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EXECUTIVE SUMMARY

1.1  EXISING DATA ON ENERGFFICIENCY OF INLANDATER
TRANSPORT (IWT)

Inland water transport is considered more energy efficient, emitting less CO
per ton-km performed, compared to transport modes like road or reigure
S.1below shavs the average emissions of IW transport as ranging from 25 gr
COy/ ton-km to 70 gr Cg ton-km. The variation depends on fleet structure,
the age profiles of vessels and engines, and nautical and market conditions.

Figure S1 CO2 emissions including well to tank (g per t&m) and pre and endhaulage of

freight transport in 2010 at long distances (> 150 km) in the Netherlands
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Source: CE Delft (2008)

The IW sector is able to ship more tons per km with greater fuel effigiéman
other modes due to its inherent economy of scale. This benefits the climate,
and makes the sector more caesfficient than other modes. Various factors
explain the variation of energy performance of the different modes:

1 Fuel types: Energy sourcescluding fuel or electricity, vary depending on the
mode of transport.



Costs: Energy is a key contributor to transport costs and the type of energy
used by each mode impacts on its financial attractiveness.

Efficiencies of scale: IW ships can take mucbda payloads, thereby reducing
fuel consumption and costs per ton.

Logistical factors: IWT requires prand endhaulage. It depends on a limited
fairway network and includes empty kilometers, which have to be accounted

for.

Commodities involved: Load capgity cannot always be used fully used when
large cargoes (containers) are being shipped.

Improving the energy efficiency of transport

Many countries could still more fully exploit the potential of IWT. At the same
time the modal share of road transpow increasing at the cost of IWT. There

are various reasons for this. The advantages of other modes (speed of delivery,

flexibility), limitations of infrastructure (water levels, bridge clearances, port
access) and underdeveloped intermodal facilities (8shipment from IWT to
truck for pre and endhaulage) are among the main arguments shippers use to

avoid IWT. The lower carbon footprint of IWT transport appears to be a less

important factor in their costoenefit calculations, also in the case of policy

makers.

Improving the energy performance of IWT itself

Improved energy efficiency of the IW fleet could have important impacts in
developing countries. This could conceivably be larger than in developed
AT O1 OOEAO ET OAOI O 1 £ niphveddiriaziacdd O AT 1T OOF
enhancing its costompetitive position relative to other modes. The energy

efficiency performance of inland vessels in developing countries is assumed to

be lower than in developed IWT countries due to the use of older engine
techndogies and vessel designs. The introduction of new technologies could
therefore help to achieve much higher efficiency improvements.

Recommended benchmark methodology

The International Panel on Climate Change (IPCC) has developed an energy

efficiency belM Ei AOEET ¢ [ AOET AT 1T cus 4EA OAAOOAI
if:

1 The relevance of international, cro$®rder traffic is limited

I Fuel consumption data is reliably available.

1 The methodology could be used for assessments of both freight and

passenger tragport.

It is further important to distinguish sector emissions (exhaust) from
fuel chain emissions (well to wheel). The latter also covers fuel
extraction, transport, production and distribution, and performance
levels may change if these are also taketoiaccount. Considering
these aspects in the actual emissions method, requires an adjustment
of the emissions factor applied. It is also important to recognize that
IWT requires preand endhaulage of goods by road which also
generates emissiongrigure Sl gives an overview of all the relevant
CQ2 emissions.

Xi
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1.2TECHNICAL ADVANCESNE IMPROVEMENTS OWT EFFICIENCY

There are numerous conventional and technologically advanced options for
enhancing IWT energy effiency.

Conventional options for improving energy efficiency

Conventional options for improving energy efficiendgclude: optimizing
operations, minimizing vessel resistance, improving propulsion systems, and
adapting fairways. Each of theshas different investment requirements.
Optimizing operations falls under the control of the transport operator. It is
relatively easy to implement and has low investment requirements. The
adaptation of fairways requires decisions and budget allocation on the part of
public authorities and lies at the other end of the range of investment options.

Technologically advanced options for improving energy efficiency

A literature review and interviews with innovation institutes revealed four
major themes regarding the impr@ment of energy efficiency:

The use of alternative fuels: bidiesel, Compressed Natural Gas (CNG)/Liquid
Natural gas (LNG), dual fuel (combination of diesel and CNG), electricity or
hydrogen.

Advanced lowresistance ship design.

Advanced higkefficiency populsion systems.

New logistical concepts, changing the operational methods of ships, including
new vessel design.

In addition to ongoing studies focusing on the improvement of engine or
propulsion systems, and hulls and hull hydrodynamics, there aresrsév
research projects and promotional programmes that aim at efficiency
improvements of conventional technologies on existing ships.

Assessment

An indicative assessment of the options for the improvement of energy
efficiency is provided in table sl. Qualitative scores indicate their relative
implementation costs and possible savings, their impact on emissions and
consequences for safety and other aspects.

Xii



TABLES.1 ASSESSMENT OF FUEL EEFENCY IMPROVEMENTEBWANS

Conventional means
Optimizing operations Low Low Low None
Minimizing resistance Low to Low/ Low Low
moderate Moderate
Propulsion systems and Moderate to | Moderate to | Moderate Low
steering gear high high
Adapting fairways Very high Potentially Emissions Moderate
very high moderate,
other
aspects
varying
Advanced means
Alternative fuels Moderate Moderate to | Moderate Low
high
Advanced low resistace High High Moderate Low
design
Advanced high efficiency Moderate to | High High Low
propulsion systems high
New logistical concepts Low to high | Low to high Low to None
Moderate

Source: Own assessment of study team

1.3FEASIBILITY OF A @I PROJET USING CNG IN IWT

A proposed pilot project in Bangladesh foresees equipping a passenger vessel
with a retrofitted dual fuel engine system and replaceable CNG tanks. This
would require some modification of the vessel. A preliminary feasibility study
conduwted for this pilot concluded that the pilot was technically and
economically feasible.

Mono-fuel engine systems using NG remain an option. However, the countries
in which this is used would need to have a secure, -tengn supply of NG to
reduce investrent risks faced by IWT operators. Uncertainty about such
supplies in Bangladesh would have to be taken into consideration for the
country-wide expansion of the pilot. The pilot will not significantly impact on
the national availability of CNG; however socag up the pilot to a larger
segment of the IW fleet could have that impact.

Xiii



The investment costs of the Bangladesh pilot amount to some USD 43,000,
while the socieeconomic CosBenefit Analysis shows a positive Net Present
Value of USD 145,000. From theb AOA OT 0086 DAOODPAAOEOAR
feasible, with an eanback period of 1.1 years. Costs and benefits may have
different levels in other countries as these depend on the fleet in existence,
technologies used and landside infrastructure.

The decision to proceed with the pilot should also consider criteria such as
safety and maintenance:

CNG tanks should be installed carefully to avoid impacting negatively on vessel
stability.

CNG tanks should be loaded/unloaded at fixed quay walls, becafigheo
stability needed during these operations. Floating pontoons, such as those
used in Bangladesh for the embarkation/disembarkation of passengers, should
be avoided.

Exhaust gases should be carefully monitored. Incorrectly tuned engines could
generate enission levels that exceed those of diesel engines.

Xiv
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Energy Efficient Inland Water Transport in Bangladesh

1 INTRODUCTION

1.1 BACKGROUND TO THE STDY

Transport accounts for a large share of global greenhouse gas (GHG)
emissions up to 23% of global G@missions, following OECD data. It is also
one of the few sectors where emission levels are still increasing (OECD/ITF,
2008). Most modes of transport showed increased ,Cé&nission levels
between 2000 and 2005. However, such grbwiwas the highest in
international aviation and international maritime transport, (Sdeable 1.1

below).

TABLEL.1 WORLDWIDECO2EMISSIONS FROM TRAR®RT

CO, emissions (Mt CO,) % change

Worldwide CQfrom fuel combustion 21,024 27,136 29%

Transport 4,614 6,337 37%
Passenger Road 3,307 4,648 41%
Rail 148 125 -16%
Domestic aviation 256 314 23%
International aviation 292 416 42%
Domestic navigation 96 in 16%
International maritime shipping 358 543 52%

Source: IEA (2007)

The above table makes no distinction between passenger and freight
transport. Freight accounts for approximately 31% of x&missions of road
transport and 84% of rail transpor(IEA/SMP 2004). No information is
available on the share of the G@missions of passenger transport in inland
navigation. For the calculations in this study this share was set at nil.

Table 1.2 Compares emissins by various land transport modes and the way
these developed between 1990 and 2005. The enormous share of CO
emissions resulting from road transport is clear and has increased relative to
that of rail or inland shipping.

! In the western world the relevance odgsenger transport compared to freight is very small, but

in countries like Vietnam or Bangladesh this is certainly not the case. In Bangladesh for example
IWT accounted in 2005 for about 8.9 billion passergais and 3.0 billion tolkms. Due to the fact

that volumes in Western countries are very high compared to developing countries, we still expect
the global average to be rather small.

16
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TABLEL1.2 SHARES IN WORLDWIDEO2 EMISSIONS FROM TRARSRT

CQG; emissions (Mt CQ) Share 1990 Share 2005
Road
1,033 82% 1,451 87%
Rail
124 10% 104 6%
Domestic navigation
96 8% 111 7%
Total land transport
1,252 100% 1,667 100%

Source: own calculations study team based on IEA (2007) and IEA/SMP (2004)

Stabilization of greenhouse gas emissions from transport awhievingthe
Kyoto Protocolobjectives will require policies that fostdrehavioral change.
The pressure on policy akers to tackle the issue of climate chantigough
translating the Kyoto Protocol into tangible action plgris growing in concert
with mounting climate change problem Implementing the Kyoto Protocol
will enhance the sustainability of the transport $ec and reduce its
contribution to the problem of climate change.

1.2 OBJECTIVE AND SCOPE

Inland water transport is more energy efficiethat modes like road or railThe
bigger capacity of IWT units means that tisector is able to ship more tons
per klometer per unit of fuel than what is possible with other mod&his
benefits the climateand makes the sector relatively codfficient. Even so,
few countries fully exploit the potential benefits of IWT and in many countries
the share of roadransportis increasing at the cost of IWT.

There are various possible reasons for this trend. Among the main reasons
given by shippers to avoid IWT aadvantages ofoad transport such aspeed

of delivery and flexibility, limitations imposed by IWTinfrastructure (vater
levels, bridge clearances, port access) and underdeveloped intermodal
facilities (transshipment from IWT to truck for prend endhaulage) For
shippers these arguments are more important than the potential reduction of
transport costs and C®emissons.

IWT policies to date have tended to have the alleviation of road congestion as
the main underlying objective, and governments have only recently starting
looking at the carborsensitive policies that are needed to promote it as a way
to reduce sectoemissions.

For developing countries IWTenergyefficiency improvement harbors

OOAOOAT OEAT b1 OAT OE A tonhtribiidn toGeA Griprovedi £ OEA O
climate and enhancingts costcompetitive positionrelative to other modes

The energy efficiencyerformance of inland vessels developing countries is

assumed to be lower than in developed IWT countries due to the use of older

engine technologies and vessel desigi$e introduction of new technologies

could therefore help to achieve much highdfieiency improvements.

Policy makers and promotion organizations dedicate less effort to the sector
as a result of their limited IWTelated knowledge and capacity. This could be

17
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changed by raising general awareness of the scope for reducingrainspott
secto® O E dnRrvifo@mentand climate.

The objective of part A of tls assignmentis todeepen knowledge and insights
into IWT energy efficiency ascompared to other transport modesand of
methods to further increase the IWT sector energfficiency. The scope of
this study is limitedo CQ..

1.3 STRUCTURE

Chapter 2 compares the global energjficiency of IWT with that of other
transport modes. It also discusses the reasons for differences between modes
and the implications of each for G@missiors.

Chapter 3 deals with the varying energgrformance of IWT vessels in various

regions in the world. Chapter 4 explores several energy efficiency
benchmarking methods. The conclusions of Part A are presented in Chapter 5.
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2 GLOBAL PERFORMANCHEWTVERSJS OTHER

MODES

This chapter describes the energy performance of inland shipping vensus

of other land transport modes (par. 2.1t also discusses factors behind the
differences observed (par. 2.2) and possible consequences for overall GHG
emissions bthe transportsector(par. 2.3).

A comparison of the performance of transport modes requires an assessment
of transport sectoremissions (exhausts) and emissioal®ng the entire fuel
supply chainnk AT O1  AAI1 1 AA. Tikexakdr inclufek fuesxiaktibn, 6
transport, production and distributiorand is further elaboratedn chapter 4
Some data sourcesised for this chapteapply the exhaust approach, while
others present thesupplychain approachThis is indicated where relevant.

2.1 ENERGY EFFIENCY OF TRANSPORTOWES

2.1.1 ENERGYEFFICIENCYMEASUREMENT

Kilometers driven per liter of fuel, or litetssedper 100 km are common ways

of measuring energy efficiency in transport. Measuring energy efficiency in
freight transportshould also take into comgeration thevolume or weight of

the cargo being transported as this influences fuel consumptioAccordingly
fuel consumption per torkm is frequently used as a measure of freight
transport energy efficiency

However, different modes of transport oftenuse fuel types with different
energy contents. One liter of diesel, for exampémntains more energy than
one liter of LNGand has by far the highest energy content per kilogram or per
liter (see the figure below). Shifting from one fuel to the other nmihgrefore
involve changes in the size of the storage tanks.

4EA A1 OEOA /EOAho-xAEEAMRE 16 8E O EAEATA A0E AOXRNIEOOET 1 O xEOEET
calledexhaustDEA Ai EOOET T AO OEA A®IOAdFEAI@Moré uideOEEO AOA AAI

OEA OAINIT®s Ai1AADPO Ail AIEOCOEIT i &£ OEA Al OEOA OOAT Of
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Figure2- Energy content(in kWh) both volumetric and gravimetric, of different fuels

Liquid hyarogen [
Hydrogen gas 700 bar [EL____

e —— ®m Volumetric specific energy content
_ [kwWhliter]
Ammonia, -32C, 8 bar (- imetri :
o Gravimetric specific energy content
Methanol —_I [KWh/kg]

Ethanol —_I
Diese| | ——

o] 2 4 6 8 10 12

Source: Grimmelius (2010)

Differences in the energy content of different fuedan be accommodated by

OOET ¢ AT AOcuUu OAI OA j*1 01 A0Gq AO TTA T &£ OE
means that each fuel type has to be converted into this unit based on standard

energy content values (see figure 2.1). Such conversion could also be used in

the case of transport modes that do not use cardmased fuel types, like rail

transport where electric power is commoitable 2.1 compares the energy

consumption of four modes of transport as measured in Mdgales per ton

km. It clearly demonstrates that IWT is more efficient than roads and on par

with rail.

