently transacts CO,. It attracts the 80% of the traded
volumes and markets the Carbon Financial Instruments (ECX CFIs)Sl. As of September 2006
Climate Exchange Group Plc acquired 60% of issued stocks of the Chicago Climate
Exchange that did not already own. As CCX owned 51% of the ECX, both exchanges are
under full ownership of Climate Exchange Group Plc.

iv. Nord Pool. This is the Nordic power exchange that historically derived from the deregulation
power in Norway. It has offices in Oslo, Stockholm, Fredricia, Amsterdam and Helsinki. Apart

from the power products, it also trades CO, allowances.

“8 United Nations Environmental Programme (edn) (30022

9 www.chicagoclimatex.com

*0 [online] Available http://www.chicagoclimatex.com/ccfe.htnmlecember 15, 2006
*L [online] Available http://www.europeanclimateexchange.com/index_flatsh
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v. Powernext. French speaking energy market between Paris, Brussels, Lisbon and
Amsterdam. It entered the emissions with the product of Powernext Carbon.
vi. Austrian Energy Exchange (EXAA) trades CO, Certificates a few days per month.
vii. New York Stock Exchange, where NOx SIP and NOx HGA credits are traded.

For a future NOx and SOx trade, European exchanges will be ready to transact and clear the
relevant products. Companies and sectors with experience in the spot market, such as energy

power, are more prepared, while others may be a little uncertain.

An option to abatement is investing on Clean Developed Mechanisms and Joint Implementations
outside the company premises, in locations with low abatement costs. As the majority of the
industry may not be able to sustain a long distance survey, investment companies collect mutual
funds and distribute them among promising projects that may be run by, for example, companiess
in the field of low emission technologies. Such investments pose a risk and the demand for risk
transfer may be solved with insurance. Emission trade has still to mature and in order to limit
uncertainties, hedging products, such as derivatives and futures are also provided.

It is obvious that emission trading has added new needs for the 11.500 companies targeted in
Europe and their American counterparts. The requirements concern investing in abatement
technologies, purchasing credits in the market and financing CDM and JI projects. Distributing
company funds on the above may prove tricky and whoever can give good solutions becomes

valuable.

6.4  Supply and Demand in emission markets

Unlike any other commodity, market price depends greatly on the baseline set by the
government. The lower the cap, the more emissions every installation needs to reduce, the
costlier it becomes with abatement technologies. Set the cap too high and emission credits will
become worthless, set the cap too low and the air in the company boardrooms will become a lot

more tense.

Voluntarily vessel participation in NOx trade will take place to satisfy the demand for low cost
NOXx permits from sectors targeted under ambient air directives, namely electricity, heat,
refineries, industrial processes and transport. Strategic decision concerning the frame, non-
compliance and national reduction targets are on Community level and European Commission is

the key body of authority.
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Excess emission penalties are the ceiling of the trading price for all greenhouse gases. United
Acid Rain Program ensured absolute compliance by deducting one allowance from the following
year and penalising by $2000. The OTC NOx Budget Trading Programme deducted from the
subsequent year three allowances for one exceeding ton but imposed no financial penalties. For
carbon dioxide, Phase | fined with 40 every exceeding ton. If the penalty for exceeding

emissions is lower than a sector’'s abatement costs, then trading is no longer imperative.

Supply of permits in emissions markets come from installations with low abatement costs and
demand is pulled by installations with high abatement costs as explained in Chapter 5. The actual
amount of permits in need is relevant to i) how many installations are circled by the relevant
environmental regulationsz, i) their energy consumption profile, iii) their marginal abatement costs
(Table 8.4), and iv) the baseline with which installations have to comply. Demand and supply

balances between emission reduction costs and availability of permits in the market.

6.5 Market determinants

Price of NOx in a future emissions market is determined by various factors. Unlike other
commodities traded in stock markets, in emissions trade, it is the governmental policy that is of
deterministic importance, a fact that makes it impossible to compare vintage prices and make
speculations among different schemes. Governmental policy mirrors national environmental
needs, geographies that cause local environmental problems, industrialization level, lobbyism, or

bureaucracy. In European Union, outline is centarlized and implmentation is national.

National Emission Ceilings establish the maximum amount of gas to be emitted; NOx national
ceilings are found in the NEC Directive®. In general, decisions are made centrally and
communicated through Directives but every member state will implement the particulars in a
decentarlized manner, according to national targets. This may prove complex, compared to the
American Schemes that opperate in a central system (adminstrative and registry). Nevertheless,
Annex | shows national ceilings to be attained by 2010 (See Appendix, Table 6.4). In the
European carbon market, national cap allocations were set by every state member and approved
by the EC authority. It proved during the first year of the Scheme, that all countries (excluding
United Kindom and perhaps Germany) were too generous in their allocations. Around spring that

year, when all national plans were published, experts summed all national allocations and

52 still in process member states for NOx
*3 Directive 2001/81/EC on National Emission Ceilings and Annex I, [Online] Available
http://europa.eu.int/eur-lex/pri/en/oj/dat/2001/I 309/ 30920011127en00220030.pdf, December 15, 2006
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realised that with the current allocations there was no need in reducing carbon dioxide. A 6%
overallocation had taken place. As a result, carbon price drowned quickly. United Kindom
complained stating that overallocation was in fact scrutinizing the British industry competiveness
in the European arena. Communication from the EU discribes the pilot phase of the new carbon
market as 'educational’ and mentions that national allocation plans will be tigher thereafter. From
all the above, it is obvious that the emission ceilings will determine the intensity of demand for
land installations to purchase NOXx credits or not. The higher the ceilings, the less the profit

margins for Maritime.

Literature around the European carbon market identifies the efficiency of the Scheme also in
relevance to transparency . Transparency means that "assupmtions and methodology used (..)

should be clearly explained to facilitate replication.”>*

In a European wide NOx market,
transparecy is essential to establish the credibility of trade and a blooming future. It is well

understood that market stability, Scheme transparency and good planning go together.

Abatement technology and innovation  may influence the demand for permits. So far the
uncertainty of the carbon market did not encourage investments in sustainable technologies and
land emitters do not have in-house cost effective solutions to abate NOx. Statoil has developed
carbon sequestration technique, where CO, is removed from the rising column of natural gas and
send back to the ground, under the North Sea, 'all in a continual process’. > Technology
innovation, like sequestration, may -if applied on NOx emissions- influence demand from land

emitters. So far only a few®® have access to such technologies; sequestration is limited to CO,.

Marginal abatement costs in land installations outline the price NOx will take in a future NOx
market. Marginal abatement costs descpribe the maximum a company — or industrial sector- will
pay to acquire NOx permits from the market, as opposed to reducing NOx in-house. Further
discussion is made in sections 5.1 and 7.2. The higher the abatement costs for land industry, the

more valuable vessel reductions become.

Kyoto Protocol has introduced the idea of the Clean Developed Mechanism (CDM) and of Joint
Implementation (JI). EU ETS allows a total of 10% of CDM and JI permits to be counted in.

Ozone Position Paper57 speaks of "joint plans between Member States [that] might be necessary

> Page 12, UK Entec Limited, National Emission @gjlDirective Review, May 2005

* M. Yeomans, ‘Putting the world on a low carbontdi€IME Magazine,
http://www.time.com/time/europe/next/040517/lowaanthtm| published May 2004

%% Canada’s EnCana is already pitting CO2 into tloeigd, BP and Gaz de France are trying the technique
" page 42, Ozone Position Paper, July 1999, [Online] Available
http://ec.europa.eu/environment/air/documents/pgseppdf December 17, 2006
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[in order] to tackle emissions originating from another Member State [..]”. In a European NOx
trade, CDMs and Jls will be discussed extensively. As they were introduced through the Kyoto
Protocol, they are expected to find little resistance. Cost effective solutions in and out of EU 25

will affect (to the extent of the 10% discussed above) the demand of NOXx credits.

Another interesting view is the shift of the Energy sector to import from Poland and Russian
Federation due to the EU ETS regulations. The Energy sector has high abatement costs among
the land emitters. Of course, Europe is not expected to import all its energy from outside, but a
shift in energy production may occur under the burden of emission permits. The same applies to
shifting all industrial sectors outside the regulated zone of European Union. Something that
makes it even more important to find cost effective solutions, environmentally and business

accepted within the European territory.
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7 Vessel sampling, NOx reductions from selected vessels

To comment on voluntary NOx trading by vessels, one needs to examine three elements
i. Traded NOx volumes
ii.Costs of abatement

iii. Speculation of what price NOx can take in a future market in EU.

Projects and reports have calculated abatement technologies and overall emissions for Maritime;
some of which are referred to in this study. In those reports grouping was inevitable. Here bellow,
an effort is made to compute NOXx reductions on specific vessels and to estimate costs and
savings. Vessels are sampled from the European pool of traffic, traded NOx volumes and
abatement costs are calculated per vessel per year and per NOx ton reduced. The aim of this

effort is to present benefits in specific for the vessel and the ship owner.

7.1  Choosing abatement technology

Perhaps the first thing to do was to decide on the abatement technology. As presented in Chapter
1, there are four different types of technology for reducing NOx on vessels. The range for
reductions is large; 20% for internal engine modification to 95% for selective catalytic reduction.
The costs also vary significantly, from 9 (IEM) to over 300 per NOx ton (SCR).

Selective Catalytic Reductions system was the chosen technology, as it achieved the largest
reductions overall and as it also became very commercial. From now on this technology shall be
referred to as SCR. High reductions may explain why vessels operating in the north seas and
calling Norwegian and Swedish ports — which have become increasingly sensitive to NOx
emissions — prefer the SCR. SCR also falls under best available technique (BAT), a term used in
the Kyoto Protocol and European Directives, which the author perceives as a trend.

Also SCR can be set to reduce volatile organic compounds (VOC) by 70 to 90% and carbon
monoxide (CO) by 50 to 90 %. Volatile organic compounds, like NOx, are also targeted in
Directive 2001/81/EC on National Emission Ceilings (NEC Directive)®.

%8 Article 4, Directive 2001/81/EC on National Emission Ceilings and Annex I, [Online] Available
http://europa.eu.int/eur-lex/pri/en/oj/dat/2001098 30920011127en00220030.pBecember 17, 2006
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7.2  Choosing the vessels

The environmental problems caused by NOx have local impacts as opposed to global so any
trading should be done between emitters operating in the within the range of pollution borderline.
For this reason, vessels steaming in European waters (see Appendix, Figure 1.3, Map of the
European Seas) consist of the pool to choose from. This, of course, included a large number of

vessels so further filtering was necessary.

Thus, an effort was made to sample different types of vessels that would be representative. That
meant cargo, passenger and other. Cargo vessels usually carry liquid bulk (eg., oil, chemicals,
gas), dry bulk (eg., ore, grain) and combinations (OBO, COB) or containerized freight and car
carriers. An oil tanker and a container ship were chosen as most representative for this category59
in the European traffic. Passenger ships vary in size and type as well; among catamarans,
hovercrafts, RoRos and cruise vessels, RoRos and cruise vessels are most common. This left a
lot of specialized vessels that come in smaller or larger numbers. A utility boat and a supply tug/
ice-breaker were chosen as representative for the activities of the north seas, where this study

was written. In short, vessel types are shown in Table 7.1.

Table 7.1 - Sampled vessels per type

Cargo Passenger Other

Oil Tanker Cruiseferry Utility

Container ship Cruise Supply tug / ice-breaker
Ro-Ro cargo

This still left a lot of vessels to choose from and it was apparent that estimating emissions and
fuel consumption should be done the safe way, sampling young engines. Looking five years back

for construction year narrowed the pool a lot.

It is evident that trading interests large emitters rather than small. Total output of the engine
dictates fuel consumption and emissions as well as capital costs per kilowatt so the selection had
to be enriched with vessels of different engine outputs. The range of output is between 4.7 MW
and 72 MW.

Of course, different ships steam different amount of hours in EU waters per year, according to

itineraries and vessel type. The steaming time ranges between 30 and 85 % of the calendar year.

59 Wijnolst, Niko and Wergeland, Tor, Shipping, Coronet Books, December 1996
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For these reason, large fishing vessels and crab factories were excluded.

One limitation was capital costs, the estimation of which requires maritime and engineering
experience.Most of the vessels chosen already carry an SCR (with the exception of some

passenger ships).

The vessels that are selected belong to all basic transport types (Table 7.2), their size and engine

output varying from small to very large. A fuller picture of every vessel can be found in the
Appendix (Chapter 7, Table 7.3).

Table 7.2 - Sampled vessels per gross tonnage andt  otal engine output

Name Type GTN Total output in
kilowatt
Bro Deliverer and sister ships Bro Oil Tanker 10 660 7160
Designer, Bro Distributor and Bro
Developer
Anke Ehler and sister ships Container ship | 5067 7160
Dalsland and Elisabeth
Obbola Ro-Ro cargo 20186 9930
Superfast XI and Superfast XlI Cruiseferry 30902 48000
Blue Star 1 Cruiseferry 29415 45740
Viking Cinderella Cruise 46398 38640
Carnival Freedom Cruise 110239 72000
Farseeker Utility Not available | 6960
Tor Viking and sister ships Bald Supply tug / 3382 14500
Viking, Vidar Viking ice-breaker

7.3  Methodology and Sources

Fuel consumption and emissions were calculated under the Network for Transport and the
Environment methodology (NTM - Natverket for Transporter och Milj('jnﬁo). NTM proposes a
commonly accepted methodology and relevant environmental data in order to compute and

evaluate environmental performance in various modes of transport.

Fuel consumption was computed with the formula below:

Fuel consumption (tons) = engine output (kW) * specific fuel consumption indicator (g/kwh) *

engine time utilization (hours) * average engine utility / 1000000

80 www.ntm.a.se
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Engine output includes all main engines and some auxiliary output. The same indicators were
used for both main and auxiliary engines. Specific fuel consumption indicator was found in NTM
(2005) - "Sea Appendix Table A1 Main engine emissions at sea [g/kg fuel]”, and is given per fuel
type (residual oil, marine diesel oil and marine gas oil) per engine type (slow speed diesel,

medium speed diesel and high speed diesel).
NOXx emissions were computed using the formula:
Emissions (tons) = emission profile (kg/ton fuel) * fuel consumption (tons) / 1000

Emission profile was found in NTM (2005) - "Sea Appendix Table A1 Main engine emissions at
sea [g/kg fuel]”, and is given per fuel type (residual oil, marine diesel oil and marine gas oil) per
engine type (slow speed diesel, medium speed diesel and high speed diesel). Copies of Table Al
and Table A2 are found in the Appendix. Any calculations that included auxiliary engine output
were also executed by consulting Table Al and Table A2 of the NTM (2005), page 31.

NTM collects indicators in categories. The IMO NOx curve was also used as baseline in the
formula below. Unless otherwise stated®!, an SCR catalyst was computed reducing 90% of the

NOx emissions. SCR reduction indicator may vary from one literature to another up to 99%.
Emissions after SCR (tons) = emissions (tons) * 0.9

IMO: Emissions after SCR were also computed by the IMO NOXx curve baseline found in
MARPOL 73/78 Regulation 13 in the formula below:

Emissions after SCR = IMO NOx baseline (g/kwWh) * engine output (kW) * engine utilization
(hours) * engine utility * 0.9 * 0.000001

Results from the NTM method and the IMO method were different by 5% and their average was

utilized thereafter.

Vessels are built according to owner requirements and are unique in their technical
characteristics, unlike road vehicles for example, which are manufactured in large quantities. At
the same time, there is a wide variety of fuel for vessels, with different emission indicators.

Technical specifications and other vessel information were acquired through the Internet and from

¢ By Munters available documents

44



Fairplay database®”. Operational data, namely engine utility, fuel type and time utility were

advised from the owner or operator if not available elsewhere.

As some auxiliary power is not used while steaming there is a small difference between total
output and steaming output. Auxiliary output was either excluded from computations or counted in

partially as seen in the Appendix Table 7.4.

7.4  Emission computations and Remarks

Bro Deliverer and sister ships

The four Brostrom Tankers sampled are handysize, suitable for transporting chemical cargoes,
methanol, clean and dirty petroleum. At the time of sampling they were steaming in the northwest
seas transporting refined petroleum.

Given the time for a special survey to be 10 to 12 days and an intermediate survey to take 7 to 8
days, an average of 4 to 5 days per year was given as maintenance/survey. For new vessels off-
hire time is less than it is for older vessels and the total idle time was configured to 8-10% of the
calendar year.

For the remaining time, these oil tankers spend one third loading, one third transporting and one
third discharging. As loading and discharging are on auxiliary mode, main engines steam for 2628
hours in approximation. An assumption was made that ‘the catalytic system is only running when
the ship is steaming’®® so the fuel consumption calculations included the two main engines only.
Compared to the other vessels, these handysize tankers have small output and steam very little.
An inclusion of two auxiliary engines influences yearly fuel consumption by 25%. Fuel type is
HFO 0.5S (main) and MGO 0.2S (auxiliary) — clean design.

Anke Ehler and sister ships Dalsland and Elisabeth

Anke Ehler and the sister ships are medium size feeder containers (658-656-648 TEU) that
service in the west and the northwest European coast®. A 10% of the calendar year was
allocated to survey/maintenance and from the remaining time, steaming time is just below 65%.
As operator explained, the containers use almost all of the engine power (95%). HFO 25 is the

type used.

62 |T-Chalmers library building, Lindholmen
%3 Given by the owner
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Obbola

Obbola is a RoRo cargo with SCR system installed as retrofit in 2004. It appears to be working at
full load capacity for all calendar year (load/time factor 90/95%). NOx reductions were computed
with NTM and IMO method but relevant data were retrieved from Munters archive and an average
was utilized for all works thereafter. The difference lies on 20 g/lkWh baseline, ‘kWh which
corresponds to the "actual” figures [..] before correction to 1ISO condition’® and engine output (two

out of three auxiliaries were included in computation for this study).

Superfast XI and Superfast XlI

Superfast Ferries operates on the routes Scotland-Belgium, Germany-Finland, Greece-Italy and
has been awarded as operator more than once. The route Greece-Italy was chosen as the
primary route that established the company and because north Italy shows high NOx
concentrations (see Appendix, Table 7.5).

Steaming hours were chosen from the itinerary Patras-lgoumenitsa-Ancona and back. Yearly
average idle time was set to 10%; of the 21 hours of voyage, 14 were estimated for steaming and
the remaining 7 were assumed for maneuvering in an out of three port (Ancona, lgoumenitsa,
Patras) and discharging passengers at Partas. The ferries are estimated to conduct an average

of 164 trips per year.

Blue Star 1

Blue Star represents the young generation of vessels voyaging in the Greek islands. After a small
tour in the Aegean, it reaches Rhodes. From the weekly schedule (see Appenedix, Table 7.6) the
ship is busy 98 hours per week, which was calculated for 51 weeks assuming an average of one
week for maintenance/survey per year. To this, a correction was made according to the number
of ports the ship calls per voyage to deduct maneuvering. That left 4200 hours of steaming
(rounded). Very slight variations exist between the summer and the winter season [a port may be
omitted occasionally], which were disregarded. Possible delays from the summer month traffic
and port police prohibitions due to high speed northern winds that are found in the Aegean Sea

were not included, as they are random.

Viking Cinderella

Viking Cinderella is a typical example of a cruise vessel of the north seas in terms of size and

% Map of routes found in Team Line link is explifir all three{Online] Available
http://www.teamlines.fi/asp/system/empty.asp?P=1TX=default&SID=759099682576273&S=0&C=2
4899 December 2006

% Munters
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output. It appears to have a high load capacity and time factor (75/75 %). NOx reductions were
computed with the IMO baseline and NTM indicators but as there were available data from
Munters archive, the average was used for all works there after. The difference lies on the output
computed in this study (three out of four auxiliaries) and NOx baseline in Munters archive (14
g/kWh).

Carnival Freedom

Carnival Freedom is an interesting example. This is a very large cruise vessel of 72000 kW,
owned by Carnival Cruise Lines which steams in the Caribbean during winter season. The vessel
visits the Grand Mediterranean during the summer season covering popular destinations in Italy,
France, Croatia, Greece and Turkey. Mileage and steaming days were computed in Fairplay
database - Ports data and results were multiplied by the cruises offered per season (see
Appendix, Table 7.7). Although this vessel is a visitor to the European waters, its output
compensates for its absence; it was chosen as a representative of large cruise vessels that
occasionally visits European waters; with all the environmental impact this causes and the

marketing opportunities a cruise vessel entails to its affluent eco-sensitive clientele.

Farseeker

Farseeker is a utility boat for the Northsea area. During the writing of this study, it was still in the
shipyard under construction due to be delivered in July 2007. The engine operating hours were
taken from a similar vessel in terms of output (4 Caterpillar engines of 7300 kW total). Baseline
was 8 to 10 NOx g/kWh that is expected to be reduced to 0.5 NOx g/kwWh. With three engines in
operation on marine gas oil, Farseeker would normally produce 0.7 NOx ton per day for 180

operating days per calendar year before an SCR system reduces by 95%°°.

Tor Viking and sister ships Bald Viking, Vidar Viki ng
Indeed not a typical example of a European vessel, it was chosen to fill in an output gap between
smaller cargo vessels and larger passenger ships. It proved restless nevertheless (0.7/0.7

time/engine utility), its characteristics and appearance enriching the current study.

Tables of technical characteristics and the results of the Computations are found at the Appendix.

% Data given by the owner

a7



8 Chapter — Returns

In this section we will estimate the returns on investment for shipowners per individual vessel
when participating in a voluntary NOx trade in a future European wide market. First, we built up
the costs involved in installing and maintaining SCR system in each of the sampled vessels. Then
the costs are spread per year in a five year horizon and per NOx ton reduced, in a five year
horizon. Second, NOXx price in the future European market is estimated according to certain
principles to estimate the relevant revenues. Third, returns on investment for three price

scenarios and their corresponding payback periods are computed and analysed.
8.1 Costing and Remarks

Cost Analysis

The total costs of a SCR system consist of the capital investment and the annual costs:

TC of SCR= capital cost + annual operating costs + annual maintenance costs + monitoring and

verification

The capital cost concerns a one-time investment. The SCR is regarded as an accessory (see
Appendix, Table 8.14) that is placed in the engine room once and for all either during the ship
construction or as a retrofit. The annual operating costs consist of the urea utilised to break NOx
emissions into nitrogen and water, which are then released into the atmosphere. Maintenance
costs consist of the annual cleaning of the system. For all these engineering activities docking is

not necessary so there are no hidden costs involved.