TABLE2.1 ENERGY CONSUMPTION OFARIOUS MODES OF TRISPORT

CO2 emission Energy consumption
[MJ/ton-km]
FuelEconomy
[g/ton -km] *
(diesel equivalent) [liter/ton-
km]
1.1 1.28
Truck 977110 0.031z0.036
0.2471.00
Rail diesel 21786 0.007z 0.028
0.14z70.62
Rail electric 18z 80 0.004z0.017
0.44z0.84
IWT 25-70 0.0087 0.023

Source:calculated by study team based on Ecofys.data
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Box2.1METHODOLOGY FOR CALCMTING ENERGY CONSUMION OF VARIOUS MES OF TRANSPORT

Comparisons of transport mode energy efficiency in different countries reflect variable fuel prices rather tha
energy efficiency. If transport operators do thyoay the full cost of using energy, then the type of fuel/energy
source used will depend only on the direct cost to the operators (i.e. the full cost minus the externalities). A
comparison of fuel prices is not easy to make. Prices for standard prodketsiarine Diesel Oil (MDO) are
known (currently around USD 720 per ton. However, every country has its own tax regime, which can vary
between modes within the same country. In many European countries diesel fuel for road trucks is taxed, b
for IWT.Fuel for the inland shipping sector is not taxed, with a cost per liter of diesel of around USTBRR (
index, November 2010). Truck diesel, in comparison, caistait USD 1.70 per liteE(ropean Commission, 20
December 2010)

Furthermore there are taation differences between countries, causing for example road freight routes to pag
Luxembourg because of the low tax levels involved.

A proper comparison should include all costedanot only what is paid by the

operators. Externalities such as the climate impacts of emission levels and
impacts on health should also be considered to arrive at a meaningful measure

i £ A OOAT OPT OO0 11 AAGO AA£ELEEAEAd a8
costs by far. For this reason this report will useephouse ga emissions as a
measure of energy efficiencyrhe analysis will be limited to G@missions as
much informationis available onthis topic for each of thalifferent transport
modes.

2.1.2 COZEMISSIONS AS AN INDATOR OF ENERGY EEFENCY

Figure2.3 presentsthe range ofCO, emissiors for three modes and shows that
the average C@emissions per torkm for road transport are much higher than
those for the other two modes of transportt also showsail transportto be
the most energy efficient mode of transpgrhowever, this is because only
exhaust emissions are presented. Also, data is base@ibfreight transport in
Western Europewhich mostly runs on electricityand thereforehas relativéy
low exhaust emissiorlevels Wellto-tank emissionsare needed for more

#1 000

accurate measurements. These vary depending on the source of power

generation.
Average emissions of IW transport range from 252§%/ ton-km to 70 gr Cg

ton-km. IWTemissions of are much lower than road transport emissjogsd
are at levels comparable to that of rail transport.
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Figure2.3 Average CQ emissions for selected transppbmodes in different countries (tank to

wheel, excluding preand endhaulage

IWT

Rail

Truck

0 20 40 60 80 100 120
CO2 gr/ tkm

Source: TREMOVE model v2.7b (2009), ECORYS & Consia (2010), Texas Transportation Institute & Center for Ports & Waterways
(2009)

'Based on calculations for the Netherlan@ermany, France, the United States and Vietham

Box2.2 METHODOLOGY FOR CALCATING A/ERAGECO2 EMISSIONSOR SELECTED TRANSRD MODES IN
DIFFERENT COUNTRIES

EU data was generated by means of the TREMOVE model (version 2.7b). TREMOVE is a European
Commission policy assessmeminodel, which assesses the effects of different transport and environment
policies on transport sector emissions. It estimates the transport demand, modal shifts, vehicle stock
renewal, the emissions of air pollutants and the welfare level. The model cpaesenger and freight
transport. The module for freight transport covers road, rail and inland shipping. Based on the vehicle st
and transport demand in each country, the model estimates the total amount ofitometers and total
CO2 emissions for &h type of transport.

US data was obtained from a study by Texas Transportation Institute & Center for Ports & Inland Wateny
(2009). Its estimates of average CO2 emissions are based on the average fuel consumption of road, rai
inland shipping, andalculations of the power efficiency of each vehicle type. Data was converted from sl
ton-miles per gallon to CO2 per gram per t&ilometer using conversion factors listed in annex 3.

Data from Vietnam was obtained from a study by ECORYS & Consia)(Zxtbnations of the vehicle fleet
for road and inland waterway transport were used and average CO2 emissions were calculated by mea
weighted average.
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The ranges iffigure 2.3 reflect differencesin average C@emissions between
countries.There are alsdarge variations within modes in individual countries.
Figure 2.4 below shows C@ emissions forlong distancetransport in the
Netherlands.It shows that, for instance, the G@missions perdn-km for a
large truk-and-trailer combinationare significantly lower than tbsefor a 20
ton truck. The lower emissions are explained by the significantlyhkig
capacity of aruck-and-trailer compared to that ofa singletruck, the increase
in capacity offsetting the increase in fuel consumption and,@@issions The
same principle holds for inland shipping.
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FIGURE2.4 CO2EMISSIONS INCLUDINWELL TO TANKG PER TONKM) OF FREIGHT TRANSPORY2010AT
LONG DISTANCE$>150KM) IN THENETHERLANDSINCLUDING PREAND ENDHAULAGE(WELL TO TANK AND

TANK TO EXHAUS)T
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Source: CE Delft (2008)

Box2.3METHODOLOGY FOR CALCATINGWELL TO TANKEMISSIONS(G PER TOP\KM) OF FREIGHT TRANSPOR

The figures of fig 2.3 were calculated on the basis of €@fiissions for IW vessels in the Netlaads.

The underlying study of CE Delft (2008) includes se@itank and tankto-exhaust emissions. Their G
data further include logistical factors such asqaed endhaulage. Figure 2.3 shows the outcome for
long distance case. The points in thguie are the most likely outcome, but also a wider bandwidth i
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2.2 FACTORSOF INFLUENCE ON ENBR EFFICIENCY

Various factordelp to explairdifferences in energy performance between
modes. The fdbwing categories aréere considered

1 Fuel costs

1 Scale factor

1 Logistical factors

1 Commodities involved

2.2.1 FUEL COSTS

Cost is he firstcriterion considered by entrepreneuns the transport sector
whenmaking decisions about what fuel to use. They take &féitiency and
the technology used into account indirectly. For example, wheoheapfuel
type needs an expensivengine a more expensive fuel may be the rational
choice.

The operating rangés another factor fonon-carbon fuels like hydrogen or
eledricity. Due to differences in energy content (see section 2.1), the size of
batteriesmay have to bemuch largerthan diesel fuel tank$o be able to sail

the same distances. This has a negative impact on the net payload capacity of
the vessel or truck.

Tax policies also have an impact forel costs. In European countriger
example,fuel for inland shippings not taxed, while fuel for road freight is.
Price variability therefore complicates comparison.

2.2.2 ECONOMIES OF SCALE

IWT, and to a lesser exterdil, can benefit from economies of scale, rthe
case of energy, efficiencies of scale. IW vessels can carry larger volumes of
cargo relative to theextra fuel neededresulting in lower emissions per tekm
compared to roadAlsolarger vessels or ticks have lower per telkm

emissions than smaller vehicles. Therefore the fleet composition is relevant,
whichisfurther explored in chapter 3.

2.2.3 LOGISTICALFACTORS

Figure2.4in the previous paragraph presentsnges ofaverage ©, emissiors
for IWT, rail and roadCE Delft (2008)onsiders the followindpgistical
parametersfor this estimate

1 Pre and endhaulage required for IWT and rail transport;

1 The amount of additional kilometers for rail and IWT against road

freight becaug of differences in density of the network.

9 Variation in the load factor for all modes of transport.

1 Productive kilometers (measured by % nempty kms)
Most freightcargo starting pointand destinations are ndbcated in close
proximity ofa railway Ine or a waterwaynd pre- and endhaulage by road is
required. CE Delf2008) estimates that this leads to an additional 6%the
total distance which takes pladsy road.
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Transport distances increase by approximately 10B@mshipping freight by
rail orlWTas opposed to using roadshis is lecause of the lower density of
rail networks and inland waterays compared to road networks.

The load factor is the average amount of gocdgpped in singléoaded tripas

a percentage of the total load capacity the vehicle For instance, if a truck
with load capacity of 30 ton is loaded with 15 ton of goods, the load factor is
50%. See also the next paragraph on commodities involis@mples of load
factors used by CE Delft are presented in Table 2.2 below.

The last parameter is the amount of productive kilometers, or ssonpty
haulage. If transport routes are unbalanced, with larger volumes going in one
direction than in the other, the percentage of empty kms will be rather high. If
however vehicles can obitareturn cargoes, the percentages becoioever.

As seen in tabl@.2, the productive kms percentage for Dutch inland shipping
is relatively high compared to other modes of transport. This is mainly due to
(i) good balance between export of bulk commodis and import of steel
products and (ii) the high percentage of container traffic in inland shipping in
the Netherlandgwhere shipping of empty containers is also considered a
loaded trip)

It is believed that the relative performance of IWT versus otinedes in terms
of load factor and productive kmwaries little acroswestern countries
makingthe available load capacithe main difference

TABLE2.2 LOGISTICAL PARAMETER®R THENETHERLANDS

Truck >20t
Truck & Trailer
Rail

Dry bulk ship
Push Barge

Load capacity (ton) Load factor % ’ Yo productive kms

27 66 50
27 73 59
2,500 100 50
1,350 66 78
5,500 66 78

Source: CE Delft (2008)

224 COMMODITIES INVOLVED

The load factor (as described abow)ongly correlatesto the typeof cargoes
that areshipped.Performance is measured in emissions per-am, making
the amount of cargo in tonand the type and density of cargo important
factors.When shipping bulk cargahe fullcarrying capacity of the vehicle
(truck, vessel, raivagon) isnormally used, even though the full volume may
not always be used. Thedd factor is then 10percent Voluminous but light
weight cargq to the contrary, uses only part of the full carrying capacity in
tons.

Accordingly countries that ship dypheavy bulk goods by IWill have better
energy performance measured in emissions per-tonthan countries
shipping mostly light and voluminous goods in this way.
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In conclwsion, differences in energy performance between transport modes
depend onmaddiional generic factors such as:

1 Vehicle size (scale factoand

1 Commodities involved (heavy or lighensity).

2.3 IMPACT ON OVERALL TRISPORT EMISSIONS

Total transport emissions not only depend tire intrinsicenergy performance
of modeshut alsoz largely z on the share contributed by each mode (the
modal split). This variegreatly betweencountries as showim the following
section

MODAL SPLIT

Thetable below givesan indication of the worldwide modal split of land
transport in 20051t consolidatesdata about OECD countries, Eastern Europe,
Russia and other former Soviet countri@d Chinaand indicates thatWT
accounts for approximately 14% of toten-kms traveled.

TABLE2.2 INDICATION OF WORLDWE TRANSPORT SIZE ANSHARE IN TONKM IN2005"

bln ton-km |

Road 5,706 37.5%
Rail 7,726 50.8%
IWT 1,782 11.7%
Total 15,213 100%

Source: OECD (2010) and World Bank (2007)

!Based on transport in OECD countries, other Eastern European courRissja and other former Soviet countries,
and China

figure 2.5 shows he modal split for several countriesd the variations

between them.Countries with a large land mass, such as the United States,
Russia and Chinalldave a relatively highercentage ofail transport as high

as 88% foRussia Cauntries situated in a river delta, such as the Netherlands,
Bangladesh and Vietnam, have a relatively small share in rail, and rely more on
IWT.
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Figure2.5 Modal split of transport for selected countries (shares in total tiom)1
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Source: European Commission (2010), OECD (2010), World Bank (2007), ECORYS & Consia (2010), Ahmed et. al. (2010)

'NL, FR, RU, VN = year 2008,AJSyear 2007, CN = year 2005, BAN = 2002

The nodal split desnot revealany informationaboutthe size of thanarkets
concerned The following tablegivesan overview of IW transport in 2000, 2005
and 2008 and shows thaChina has the largest IW freigfibws in terms of
ton-kilometers. Theotal volume of freight transported also increased strongly
between 2000 and 2005.

IWT is also very large in the United States and Russia, even though its share in
the modal split is relatively small in these couas.

TABLEZ2.3 IWTFREIGHT GROWTH IN SECTED COUNTRIEBILLION TONKM)

2000 2005 | 2008

EU27 134 139 145
- Netherlands 41 42 45
- Germany 66 64 64
- France 9 9 9
Russia 71 87 64
China 712 1,112

USA 526 476 472
Vietnam 22
Bangladesh 3

Source: European Commission (2010), OECD (2010), World Bank (2007), ECORYS & Consia (2010)
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The above table indicates that transport mode policies should not only target
countries based on theimodal shares, but also countries with substantial
volumes of transport by these modes.

IMPACT OF A SHIFT MODAL-SPLIT TOWARDS IWT ONME TRANSPORT
SECTOR CONTRIBUTIAN CLIMATE CHANGE

Previous sections showed th&O, emissions per torkm for inlandshipping
are much lower than for roatansport. This is because of tlégher energy
efficiency of inland shippin@fuel consumed per torkm shipped).

A shift in modal split from road to IWT would have a dramatic impact on
overall CQ emissionsIWT acounts foran estimated14% of total goods
transported,but only 7% of C@emissions Road transport accounts for
around 3(percentof goods transportedand contributes 87percentof total
CO, emissions Transferringonly 5% of the volume transported by rd#o
IWT,would therefore have a significamnhpact on global C@emissionsA
staggering 62 Mt of C@emissionscould be saved in this way

Policy actions that aim at improving the competitive position of IWT compared
to other modescould help toreduceclimate change impactsThis could

further be combined with measure® increas the energy efficiency of the
transport modesconcerned Measures fofWTcould aim at increasing the

scale of IWT vessels and improving ittenvironmental performanceThese
trends have already beemoted in various developed countriesai® B of this
report presentsavailable engine technologies (CNG and other) and other
technicaloptions for increasinghe fuel efficiency of ships.
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3 IWTPERFORMANCE IN VARIS COUNTRIES

The previous chaptenssessedWT at a global levelnd compared it with ther
transport modes This chapteranalyzedWT energy efficiency and focuses on
IWTperformance and @omparison between countries. Section 3.1 deals with
the energy performance of IWih various countries where this mode plays an
important role. Section 3.2assessefactorsthat help to explairthe differences
observed.

3.1 ENERGY PERFORMANCE

Chapter 2showedthat IWT energy efficiency rangdmtweenabout 25 gr CQ
ton-km to 70 gr/ torkm, which equal$o a fuel consumption of abou@.008
0.023liters/ton-km if diesel is usedable 3.1presents the performance
observed in various countries.

TABLE3.1 EMISSIONS PER TOKM INIWTIN VARIOUSCOUNTRIES

Fuel consumption (liters/ton-km)

Region/ Country Average gram CQ/ ton-km

EU15 32 0.0102
- Netherlands 40 0.0127
- Germany 26 0.0083
- France 33 0.0105
Vietnam 71 0.0226
United States 26 0.0083

Source: own calculations based on Trerioke (2010), ECORYS & Consia (2010), Texas Transportation Institute & Center for Ports &
Waterways (2009)-uel consumption data have been calculated using the conversion factors as presented in Ch.2.

The table above uses the data presentedigure 2.3. The methodology used
for the different sources is explained in paragrahh

There is &ig differencebetweenaverage C@emissionsn Vietham and
Western countries. The averagenissionlevel in Vietnamis about 30 gr/ton
km higher thanin the next Western country in line, the Netherlands. The,CO
emissions of the other countries are all in the same range.

Several factors that may explain the differences obseraed analyzedn the
next section

3.2 FACTORSINFLUENCINAO2 EMISSIONS

The following factors explainifferences in IWT energy efficiency between
countries:
I Sizes and types of vessels used (fleet breakdown)
9 Age of the fleet and of engines
1 Nautical conditionsand
1 Market factors
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SHIP SIZES AND SHIRPES

table 3.2 shows that &rger vessels are generally more energy efficient per ton
km. For examplethe CG emissions per torkm of a push barge with a load
capacity of over 3,000 tons are 33% loviean the emissions of a ship with a
capacity of 250 tonsThe comparison assumes a load factor of 100 percent and
no empty trips. Different load factors and percentage of empty trips would
influence the validity of comparisons. However, the conclusioowebremains
valid for a given load factor and percentage of empty trips.

TABLE3.2 FUEL CONSUMPTION FORIFFERENT SHIP SIZES

Fuel CO2g/ton-km (based

Maximum load consumption in CO, emissions | on maximum load
Ship type weight (ton) g/km in g/km weight in ton)
Dry cargo
<250t 364 973 3,045 8.4
2507400 t 364 973 3,045 8.4
4007650 t 638 1,360 4,258 6.7
6507 1,000 t 968 2,030 6,354 6.6
1,000z 1,500 t 1,350 2,780 8,701 6.4
1,500z 3,000 t 2,160 5,058 15,833 7.3
> 3,000 t 2,160 5,058 15,833 7.3
Tanker
<250t 364 973 3,045 8.4
2507400 t 364 973 3,045 8.4
4007650 t 638 1,360 4,258 6.7
6507 1,000 t 968 2,030 6,354 6.6
1,000z 1,500 t 1,350 2,780 8,701 6.4
1,500z 3,000 t 3,000 7,877 24,654 8.2
> 3,000 t 3,000 7,877 24,654 8.2
Push barges
< 3,000t 4,000 6,618,459 20,716 5.2
> 3,000t 7,700 13,685,290 42,835 5.6

Source: Own calculations based on input data for Tremove 2.7b (2010).

IWT fleet compositioris a highly variable factor thatsuld also be considered
when comparing IWT energy efficiency in different countriksthe case of
Vietnam, for instancethe fleet consistdargelyof self propelleddry cargo bulk
ships as opposed to the US fleet, up 1% ofvhich consists obarges
operated in push convoys (sealle 3.3. The average size @fvesseln the US
is thereforemuch larger than in other countrigsee ables 3.4 and 3.5. The
small size of inland vessels in Vietham explains the high average@iSsion
of IWTin that country compared to thédow emissiors inthe United States.
However ,this does not explain why the G@missions of Dutch ships are
higher than those of Frencbr Germanones. This may be caused by market
factors (see below).
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TABLE3.3 BREAKDOWN OF INLANDHSPPING FLEET IRO08IN TYPE OF VESSEBAN=2007)
NL us VN BAN®

dry cargo ships 58% 2% 75% 12%
Tankers 13% 0% 2% 6%
Tugboats 10% 13% 4% 10%
Dry bulk barges 12% 66% 16%
tanker barges 1% 11% 6%
Passenger ships 5% 2% 8%
Other 5% 20% 41%
Total 100% |  100% 100% ——
Total ships 5009 | 40,301 130,970 1

“For VN: category other contains passenger ships
For BAN: BIWTC fleet only, categorization adjusted by study team

Sources: Central Commissfor Rhin&Shipping (NL) (2009), USACE (US) (2009b), E@O®¥fSia (VN) (201BIWTC (2007). Data
VN include country boats.

The US data show a predominance of vessels ranging from 1,000 to 2,000 tons,
most of which are barges operated in convoys &b 95.This resultin

combined sizes of over 10,000 tons, resulting in substantially improved
efficiency compared to that of the original fleet structure.

In France vessels types are smaller than, for instance, in the Netherlands. In
part this is a functio of the fairway network, France having much more

smaller waterways.

TABLE3.4 SHARE IN SIZE BASEDNONUMBER OF VESSELS 2008(FR BAN=2007)
| NL FR | us' VN | BAN
Upto 249t
P 10% 0% 1% 91% 34%
250-399t
7% 41% 0% 3% 16%
400 - 649t
14% 23% 5% 2% 13%
65071 999t
18% 16% 8% 3% 22%
1,000 1,499t
18% 8% 33% 1% 14%
1,50071 1,999t
9% 3% 42% 0% 2%
2,000 - 2,499t
7% 3% 1% 0% 0%
2,50071 2,999t
9% 6% 0% 0% 0%
3,000 t and more
8% 0% 9% 0% 0%
Total
100% 100% 100% 100% 100%
Total vessels
4,499 1,369 31,238 95,126 102

*Excluding self propelled vessels (894 vessels) and tughoats (5,424 vessels) for which no capacity data was available

Sources: Central Commission for the Navigation of the RiireRR) @08 & 2009), USACE (US) (200BBQORYS & Consia (VN)
(2010) BIWWC (BAN) (2007). Data VN include country boats.
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TABLE3.5 SHARE IN TOTAL CAPATY IN2008} O drdng) (FR BAN=2007)
| NL FR | us' VN | BAN

Upto 249t 1% 0% 0% 30% 7%
250-3991 2% 0% 0% 12% 11%
400-649t 6% 1% 1% 14% 12%
6507999 t 11% 4% 4% 24% 35%
1,00021,499t 17% 28% 28% 20% 29%
1,500z 1,999 t 12% 39% 39% 0% 6%
2,000-2,499t 11% 1% 1% 0% 0%
2,50072,999t 19% 1% 1% 0% 0%
3,000 t and more 220 250 25% 0% 0%
ekl 100% 100% 100% 100% 100%
41 OAl Oog 5,924 58,218 58,218 7,801 53

*Excluding self propelled vessels and tugboats for which no capacity data was available
SourcesCentral Commission for the Navigation ofRine(NL + FR) (2008 & 2009), USACE (US) (2EIBRYS & Consia (VN)

(2010) BIWTC (BAN) (2007).
Historical analysis of the Western Eur@reshipping fleet shows that there
has been a gradual increasesizesince the 1950s. This patiould also be
followed by develomg countries.Ship size iVietham, for instancejs
increasing rapidly, &#endthat is expected to continue (ECORYS & Consia

2010).
Figure3.1 Average increase in tonnage in the West Euean fleet
.Taﬂ‘xefﬂeet Dry cargo fleet Total fleet
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Source: BVB (2009)
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AGE OF FLEET AND EMES

Newer vessels genelglhave lower C@emission per torkm than older ones
largely due tocontinuing technological improvementd hisrelates to the
design of the vessel and the engine technologissd(see also part B of this
report formore details orthese factors).

New technologieshowever penetrate slowly aships tend to be in operation

for a long period of timgwhich increases the return on investmeBlB

(2009) states thatvell-maintainedshipscouldhave a life span of over 50 years.
Accordingly mly 24% of all vessels in the Netherlarateless than 26year

old. Thisrenewal ratels much lower tharin the case ofoad transport About
70% of all truck and trailer combinations in the Netlands is less than 5 years
old (ECORYS 2009)

In Bangladesh, age data of only the BIWTC fleet could be obtained (BIWTC,
2007). This indicated that most ships were built in the 1960s and 70s, with self
propelled barges and a number of ferries built mgim the 1980s. This

suggests a similar age structure as in European countries (Figure 3.2).

Figure3.2 Dates of construction of the inland shipping fleet in Western Eurog
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IWT performance in various countrie

The hull may be usedor more than50 yearsthough engines couldbe
modernized for improvegerformance Someolder vesselanay therefore
have an energperformancesimilar to that ofyounger vessels.

An Ecoryssurveyconductedamong shipping operators in the Nethlands
confirmsthe relation between engine age and fuel consumpt{see Figure 3.3
below). Fuel consumption is expressed in grams per kWh of engine output
Thismeasurediffers from the grams peton-km shipped The study show

that thesetwo indicatorscorrelate well.

Figure3.3 Fuel consumption by engine age (in gram per kWh)
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NAUTICAL CONDITIONS

Nautical conditions in a country also contritaib variationsin energy
performance.Sailing upstream riveragainsta strong flow of water uses more
fuel than sailing downstream or in quiet canals. This could be an advantage i
countries with dense canal networks.

Water levels are also relevamilost rivers depend on rain or melting®n for
their water supplyboth of whichmay varyin the course of gearwith
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pronouncedow or high water periods-uel consumption may increaseidng
low waterperiods because obWer load factors andeducedkeel clearance
(seepart B on this matter). Flow velocity may increaseuding the high water
seasonyesulting in highefuel consumption whertravelingupstream and
lower consumption the other way around.

MARKET FACTORS

Market structure finally, could contribute to varyingnergy-efficiency
performances across countried_oad factor and empty kilometers are
especiallyrelevant in this rgard. Data about the market structure in the
Netherlands was presented ifable 2.1 of chapter.Similar countrywide
data sets could not boundfor other muntries.

Studies in the Netherlands (ECORYS, 200®&licatethat larger sized vessels
tend to have a loweshare of empty tripghan smaller ones, leading to better
overall efficiencyThis isbecause it is easier find return consignmentsgor
larger $iips than for smaller ones, which are dependent onakailability of
smaller consignments.

The share of empty trips also tends to be lower for vessels thabpeeated

continuously(24 hours/day, 7 days/weelgs opposed teemicontinuous or
daily operations(ECORYS, 2008). Beelen (2010) confirms this for 8wlgi

where vessel types vary substantialee figure3.4below).

Figure3.4 Evolution of share of empty trips by vessel type (192006)
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4 BENCHMARK METHODOLOGY

This chapteidescribes methods available to measure the energy efficiency of
different transport modes. Section 4.1 deals with general methods for all
transport modes. In section 4.2 a method specific to the IWT sector is
described

4.1 ACTUAL EMISSIONS METHOD

Theenergy efficiency of (freight) transport modesxpressed ifilogramof
CG emission per tekilometer is calculated by means of the following
formula:

1)

kg CO, ~ _ consumeduel3 CO, emissionfactor
tondkm payload distanceravelled

Energy consumption iMegajoules per tokilometer(i.e.an alternative
method to measure energy efficiency) is calculated by means of the following
formula:

MJ ~_ consumeduel® energydensity
%on&m B

2.
@) payload distancdravelled

Table 4.1 describes thgarametersused in the formulas (1.) and (2.).

Table4.1 Parameters for measurement of energy efficiency and consumption

Variable

Consumed fuel

Description Unit

Overall fuel consumption of investigated liters
vehicle(s)/vessel(s) per unit of time (e.g. year, thjn

CO, emission factor CO, emission per combusted unit of fuel kg / liter

Energy density Energy content (Lower Heating Valupgr MJ / liter
combusted unit of fuel

Payload Total amount of freight transported by investigated | tons

vehicle(s)/vessel(Per unit of time (e.g. year, month

Distance traveled

Average distance traveled by the total amount of | kilometer
transported freight
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The formulas (1.) and (2.) can be usedalculatethe energy efficiency of any
transport (sub)ector in a spedi geographical arealhey could alsbe used
to determine the energy efficiency @y one specific vehicle/vessel or a
vehicle/vessel class.

The formulagfor IWT are based othe commonly used method fameasuring
the carbon footprintof transport sectrs. Thisis in line with the IPCC protocaol,
which states that thecalculation ofgreenhouse gas emissions of inland
waterway transport should be based on the fuel supptiedesselsvhich have
their points of departure and arrival within the region omedry being
analyzed.