Operating costs

Operating costs are proportional to NOx tons reduced; one NOx ton reduced utilises 170-200 of
urea. In the calculations, the highest price of urea was used, 200 per ton.Some literature uses
170 per NOXx ton supporting that this is a market inevitable, deriving from competition and

commercialization. Highest price was considered in an effort not to underrate.

Maintenance
Cleaning the system is necessary on a yearly basis; relevant literature®” estimated annual

maintenance to 8.000 per year.

7 G. Lévblad and E. Fridell, ‘Experiences from use of some techniques to reduce emissions from ships’, Goteborg, 2006
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Monitoring and verification

Monitoring and verification costs are the market charges to ensure that trade and reductions are
complying with the rules. Every installation participating in trade must certify its emission
reductions. An accredited verifier (Figure 6.2) certifies according to accepted methodology and
instrumentation. In the computations monitoring and verification costs were equal to 20 per NOXx

ton.%®

Capital cost

The SCR system capital costs change per ship size and the installation is customized between 20
and 40 per cent (see Appendix, Table 8.8, Question 2). Of the installation costs, certain parts are
independent of ship size and type, such as the urea supply system (storage tank and bunkering
lines). Costs for controls, dosing and injection are proportional to the number of engines, while
material costs, for example, are directly proportional to total engine power.?® Of the samples,
capital costs were initially available for three ships (tankers, utility vessel and icebreaker); the rest

were filled in relative to mega Watt (MW) after guidance from the installation company.

Capital costs are divited into Material costs and Installation costs. Material costs iclude the actual
SCR equipment, the engineering study, which is unique for every vessel and the administration
costs. Installation costs include labour costs and other installation material, such as glues, cables
etc (Table 8.1).

Table 8.1 - Capital costs per category

Capital costs

Material costs SCR equipment

Engineering study

Administration costs

Installation costs Labour

Installation material

It was important to acquire capital costs that were real (as opposed to surreal), since they usually
consist about half of total expenditure. Information and feedback were given by Munters for

academic costing purposes and therefore should not be considered as pricing whatsoever.

Installation requires 1000 -1500 labour hours of twenty workers and five engineers. Labour

corresponds to Finish pay rates, which are average among European shipyards.70

% Swedish Shipowners Association and Pricewatertumaegeers

69 Munters
™ wijnolst, Niko and Wergeland, Tor, Shipping, Coronet Books, December 1996, pp 201
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In Table 8.2 we can see the Capital Investment per vessel sampled and in the right column it is

expressed in relevance to total engine output (per megaWatt) as retreived from Fairplay databese

Table 8.2 — Capital investment for SCR installation

Assinged Capital Investment in | Capital Investment in
number Name of vessel relevance to MW in
1 Br6 Deliverer, Designer, 66.000
Distributor, Developer* 472.800
2 Dalsland 616.000 86.000
3 Elisabeth 616.000 86.000
4 Anke Ehler 616.000 86.000
S Obbola 770.000 77.500
6 Superfast XI - Superfast XI| 2.000.000 41.600
7 Blue Star 2 2.000.000 43.700
8 Viking Cinderella 1.755.000 45.400
9 Carnival Freedom 2.520.000 35.000
10 Far Seeker* 358.700 51.500
11 Tor Viking, Bald Viking, Vidar 43.800
Viking* 635.870

*costs given by the installating company in SEK (exchange rate utilised 9,2)

Capital costs and total costs are shown per year in a five year spread and per NOx ton reduced in
a five year spread for all of the sampled vessels. It was decided that a five year horizon
represents investment perspective in Maritime; in the volatile and emerging environment of
emissions market, one should not spread costs too far ahead as market determinants may
change in the meantime. SCR system has a lifespan of 10 years but after five years special
service is required. The five year horizon cost spread does not include any maintenance costs or

replacements made to serve years 6 to 10.

Capital investment is computed at present so no monetary adjustments are necessary. Annual
operational, maintenance and verification costs are average estimates and arise de novo, hence,
no discount rate was considered. Every shipping company has its own portfolio so true cost of

capital is omitted.

As seen in Figure 8.1, the less the NOx reductions, the more capital investment consists of the
total expenditure. Numbers 1 to 10 in axe x’x correspond to the vessels as seen in Table 8.2.
Capital investment varies between 40 to 60 per cent, with the exception of the tankers, whose
cost spread is influenced by the just 30 per cent of time steaming of the main engine. This

performance is, of course, relevant to the type of work the tankers do as explained in section 7.4.
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Figure 8.1 - Costs in relevance with total cost
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Total capital SCR investment is not but a fraction of the total capital of ship building. Therefore, in
terms of expenditure, SCR installation is understood as an accessory compared to total

shipbuilding cost (see Appendix, Table 8.14).

Table 8.3 shows the abatement costs per NOx ton reduced in a five year spread. The same

formula was used for all samples:

Capitalcost 5*(annual.operatingcosts maintenancé o
Costs per NOx ton reduced= annualNOXxtonsreducedpervessel + verification and

monitoring,

where “annual NOx tons reduced” refer to each vessel individually. Methodology results are

analysed in Chapter 7.

On the whole, results coincide with other literature estimates.” The results are explicit in terms of
payback performance. A more detailed table is found in the Appendix (Table 8.10).

Viking Cinderella and Obbola take the league with Superfast not far behind. All vessels are within
the frame of relevant literature, with the exception of the utility boat and the tankers; these four
vessels operate almost a third of the calendar year and are below 7,5 MW, relevantly smaller
emitters. At this point, NOx tax deductions from Swedish port dues are not included in order to
have a universal platform for all vessels. NOx charges and deductions refer to Swedish -and soon
Norwegian- ports so not all vessels are eligible. The aim is to have a palette of samples

representing the bulk of European traffic, where shipowners can examine the samples and
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identify with a vessel from their own fleet.

Table 8.3 - Vessels and costs of NOx per ton reduce d

Cost per NOx ton reduced
(ina 5 year spread) all
Name of vessel inclusive
Deliverer, Designer,
Distributor, Developer 1,048.35
Dalsland 533.95
Elisabeth 533.95
Anke Ehler 533.95
Obbola 377.93
Superfast Xl - Superfast XlI 404.59
Blue Star 2 440.99
Viking Cinderella 373.29
Carnival Freedom 499.19
Far Seeker 886.16
Tor Viking, Bald Viking, Vidar
Viking 422.49

8.2  Speculating on NOXx price

As explained in section 5.1, it is a robust method to consult marginal abatement curves in
emitions trade. Entec’® reports on the average marginal abatement costs per industrial activity for
EU25. The average range for Maritime is 300 to 700  per NOx ton reduced””. Table 8.4 shows
the marginal abatement costs for reducing NOx in EU 25. What is unknown is how much quantity
of NOx each and every industrial activity corresponds to, for the sake of a weighted average. The
simple average is 14,600 and if we exclude the road transport activities the simple average
becomes 3,700

An accurate picture for the NOx price is drawn by employing the weighted average of marginal

abatement costs and not by the simple average:

Sector A marginal abatement cost * volume A of emissions to be imported

Sector B marginal abatement cost * volume B of emissions to be imported, ...

The NOXx price will also be infuenced by the weigted supply average respectively

Sector C marginal abatement cost * volume C of emissions to be exported

™ Lovblad and Fridell, Pricewaterhousecoopers / Swedish Shipowners Association proposal
2 page 55, Entec Report, ‘Service Contract on Ship emissions: Assignment, Abatement and Market-based instruments’,
[Online] Available, http://ec.europa.eu/environment/air/pdf/task2_nox.pdf, December 15, 2006
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Sector D marginal abatement cost * volume D of emissions to be exported

This means in practice that if the majority of European installations participating in NOx trade
belong to Cement Production, then there will be a large supply of permits with marginal costs
around 850 , which will consequently influence the market price to the lower extreme [444,
44398] of Table 8.4.

All computations are made with an average NOx market price and the fluctuations that derive
from market supply and demand are excluded. The initial idea was to feed a model but it was
understood that this was impossible without historical data. An effort to relate the North American
carbon market and the European Union one came to a cul-de-sac as both markets operate under
different regulation determinats so that there is no common denominator to compare them and
produce a price relation. Since the aim of the study is to examine economic benefits in a five year
horizon, price fluctuations are quite useful for portfolio management but not for investment
decision making. Using the average NOXx price will not undermine the results. The average NOXx
price used to calculate revenues is influenced by the marginal abatement costs as explained in

section 5.1.

In order to be certain, the method was verified with the carbon price in the European Trading
Scheme. Literature placed marginal abatement costs for carbon dioxide around 16 . Traded
volumes in the emissions market, traded volumes over the counter and average closing carbon
price was patiently retreived from a java script graph of historic prices (1 Dec 2004 to 8 Nov 2006,
total of 325 inputs) from Point Carbon; the average closing price was 18,21 . A reaserch on
carbon price academic literature was severelly isolated from the truth, with estimates varying from
1t0 999 depending on the model utilised. Thus, the marginal abatement cost approach was

corfirmed as robust.This clearly indicates that

i. There is a demand of Maritime permits from almost all industrial sectors.
ii. In a NOx trade situation, Maritime will export permits to all installations,and will be
participating voluntarily.
iii. Vessels participating in NOx trade will be encouraged to supply the market with credits
iv. NOx trade will be highly beneficial for both parties, Maritime and land emitters.
V. Maritime will accumulate revenues equal to the market price times the quantities traded

minus Maritime marginal abatement costs’:

"8 Pricewaterhousecoopers
™ Monitoring and verification inclusive
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Table 8.4 - Indicative average abatement costs in

for sectors with ‘beyond BAU’ NOx

measures supplied by IIASA for 2010 and 2020. Sourc  e: Entec
Activity 2010 2020
Fuel production and conversion: 3306 3362
Combustion

Combustion in residential commercial 8085 8034
sector

Industry: Combustion in boilers 5588 5731
Industry: other combustion 2792 3052
Power and district Heat Plants: Exist 4343 5270
other

Power and district Heat Plants: New 3378 3275
Industrial process: Cement Production 839 848
Industrial process: Coke ovens 1900 1900
Industrial process: Lime production 872 881
Industrial process: Nitric Acid 3711 3825
Industrial process: other non-ferrous 2651 2651
metals produc. Primary and

secondary

Industrial process: pig iron, blast 3844 3844
furnace

Industrial process: petroleum 8374 8690
refineries

Industrial process: agglomeration 3049 3210
plant — sinter

Other transport: other off-road, 4 44398 44398
stroke (military, household)

Other transport: rail (exhaust) 17226 18033
Heavy duty trucks and buses 8012 8562
(exhaust)

Light duty vehicles 51322 56435
Motorcycle: 4 stroke (exhsust) 142694 | 134335
Waste: Agricultural waste burning 444 444
Waste: Flaring in gas and oil industry 3520 3520
Waste: open burning of residential 879 879
waste

It was decided that in order not to overestimate the results, three modest NOx prices were

considered:

i. 900 per NOx ton, which corresponds to the low limit of MACs for the land industry

(excluding Waste activities). It is also the price Evolution Markets’® report on NOx in the
US market for 2008 and 2009 (see Appendix, Table 8.9).

ii. 1900 per NOx ton, which corresponds to the next best MAC referring to Coke Oven

activities.

S Evomarkets
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iii. 1400 per NOx ton, which is their average.

Of course, the window frame may be much wider as the average cost of the land industry implies
in Table 8.4. Nevertheless, it is the responsibility of this study to be attached to the ground. The
reason for calculating ROI is to show that environmental systems are not necessarily economic

burdens but may even be beneficial.