4.2 MUTCH METHODOQGYO
50ET ¢ OEA OAAOO foi intefnbtibral@ranépbrosds A OE T A 6
problem for theallocation ofemissiors, asall exhaust emissions should be
allocated to the country where they are emitted. Thises notnecessarily
have to bethe same countryn whichthe fuel was bunkeredin alternative
measurement methodvasused to determine IWT emissions in Western
Europeto overcome this problem

This methodwasapplied to Dutch inland shipping, where it is refertedas
OEA 0O3$ OOAE (Kiénétil 2009Dénigrydn ér Gon, H., Hulskotte,
J., 2010)It aims at measuring

EMISSIONS FROM VESSEROPULSION ENGINPER VESSEL CLASS
TEA O03$ OOAE icohsiErfalieimisdiogsit dhe basis oénergy
consumigion per vessel clasghe power demand (kWpr all vessel types
calculated for various inland waterway types and rivensd adistinctionis

made betweernoadedandempty ships.An average speed is calculated on the

basis of thevessel class and thmaximum speed allowed on the route
concerned (Kleinet al, 2009

Depending on the route followed, IWTidl bunkeredn one country camesult

in emissions in severather countries.However, C@emissions resulting from

international transport are noincluded in IPCC calculations. This is covered by

OEA O$OOAE 1 AOGEIT Ai1TcU8h xEEAE EO OOAA Ol
national and international IWT in Dutch territory.

)yl AT OOAOO O OEA AAOOAT Al EuGSé&atal O | AOET A
I Ttraffi intensitiesYi.e. exact data on the combination of vessel class and a

particular inland waterwayjo determine IWTemissions In 2003, when the

method was developed, suafatawasnot readily availablea situation that

was expected to changéHoweverby 2010 such data remained unavailable.
Accordinglyindirect datawas, and still isysed to make aough estimation of

)74 AT EOOEIT 08 %l EOOEIT AAOA DPOI AGAAA AU |
should thereforebe considered provisionéDeniervan cer Gon, H., Hulskotte,
J., 2010).
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Formula (3.uses the Dutch methodology to calculate IWT emissionsvasisel
class:

(3) - - - - -
Emission= vessepassagespowerdemand time3 emissiorfactor

Vessel passages are the number of vessels passing a distinct inland waterway
iroute. The general caldation istailoredto the available data.

Formula (4.)s used to calculatthe emission €) in kilogramsf substance (s)
in one direction (d) foa specifiocvessel class (v,a)ith or withoutcargo (b), on
a specific routdr) on Dutch inland waterwes (Kleinet al, 2009:

.. .. Lr ..
3) Ev,c,b,r,s,d = Nv,c,b,r,d (Pv,b,r (m)CEFvs

Formula B.) can be derived from (4.) to calcula®0O, emissions per torkm
payload transported in a specific vessel class (v,c), over a specific route (r), in
one direction (d)with a cargo:

(4) Ev,c,r,d — I\Iv,c,r.d CPvr CEF
- I:)Iv,c,r,d (Vv,r,d +Vr )(..Plv,c,r,d Y

The energy efficiency of the investigated transport mode in formula (5.) is
expressed in the same unit as in formula (1.):

kgCQ : .
tonGxm Kilograms C@emission per ten

kilometer

Table4.2 provides & overviewof the variablsand indices used in formulas
(4.) and (5.).
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TABLE4.2: VARIABLES FORMULA4.) [KLEIN ET AL, 2009]
Description | Unit
B chrsd Emission from propulsion engines per vessel clay kg
Nv.cbyr.d Number of vessels of this class on the route and| -
with this cargo situation sailing in this direction
Puor Average engine power of this vessel class on thi| kW
route
L Length of the route kilometer
Visd Average speed of the vessel in this class on this| Kilometer / hour
route
\A Rate of flow of the water on this route (either Kilometer / hour
positive or negative)
ERs Average emission factor of the engines of this | kg / kWh
vessel class
Plerd Total payload transported by the number of tons
vesselN of this class on the route sailing in this
direction
Y, Vessel class
C Aggregated cargo capacity class
B Cargo situation (loaded or unloaded)
Route
S (Emitted) substance (e.g. GD
Direction of travel

4.3 PRACTICALITIES OF VKRUS METHODS
TEA OAAOOAIT Aine0dwd &)lahdds @ RLOE | IAB@EthoAT 1 T CUBS
2) could theoretically be applied to all IVEystemsto calculate energy
efficiency. Hovever, a number of practicalities should be considered when
choosing between these.

1 Data availability

Thetwo methods have very different data requirementdethod 1 (actual
emissions methodjequiresonly crude information about fuel consumption

and freght. Method 2, as applied in the Netherlands, relies oregtensive

IWT databaseSimilar data may be obtainable in othdeveloped countries

Most developing countries, to the contrary, do not have as cledefjned

vessel classes and routeshave les developed traffic registration systems
Calculating IWT emissions would therefore first entail setting up a database to
cover all vessel activity (in vessel kilometers), data on loaded and empty trips,
vessel classes and the average power and speedgssel class. Moreover, a
distribution overview of fleet age would have to be conducted to update
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figures on power and speed correctly over time. Finally, such a database would
have to cover all shipping movements over one year in the country
investigated.

1 Emission factors: fuel chain versus transport exhaust only

Both methods requir@n emission factor to calculate the @@mission per
functional unit.It is also necessary to decide whether to consider the entire
fuel supply chain or only the final energgnversion of the fuel (transport
exhaust) CQ2 emissiorsfrom final fuel to energy conversior{through
combustion) depend almost exclusively on the carbon content of the flie¢
data of most common fuels is generally fairly available and accurssessing
emissions along the entire fuel supply chain, means taking into consideration
also emissions resulting from fuektraction, transport, production and
distribution. All these processes consume energyereby reducing overall
chain-efficiencyand inaeasing theCO2 emissions per combusted unit of fuel.
However,such indficiencies vary significantlpetween fuel typesand

between countries (e.g. fuel produced locally or importdtl)s therefore
recommended that energiefficiency assessments of IWystems using
different primary energy sources also assess the efficiency of the respective
fuel supply chains.

1 Ease of calculation

The emissions of an entire sector can be calculated fairly easily using method
1, whereas method 2 requires a series otghtionsper vessel class, route,
direction and cargo situatiorMoreover, a simple derivative like formula (5.)

will hold only for (partiallyJoadedvessels. Asessing emptyessels will result

in a division by zero, which meatisat the cargo flowshave to be analyzed
independently ofthe loadedvesses.

1 Reliability

Method 1 is based oactual emissions derived from actual fuel consumption
whereas nethod 2 is based on average energy consumption per vessel elass
itself anaveragederivedfrom the distribution of new and older
vessels/engines within a clagswider range of assumptions are therefore at
play in method 2, thereby reducing its reliability relative to method 1.

1 Internationaltransport

IWT fuelbunkeredin one country can lead to emissi® inother countries,
depending on the vessel route. Meth@makes it possible to allocate
emissions from international transport to specific countries or regions by
calculaing emissions alongpecified routesand by dviding trajectories in
separate raites. This is not possible with method 1 and is one of the main
arguments in favor of method 2. Nonetheleskiriland shipping is mainly
domestic, there is no need for such divissand method1 suffices.

1 Auxiliary systems

Auxiliary systems on vesseblpart from the main propulsion engine, also
consume energy. Such emissions are automatically included in method 1 as
CO2 emission is calculated on the basis of fuel consumption, rather than the
engine used. In method 2, @@missions are calculated usingiéssion factors
and power demand. Power demand does not typically include auxiliary
systems and associated emissions. A separate analysis is therefore needed,

41



Energy Efficient Inland Water Transport in Bangladesh

making use ofiverage auxiliary emissions per vessel classalternative
would be to include axiliary systems into the power demand used for the
calculations.

1 Other emissions

The two methods differ substantially in respect of their treatment of other
exhaust gas emissions. Med 1 useshe energy content and emission factor
of fuels which are usful only when calculatinthe energy efficiency and CO
emission resulting from the combustion of fuels. Methddan also be used to
determine the emissions of other substanggsich adNOX, CO, PMO, etc)
resulting from fuel combustionThis was one dhe reasons behind the
developmentofOEA O$OOAE | AOET AT 11 cUdtBe 4EA TT1 U O
average emission factor in kilograms per kilowditbur engine power is
availablefor the relevant vessel class. Meth@dherebyprovides a framework
for calcuating the overall impact of vessel movements on climate change and
air quality.

1 Passenger transport

Both methods are designed for assessing freight transport only. The
environmental performance of passenger transport can be assessed using a
similar method, but where per torkm figures are replaced with per passenger
km figures. This will be useful in countries with high passenger IWT volumes
like Bangladesh. Similar to what is done for freight transport, the method
allows for comparison over time and tvgesen countries.

1 Comparison between countries

Method 1 can be used to compare country performance, based on IPCC
recommendations, provided the data is gathered in a similar way and using the
same definitions across the board. The Eurostat guiding priesighsure that

this is the case within Europe. Such certainty about the completeness and
correctness of data does not exist in other regions of the world. Despite this
the method can generate results that are reliable enough for comparison
between countries

4.4 RECOMMENDED APPROACH
TEA OAAOOAI AIEOOEITO 1 AOGET A8 Al11Tx0 A& O A
countries or regions where information et readily available. Thealculation
issimple and straightforwardndallows for a transparent assessmenttbé
situationwith actual emission figures. It also depends lesdtord partiesto
provide information and the method is recommended when comparitig
environmental impact of IWT tthat of other transport modes.

4EA O$OOAE | AfiahcAdapprbaChutiich Eeqired an extensive
database with detailed information per vessel class, route, direction and cargo
situation. It is has clear value for IWT in the Netherlands and other
internationally oriented, highly codified countriebut less so ithe rest of the
world.
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PARTB: REVIEW OF
TECHNOLOGICAL ADVANKS AND
IMPROVEMENT TO INCREE
ENERGY EFFICIENCY Q¥T
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5 INTRODUCTION

Fuel efficiency has been an issughir Western worldyoing back to thdirst

oil crisis in the seventie®arge @eratorsz horrified byfuel price increase

were desperately looking faa wayto reduce costs, which in some cases
amounted to as much a0% of the total transport cost€onsiderable fuel
savings were achieved through a joint effort fraesearch instutes, ship
builders and designersaindbarge operatorsTheprimary objective of the

barge operators at that time was cost reductiohhereduction ofcarbon
emissions auxiliary output was considered less important at the time, though
this has obviouslghanged in light of improved knowledge and awareness of
the impacts of GHG and the limits of fossil fuel resources.

Thefollowing four aspects argenerallyconsideredwhen assessing the
efficiency of IWT operations

1. Optimization of the IWT operations;

2. Minimizing the resistance of hgland of barge convoys;

3. Hfficiency of propulsion methods and steering systerasg

4. Adapting fairways tcaccommodateoptimum ship size and shape.

Thisreviewwill first focus onconventional means all of which have not
necessarily been implemented in all developing countri€anventionalmeans
could beimplementedat fairly short noticeand the required awareness could
be achieved througleducation, training, seminars and symposium.

This review alsconsides advanced mears, technologies and approaches
that are in still in their development or pilot phases, including the following

Alternative fuels

Advanced low-resistance ship design

Advanced high-efficiency propulsion systemsand
New logistical concepts

el -

A distinction is madebetween newly built vesseBndthose with retrofitted
technologies, or improvements oflder systems. The latter may be cheaper
and are often used to moderre existing flees, especially if thg could still be
used for a long period of tim&he often significantenvironmental
performanceachieved in this waynay still be below that achieved when the
same technology isstalled in newly built vessels.
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6 FUEL SAVINGS BY COREMTIONAL
MEANS

This section will considehe following conventionaléchnologies and
concepts:

1. Optimization of IWT operations;

2. Minimizing the resistance of the hull and barge convoys;
3. FEficiency of propulsion methods and steering systeraad

4. Adapting fairways in view of optimum ship size and shape.

Theorder of these iems reflects the size of the investments required.
Optimizing operations, at the one extreme, requires little investment and still
achieves significant efficiency improvements. The adaptation of fairways, at
the other extreme, requires significant investmis.

6.1 OPTIMIZATION OHWTOPERATIONS
VOYAGE PLANNING

Voyage planningcan help to maximize benefits fromdesand currens,
especially wherearrow tidal passages must be negotiateglelevant items
include reducing the speed adjustingthe departurefor just-in-time arrival
for loading and unloading. Thigquiresthe cooperation of port managers
who, more often than notfocusentirely on minimizing demurrage, which
existsonly for seagoing vessels.

Also the ooperation of the crew iseeded, who may ot be overly concerned
about operational efficiency. Rewards could be used to motivate them, but
carefully so as not to receive unintendetfects.In the Netherlands this is
AAEEAOGAA OEOI OCE OEA DPOI I 1T OEIT DOl COAI
saving).A highly successful fuel competition motivated crew to sail as

efficiently as they could. No direct reward was at stake, but the honor of being
recognized as the most efficient among peers served as the motivation. The
program also helped shipping compasi to achieve substantial benefits as a

result of the fuel saved.

06

BARGE CONVOY FORMM&®N

Push-barges are thenost fuel and costefficient mode forpoint-to-point
transportation of commaodities This applies to traditional cargo such as coal,
grain, fertiizer and fuels, but also to containers and even c@simization
canbe achieved througlhe formation of barge convoymstead of using
single cargo vessel$ushbarge systems ardess commorin developing
countriesbecause of the high investment cosisdthe scattered pattern of
origins and destinations of most freight transport.

Barge formations require a large fleet and thereforbigh investmentcosts It
also requires aigh level of orgarration at the headquarters and at the ports.
Barge formaions thereby become viable only in the caselafge and capital
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intensive companieserving dense transport corridorSelf-propelled barges
are more flexible incatteredfreight flow situations, and can render a
dedicated service to one shipper. Artermediate solution requiring minimal
up-front investmentis the use of selpropelled vessels that are converted for
pushing up front (tandem formation).

It is not necessary to substantially increase the propulsion power ekating
self-propelled vessl to push an extra bargd his isbecause the improved
length to beam ratio (L/B) creates an enormous hydraulic advantage,
translatinginto much lower specific power (the power required per cubic
meter of water displacement) to reach the same spe€he tenefit is such
that aslight reduction in speed might even be accable. Substantial energy
savings can be achieved bgding a barge to the self propelled vessel.

Some operatoraisingthis system equipped their extra barge with a bow
steering unit formproved maneuerability or for shifting the barge

temporarily to another quay or jetty. Such a unit comes in useful when extra
power is neede@gainst strong currenotr lateral winds, or foemergency
maneu\ers.

Other operators equip theirdumb bargeswith a passive bow rudder, hand or
mechanically operatedfor additionalmaneuwerability. Thetechnical design of
such a system is shown in tfa@lowing figure.

Figure6.1 Dumb barge with passiveudders forbow steering

31 O0AAd T x1T AOAxET C OOOAU OA AESCAR kB#&gkekDEY, Jdkakt&1000)OThAeNethelandsEAE A ! O1 AOA
(191and1993 and others

It is possible taise a secalled Articulated Barge System (ABS, digpire 6.2)
with aselfpropelled vessel plus dumb barge systeihnisprovides a
significantadvantage when sailing through bendsid thedrift angle is
reduced to almost zeroThismeansthat:

9 the convoy is capable ofegotiating narow or tightly curved bends
instead of breaking up theombination;

1 more roomis leftfor oncoming traffic which no longer has to wait for
passage to be completed;

1 resistance, and therefore the power needed and fuel consumption, is
reduced considerably
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Figure6.2 shows an AB8onsisting of glatform on the pushing vessel,

housng bollards and coupling winchewhich pivots up to 15 degrees by

means of remote controlled hydraulic cylinders. The front barge then acts as a
giant rudder.

Figure6.2 Barge pushing sp vessel using its Articulated Barge Systdmn sailing through a
bend

b i =

Platform rotate

Source: own drawing study team

6.2 MINIMIZING THEHULLRESISTANCE

Hull shape could significantipfluence overallWT efficiency, especially in the
case ofshallow water navigation (whicts nearly always the case ftwT).

Thestern sectiormust be adapted to house an efficient propulsion system
The shape of thé&ow-sectioncould beequally importantto reduce the hull
resistancefactor and therdy the powerneededto move the vessel.
Traditionally vessels in developing countries were bwith a fine bow and
swept sternfollowing the weltknown practice for sailing vessedsid which is
ideal forsailing with light windgsee tte figure below for an example of this).
The most important characteristic dhis bow shape is its low resistance,
which leads tacceptable speed levelssinglittle power and fuelHowever,
the carrying capacity of such ships is relatively low.
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Figure6.3 Exampleof an inland freight vessel with a traditional bow

Sourcepwn photo taken during field mission Bangladesh

The hulls of the rachanically propelled vessels (and in particular push barges)
introduced inWestern countriesvere built in such a way as to maximize cargo
carrying capacityresulting in a full bow and stern and high resistance. This did
not matter atthe time, becauseof the low fuel prices.

Since then bow shapes have develogedombine easy construction and
maintenance of payload capacity, witbw resistanceand a reduction of the
power needed for propulsion. This design can be uset#&oges and self
propelled vessels with a bdike hull.

Figure6.4 comparesthe initial shape of Europe Itgpe (and also USA) barges
to the more efficient Europe llla shape. Europechasists of a flat bow
slanting under 20 degrees (which was originally even 30 degrees for the
smaller type E I)The enlarged type Hifeaturesa spoontype stem and
wedge-shapedside platesThisshapenot only reduceslamming, but also
cuts through the watebetter while increasing bow displacement.
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Figure6.4 Bow shape development of lEopean barges

Pontoon Bow. Furopa ITa

———————— e

CWL max

Flat surface. heavy slamming in waves when empty
No buoyancy, bow trim when loaded

V- shape breaks waves when empty
when loaded has less resistance. full
buoyancy, no bow tnm

Source: own drawing study team, based on MARIN, VBD and WL research

More efficient convoy and barge formations can similarly reduce water
resistance and save energd.longer ancharrowerconvoyfacesless resistance
than a short and wideombination. However the advantage of the first may be
nullified if the long combination is not rigidly lashed togethdrecause its
waggling course would raise the fuel need.

A six barge combination is more efficient in a combination of three wide and
two long than of two wide and three long, because in the first combination the
stern sections are fully integrated. Therefore they are more rigid tthenlong
formation, because in the long formatiaime bow of the rear two barges
meetsthe front ones.
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Figure6.5 Barge convoy stability

3 x 2 configuration (long formation)

Unstable formation
waggles when
course altered and
creates resistance

= e g

Smooth transition

\\ JHard transition
Turbulence = resistance

2 x 3 configuration (short formation)

remains ngd when

Stable formation
i course altered

Source: @n drawing study team

Several research projects aimed at improving hull design. CREATING is the

AAOCO ETT x1T DPOT EAAO ET %OOIEBRR6 PATAM EORAEEII WOAA
efficient gas tanker that currently sails between Rotterdam and Antwerp

(Schweighofer& Blaauw, 2009)The European Commission has launched a call

for projects to further investigate the modernization of inland vessels under

the on-going 7' Framework Program. Hull improvement is one of the

components of this initiative.

Improving IWT efficiency is also a way to promote the modal shift and,
indirectly, to reduce overall CO2 emissions. The Innovative Barge Trains for
Effective Transport on lahd Shallow Waters (INBAT) is a recent project with
these objectives and aimed at improving sailing efficiency in shallow water
(INBAT, 2005), making use of a combination of lightweight construction and
new material applications, an innovative barge traioncept and improved
propulsive systems.

The project helped to design vessels capable of sailing in water depths of 1m.
The changes made will also reduce construction costs and improve payloads. It
enhances the viability of operations on smaller or sewsdly nonnavigable

inland waterways. The project further does not directly reduce CO2 emissions
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by IWT vessels, but achieves an indirect impact by promoting the modal shift
to IWT.

6.3 PROPULSION METHOD ANBTEERING SYSTERFFICIENCY

This section looks at seral ways of improving efficiency through
reconfiguration of thepropeller and stern sectigrthe steering efficiency, and
the use of power and of the helm. The main objective is to increase the
percentage of fuel energy available as power to the engirepgller.

The figure below contains a schematic presentation of propulsion systems in
ships.

Figure6.6 Schematic display of a propulsion plant

Exhaust

Propeller

Propeller shaft

Stern gland Shaft
bearing

Coupling

Main engine

Reduction gear
Source: own drawing study team

Figure 6.7 below showtkat only 40% of thepotential energyin diesel oil will
be converted into powen the enginepropeller shaft.

Older engineswhich are common in watborne transport could have an even
worse energy balance, a fact that makes engine replacement an attractive
option.
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Figure6.7 Energy balance of diesel engine

+0% Effective power

100%
Applied Fuel
Energy

8% Non-combustion and
radiation & vibration

17% to cooling water

35% to exhaust (heat & velocity)

Source: own drawing study team. Figures based on standard diesel engine technology (Prof. Dr. Heuser, VBD)

A properly designed engine uses only aboulflud effective powerdelivered

to the engine propeller shaft for propulsion, translating into 08026 of the
originalfuel energy potential The efficiency of a badly designed engine could
be even worse than what is shown in figure BeSow.

Figure6.8 Energy balance of the propulsion plant

20% Effective power
100%
Applied Fuel
Energy

2% to gearbox & shaft bearings

18% propeller efficiency

60% loss in engine fuel combustion

Source: own drawing study team. Figures based on standard diesel engine technology (Prof. Dr. Heuser, VBD) andkown trials Dic
Ag! Ol AOA
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The installation of a gedrox, with a high reduction ratio, and a propeller
designed specifically for the engine concerned, and the speed and draught of
the vessel, count among the main ways improving propulsion efficiency. Such
changes may require substantialodification of theship® stern aslescribed
below. The installation of such gear boxes achieved fuel savings of some 30
percent on country boats in Bangladesh.

6.3.1 IMPROVING THE PROPEER AND STERN SECTION

The installation of maximum size propellers for optimal efficiency iiesgithe
construction of a tunnel rising above water level on the stern section of the
vessels concerned. This makes it possible to house the propeller, though one
thereby reduces displacement, affecting trim and load capacity. The efficiency
gains, howeve compensate for these disadvantages.

Figure6.9 Propeller size with and without tunnel

Twin Tunnel stern shape Conventional stern shape

Propeller diameter 130% 3 Propeller diameter 100%

31 O0AAg 1T x1 AOAxETI ¢ OOOAU OAAI AAOGAA 11 45 $A1 £ AiI11ACAO j $EAE £

When it is nopossible to increase thpropellersizein this way sufficiently,
then a twin propeller plantould beinstalled, the efficiencyof which is notably
better thanthat of a single, smaltliameterpropeller. This might be the only
way in whichto achieve googropeller immersion intsallow waters where
ships sometimes have to saihly partially loaded.

6.3.2 IMPROVING STEERING EFEIENCY

Ineffectiveuse of therudder installation maycausesteering with large rudder
angles, which inducgextra resistance (brake effect).

High rudders canot be used with IWT vessels due to their limited draught.
Accordingly their rudder blades generally haviow aspect ratio (height to
length) and thereby reduceefficiency.Blade lengths have to be increased to
increase rudder area and thereby efficignc

More efficient systemsely onmultiple rudder bladesvith ahigh aspect ratio
Two rudder blades are most commonly used (§gare 6.10below).
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Figure6.10 Exampleof a multiple r ystem oan inlandvessel

4

|

Source: own photo study team taken in the Netherlands

The lateral thrust of anultiple rudder systenpeaks at audder angle of about
40 degreesas opposed to thé0 degreesieeded by a single rudder systefor
substantially less thrust.

Figure6.11 Lateral thrust ofmultiple ruddervssinglerudder

Lateral
thrust

(%) Multiple

130 % rudder blades

A Y
N\
100 %

'Single rudder

_— Y blade

hY
\
kS

Rudder angle
40° 60°

SourceOwn drawing study team based on VBD systematic tests 1970 and onward
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Energy efficiency improvements oaalso be achieved by means of a flap
rudder. The flap doubles the angle of the main blade, by which it increases
lateral thrust at lower angles to a level comparable with that of teltiple
rudder system.

Figure6.12 Lateral thrust of flaprudder vs traditional rudder

|
|
Lateral Flaprudder i

thrust :
(%) | !

100% |

N

|
100% i
75% /'-
= -
75% :
50% Traditional
rudder
50%
25%
R
T T T T T
10 20° 3 40 5¢° 60 Rudder angle

SourceOwn drawing study team based @BD systematic tests 1970 and onward

Arudder propeller (azimuth thrusteombines efficient propulsion with

effective steering and backing. It ceists of a propeller assembly capable of
360° rotation as infigure 6.13belowand can direct full thrust in any direction

far more effectively than what can be achieved with the most advanced rudder
systems. Te fredy suspended propeller pod in the tunneled stern may
howeverhit the bottom when the stern sweeps over a sandbamdtherefore

side guards are often added for protection.
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Figure6.13 Arrangement of a rudder ppeller systemwith side guards

hatch cover E_-_ —, ||
to hoist mmit | il I

K Raised poopdeck Engine room casing

Tramsom

Source: @n drawing study team based on MARIN and VBD

6.3.3 USE OF POWER AND HELM

POWER

One can significantly redudeel consumption with little loss in sailing tintgy

sailing at reduced speed$he power needed to increasle speed of a vessel

sailing under most favorable conditions (i.e. in deep waken)ds upto the

third power of the velocity incremenihis could increase tine fourth or

higher powerin restricted waters until one reach€sA O E O E Ahke boinOD A A A &
after which additional power is not converted into spé«as shown irfigure

6.14below.

3 The critical speedk the speed range whereby speed increase in a fairestyicted in

depth and or width is only possible with unproportional high power installed.
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Figure6.14 Power versuship speedn deep, shallow and restrictedaters

Unrestricted width and depth
Unrestricted width and restricted depth
Restricted width and depth

/
(} | ~({/
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£ Aav
/
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Zd

Ships speed =—/—

Soure: Compilation of early test results by Delft Hydraulic Lab and MAS8B8 1970) based on the theoretical approach of Schijff
et all, andield test results by Dicknaud

Thebrown line indicates th@ower demandor speed irdeep water and
represens a third power curvelhis curve rises more steeply to about the
fourth power (blue curve) whetle water is shallovandwide. The power
demand curve rises so steeptyshallow andharrow water that it becomes
practicallyimpossible to reach the criticapeed (red curveAll situations have
an economic speed zone in which reasonable speed overlapsadhomic
fuel consumption.

Simple technical applicationke asoA A1 1 AA O4AiI D1 1 AAOSE | OPAAA
a fuel meter, ould significantly affecenergy efficiency. Aslight decrease in

speedcould substantially reduce &l consumption andeduce operating costs.

This benefit is not directly observable by ship ownerslayto-day operations

who may accordingly be reluctant to invest in such an applicat

Tempomaat is a software application that uses GIS to calculate the most
economical sail plajtaking into accounfairway characteristics, traffic, etc.
The Dutch government subsidizes acquisition of this software in the
Netherlands. It can reduce @iuse by some 7%

*Source: Interview with Mr. Khalid Tachi of the Dutch Expertise and Innovation Centre Inland
Shipping (EICB)
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A fuel meter is a very simple tool that can be used to save fuel. It shows how
muchextra fuelis usedf speed is increaseaind shippers can get a concrete
sense of how much they would save by slowing down a bit.

HELM

Steering qudity has an impact on sailing efficiency and depends on the
experience and sensitivity of the helmsman, who haamticipate the
movement of the vessdhking account of thecurrent, wind, water depth and
other traffic. Too much helm is given quite ofteas a result of which vessels
overshoot their intended course. This happens especially waithdr vessels or
combinations on shallow and/onarrowwaters with other traffic The
combination d (one-sided) bottom drag and suction from other vessetn
turn accuratesteeringinto arather difficultaffair.

Compensating for this often results in further overshoots and something of a
Zig-zag course. ¥ery rudder movement induces some resistance
Overcompensationthereby reducespeedandincreases fuel cagumption.

Electric or hydraulically controlled rudder systems redower-steering
However,automatic steering equipmentepresentsthe best solutionlt makes
use of agyro-compass and rat®f-turn selection (zero rat®f-turn = a straight
course) andtanresult in substantiatuel saving.