Revenue
The revenue is calculated by multyplying the average NOx price times the traded volume minus
abatement costs:

Net revenue = average NOXx price * traded volume — abatement costs per NOx ton reduced

For one shipping company this can be translated into:
Net revenue = average NOX price * yearly reductions below the IMO curve — annual abatement

costs per NOx ton reduced

Note: Supply also contains permits imported from Clean Development Mechanisms or Joint
Implementations, as their inclusion in NOx trade is probable. From the carbon trade experience,

they will not exceed 10% of total permits by regulation.

8.3 Results

In this section, the returns on investment are computed according to cost per NOx ton reduced for
the sampled vessels individually (Table 8.3) and according to the corresponding revenues that
are generated per vessel. Then pay back period is calculated (see Appendix, Table 8.11 and
Table 8.12):

i. For all three scenarios of the speculated (average) NOx price of 900 , 1400 and 1900
respectively.

ii. Excluding NOx charges and relevant discounts by the Swedish Maritime Administration
(SMA) for calling Swedish ports. This aims to cover all similar vessels operating in EU
waters but Sweden.

iii. Including NOx charges by the Swedish Maritime Administration for all vessels
irrespective of their true itinerary. This aims to cover all similar vessels operating in
Sweden. SMA charges are calculated for more than 2-5 calls per month on a yearly

basis, which is the maximum charge for the gross tonnage method.
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Conclusive remarks:

Pay back time shows how much time the investment needs to repay within the five year time

horizon (Table 8.5). It is obvious that the handy-size tankers, whose costs per NOx ton exceed

market price will not repay within five years. On the other hand, Farseeker is covering its

investment, something of a surprise. All the other vessels seem to be performing well, with ROI

starting at 69 %.

Table 8.5-900 Scenario (excl. SMA discount)

Annual revenue**
in  (excl. NOx
Total costs* | discount from Payback
Type Vessel Name in SMA) period***
Bro Deliverer, Bro Designer, Bro

Tanker Distributor, Bro Developer 639 121 111 436 5,7
Container | Dalsland 664 358 376 113 1,8
Container | Elisabeth 1082 261 376 113 2,9
Container | Anke Ehler 1082 261 376 113 2,9
RoRo
cargo Obbola 1856 305 923 211 2,0
RORO | superfast XI - Superfast XIl 4294 492 1989 257 2,2
RoRo Blue Star 1 3923204 1661 650 24
Cruise Viking Cinderella 4183 827 2107 789 2,0
Cruise Carnival Freedom 4430572 1 650 505 2,7
UT 751 E | Far Seeker 520 790 107 730 4.8
Supply
tug Tor Viking, Bald Viking, Vidar
icebraeker | Viking 1356777 600 800 2,3

*Total costs=capital cost + annual maintenance costs * 5 + (monitoring and verification costs +

operating costs) * annual NOx tons reduced * 5
**Annual revenue= 900

***Payback period= Total costs / Annual revenue

* annual traded volume

As we can see, pay back time is between two to three years for almost all vessels, if NOx is

traded at an average price of 900 euros, which is encouraging.

If NOx takes an average price of 1400 euros per ton, even the handysize tankers with little engine

56



time utility, show a good repay performance (Table 8.6). The range varies between 162% and

270% for the rest of the sampled vessels, which is very satisfying.

Assumptions

To calculate returns on investment and payback time the following assumptions were made:

a.
b.

The capital costs are put into the present so no monetary adjustment is necessary.

The capital costs are an estimate for all but three vessels (Farseeker, Tor Viking, Bro
Deliverer) and the sister ships (Vidar Viking, Bro Designer, Bro Distributor, Bro
Developer). Capital costs may entail a discrepancy of 15%.

A SCR installation was virtually placed in the vessels that do not own one for the
purposes of this study.

SCR installation was placed in Finish shipyards for all vessels, even the Greek RoRos,
which operate in the Adriatic and the Aegean Sea. Finish man-hour labour cost is close-
to-the-average compared to the rest of Europe. Finnish shipyards are also where the
SCR installation company (the Swedish branch that was contacted) locates much of its
work.

The price of urea (operational costs), the annual maintenance costs, monitoring and
verification are assumed as constants . In practise, this means 200 for the urea per
NOx ton reduced, 8.000 for annual maintenance and 20 for monitoring and
verification per NOx ton reduced; this applied to all sampled vessels throughout the five
year time horizon.

Costs have been calculated on a yearly basis, in totals and per NOx ton reduced for
individual vessels for a five year time horizon. This means that capital costs have been
spread in a five year basis.

The revenue is calculated by the average NOx market price times the traded volume for
individual vessels for three NOx price scenarios (900 , 1400 and 1900 per NOx ton
traded). The average NOx market price is therefore a constant, and no price
fluctuations were attempted throughout the five year time horizon in all three scenarios
for all sampled vessels.

Therefore, 900 , 1400 and 1900 are considered average unit revenues.

Return on investment (ROI) and payback time were calculated from the unit costs (‘costs
per NOx ton reduced’) and the average unit revenues. This results in ROI Average
figures (that express average repay per unit sold) so no discounts were considered

necessary.
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Table 8.6 — Returns on Investment based on three NO

X market price scenarios (exl. SMA

discount)
Cost per NOx ton 900 - 1400 - | 1900 -
reduced — total unit ROI ROI ROI

Type Name of vessel cost average | average | average

Bro Deliverer, Bro

Designer, Bro

Distributor, Bro
Tanker Developer 1 048,35 -14,2 33,5 81,2
Container Dalsland 533,95 68,6 162,2 255,8
Container Elisabeth 533,95 68,6 162,2 255,8
Container Anke Ehler 533,95 68,6 162,2 255,8
RoRo cargo | Obbola 377,93 138,1 270,4 402,7
RoRo Superfast XI -

Superfast XII 404,59 122,4 246,0 369,6
RoRo Blue Star 1 440,99 104,1 2175 330,9
Cruise Viking Cinderella 373,29 141,1 275,0 409,0
Cruise Carnival Freedom 499,19 80,3 180,5 280,6
UT 751 E Far Seeker 886,16 1,6 58,0 114,4
Supply tug/ | Tor Viking, Bald
icebraeker Viking, Vidar Viking | 422,49 113,0 231,4 349,7

Again, investment recovers between one to one and a half years, with the utility vessel and the oil

tankers between 3,1 and 3,7 years respectively (see Appendix, Table 8.12). For the 1900 of

NOx ton market price scenario, the range of returns has a low limit of 81% and a high limit of

402% for and the oil tankers and the RoRo cargo respectively, which is very promising (Table

8.6).

All vessels recover their investments within the 5 year timeline except from the tankers, which

exceed the time horizon by seven months. Almost all other vessels recover their investments

during the 2nd. If we include NOXx discounts from the Swedish Maritime Administration, as the

true itineraries would suggest for some of the ships, the SCR installations in a trade situation for

the oil tankers, will repay the investments within the time frame.

It is evident that even by utilising modest scenarios, investment is recovered soon enough and

profits are accumulating. NOx trade can only have financial benefits for Maritime. Even the

vessels with little steaming time may have slow but steady profits. Any vessel with more 30% time

utility and/or 7MW engine output will collect returns in a satisfying fashion. Furthermore, vessels

calling Norwegian or Swedish ports will find SCR reductions necessary. So long as there are

available financial resources, vessels operating in the north seas will need to install a maximum

NOx reduction system or cash flows shall leak.
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Table 8.7 - 1400 and 1900 Scenario (excl. S.M.A. di scount)

1400 Scenario 1900 Scenario
Annual Annual
revenue in Pay revenue in Pay
excl. NOx back excl. NOx back
Type Name discount period discount period
Bro Deliverer, Bro
Designer, Bro
Distributor, Bro
Tanker Developer 173 345 3,7 235 254 2,7
Container | Dalsland 585 064 1,8 794 016 1,4
Container | Elisabeth 585 064 1,8 794 016 1,4
Container | Anke Ehler 585 064 1,8 794 016 1,4
RoRoO
cargo Obbola 1436 105 1,3 1 949 000 1,0
RoRo Superfast XI -
Superfast XII 3094 401 14 4199 544 1,0
RoRo Blue Star 1 2584 789 1,5 3507 928 1,1
Cruise Viking Cinderella 3278782 1,3 4449 776 0,9
Cruise Carnival Freedom 2 567 452 1,7 3484 399 1,3
UT 751 E | Far Seeker 167 580 3,1 227 430 2,3
Supply
tug / Tor Viking, Bald Viking,
icebraeker | Vidar Viking 934 579 1,5 1268 357 1,1

As seen from the pay back period, need SCR capital investment maybe recovered as fast as nine

months (Cinderella) to as slow as 5,7 years (oil tankers, Table 8.5). Generally, recovery rate is

satisfying; if revenues are invested back, then we can see that one SCR installation can make

enough revenues to finance one to four installations in the same fleet. If we take into

consideration the environmental trend in Europe -mirrored in the existing Directives and

regulations- NOx trade will contribute to the greening of fleets. This could be very strategic as a

proactive measure on behalf of Maritime against future tighter environmental regulations. NOx

trade can strengthen cash flows —so much in need due to vessel overcapacity in some routes- or

be utilised to quickly shift the fleet to ‘greener’ with minimal costs.

What has been shown in this section is that environmental investments do not necessarily burden

the company budget but can be independent and self earning projects. It has also been shown

that even in modest scenarios and for vessels with low engine time utility and output, revenues

are more than promising. Revenues are significant enough to support the company in other

projects, or to cover a cash difficulty that may arise now and then but can also be utilised to

finance other SCR installations, transforming the fleet to eco-friendly.
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9 Chapter - Conclusions

9.1 Socio-economic benefits for Europe

In this section the importance of cost-effective solutions to emissions regulations will shown from
a socio-economic perspective, briefly and theoretically; these issues could be interesting for
further research in other disciplines. The main reason is to explain that emission trade maybe a

new idea but it should not be regarded as unethical as it is a component of regulation itself.

One of Europe’s socio-economic problems is relocation of production to areas with lower labour
costs and looser restrictions (environmental and other). Europe, to its pride, is an alliance of
states founded on humanitarian ideals. Alas, if this will be an expensive luxury in a global

competitive arena.

When European carbon market commenced, Energy sector passed regulatory costs from permits
(that were not actually charged in Phase |) to its customers, which is all of the industrial
production. Energy foresaw a danger coming from the regulative authority, understood its power
position in the supply chain and exploited the other players with ‘windfall profits’. This caused a
collective response from European industries”® and triggered a discussion on producing within the
EU. An environmental regulation, however important it may be, can cause an unexpected

commotion.

Any regulation to production that lowers profit margins to the level that shareholders find irritating,
has -and will- lead to relocation of production. So far Europe has experienced shrinkage of the
middle class that is often accredited to globalization of production. Another reason could be
barriers due to environmental regulation. The reflex of the (energy) market when carbon trade
commenced, was to import energy from outside EU sources. At the same time, industrial
production was burdened by the ‘windfall profits’ and producing within the EU seemed a little less
interesting. The counterforce of high fuel costs from transportation, keeps some of the production
inside the EU territory but there is a balance here, between transport costs and production costs
that moves the meter closer or further away from EU outsourcing. Any cost fluctuations are
mirrored in retail price and fall on the consumer. Sudden high costs not only shrink profit margins

but inflate retail prices.