Increased wareness obteering errors would on its own help to improve
efficiency and couldbe achieved through training andstruction.

6.4 ADAPTATION OF THE WARWAY

The characteristics offrways haean enormows impact onoperational
efficiency. Time is saved by straightening rivers, though this may have
unwanted impacts on erosion, sedimentation rates and the balance between
hydraulic and morphologic regingAttention should rather be paitb
improvingshallowand narrowstretches with the objective of eliminating
suction, or bottom drag, phenomenalike squat Eettling deeper in the watgr
and repression (a drop of theater leve). Side effects of these improvements
include the prevention of bank and riveed erosion, factors that could
deteriorate vessel passage (Figure 6.15).
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Figure6.15 Hydrauliceffects in width and/or depth restricted fairways

P HES i o . Wave building
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causes drag and speed
reduction

Source: @n drawing study team

The intensity othese hydrauilic effectscan be described by means of the
following parameters

1 The ratio(H/d)of water depth (H) over draft (dhisshould not be
less than 1.4although a ratio of 1.2 may kh@ermitted in places,
provided the vessel proceeds dead slow (minimadespat which
vessel can still be steered)

1 Keel clearance (Hd): thisshould be more than 0.5 m for unrestricted
speed

9 Blockage coefficient (F/fwhich is the ratio between the wet cross
section of the waterwayF)and the wet cross section of the ves§f).
Whenthe ratio isless than 10speed must be reduced to avoid
unwanted effects like erosion and squat (the effect of deeper sinking
of the vessels stern, in relation to the spegd)

1 The ratio power (HP) to displacemer)( also called specific paa.
Whenthis ishigh, then a vessel is able teach a high speed in
unrestricted waters Whena high specific power ratio is applied in
restricted watersit will generateunwanted and energyvasting
hydraulic phenomenaThere areexamples where the spekeremains
low, regardless of the poweaipplied. Thiscould happen whesailing
in narrow canals (high blockage coefficient) withw keel clearance

After waterwayimprovement have been implemented, vessel pilots have to
be shown the cleared profile, & to facilitate movements of vessels and
maximize the use of the improved waterway&ignaling options also have an
influence on the navigable width available. For instance (Figure 6al&)tion
of a tidal canal was straightened by excavating partt@ bank. This enlarged
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the available width (green shadedyhich was then indicated by means of
lighted beacongo permit night navigation. Fixed beacons were preferited
buoys. This was becausariable water levedintroducea big margin of error

and Iimit the available widththat is safely availableThis would even become
more serious if the buoy were laid in the standard minimum profile (outline in
red).

on of navigable width by fix® posts vs buoys

Notmal level
Highest level

Saffe width with post marking
‘ Sate widih with bisoy maring
I
| \ FL a4 |
L Y Ry e i
=il |
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Source: own drawing study team, based on Rijkswaterstaat tests1BB03s
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/ FUEL SAVINGS USIN@DANXANCED
MEANS

This section describeeur advancedvays of improvinduel efficiency:

The use of alternative fuels

Advanced low resisince ship design
Advanced high efficiency propulsion systems
New logistical concepts

PobdPE

Exhaust gas aftetreatment technologies constitute a possible fifth category.
These are already commonly used to remove particulates, nitrogen oxides or
hydrocarbons fron exhaust gas. Aftetreatment technologies that reduce

CQO, emissions on mobile applications are a recent development that has not
yet been applied to IWT engines. (See Ecospec website & EcospecyCSNO
product brochure for further reading.)

7.1 THE USE OF ALTENATIVE FUELS
PETRGDIESEL

The name petrediesel (or gasoills increasingly used to distinguish this fuel
type from other liquid fuels like biodiesel and biomaBgtro-dieselis distilled
from petroleumandavailable in various grades of purity, chemical
composition (sulfur content) and contaminatioill of these factorbave a
direct impact on combustion efficiency and harmful emisson

PETRGDIESEL TYPE EN 590

EN 590s a type of diesel fuel with aiur content of only 0.2% in weightThe

main advantage of this type of diesel its low SO, content, which translates

into a reduced impact on air qualitiEN 590 diesel fuel has a higher price per

liter, but alsoan energetic valughat is higherthanthat of O1 T O1 AT 6 CAO 1T El O¢
Fuel consumption camacordingly be reduced by 3% to 7%singEN 590

diesel fuels economically feasible in Western Europeder current economic

conditons4 EA ET 1 AT A OAT EAO OAOOAI -3 6EAOQOI OEA
under the CREATING project mentioned before) uses type of fuel.

TABLE7.1 COMPARISON OF PRICEER MEGA JOULE BETWEEASOIL ANDEN590

Energetic value Price Price per MJ
MJ/L USDct/L USDct/MJ
Gas ail (petro diesel) 36.55 42 1.138
EN 590 38.02 44 1.163

Source: Visser (2009)
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BIO-DIESEL

This liquid fuel is obtained from vegetable oils or fats and can be ingaare
form or mixed with petradiesel. Pure or mixed, this fuslibstantiallyreduces
harmful emissionsespecially if upstream emiams are included.

The main disadvantage athis type of fuel is thaengineshave to beconverted
to burn a pure or high percentage bibesel fuel mix. In the EUjdadiesel is
therefore blended at a low percentage with regular gasbiher countries
such as the United Statesise biefuels largely asmalternative fuel.

CNG AND LNG

Compressed Natural Gas (CNi&€Natural Gasstoredunderapressure of up to
250 bar It is then released to be burnedfa®l under low (atmospheric)
pressure. It ishe most common alternativeo petrol, principally because of its
wide availability and low carbon and other emissiodse in diesel engines
requires conversion tgas combustion with spark ignition.

Liguefied Natural Gas (LN@®&gasstoredin liquid fam at minus 164 degrees
Celsius under atmospheric pressuren &lvantage of LNG is thahore gas can
be stored iniquid than in gaform. Main disadvantages atée high costs of
LNG tanks andnhsufficiently densalistribution systens in some countries

LNG is currently used on a small scale in maritime shipf@ome LNG

tankers use the boil off of loaded LN&S fuel LNG isalsousedon ferries and

coastal vesseldNorway is a major innovator in ihregard and 16 of their ships
currently run on NG sted on board as LN@heseincludecar/passenger

ferries, passenger ferries, supply vessels, coast guard vessels, and small coastal
LNG tankers (NG)M2009) Another five such vessels are currently under
construction.

This fuel type is currently also uséat inland shipping in Amsterdam (canal
cruise boats) and Australia (freight vessels).

DUAL FUEL (CNG/LNCGDHESEL)

This systenmusesNatural Gas, either from CNG or LNG, blended with diesel.
The latter is needed for ignition. Contrary to vaporized @kfsiel, NG does not
spontaneously combust when injected into a cylinder under high pressure.

An NG and petradiesel dual fuepilot projectfor inland shippings currently
being implemented in the Netherland#. is a combined project dhe
companyDeen Shipping, dieseéngine specialist PON Power and naval design
firm International Naval Engineering Consultants (INEC). The projectis co
financed by the Dutch Ministry of Transport. In this newly designed fuel
system, NG will serve as main fugth petro-dieselas an ignition fuel. The NG
will be stored aboard as CNG mossiblyas LNG in tanks placed as a container

® Upstream refers to emissions associated with thegarotion, processing and transport of fuels to
the place of consumption, or welb-tank emissions.
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onthe deck. Inthe future the NG will be stored as LNG in tanks incorporated
into the ship® structure.The main advantage of tfs systemis the lower C@
emissions due to the low G@er ni*fuel. According to PONPower, the system
could save 30% G@missions (interview with PON 2010).

Figure 7.below showssuch asystem withfour mainexternal components
(the NG and petrediesel buffer ainks the mixing unit (gas trainthe
electronic control boxand the engine)

Figure7.1 Schematic displayof a gasdiesel mixing and control unifor dual fuelusage

Source: PON Powgt010)

Already n 1986 an initiative was taken to use CNG in inland shipping in

"AT Cl ARAOGES 0AOGOI "ATCIA OAO OP A 7101 A " A
. AOOOAT ' AO $AOCAI T Pi ATl 068 4EEO EIT Al OAARAA DE
and in IWT. Rupantarito Prakritic Gasr@pany acted as the implementation

agency with consultants from New Zealand preparing the conversion.

The project proposed conversion of one BIWTC inland vessel to CNG, which
was to serve as a ferry between Aricha and Doulodia. However, they struggled
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to fuel the ship effectively from a floating storage tank, leading to long dewn
times for the ship concerned and the project was stopped in 993.

HYDROGEN

Hydrogen is the lashnovative fuel typediscussed. It makes use fofel celk,
which generate eletricity to power electric systems including propulsidfuel
cellsuse hydrogenic gas as fuel and oxygen as oxidant.

The use of hydrogefuel waspiloted on a canal cruise boat in Amsterdam

project that wasinitiated by a private cruise compan8afety was the main

issue here as hydgenic gasasto be stored in tankst 500 bar pressure
Transferring fuel stored at such pressures is forbidden in many places including
Amsterdam, which forbids the refueling of hydrogenic gas tanks in the ‘city

7.2 ADVANCED LOW RESISTANCE BHDESIGN

Inland vesselsouldbenefit from researcton advanced desigifor seagoing
vessels, whiclgenerallyhave much larger R&D budgets at their disposalll
design is often a relevant component within R&D projeti®ugh no spediic
improvementsare currently being implementedn inland vessels

7.3 ADVANCED HIGHEFFICIENCY PROPULSNCBYSTEMS
DIESEL ELECTRIC PROSION

Advanced highkefficiency is achieved by propelliram All Electric Ship (AES)
otherwise known as a dieselectricship,with multiple dieselpowered
electric generators. The use of such a systemswsralbenefits.

First, theproperuse of multiple systemensureshat the engineggenerate the

optimum amount of powemeeded for specificircumstances. Ship enginés

general areconsidered to be operating efficiently it &east 70% ofheir power

is delivered. Howevein the course of &ip the total power output needed at

any one point in time may vary substantially (e.g. wheaveling upstream or

downstream). Average pwer delivey therefore is not optimalWith a larger

number of smalleenginesAO 1 1T A8 O A E Opoived dah be ladiiddio® OEAO
subtracted by turningextra engineson or off. The amount of power used is

therefore more appropriate to the circuntences, saving fuel and reduci@O,

emissions.

Second, a diesetlectric systenmakes it possible to usead truck engines,
instead of shipping enginewnhich has severélenefits. The marlet for road
truck engines is much larger than that of specializbipbping engines. There is
muchmore R&Dfundingin the sectorresultingin much more innovation. In
Europe for instancetyuck emissions have declined massively over lds 10
years mainly because dhnovative engine desigrAlso, theinitial invesment
costsof road transport engines are much lower théor ship engines, while the
depreciation is much fasteEngines can therefore be replaced more quickly,

®Source: Information obtained frorRupantarito Prakritic Gas Company
"Interview with Henk Blaauw of MARIN
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giving ship owners access to thaestfuel efficiency innovation§ Under
these conditionstiel savings wer the lifetime of a shipould be significant.

7.4 NEW LOGISTICAL CONCESB
Q-BARGE

Q-Barge is a Dutch new shipping concept developed especially for small inland
waterways. It consists of a small motorized unit (mini pushbpat)ich is

coupledto amaximumof four small bargestwo long and two wide (double
tandem unit). Theweight of the vessel is minimized by using light weight
material, whileload capacity is maximized by smart design of the steering
cabinandd A1 OAET ¢ OEA datibok pebelroedmeximdin i8ad i 1 1
capacityamounts to590t.

Introduction of the Qbarge will be combined withreother new operational

Ai 1T AADOd OEA OOOAEAAODI OU OEEPPAOGS8 4EA OEE
will operate a vessel to a specific locatidAt this location /e will commence

on a return trip with another vessel or by (a rented) ddre nain advantage of

this operational concept is that shipping becomes a more regular job.

Figure7.2 Artist impressionof a Qbarge truckwith four barges

Source: http://www.researchsmallbarges.nl/

WATER TRUCK

funded Interreg program, which aims to increase the usage of IWT in smaller
inland waterways. Main innovations in this concept are:

1 Exclusion oEkipper accommodation space frothe ship;

1 Disconnecton of loading/unloading and sailing.

8 As an example; it is common for Dutch truck og®rs to replace their trucks every four year
® Interview with Mr. Khalid Tachi of the Dutch Expertise and Innovation Centre Inland Shipping
(EICB)
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The first part of the conceps similarto the Q-barge concept. The pustessel
consists of ateering hut and motoyand has place for a small caltowing
staff to travelbackhomeonthe same day.

Figure7.3 Concepual designof a minipushboatfor the water trucksystem

Source: EICB (2010)

Thesecond part of the concept largelyoperational. Barges areperated
mainlyin so-called barge trais. The barges are disconnected at the
destination where final mooring takes place on an individual ba$ééng this
system, economies of scadge achieved while providing the operator with
enoughflexibility.

Figure7.4 Artist impressionof the Water Trucksystem in operation

Source: EICR010)
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TOTAL SHIP OVERHAUL

A combination of measures is being irstiggated under the Edunded
research project INBISHIP. This aimsabnomically and environmenti
friendlier river shipoperationand investigates measures such &xible
propulsion power contrglincreasedstowage spacgadditional
maneuverability 6r improvedsafety; forward relocation of crew
accommodation away from the vibrations and noise of the machinery
concentrated aft; and forward relocation of the wheelhouse for improved
visibility.

The last measure has received negative responses fronpskspwho are used

01 AAET ¢ AO OEA AAAE 1T &£/ OEA OEEDPh xEOE OEA
visible in front of them (Hekkenberg, 2010). Implementation of this measure

will therefore be influenced by cultural rather than technical issues.

E-NAVIGATION

Finally, the efficiency of operations can also be improved by introducing IT
systems into what has been quite a traditional sector. Many operations
contribute to better estimates of the sailing speed needed, lock and bridge
planning and thereby better el consumption. This includes the tracking and
tracing of ships, which has not been common until quite recently except for
container trade, the use of water level information for schedule calculations
and the integration thereof into terminal planning arsthip scheduling.