®‘pPower Intensive Industries object to windfall fit®from Emissions Trading’ [Online] Available,
http://www.cembureau.be/Cem_warehouse/2-
INDIRECT%20IMPACT%200F%20EMISSIONS%20TRADING%200N@& ECTRICITY%20PRICES.PDFDecember 29,
2006
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Environmental regulations must be followed by cost — effective solutions as:
i. A cost —effective solution will be received by less resistance from land industry and
lobbies.

ii. Little resistance from the land industry means, larger and quicker penetration of
environmental measures.

iii. Existing productions lines will preserve their location with direct social benefits in local
societies.

iv. Existing supply chains will preserve their network, and no need and costs for re-
adaptation to new situations will be necessary.

V. For many cases industry relocation does not have destination the Far East but the
nearby East countries. Transportation to central Europe is usually done by rail and/or
road, modes competitive to Maritime.

Vi. Overheads either pass to the end customer through retail price or limit profit margins
hurting cash flows and liquidity with weakening effects to the market.

Vii. As carriers and manufacturers operate on the same business platform, any liquidity

maladies will eventually be spread.

There are socio-economic benefits in providing cost-effective solutions against air pollution in the
EU. A monolithic, inflexible approach may cause carcinomas in the European market, which is
already being tested in the global arena. Production disturbance will affect not only the market
participants (the carrier inclusive) but cause general socio-economic disturbance. NOx trade is a
fraction of environmental regulation but in the light of upcoming new regulation, it is cautious to

keep in mind the bigger picture.

9.2 Business Opportunities

In the previous chapter we saw the economic benefits of voluntary NOx trade for ship-owners in
European Union. Here below, we shall discuss other business opportunities for ship-owners that

can derive from NOXx trade.

Trading can be made through an emissions market (i.e. stock exchange for emissions) or over
the counter (OTC); directly from one company to another, or through a private dealer. Over-the-
counter can be a private sale between two companies, namely a land emitter and a maritime
company. The sale may be a one-time case or periodical, where a particular vessel, or shipping

company owning more than one vessel with NOx reduction installations, trades NOx with one or
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more land emitters. This is the scenario of exclusively selling NOx to a specific buyer rather than
participating in an anonymous trading market. Exclusivity then, if exploited, becomes strategic,
resulting in tightening of the business relations between the shipping company and the land

emitter; this exclusivity is what is of interest in this Chapter.

Concerning transaction details, exclusive sale of NOx can be according to the current market
price, followed by an agreement of providing a certain amount of NOx permits per time. If the land
emitter periodically receives a steady (or irregular but previously arranged) quantity of NOx
permits in a contracted price, then the land emitter will have one less variable to attend to in
production planning and budgeting. The previously arranged quantity may be a constant on a
periodical basis (eg., 50 NOx tons monthly, yearly etc.) but it may also be irregular per time (eg,
20 NOx tons in term 1 of the calendar year, 45 tons in term 2, 86 tons in term 3 and 37 tons in
term 4 of the calendar year) and previously arranged. The arrangement is to ensure that both
parties agree on the transaction details and it can be either contracted or remain in the discretion
of the participants. In this way, the shipping company can ensure a regular buyer of NOx tons and
devote little time in the emissions market, while the land emitter also ensures an inflow of permits

with little surprise factors.

The selection of the buyer can be unplanned, that is, the shipping company may choose to trade

with one or more land emitters, with which it shares no other business activity.

Of course, the selection can be tactical, where the shipping company selects buyers from its
customers list; companies that are either placed as the consignee or the consignor of the cargo
transported. Tactical selection should not be limited to the sender or the receiver of the cargo, but
also extend to other companies of the supply chain, placed upstream or downstream in the chain.
A tactical selection will repay in maximum and position the carrier as an inextricable member of

the supply chain.

Tactical emissions trade between a shipping company and another member of the supply chain
will tighten business relations and communications. Communications could be improved by a
higher level of information sharing resulting in better planning and lower costs.

For cargo carriers tightening business means more frequent transport services for the particular
supply chain. It also means longer transportation contracts, which is especially interesting in the

case of tankers.

It is common knowledge that the maritime spot market is becoming increasingly difficult to
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compete in and carriers face more uncertainty in acquiring new business. There is an
overcapacity of vessels in certain routes’’, information technology widens the list of potential
competitors; countries with little interest in maritimime are now looking to the sea; also vessels
under comfort flags and with non-european crews always lower the bar. Tactical NOx trade can
better position a shipping company among the fierce competition in the spot market. It can ensure
that among other competitors of similar service, the participating shipping company has a niche.

A niche in the spot market could be of particular interest to general cargo and container ships.

Cargo and passenger RoRos can also exploit NOx reductions with their immediate customers.
Vehicles have by far the highest abatement costs and when trucking companies are included in
the NOx environmental regulations, it will be exceptionally important for them to acquire low-cost
emission permits. In routes where sea and road are not competing modes, like the Greece-Italy
line, a RoRo carrier will safeguard business throughout the year, during low and high season
through emission trading. For the case of passenger and cargo ferries, this is particularly
important as trucking companies will be in close cooperation with RoRos that control their

emissions, against competitors with older vessels and slightly lower prices.

Passenger ferries can also exploit abatement installations through ‘green marketing’. Passengers
are increasingly eco-sensitive and green transportation is a very effective tool to be used by
Public Relations as well. The opportunities in passenger vessels are large. Emission control
systems (like the SCR that was sampled in previous chapter), can be communicated through
media advertising, company brochures, the Internet etc, to show the modern, dynamic,

pioneering and environmentally concerned face of the shipping company. It is a puzzle every year
on how to refresh the passengers’/customers’ interest and ‘green marketing’ is an excellent
opportunity, especially now that public opinion is tuned to the new environmental regulations, for
example the control of greenhouse gases affecting Aviation; this is a good moment for a company

to make eco-friendly announcements.

During the sampling of vessels, some passenger shipping companies would explicitly explain
their environmental policy (for example, Superfast ferries), while there was no mention of any
environmental policy in others. Environmental attention indicates quality of service, corporate
intellectuality, lifestyle and subtle commercialization techniques. It indicates a well established
company that now ‘polishes off’ the details of its service. In the European Union, especially where
the environment is not a corporate priority (and national law lags to make it as such), being eco-

friendly and communicating it, differentiates the elite from the rabble.

" Selkou and Roe
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For cruise vessels, ‘green marketing’ is always a hot topic. The majority of the cruise vessels
steaming in EU waters are luxurious and large (over 35000 kilowatts), to very large (over 55000
kilowatts), providing considerable emission reduction opportunities. The clientele in cruise
vessels, especially in the larger ones, is considered elite; the target group is privileged and well
educated, and potentially more prone to environmental issues. ‘Green cruises’ is an interesting
marketing idea; emission control can benefit a shipping company in a direct (emission trade,
avoidance of dues and port charges) or indirect manner (publicity). For passenger vessels,
publicity is important. Hence, there is potential for ‘green’ cruises by medium and large vessels in
the Mediterranean and the Baltic, applying to ship owners who operate in EU waters as the

market is mature and the target-group is eco-sensitive.

The Kyoto Protocol introduced the idea of flexible mechanisms, namely Clean Developed
Mechanisms (CDM) and Joint Implementations (J1) to international acceptance. The European
Emission Trading Scheme (EU ETS), which commenced in 2005, has allowed a 10% for total
emissions for such projects. There is no indication why flexible mechanisms will not be also
included in a NOx and SOx trade. The NEC Directive speaks of joint efforts among member
states’® and the Ozone Position Paper speaks of ‘joint abatement plans to tackle exceedances’.”
CDMs and Jis are an excellent opportunity for collaboration in the supply chain. European
companies targeted for their NOx and SOx emissions can invest in abatement technologies on
ships, in exchange to low-cost emission permits year round. For shipping companies, this is an
excellent opportunity for business that 1) strengthens maritime position in the supply chain, 2)
finds a sponsor to finance a gradual greening of maritime fleet, 3) prepared for stricter future
environmental regulations with minimal cost, 4) satisfies new and unspoken customer needs and

5) refreshes business inflows.

In a few words, opportunities for shipping companies are summed up below:
‘Greener’ transportation service for both passenger and cargo for maritime.
Possibility of achieving ‘green’ supply chains, where both maritime carrier and
manufacturer are on emission reduction programs.
Tightening of business relations with consignor and consignees of freight transported.
Longer transport contracts for maritime cargo carriers.

Better positioning against the fierce competition of the maritime spot market.

8§ (5), page 1[Online] Available

http://europa.eu.int/eur-lex/pri/en/oj/dat/2001098 30920011127en00010021.pdf
" The Ozone Position Paper, pp #hjine] Available
http://ec.europa.eu/environment/air/documents/pageppdf December 16, 2006
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Opportunity for cargo carriers to strengthen power in the supply chain and be included in
supply chain as affiliated vessels.

Potential for eco-friendly cruises in the Mediterranean and the Baltic market.
Comparative advantage for RoRos operating in high traffic routes.

Comparative advantage of participating vessels against non-participants, in service
quality.

CDM and JI opportunities for strategic positioning and as a pro-active measure.

In a voluntary emissions trade situation, vessels with abatement technologies not only have an
additional income from their core activities but acquire a comparative advantage against
competition that does not own abatement technologies. Within fierce competition conditions,
these vessels are distinguished and become desirable to do business with. For the first time, land
emitters prefer specific vessels and shipping companies because of the emission permits they
can selectively provide. This is a slot for trade participating ships against those who do not
participate, and an alternative way to put by competition, especially that of the lower bar; it can
distinguish European vessels from non-European vessels without stressing the profit margins. In
a mature and competitive market, differentiation and quality service can ensure the inflow of new

business.

9.3 Risks

In this section we shall see any possible risks for shipowners in a voluntary NOx trade situation.
The main risk lies in not receiving adequate returns from the trade. This means that in a free
emissions market, NOx permits are sold below the costs for maritime, so that a shipping company
cannot retrieve its initial investment. Although, NOx trade belongs to the future and foreseeing
entails some uncertainty, factors that influence the price of NOx permits are examined below. A

summary of risks is presented in Table 9.4.

First is the possibility of innovation and new technology that provides land emitters with low cost
NOx reductions to an extent that permits from maritime are not necessary. A search in the press
(general, financial and technology) did not reveal any immediate threat from this direction. So far
CO2 incineration is a fruit for very few and no discussion was made for this method to be
expanded to other gases or to be financially interesting to other gases. Since it is very new and
still tested, opposition exists. Even more, uncertainty for the direction of the European Emission

Trading Scheme has postponed any plans for research or investments for land emitters on
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abatement technologies. The probability to have new and cost-effective technology in the market

that would sabotage the maritime niche is considered low for the next five years.

Another threat can come for a plethora of Clean Developed Mechanism (CDM) or Joint
Implementation (JI) mechanisms, especially outside EU 25. Overseas projects need supervision
that cannot be supported by a company alone so an intermediate is necessary for the project
management. There is a certain complexity in locating CDM eligible projects around the world,
then, of course arrive questions of supervision and trust as finances are invested overseas, which

why a trusted intermediate is compulsory.

A search on the Internet showed offset projects in Canada, United States, Costa Rica and Brazil
attended by the Chicago Climate Exchange®® (offset projects are not available among the
European Climate Exchange product list). These projects include methane destruction,
agricultural and forestry practices, greenhouse gas mitigation, renewable energy and CDM
eligible projects. Further search showed that smaller or larger projects linked to the Kyoto
Protocol are located in Asian countries like China, Burma, Indonesia, India and in the American
Continent, such as Argentina, Chile, Mexico, or Africa; Algeria also seems to attract a lot of
projects. Details of CDM projects are available to the public eye through UNFCCC registry list.2*
CDMs seem to grow around the world like mushrooms and increased concern has been
expressed as many of them are: 1.’Sink’ projects, 2.Large hydro projects (above 10MW), and
small hydro projects that are not consistent with the principles of the World Commission on
Dams, 3.Coal projects, 4. Projects in which the principle developer is from a non-Kyoto signatory

country like the US or Australia.’®

This indicates a growing market in CDM projects to satisfy the
10% low-cost demand from industrial (Annex A) countries that is frequently referred to as lacking
quality standards. It is understood that as national ceilings tighten, the need for offset projects
grows and if there are no ‘unilateral quality restrictions’, the idea of flexible mechanisms in
emissions trade is jeopardised. So the carbon market has attracted the interest of CDM projects
but in a market for NOx and SOx relevant projects are also expected to grow. There will be a
growing risk from this direction as engineering, consulting and finance companies organise

themselves for the new market. This threat has been included in calculating returns for maritime.

Another threat is a low demand for permits from land emitters due to low national cap allocations,

which was the case of the European Emission Trading Scheme — Phase I. United Kingdom

8 [online] Available http://www.chicagoclimateexchange.com/environmafeéts/geographic_locations.html
81 [online] Available http://cdm.unfccc.int/Projects/registered.html

82 CDM watch ,[Online] Available

http://www.cdmwatch.org/quality-restrictions.pHpecember 15, 2005
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particularly, complained about the ‘generosity’ of NAPs (National Allocation Plans) that was
perceived as competitive disadvantage of the British industry against it European counterparts.
Literature and press realises on the subject admit failure in that respect and proclaim that the pilot
Phase | has been educational for all member stated and the Commission alike. Stricter
allocations are expected for Phase Il, which could imply that when NOx and SOx gases are
traded there will be experience in allocation matters. The threat is existing and when calculating

returns for maritime modest numbers where preferred to include this factor.

Price of NOx will decline if there is an abundance of permits in the market from industries that
have low marginal abatement costs, such as the Lime industry and Cement Production with
marginal costs of 872 and 839 euros respectively. Of course the idea of NOx trade is for an
industry to export permits that are below the autarky price. It should be expected that there will be
exporting of permits from these two sectors and possible from Waste as well but in no means can
they cover all of European Union industrial needs. Consequently, permits from Maritime will be in

great demand.

Before investing in abatement technologies, a ship-owner must consider if a regulation will
change before the investment is recovered. Once a NOx trading scheme commences within the

EU, there is little probability of postponement or discontinuity.

Finally, another risk to consider is whether land industry will not abide NOx trade from Maritime. If
permits are certified and of low cost this risk is improbable.
Table 9.1 — Risk and probability for Maritime in NO  x trade

Risk Probability

Innovation technology Low

Loose NAPs Existing

Plethora of offset CDMs Existing but still undefined
Land industry autarky for permits Low

Discontinuation or postponement of trade Improbable

Industry will not abide Improbable
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9.4 Strategic positioning

In this section we shall briefly discuss tactical elements of NOx trade on two levels; the shipping

company and EU Maritime as represented in Associations.

Shipping company
Strategic positioning is to tactically place a company into the future considering the environment
changes; as futurology entails an amount of uncertainty, it is wise to consider, if possible, non-

volatile developments.

Firstly, one needs to identify the trend of the future and the needs of the customers, which are
sometimes unspoken. As presented throughout this study, the future trend in European Union
and international Maritime (IMO under the auspices of the UN) enfolds environmental regulations
for NOx and SOx. This trend is not bargained and should not be denied. The future trend also —
and to a larger extent- encloses environmental regulations for European Union land emitters; this

is another fact that should not be denied.

Secondly, one needs to place the above external factors against the shipping company internal
aspects to examine scenarios of success, survival and failure in emissions trade within its market
of operation. After analysis, a shipping company may decide over a strategy on emissions trade;
participation, non-participation or observance (temporary postponement of decision until
developments unfold). Although, the idea of NOXx trade is believed as profitable, each shipping

company has different market of operation, planning and liquidity characteristics.

It has been stated through extensive literature that successful companies are examples of great
products and services, an excellent business model, dedicated and skilled employees; not only.
Successful companies that survive in a fiercely competitive environment are those which stand
out from their competitors, in what has been defined as behavioural differentiation: to out-behave
the rivals. Lore International Institute conducted a survey in 2002-3 on hundreds of managers on
telecommunications, engineering, manufacturing, construction industries, defence, chemicals,
energy —all B2B companies- regarding market conditions and their use of behaviour

differentiation.®® The first two highest responses were:

83

Pugh, David G., Behavioural Advantage: What the Smartest, Most Successful Companies Do Differently to Win in the
B2B Arena. New York, NY, USA: AMACOM, 2004. p 285. [Online] Available
http://site.ebrary.com/lib/gubselibrary/Doc?id=10057976&ppg=297, December 29, 2006
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i. ‘Increasingly, we are being forced to compete on price as the single major driver of
buying decisions’.
ii. ‘We are finding it increasingly difficult to differentiate ourselves from our competitors
based on product or service uniqueness.’
These imply that traditional methods of differentiation are no longer sufficient to keep a company
on the success trail.

If we combine the above with the principles of The Natural Step framework, then it becomes clear
that maritime voluntary NOx trade will
i. Be in accordance with the trend
ii. Satisfy the (customer) needs for cost-effective emission permits
iii. Exploit permits as a differentiation tool from competition
iv. Act pro-actively to future stricter regulation

V. Finance any environmental adaptations to the trend with the minimum cost

Voluntary NOx trade is therefore, considered tactical to a shipping company’s strategic
positioning. The Selective Catalyst Reduction system that was sampled on specific vessels is a
ship’s accessory that can be exploited as strategic tool, to ensure new business inflow and the

shipping company’s uplift in the supply chain.

Maritime

European regulation is still moulding; the fundamentals have been decided but there is a margin
for further regulation and planning of the specifics. The key body of authority deciding on the
strategy is the European Commission. Close communication must be set up representing the
whole of EU Maritime and exchange of information on the opportunities of NOx trade must be
circulated regularly.

At the same time it is important to be discreet before the trade commences; an announcement of
a large number of vessels participating in NOx trade would discourage abating investments on
land installations. The purpose of emissions trade is to effectively make a joint effort to control
pollution and European authority would appreciate maximum effort from all the players.

As the specifics for NOx and SOx have not entirely been decided upon, strategic lobbying on
behalf of Maritime may be required to ensure voluntary trade, even if EC seems to have realised
the socio-economic potential of the Scheme.

So far about eighty vessels have abating technologies (300 installations), many operating outside
the EU. For the first year of voluntary NOXx trade, shipping companies are expected to keep
discreet and not make hasty decisions. Vessels that already own abatement technologies will be

encouraged to participate, buying time for decision making and shipyard planning for other
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interested parties.

NOx trade may prove strategic and proactive against stricter regulation. A voluntary emission

trade for Maritime may shift the danger of new restrictions —and costs- in Europe. And because it

will be done on a voluntary base, it means that only those vessels with promising returns may
acquire an abatement technology on board, excluding all the other vessels from unnecessary
costs. It will be the choice of the ship-owner on which vessels to invest (and plan) and not the
choice of a regulating authority. Against other modes of transportation, Maritime has an

advantage here; this advantage will smoothen the transition to eco-friendly and keep balance

sheets from a shock. A voluntary transition to ‘greener’ will not only prove economically beneficial

but also keep the regulators interest focused on other, problematic sectors.
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Abbreviations

BAT Best available technology

BAU Business as usual

CDM Clean Developed Mechanisms

CO, Carbon Dioxide

DWI Direct Water Injection

EC European Commission

EPA Environmental Protection Agency

EU European Union

EU ETS European Emission Trading Scheme

g gram

GHG Greenhouse Gas

HAM Humid Air Motor

ICAO International Civil Aviation Organization
IEM Internal engine modification

IMO International Maritime Organization

IPPC Integrated Pollution Prevention and Control
Jl Joint Implementations

kw Kilowatt

kWh Kilowatt-hour

MAC Marginal Abatement Curve

MW megawatt

NGO Non-governmental organizations

NOX Nitrogen Oxides

NTM Network for Transport and Environment
OTC Ozone for Transport Commission Budget Program, Unites States
OoTC Over the counter

ROI Return on Investment

SBSTA Subsidiary Body for Scientific and Technological Advice
SCAQMD | South Coast Air Quality Management District
SCR Selective Catalyst Reduction

SOx Sulphur Oxides

SSA Swedish Shipowners’ Association

TNS The Natural Step

UN United Nations
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Appendix - Chapter 1

Summary of the Kyoto Protocol (by the author)

Introduction - States the devotion of the participants to the objectives of the Framework
Convention on Climate change. Article 1 - Defines terms to frequently be used such as
"Conference of the Parties", "Convention”, "Intergovernmental Panel on Climate Change", "Party
included in Annex I" and links this terminology with the earlier Montreal Protocol. Article 2 —
Outlines the responsibilities developed or developing countries to: Reduce greenhouse
emissions. Develop sustainable technologies in Energy, Manufacture, Transport, Agriculture and
Industry. Protect and increase “sinks” that diminish the greenhouse effect and which were not
referred to in the Montreal Convention. Support Industry towards sustainability by fiscal and other
policies. Appoint ICAO and IMO as supervising bodies in their relevant industries. Assure that any
technological advancement achieved my developed countries will be passed on to the rest.
Article 3 - Quantifies greenhouse gas emission reductions: Annex | parties show progress by
2005 so that for 2008 — 2012 their combined efforts will result in a 5% reduction from the 1990
levels. Annex | parties must provide accurate and clear data on the 1990 emissions to the
Subsidiary Body for Scientific and Technological Advice. Hydrofluorocarbons, perfluorocarbons
and sulphur hexafluoride may have a base line of 1995. Emission units can be traded. Article 4 -
Parties may join efforts to achieve the Protocol goals but in case of failure any such party is
responsible for its own emissions as calculated in Article 3. Article 5 — Each party has one year
to measure its 1990 emissions using methodologies accepted by the Intergovernmental Panel on
Climate Change. Article 6 — If both parties agree, it is possible to trade emissions. Article 7 -
Each party must file reports on its progress on an annual/regular basis, which shall be included in
its national communication. Article 8 — An expert review team shall study all submitted reports
and inform the Subsidiary Body for Implementation as well as the Subsidiary Body for Scientific
and Technological Advice for consideration. Article 9 — Parties shall review the Protocol
periodically in the light of technological, social and economic new information. Article 10 —
Parties must cooperate and share information on joint and regional efforts. Article 11 —
Developed countries must aid developing countries through financial processes, technological
information sharing and through bilateral, regional and other multilateral channels. Article 12 — A
clean development mechanism is established to assist Parties not included in Annex | in
achieving sustainable development and to assist Parties included in Annex | in reaching their
reduction targets. Article 13 — The Conference of Parties will cooperate with non-parties and
organizations to review progress, share information and technology. Article 14 — Secretary of the
Convention is the Secretary of the Protocol. Article 15 - The Subsidiary Body for Scientific and
Technological Advice and the Subsidiary Body for Implementation of the Convention will serve
the Subsidiary Body for Scientific and Technological Advice and the Subsidiary Body for
Implementation of this Protocol. Non participant parties may observe proceedings. Article 16 —
The Conference may modify consultative process referred to in Article 13. Article 17 — Emissions
may be traded but parties must implement policies to reduce emission in their territories. Article
18 - The Conference will approve procedures and penalise non-compliance. Article 19 — The
Secretariat may settle disputes. Article 20 — Any party may propose amendments agreed among
the others by consensus. Article 21 — Voting procedures. Annexes adopted after entry into force
must be of a descriptive nature that is of a scientific, technical, procedural or administrative
character. Article 22 — One party, one vote. Article 23 - The Secretary-General of the United
Nations shall be the Depositary of this Protocol. Article 24 — Protocol open for signature at United
Nations Headquarters in New York from. Article 25 - The Protocol will take effect 19 days after
55 Parties to the Convention have ratified it, totaling emissions of at least 55% of the
anthropogenic carbon dioxide. Article 26 — Reservations are prohibited. Article 27 - Parties may
withdraw after three years of implementation; another year is required to complete all processes.
Article 27 — The Protocol is written in Arabic, Chinese, English, French, Russian and Spanish.
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Figure 1.3 - Map of the European Seas
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Figure 1.4 -Emissions of nitrogen oxide in Europeni 50 km times 50 km grid squares (tonnes of NO2
per year and grid square) showing emission densiiso in navigation routes. Sourse: EMEP MSC-
W, www.emep.int
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Table 1.1 - Greenhouse gas reduction target unden¢ European Burden Sharing Agreement (1990*