The term enavigation covers a variety of aspects, one of which is RIS (River
Information Services) under the auspices of which a major reorganization of
traffic management on European waterways is currently unfolding. It is based
on pemitting the exchange of information between international traffic
management agencies, vessel operators and fairway management, and
between skippers and terminals. With IT developments ongoing in other
sectors, the opportunities for the IWT sector willdik expand as well.

7.5 CONCLUSION ON ADVANTEMEANS

Advanced means$o increase the fuel efficiency of inland navigaticanbe
implemented invarious areast operationalandtechnicallevel,and in the
design of shipsThe cost of implementing such technajeesis higherwhen
compared to conventional mearend probably only justifiedvhen building
newvesselsin some cases the outcomes are uncertanch asvhen new
logistical concepts are being investigatetll systems, however, can be applied
to all vessls, old or new.
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8 CONCLUSIONS

Means

CONVENTIONAL MEANSFONCREASING ENEREGFFICIENCY

Four conventional ways of increasing IWT energy efficiemeye presented in
chapter 6 The main differences between these were their investment
requirements and the partieesponsible for implementing the measures

Vessel operators can implement operational optimization measures fairly
easily, in addition to which the investment needs are low. Fairway adaptations,
however, are more complex and require public funding

ADVANCEHD MEANS FOR INCREAS ENERGY EFFICIENCY

A range of technological innovations are available on the market or under
research. Theterature study and interviews withesearchinstitutes

conducted for this study highlighthree major themes foenergy-efficiency
innovation: operations, means of propulsion and fuel type us&yegoing
research projects and promotional programs aim at increasing the use of
available advanced technologies on existing ships, while investigating possible
improvements of hull/hydodynamics and engine/propulsion systems.

ASSESSMENT

No quantitative assessment of the costs and beneditthe measures under
discussion were made in the previous sectionsimlicative assessment can
howeverbe given using qualitative scorésr costof implementation,possible
financial savings, the impact on emissicaisd consequences for safety and

other aspectsThis assessment is present@dthe following table

TABLES8.1 ASSESSMENT OF FUEL HEIEN® IMPROVEMENT MEANS

| Costs

| Savings

| Environment

| Safety

Conventional means

Optimizing operations Low Low Low none

Minimizing resistance Low to moderate | Low/ Moderate Low Low

Propulsion systems and Moderate to high | Moderate to high Moderate Low

steering gear

Adapting fairways Very high Potentially very Emissions moderate, other Moderate
high aspects varying

Advanced means

Alternative fuels Moderate Moderate to high Moderate Low

Advanced low resistance | High High Moderate Low

design

Advanced high efficiency | Moderate to high | High High Low

propulsion systems

New logistical concepts Low to high Low to high Low to Moderate None

Sourcerown assessment of study team
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Conclusions

These measures can be implemented at the initiative of vessel operators
public authorities. Operators will make decisions based on the financial return
of an investment. Policy decisions can be taken at government level to provide
the operators with the needed investment incentives. Such policy decisions
may comprise fisdaincentives, research funding or improving river transport
infrastructure.
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PART C: FEASIBILITOF A PILOT
PROJECT TO CONVERESSEL
ENGINES TO CNG

70



Introduction

9 INTRODUCTION

Propulsion technologies using Compressed Natural Gas (CNG) can help to
reduce engine enssions in the transport sector. CNG has been highly effective
in reducing GHG emissions in urban transport. The technology is also used on
severalfjord ferries in Norwayandon some offshore vesselResearch to use
CNG for inland shipping is underwaythe Netherlands.

Given the promising results elsewheibe World Bank considers CNG an
interesting option for a pilot projecivhich aims at converting IWT vessel
engines to CNGThis section reviews the feasibility of such project using
Bangladesh as ease study.

CNG is used extensively in Bangladesh by cars, buses and three wheelers.
Conversion of three wheelers to CNG has had a dramatic impact on air quality
in Bangladesh. It is not yet used in inland water transport, though a pilot was
planned inthe 90s.Bangladesh has its own gas reserves whittkes the fuel
attractive when compared witimported diesel fuel.

ChapterlOpresentsthe methodologyused to evaluateéhe pilot. Chapter11
discusses the experience and lessongsimg CNG as a fuelgg for shipping.
Chapter 12evaluates the feasibility of the pilot project usindgséage Gate
reviewprocess.
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10 FEASIBILITY METHODOL®Y

The methodologyused to assesthe feasibility ofthe proposedpilot project is
based on the saalled StageGate reviewprocess as described figure 10.1.

Figurel0.1 Stage/Gate methodology for assessing the feasibilityamnverting IWT engines to
CNG
Stage/Gate
OBJECTIVE

ACNG in IWT pi roject
e
o
o ¥
6 Type of vessel Infrastructure Other issues
i Kurrent use Kuel logistics
= o _
> Arechn. Characteristics Arechn. Characteristics
“DJ AEnvironmental impact

@ Deliverable: SELECTION

| Technical details | | Operational details | | Stakeholders

ZEngine performance Aessel use Ashipowne
Aessel adjustm Auel origination

MRefilling system istributi overnment, etc.
storage

@ Deliverable: I PILOT PLAN I

| Cost / benefits || Environmental || Externalities |

Aconomics ko, emissions
fother A ocal air quality

@ Deliverable: | bROJECT DECISION

DEFINITION

EVALUATION

___________________________

Source: study team
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Feasibilitymethodology

The Stage/Gatapproach consists of three stages, each ending in a.gate

IDENTIFICATION STAGE

Duringthis stage, data is gathered on

1 types of vessels and their technological characteristics (age of vessel,
engine type, vessel design, how they are currently used
operationally),

91 supporting infrastructure (e.g. the current supply of fuel, locations of
storage, frequency of fuelling, loading/unloading sites and equipment
and other port facilities)

1 waterways (routes on which vessels are operated, sailing distances,
water depth and navigability) and

1 otheraspects(safety regulations, traffic density, environmental
restrictions, etc.)

Based on these elements a selection is made of vessel types that appear the
most promising with regard to the implementation tfie pilot (gate 1).

DEFINITION STAGE

During this stage theparametersof the pilotare worked out. This covers

9 technical details such as the engine performance, system adjustment
requirements in the vessel and on shore, and fuel filling systems. One
issue for exampk, is whether fuel storage can be arrangied
independent tanks (for exampli@ containers)r asbuilt-in systems

91 operational details such as thermal operational parametersf the
ship (routes, main distances sailed, cargo loads, eanjlthe
flexibility of these processewith respect toactivities likethe
loading/unloading of fuel tanksand

9 stakeholders to be involved in the pilot (ship owner/operator,
shippers, regulatory authorities, etc.).

The result of this stage is a plan (gate 2), desoghihe stepdor pilot
implementation.

EVALUATION STAGE

Duringthis stage the feasibility ofisingCNG is assessgdased on the plan
designedduringthe previous stage. The evaluation covers

I economic aspects (cost of the investment, operational costs
compared to the base case situatign)

1 environmental aspects (benefits of reduced £&nissions and local
air quality) and

1 estimates of relevant externalities (for example the availability of fuel
and the pressure on other sectors also using gas).

Quantitative estimates were made for each of thesemponents.The
valuationisbased ordata available in Bangladesh or, if not available,
extrapolated from Eropean figurese.g.on emission impacts.

The result of thistageisa (preliminary) projectecommenddion (gate 3).
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11 THEUSE OFCNGFORINLANDWATER
TRANSPORT

Various fuel options including CNG were discussdeélart B. This chapter
reviews CNG experience in the IWT sector and constraints that have to be
taken into account in evaluating a pilot

11.1INTRODUCTON

Natural gas combuson is the cleanest of all fossil fuelss aatural gagonsists
mainly of methane with low percentages of hydrocarbons like ethane, propane
and butanelt produces the lowest carbon dioxiaggnissionsof all

hydrocarbon fuelsexhaug gas isalsovirtually free of particulate matter and
does not contain sulphuthereby eliminatingall SQ emissionsNatural gas
therefore hasenvironmental benefiteand also represents aeconomically

viable alternative to diesel fueHowever, realizig this depends on operational
specifics.

Due to the gaseous nature of the fuel, it has to be stored in a compressed
gaseous (CNG) or in a liquefied state (LNG). Compressed Natural Gas (CNG) is
natural gas pressurized up to 250 bar, while Liquefied Naral Gas (LNG) is
natural gas converted to liquid form by cooliitgo a very low temperature.
Compression or liquefaction of natural gasnisededto obtain an acceptable
energy-density per univolume for transportation.

CNG is commonly used as a firepassenger cars BangladeshMost cars
previously anon petrol but a switch taCNG vehiclesook place becausblG
in Bangladestis roughly nine times cheaper than petrol. This study
investigates the feasibility of a CNG pilot projéot IWT. Thereare obvious
reasons for this:

the use of NG instead of conventional fuels reduces €fissions;

CNG is readily available for passenger cars at filling stations all over

the country;

9 there is sufficient knowledge on industry standards and CNG
technology, and

1 Bangladesh possesses extensive natural gas reserves.

f
f

Worldwide LNGis receiving more attention than CN&sa fuel for heavy-duty

road transport, inland navigation and offshore vessels. The energy content of
LNG per unit of mass or volume is signifilgrhigher than the energy content

of CNG, making it easier and cheaper to transport and store. Another driver for
the growing interest in LNG as a transport faektechnological advance

made withliquefaction which haded to lower LNG prices.

11.2CNGEXPERIENCE IN SHIPPING

Natural gas has been used as a marine fuel since the early 198@sver,
until now CNGhas not really been used as a fuelifdand vesselsExamples
include tourist boats in Russia, the U&#baraza 2004and Amsterdanin the
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Netherlands(Ecofys 2009)Research andonceptualengineering on CNG
propulsion systems in inland shipping is continuing, but hasyetbeen
implemented.

There are currently 11 CNG canal baatsperationin Amsterdam(see figure
11.1) These vessels consie minimal amounts of fuel, because of their low
average speed of 5 km/h.

Figurell1l Example of anono-fuel CNG canal boat in Amsterdam

Source: Amsterdam Canal Company website

CNG is used as a fuel {seagoing) freight vessels and passenger ferries in

Canada and Norway. The bulk of these vesgat®t propelled with monefuel

NG engines, but with dudlel systems These engines can run on either diesel

fuel or a mixture of diesel and natural g&srmally duatfuel enginesuse

primarily natural gaswiththe AEAOAT A£O0A1T AAOETTe AO A O1I ENO
share of natural gam dual fuel systems can g to 90% with modern

engines. If natural gas is (temporarily) unavailable, the engine can alsorrun

purediesel fuel. Thiss important agyas distribution systems are often not as

omnipresent and reliable as diesel distribution systems.

The M.V. Accolade I&till in operationin Adelaide, Australia since the early
1980s is he oldest (NoALNG carier) naturatgas powered marine vessélhe
Accolade is a limestone carrier of over 100 meters in length, propelled by two
6-cylinder Fuji duafuel engineghat generatel,650 BHP each on NG.

The most striking example of dufliel technology irthe marine sector isthe

successful operationf two car ferries in Canag® EA - 868 O+1 AOAxAG6 O
O+ Ol bvérA fediod of 15 yearShe two ferriesachhad a capacity of 26

cars and 146 passengers, aiaghon the Fraser River close to Vancouver until a

bridgewas built.

The M.V Klatawa was built in 1982tstwo deckmounted Caterpillar engines
were converted to duafuel operationin 1985 Eight CNG cylinders were
mounted on the main deck in two compartments, one for each engine. Putting
the gas storage, ping and the engines on the main deckeant that there
wasno gas belowthe main deck, the main safety feature of the ship.

Calculations madefger 4 years of operatioshowed an 8year payback

period, while engine maintenance costwerereduced due tdheincreased
lifespanof the enginesin consequence thMV Kulleet waslsoconverted to
natural gas in 1988. Thexperience gained with th&latawa reduced the
investment costsand payback forthe Kulleet was calculated to about 5 years.
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Exhaust emissioswere not the focusof the project andhereforeno figures
werereported.
Figurell2 M.V. Klatawa in operation

Source: Wayne Weber

There are other examples of river vessels using natural gas at tdawvever,
these have not been properly assessed.

The fact that monefuel NG engines have not been usedritand navigation
applications other thantourist or canal boatsindicates that duaffuel
technology is worth serious consideration for a@iNGpilot projectwith
marine or inland navigation applications.

11.3FUEL STORAGE

Thelack of space for CNG fuel tanks on existing diesel ves#els acts as
barrierto conversionNatural gas has to be stored acompressed gaseous
state (CNG) or in a liquefieslate (LNG)s0 agto obtain an acceptable energy
density per unitvolume.CNG tankdake uproughly 4.5 times as much space
as diesel tanks, while LNG taniseroughly twice as much as diesel for the
same amount of energy.

see for instancehttp:/www.brettandwolfflic.com/ngmvessels.html
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Figure113

Source: study team

The Use of CNG for Inland Water Transp

Compressed Natural Gas (CN&}ptored in pressurized cylinders, available in
various sizefrom 60 liters to roughly 2,000 liters or more. Multiple cylinders
can be combined into a tank urfitr the desired storage capacitjigure 113
andfigure 114 show examples of CNG storage unithese are large, bulky

#.' AUI ET ARAO OT EOO8 #UI ET AAOO AAT Al 01 AA
hull or on deckMost CNG cylinders are usatla pressure of 200 bar.
40ft CNG cylinder unit, with four cylinders

Figurell4 Multiple CNG cylinder unit
- L o

Source: study &m

AV o

Liguefied Natural Gas (LNG) is natural gas converted to liquid form by
reducing its temperatureo -162° G andcan be stored in cryogenic tanksNG
has clear advantagesver CNG in terms of energgontent per unitvolume.
However,LNGcryogenic tankhave aboutl.5 timeshe weight of ordinary
diesel fuekanks for the same energy conten€ENGhas4.5 times as much
weight forthe same energy content. Around 75% of the weighthe CNG
storage assembly consists tife high pressure tanks.
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12 EVALUATION

This sectionassesses théeasibility of an IWT pilot projectin Bangladesh in
which a vessel will be equipped to use AiSits primary fuel source. Thesults
of this evaluatiorare relevant in Bangladesh ardsewhere The relevant
analytical stages ardiscussed below.