- 2008/12)

JAustria -13.0 %
Belgium -7.5 %
Denmark -21.0 %
Finland 0.0 %
France 0.0 %
Germany -21.0 %
Greece +25.0 %
Ireland +13.0 %
Italy -6.5 %
Luxembourg -28.0 %
Netherlands -6.0 %
Portugal +27.0 %
Spain +15.0 %
Sweden +4.0 %
United Kingdom -12.5 %
European Community (EU 15) -8.0 %

* The base year for the fluorinated greenhouse gases can be chosen as either 1990 or 1995. The base year for all other
greenhouse gases is 1990.
Source: CARBON TRUST

Figure 1.5 - Manmade Sources of NOx Emissions - 20&ource: US Environmental Protection
Agency
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Chapter 6

Table 6.4 - National emission ceilings for SO2, NO¥OCs and NH3, to be attained by 2010 by the

EU15 member states (kilotonnes). Source: Swedish NIGSecretariat on Acid Rain, 2004

Country SO2 NOx VOCs NH3

Austria 39 103 159 66
Belgium 99 176 139 74
Denmark 55 127 85 69
Finland 110 170 130 31
France 375 810 1050 780
Germany 520 1051 995 550
Greece 523 344 261 73
Ireland 42 65 55 116
Italy 475 990 1159 419
Luxembourg 4 11 9 7
Netherlands 50 260 185 128
Portugal 160 250 180 90
Spain 746 847 662 353
Sweden 67 148 241 57
UK 585 1167 1200 297
EU15 3850 6519 6510 3110

Table 6.5. Directive 2001/81/EC on National EmissioCeilings

Note: Annex | National Emissions Ceilings for SO2, NOx, VOX and NH3, to be attained by 2010.  (..) These national
ceilings are expected to result in a reduction to such an extent that the Community area with deposition of nutrient
nitrogen in excess of the critical loads will be reduced by about 30% compared with the situation in 1990.”
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Chapter 7

Table 7.3- Vessel information

Delivery
year and SCR Length
IMO location of installation oain Deadweight Gross
Type | Name Current owner number Original owner Regisrty Qperator construction year Flag metres in tonnes tonnage | Knots
Bro Deliverer,
Bro Designer,
Bro
Distributor, Det Norske Brostrém
Tanker | Bro Developer | Brostrom AB 9313096 Brostrém AB Veritas Tankers AB 2006-7 CHN Sweden 146,6 14.500 10.660 13,00
Holwerda Holwerda
Shipmanageme Shipmanagement, 2000 Siestas Netherla
Container | Dalsland nt, NL 9219874 Team Lines Schiffswerft 2000 nds 117,9 6.850 5.067 17,50
Holwerda Holwerda
Shipmanageme Shipmanagement, | Germanischer 2000 Sietas Netherla
Container | Elisabeth nt, NL 9219862 NL Lloyd Unifeeder 1157, DE 1999 nds 1179 6.842 5.067 18,00
Germanischer 2000 Sietas
Container | Anke Ehler Ehler Reederei 9208459 Ehler KG, Heinz Lloyd Unifeeder 1134, DE 1999 Germany | 1179 6.840 5.067 17,00
1996
Transatlantic | Astilleros
Transatlantic Gorthon (SCA Fleet Espanoles
RoRo cargo | Obbola Rederi Ab 9087350 Transforest Services SA 2004 Sweden 170,4 11.446 20.186 16,00
RoORo )
American 2001
Superfast XI - 9227417 - Bureau of Superfast Luebeck, not
Superfast XII 9227429 Shipping Ferries GER installed Greece 199,9 6.574 30.902 28,00
RoRo 2000
Stringis Lines Krimpen a/d not
Blue Star 1 Spng SA ljssel, NL installed Greece 171,4 4.500 29.415 28,50
Viking Det Norske
Cruise | Cinderella Viking Line 8719188 Viking Line Veritas Viking Line 1989 Turku 2003 Sweden 191 4.228 46.398 22,00
2007
Carnival Carnival Carnival Carnival Frincantieri,
Cruise | Freedom Corporation 9333149 Corporation N/A Corporation IT Panama | 290,2 10.000 110.239 | 22,00
UT 751 E 2006, NOR
vessel Aker Brevik
Far Seeker Farstad u/C vessel U/C 47 vessel U/C 94 4.000
Tor Viking, B&N Viking
Supply tug/ | Bald Viking, Icebreaking & Det Norske Transatlantic | 2000 and
icebraeker | Vidar Viking Offshor 9199622 B&N Viking Veritas Rederi Ab 2001 NOR 2000 Sweden 83,7 2.600 3.382 16,00
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Table 7.4 - Technical specifications of sampled vesls

output
of
main IMO total output of
number | engine baseline auxiliary output of number of | output of vessel in kW
Main of main in NOx engines number of | auxiliaries auxiliary auxiliaries | auxiliary for steaming
Type Name propulsion engines | kWh RPM | g/kWh A auxiliaries | A engine B B engine B computation
Bro Deliverer,
Bro Designer,
Bro
Distributor, MAN
Bro MAN B&W B&W
Tanker Developer 7L/38 2,00 2.380 800 11,82 6L16/24 4,00 600 - - - 4.760
Caterpillar
Container Dalsland MaK8M43 1,00 6.100 514 12,91 3412 2,00 530 - 7.200
Caterpillar
Container Elisabeth MaK8M43 1,00 6.100 514 12,91 3412 2,00 530 - 7.200
Caterpillar
Container Anke Ehler MaK8M43 1,00 6.100 514 12,91 3412 2,00 530 - 7.200
RoRo cargo | Obbola Mak6M552C | 2,00 4.050 500 12,98 Mitsubish | 3,00 610 9.320
RoRo
Superfast XI - | Wartsila NSD
Superfast XII | 12V 46C 4,00 12.000 | 500 12,98 - - - - - - 48.000
RoORo MAN
MAN B&W B&W
Blue Star 1 8L58/64 4,00 11.120 | 428 13,39 6L28/32 1,00 1.260 - - - 44.480
Viking Sultzer Wartsila
Cruise Cinderella 10ZAV40S 4,00 7.200 510 12,93 6R32 4,00 2.460 - - - 36.180
Carnival Wartsila
Cruise Freedom 12v46C 6,00 N/A 514 12,91 N/A 72.000
UT 751 E Bergen
Far Seeker C25:33L6A 4,00 1.740 uc | - - - - - - 6.960
Tor Viking,
Supply tug/ | Bald Viking, MakK Caterpillar
icebraeker Vidar Viking MaK8M32 2,00 3.840 600 12,52 6M32 2,00 2.880 3412 2,00 530 13.440
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Table 7.4 (continuance) - Fuel consumption, NOx an80x emissions, tradable NOx volumes
* Lovblad and Fridell

**Pricewaterhousecoopers

Yearly
yearly fuel yearly SOx yearly NOx yearly tradable
yearly consumption emissions in emissions in yearly NOx yearly tradable NOx
main average in tons - tons - tons - reductions - NOx NOx by (NTM -
SFCin g/kWh | SOx profile | NOx profile | engine engine steaming steaming steaming IMO Curve reductions other IMO
Fuel type (NTM) (NTM) (NTM) utilization utility (NTM) (NTM) (NTM) Validation NTM source average)
HFO
0.5S(380
Qil) main -
MGO 0.2S
auxiliary 213,00 54,00 66,00 2.628 0,85 2.264,81 122,30 149,48 113,11 134,53 123,82
HFO 25 213,00 54,00 66,00 2.628 0,95 7.334,14 396,04 484,05 400,16 435,65 417,90
HFO 25 213,00 54,00 66,00 5.034 0,95 7.334,14 396,04 484,05 400,16 435,65 417,90
RO 213,00 54,00 66,00 5.034 0,95 7.334,14 396,04 484,05 400,16 435,65 417,90
HFO 34,50 | 213,00 54,00 66,00 7.784 0,90 13.907,24 750,99 917,88 805,38 871,98 1.400 1.025,79
HFO 380
cSt 213,00 54,00 66,00 4.730 0,80 38.687,62 2.089,13 2.553,38 2.122,53 2.298,04 2.210,29
HFO 400
cSt 213,00 54,00 66,00 4.200 0,80 31.833,45 1.719,01 2.101,01 1.801,65 1.890,91 1.846,28
HFO 15,00 | 200,00 54,00 66,00 6.570 0,75 35.655,39 1.925,39 2.353,26 2.190,37 2.235,59 2.600 2.341,99
N/A 203,00 19,00 65,00 2.710 0,80 31.687,49 602,06 2.059,69 1.814,07 1.853,72 1.833,89
N/A 213,00 19,00 65,00 aprox 4000 | N/A N/A N/A 126,00 120 119,70
MDO 203,00 19,00 65,00 6.132 0,70 11.711,04 222,51 761,22 650,02 685,10 667,56
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[From]NTM (2005) Sea Appendix 1, Page 31

Table A1 Main engine emissions at sea, [g/kg fuel]

Table A2 - Main engine emissions at Sea [g/ kwWh]

Table 7.5 Ecosystems with acid deposition above theritical loads for acidification for 1990, and
2010 according to current projections. (Data from able 2.7, IIASA, 1999 — 7th Report)
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Table 7.6 - Blue Star 1 weekly schedule Pireas 2006— Rhodes — Pireas

Source: http://www.ferries.gr/strintzis/

Dep. Day Dep. time Voyage duration Arrival. day Arrival time
MON 19:00 13 TUE 08:00

TUE 18:30 12 WED 06:40
WED 19:00 13 THU 08:00

THU 18:30 12 FRI 08:30

FRI 19:00 12 SAT 07:30

SAT 10:00 12 SAT 21:30

SAT 00:00 12 SUN 13:50

SUN 18:00 12 MON 08:00

Sum 98

Table 7.7 - Carnival Freedom itinerary for the sumner season

Yearly Steaming
Miles per | miles days per Steaming
Vessel name | ltinerary voyage travelled voyage hours yearly
Civitavecchia (Rome), Italy; Naples, Italy;
Dubrovnik, Croatia; Venice, Italy; Venice, Italy;
Carnival Messina, Sicily, Italy; Barcelona, Spain; Cannes,
Freedom France; Livorno, Italy; Civitavecchia (Rome), Italy 2841 22728 9 1728
Civitavecchia (Rome), Italy; Naples, Italy; Rhodes,
Greece; Izmir, Turkey; Istanbul, Turkey; Athens,
Greece; Katakolon, Greece; Livorno, Italy;
Carnival Civitavecchia (Rome), Italy; Civitavecchia (Rome),
Freedom Italy 3008 18048 6 864
Venice, Italy; Venice, Italy; Dubrovnik,
Croatia; Katakolon, Greece; Athens, Greece; Izmir,
Carnival Turkey; Rhodes, Greece; Naples,
Freedom Italy; Civitavecchia (Rome), Italy 2458 2458 4.9 117.6
Sum 8307 43234 2709.6
Source: http://www.carnival.com/Region_Detail.aspx?subRegionCode=E
Chapter 8

Table 8.8 - Munters Reply to Questionnaire
Munters Questionnaire for SCR installation and cost s ( reply highlighted)

Installation:
1. The SCR Converter System
Changes per ship type No changes per ship size
2. SCR installation is customized per vessel
Very little 20- 40%
Costs:
3. For the vessels bellow, cost distribution was
Cinderella Obbola
8 engines 5 engines
38,6 MW 9,9 MW
Material 860 250 SCR equipment
installation 895 520 Work and all

installation
materials such as
screws, cables etc.

The ratio between Cinderella and Obbola is 0.29 for ‘material’ and 0.58 for installation’, while the MW ratio is 0.25.

Yes
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When calculating the cost of installation, for eg., a 20 MW power vessel, how should an approximation be made? Certain
parts of the installation are constant and mordess independent of ships and engines size suasteasupply system (storage tank
and bunkering lines). Costs for controls, dosing amjection is proportional to number of enginesh€r costs are direct
proportional to total engine power such as the taia material cost. It should be possible tadfin algebra for above two cases.

4. To your understanding, of the above numbers how much % is fixed and how much % is variable (according to
vessel type and other factors- let alone labour)? See above

5. What is included in ‘material’ ?

SCR Equipmen®nly

Material (screws, cable, etc..)is Included in installation cost
Other

6. Does the cost of SCR Equipment and other Material change per vessel size/type? Size only

Not at all Yes, but insignificantly yes, by ....% for....
7. What is included in ‘installation’ ?

Labour Yes

Docking No, docking not necessary for SCR installation

Administration No, included in SCR equipment

Engineering study No, included in SCR equipment

Other

The SCR equipment includes system engineeringasuidsign and drawings.

8. Approximately how many man-hours total are involved in an installation? 1000-15007?
9. How many workers vs. engineers are involved? (different man-hour rate) 20 workers and 5 engineers?
10. Among

Tor Viking, Bald Viking, Vidar Viking . 6 engines with total power 14,5 MW. SCR cost 3,9 MSEK
Deliverer, Designer, Distributor, Developer. 6 engines with total power 7,2 MW. SCR cost 2,9 MSEK.
Far Seeker . 4 engines with total power 7 MW. SCR cost 2,2 MSEK.

Table 8.9. NOx price in the American market. SourceEvolution markets
December 05, 2006:

spec term bid price offer price last price

2006 $460.00 $475.00 $470.00

2007 $925.00 $1,000.00 $975.00

NOXx 2008 $900.00 $950.00 $925.00

December 12, 2006:

spec term bid price offer price last price

2006 $490.00 $500.00 $495.00
2007 $875.00 $950.00 $915.00

NOXx 2008 $800.00 $900.00 $850.00

December 22, 2006:

spec term bid price offer price last price

2006 $480.00 $485.00 $482.00
2007 $850.00 $925.00 $900.00

2008 $775.00 $850.00 $825.00

NOXx 2009 $700.00 $800.00 $700.00
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Table 8.10 - Three scenarios on average NOx markptice and corresponding returns on investment
900 Scenario

1400 Scenario

1900 Scenario

Average | Average Average | Average Average | Average
market unit market unit market unit
Total unit cost — price - profit - 900 - price - profit- | 1400 - | price - profit- | 1900 -
per NOx ton per NOx | per NOx ROI per NOx | per NOx ROI per NOx | per NOx ROI

Type Name reduced ton ton average ton ton average ton ton average

Bro Deliverer, Bro

Designer, Bro

Distributor, Bro
Tanker Developer 1.048,35 900 | -148,35 -14,2 1400 351,65 33,5 1900 851,65 81,2
Container Dalsland 533,95 900 366,05 68,6 1400 866,05 162,2 1900 | 1.366,05 255,8
Container Elisabeth 533,95 900 366,05 68,6 1400 866,05 162,2 1900 | 1.366,05 255,8
Container Anke Ehler 533,95 900 366,05 68,6 1400 866,05 162,2 1900 | 1.366,05 255,8
RoRo cargo Obbola 377,93 900 522,07 138,1 1400 | 1.022,07 270,4 1900 | 1.522,07 402,7
RoRo Superfast Xl - Superfast

XIl 404,59 900 495,41 122,4 1400 995,41 246,0 1900 | 1.495,41 369,6
RoRo Blue Star 1 440,99 900 459,01 104,1 1400 959,01 217,5 1900 | 1.459,01 330,9
Cruise Viking Cinderella 373,29 900 526,71 141,1 1400 | 1.026,71 275,0 1900 | 1.526,71 409,0
Cruise Carnival Freedom 499,19 900 400,81 80,3 1400 900,81 180,5 1900 | 1.400,81 280,6
UT 751 E Far Seeker 886,16 900 13,84 1,6 1400 | 513,84 58,0 1900 | 1.013,84 114,4
Supply tug / Tor Viking, Bald Viking,
icebraeker Vidar Viking 422,49 900 477,51 113,0 1400 977,51 2314 1900 | 1.477,51 349,7
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Table 8.11 - Annual cash flow in and Payback perio¢includes SMA discounts)

900 Scenario

1400 Scenario

1900 Scenario

pay pay pay
Total Annual revenue back back back
COSts* in *x period*** | Annual revenue period Annual revenue period

Bro Deliverer, Bro

Designer, Bro

Distributor, Bro
Tanker Developer 639.121 136.464 4,7 198.373 3,2 260.282 2,5
Container Dalsland 1.082.261 388.009 2,8 596.961 1,8 805.912 1,3
Container Elisabeth 1.082.261 388.009 2,8 596.961 1,8 805.912 1,3
Container Anke Ehler 1.082.261 388.009 2,8 596.961 1,8 805.912 1,3
RoRo cargo Obbola 1.856.305 1.691.211 1,1 2.204.105 0,8 2.717.000 0,7
RoRo

Superfast XI -

Superfast X 4,294.492 2.170.639 2,0 3.275.782 1,3 4.380.925 1,0
RoRo Blue Star 1 3.923.204 1.834.304 2,1 2.757.443 1,4 3.680.582 1,1
Cruise Viking Cinderella 4,183.827 2.107.789 2,0 3.278.782 1,3 4.449.776 0,9
Cruise Carnival Freedom 4,430.572 1.650.505 2,7 2.567.452 1,7 3.484.399 1,3
UT751E Far Seeker 520.790 107.730 4.8 167.580 3,1 227.430 2,3
Supply tug / Tor Viking, Bald
icebraeker Viking, Vidar Viking 1.356.777 608.741 2,2 942.519 1,4 1.276.297 1,1

reduced * 5

*Annual revenue= 900

Pay back period= Total investment / cash flow (year)
*Total costs=capital cost + annual maintenance costs * 5 + (monitoring and verification costs + operating costs) * annual NOx tons

* annual traded volume

***Payback period= Total costs / Annual revenue
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Table 8.12 - Annual cash flow in and Pay back peri(excludes SMA discounts

900 Scenario

1400 Scenation

1900 Scenario

Total pay pay pay
_COStS* Annual revenue back Annual back Annual back

Type Name In *x period*** | revenue period revenue period

Bro Deliverer, Bro

Designer, Bro

Distributor, Bro
Tanker Developer 639.121 111.436 5,7 173.345 3,7 235.254 2,7
Container | Dalsland 1.082.261 376.113 2,9 585.064 1,8 794.016 1,4
Container | Elisabeth 1.082.261 376.113 2,9 585.064 1,8 794.016 1,4
Container | Anke Ehler 1.082.261 376.113 2,9 585.064 1,8 794.016 1,4
RoRo
cargo Obbola 1.856.305 923.211 2,0 1.436.105 1,3 1.949.000 1,0
RoRo Superfast XI -

Superfast Xl 4,294.492 1.989.257 2,2 3.094.401 14 4.199.544 1,0
RoRo Blue Star 1 3.923.204 1.661.650 2,4 2.584.789 15 3.507.928 1,1
Cruise Viking Cinderella 4.183.827 2.107.789 2,0 3.278.782 1,3 4.449.776 0,9
Cruise Carnival Freedom 4.430.572 1.650.505 2,7 2.567.452 1,7 3.484.399 1,3
UT751E | Far seeker 520.790 107.730 48 167.580 31 227.430 2,3
Supply
tug / Tor Viking, Bald
icebraeker | Viking, Vidar Viking 1.356.777 600.800 2,3 934.579 1,5 1.268.357 1,1

*Total costs=capital cost + annual maintenance costs * 5 + (monitoring and verification costs + operating costs) * annual NOx tons

reduced * 5
**Annual revenue= 900
***Payback period= Total costs / Annual revenue

* annual traded volume
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Figure 8.2 - Fairway dues in Sweden in relation tblOx emissions for different types of vessels

Source: Lov

Table 8.13 - Nitrogen Oxide Discount. Source: Swesh Maritime Administration,

blad and Fridell

www.sjofartsverket.se

Emission level, gram Passenger vessels Cruise vessels SEK Oil tankers SEK Other vessels SEK
NOx/kWh SEK

0-0,50 0,60 0,38 1,00 0,90
0,51-1,00 0,70 0,44 1,10 1,00
2,01-3,00 1,08 0,60 1,48 1,33
3,01-4,00 1,17 0,65 1,57 1,42
4,01-5,00 1,26 0,70 1,66 1,51
5,01-6,00 1,35 0,75 1,75 1,60
6,01-7,00 1,44 0,80 1,84 1,69
7,01-8,00 1,53 0,85 1,93 1,78
8,01-9,00 1,62 0,90 2,02 1,87
9,01-10,00 1,71 0,95 2,11 1,96
10,01- 1,80 1,00 2,20 2,05

Table 8.14- Shipbuilding costs and SCR capital cost

SCR
Newbuilding [Capital

Type Name price USD cost in

Bro Deliverer, Bro

Designer, Bro

Distributor, Bro
Tanker Developer not available 472.826
Container |Dalsland not available 616.000
Container |Elisabeth not available [616.000
Container |Anke Ehler not available [616.000
RoRo cargolObbola 25.886.000 [770.000
RoORo Superfast XI -

Superfast XII 96.000.000 |2.000.000
RoRo Blue Star 1 85.000.000 2.000.000
Cruise \Viking Cinderella 150.000.000 [1.755.000
Cruise Carnival Freedom |500.000.000 [2.520.000
UT 751 E |Far Seeker not available [358.696
Supply tug /[Tor Viking, Bald
icebraeker Viking, Vidar Viking [38.700.000 [635.870

s, Source: Fairplay Database
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