12.1STAGHGATEL1 ANALYSIS IDENTIFICATION

Key parameters that constrain and define the options for using CNG in the IWT
sector include the following: infrastructure (river, gas), type of equipment and
safety.Figurel21summarizes the steps to be takehuring stage 1.

Figurel12.1 Stage/gate evaluation methodology: identification stage

Stage/Gate 1

OBJECTIVE

ACNG in IWT pi roject
5
[ v
6 Type of vessel Infrastructure Other issues
E Kurrent use profiles Kuel logistics
= Aechn. Characteristics Arechn. Characteristics
'-'DJ ZEnvironmental impact

@ Deliverable: SELECTION

Source: study team

INFRASTRUCTURE

The existing infrastructure scanned includedrrent fuel logistics, relevant
technical details and somaspects ofvaterways and ports.

OVERALL SUPPLY OF GN

Theexistence of a network for CNG distribution is one of thain
infrastructureissues that could affect pilot project desigBNG is commuoly

used as a transport fuel in motor vehiciesBangladeshNG is alsaised for
various domestic and industrial purposess a result of which the country has a
well-developednatural gas infrastructure.

Despite the generally good availability of CN@®mote areasften fall outside
the national distribution networkIn such cases CNG may be delivered by tank

78



Evaluation

transportersor delivered in bottles. CNG pilot projects should accordingly be
set up in the vicinity of areas with denser populations and gofmgtructure
so as to avoid the need to invest in infrastructure.

INFRASTRUCTURE FORARJELING IWT

It seems technically feasible tieveloplarge, dedicatecandfast-filling

onshore CNG@Gacilities (alternatively floating stations on pontoons) in several
placesin BangladeshThe startup costs, however, are significant. Investments
have to be made inttarge compressor stations, piping, buffer tanks, and
perhaps pontoons with moorings and land bridg&specially in the case of a
single pilot project it will be difficult to recoup such high investment costs
through fuels savings.

A smaller, lowkey refueling facilityocated near one of the passenger

terminals constitutes a good possible alternati‘éowever, in Bangladesh

these terminals are floating ptoonsand notregular docks Pontoons are

better able to cope with the water level differences between the dry season
and the monsoon and are more practical along the largely natural banks of the
rivers in Bangladesh. They can also easily be shifted dhbel location used

silt up. Unfortunately pontoons cannot easily accommodate the suggested
low-key refueling facilitieslt would also be expensive to buildladicated

floating CNG refueling facility.

Using existing CNG refueling infrastructure for raagnsport, in combination
with a mobile CNG tank unit, remains the cheapest option for a pilot project.
Such tankunits could beloaded once a dagt leastat existing CNGoadfilling
stations.CNG tank vessels are an alternatiespeciallyif the project were to

be scaled up

Box12.1CNGBUNKERVESSELS

A socalled CNG bunker (or feeder) vessel currently exists only in concept (the same holds for ONG/éssels).
The concept isuited for local CNG distribution to area's without a dense pipeline network.

Early adopters of CNG technology may want to bunker fuel at different locations, requiring multiple CNG fillin
stations. This typically requires high investments that are difficult to recuperate in the course of a pilot project.
CNG bunker vessel represents a flexible alternative as it does away with the need for extensive infrastructure
development. New CNG users couldaksasily be added to CNG delivery routes.
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TYPE OF VESSEL

The type of vessel used in tI@NG pilot projecshould meet thefollowing
criteria:

1 Fit with operationsthe vessel should sail on set routes and ratto
the same ports/docks on a regular badikis will make it possible to
make use of existing refueling facilities or to set up such facilities
where needed. In the case of vessels that travel on random routes this
would not be viable.

9 Fit with techni@l characteristicsthe vessel should have enough space
for additional fuel tanksThe engine room shoultave the space foa
more complex fuel systerand should besufficientlymodernto allow
for state-of-the-art CNG conversion technologies.

1 Environmentl impact converting the vessel should have a large
positiveenvironmental impacin itself. If not, it should be possible to
scalethe pilotup tosimilar vessels, threby to achieveignificant
environmentalbenefits.

A number of vessel categories otérest to the pilot project were identified on
the basis ofniterviews with local experts and stakeholders in inland waterway
transportin Bangladesh. These are:

1 Large BIWT&perated rivercrossing ferries for cars, road transport
and passenger buses, rabnotably onthe roads to and from Dhaka
acrossthe PadmaRiver;

9 Smaller privatesector operated passenger vessetperated on the
routes Dhaka/Narajangarj Chandpur.

Inland cargo vessels were also considered, but deemed unfit for a pilot project
because they generally do not sail on fixed routéscusing on these would
become possible only once CN{e has been established in the passenger
sector and is a longeierm option. Two top candidate vessel categori®
discussed below.

LARGE BIWTC FERTS

BIWTC considered converting tipgopulsion engines fosome of their major
ferries into NG enginesome time ago Unfortunately the plan lacked

sufficient financial supportin the process ferries were considered as likely
candidates for a NG pilot pre¢t. The ReRo ferry operations fted the

required profile for CNG applicatiomell. The vessels are used on short routes
and regularly return to the same locations. Moreover, large amewfuelare
consumed because of the high engine power and fufitcwous operatiorof
these vesselsThese characteristics guaranteelargepositiveenvironmental
impactandopportunities to recuperaténvestments in CNG technologyhere

is ample room in the engine room to install additional equipment for dual fuel
operations.

. However, ferries will have to be u$en other routes once the Padma bridge is built,

with the project expected to start in 2011.
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The lack of room for CNG storage, other than on the car deokstitutes the
main constraint. A possible solution is poit a 40ft CNG tank container on the
car deck among the transported vehicléhis wouldhamper the ReRo
operations unless the CNG tanks could be mounted individually on the sides
where they wouldconstrictthe outer lanesn placesEngine age and
inadequate maintenances a result of &ack of sparesouldresult in sub
optimal performance.

The main perequisite forthe installationof NG engines in these ferries would
be an adequate supply of CNG near the waterfront of the ferry terminal.
Building such a fuel facilityould be expensive and is examined in further
below.

Two ferry locationsvereinvestigated (a) the Padma River crossing of the N7
National road, betweerPaturiaand Daulatdia Ghatwhich has a route length

of some 10 km; and Jibhe Padma River crossing of the N5 National road from
Dhakam betweerMaowaand Char Janajatwhich has a routeength of up to

16 km, dependingon the season.

Figurel12.2 Path of Ferry crossing at Maowa during dry seasono(#bl6 km)

- v

e Maowa:Fery terminal 142+~

Source: Google Earth, own compilation study team
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Path of ferry crossing at Paturia (abt 4 km)

Source: Google Earth, own compilation study team

Figurel2.4 BIWTC ferry at Pa

Source: photo study team
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Small passenger vessel

Small privaely operated passenger vessels are particularly suitable for a CNG
pilot project. \essels sail almost daily from Dhaka or Narajanganj to Chandpur
and back. A onavay trip from Narajanganj to Chandpur takes 6 hqusich
meansthat the vessels arenroute for roughly 12 hours per day. The

remaining idle hoursre more than enough for daily refueling.

Limited space in the engine compartments may pose a constraint to
conversions to dualuel systems, though this also reduces safdagks. The
main issuehowever, isto find room for the CNG storage tankBassenger
accommodation occupiemost of thesuperstructure making the top deck the
most obvioudocation for the tanksThe addtional weight would certainly
reducevessel stability which cannot be penitted. Aft of the main deck house
on a somewhat extended main deck thereby becomes thsthocation.

Figurel25 Private operator passenger vessel routes.

,z BIWTA Tern&mal Narajanganj

\

Maowa3Eeny terminal i l‘Macwa—Feny terminal 2
7 N e

~’.‘-‘ r’
-t
N

Source: Google Eartbwn compilation study tea

The direct environmental impact of CNG application in these passenger
vessels is much lower thawhat it would be in the case &érries. Thepotential
for scalability, however, is substantial antany similar vessels could benefit
from the lessons leared in a pilot project.

BIWTA/BIWTGreinterested in the execution of a pilot projecthey are keen
to reduce the operating costs of publiebwned ferries in the public interest;
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also toreduce the emission of harmful gaseBhe motivation of interestd
private sector passenger vessel operat@purdy financial.

OTHER ISSUES

Two issues needing more attention were identified in the course of thesion
to Bangladesh namely:

1 Safety requirements;
1 Shortage of supply in the national NG distributioatwork.

Safety

Currently there are little or no regulatory barriers for the use of CNG in IWVT.
the course ofliscussions with th&IWTCsafety officer it waglecided to
further assess the followingagety aspects:

1 No CNG storage cylinders or tanks sitabbe located below the main
deck of a vessel where ventilation may be insufficient, even taking
into account that natural gas is lighter than air

1 CNG storage could be placed in an open space on the mainvaétk
sufficient natural ventilation. Care shitd be taken that escaping gas
does not enter any pockets or spaces of the deck above

1 The safesbption would be to place CNG cylinders on@mendeck
outside the passenger area, or which is propsdparated from the
passenger spacg.g.by means offence)

1 When placing CN@nksor otherheavy itemson vessels, the stability
of the vessel must always be checked

1 When filling CNG in tanks or cylinders that are mounted on a vessel,

the fill connection must be on the main deck letelllow for easy

connection of thefill hose

Filling should not be allowed when there are passengerboard.

When filling, the crew should stay awé&ypm the tanks or cylinders.

No smoking should be allowed on the vessah the passenger

terminal or in the direct vicinty of the vesselhile filling.

=a =4 =4

In the case of ferries there should be no vehicles on the car deck and no
passengers in the superstructure. The same rules apply when ugiiNGatank
transport vesseand for private sctor operated passenger vessela the case
of the latter the tanks have to be exchanged at a private jetty dutirgidle
hours during which time there are normally no passengers around. A
verification system should nonetheless be in place to ensureroatearly
passengersare onboardand thatno unauthorized personnedrein the vicinity
of the vessel

None of these regulations are shestoppers for either of theessels identified
ascandidatesfor a pilot project.
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Shortage of natural gas supply

The current shortagef NG in Bantadeshposes aradditional barrieto CNG
usein IWT or any other higiconsumptionapplicatiors. The pressure in the
national gas grid regularly drops to very low levels due to high denaatt
there is simply not enough gas in the grid durjpepk hours.ricreasing
demand byexpandingCNGuseto IWTwould aggravate this problem.

This is one of the reasons whkigssel operators are currently unwilling to

switch to monefuel NGpropulsion systems as refueling problems could put
their incomes at risk. Dudliel enginescould bypass this obstacle, as vehicles
could fall back on diesel fuel in the event of CNG shortages. Vessels can also
easily be restored to their original conditiory bemoving the CNG tanks and
pipingand conversion would not, therefore, redeithe residual value of the
engine or vessel should CNG become unavailable.

NG shortages may poseriskto the proposed pilot project at the moment, but
it does notmeanthat the use of NG in IWT has to be reconsidered altogether.
Most stakeholders irgrviewed inBangladesh expeeidthe government to
address the shortage isstie the future though uncertainty remains

RESULT: GATE 1

The BIWTC ferrieappear to be the logical choice for a pilot projeetrries
consume large amounts of diesel fuel acwhtinuously sail the same routes.
However, there are some barriers. There is litteom for mobile CNG tank
unitsandRo-Ro operations would be severely hampeiiédvailable space is
used for storageOther CNG storage solutions require a dedicated CNG
refueling facility, which in turn requires investmeritgat exceed the capacity
of a single pilot projectAlso, replacing ferry engines and converting them to
dualfuel operationwill be expensiveFinally due to their continuous
operations there idittl e time for refueling.

Small private sector operated passenger vessaem to be a more viable
option, even though thexonsume less fuel anfdllow longer routesFrom an
operational perspectivelte vessels sailing daily from Narajanganj to Chandpur
andback would be very suitable for a CNG pilot projddte main issue heresi

to find a suitable and safe location for the CNG tankesdedto complete a
roundtrip without refueling. However, hischallenge is not insurmountable
andisfurther assessed durmstage 2.There is enough timbeetween return

trips refueling.

Small private sector operated vessels represent the best choice for the pilot
project, in large part because of isnaller scale and lower investmengeds.

Yet, NG supply problems Banglaleshhamper any pilot project of this

nature, as it reduces the willingness of operators to switch over from diesel
fuel. Duatfuel systems present a solution for this problem as vessel operators
retain diesel as a faback option, thereby increasing thettractiveness of the
pilot project from their perspective. Small private sector operated vessels are
therefore selected for the stage/gate 2 analysis.
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12.2STAGHGATE2 ANALYSIS DEFINITION

This section examines the details of the technical and operatiospéets of
the pilot, based on the options chosen at the end of stagde 1.Figure126
summarizes the steps taketuring stage 2

Figurel12.6 Stage/gate evaluation methodology: daition stage

Stage/Gate 2

@ SELECTION
r/_/v

zZ
o . . . .
= Technical details Operational details Stakeholders
% Kengine performance Avessel use
T} Avessel adjustm Kuel origination Kust
a Refilling system i overnment, etc.
storage
Deliverable:
Gate 2 PILOT PLAN

Source: study team

OPERATIONAL DETAILS

The selected passenger vessate scheduled tgail from Narajanganj to
Chandpur and back&very day. A onevay trip is roughly 60 kilometersnd
takes someb hours. Tle following operational specifations are relevant:

- Distance oneway trip: 60 km

- Distance round trip: 120 km

- Average groundspeed: 10 km/h

- Average travel time round trip: 12 hours

- Available time for refueling: 6z 8 hours/day
- Averagenumber ofsailing days per year: 330 days
- Refuelirg: oncedaily

Refueling will be done through existing CNG infrastructure for road transport.
One or more mobile CNG tank uniteuld beused. The mobile CNG tank units
couldbe unloaded from the vessel when empty and transported to a nearby
CNG filling sation for refueling. Working pressure, fuel composition ghd
origin of thefuel are thereforeidentical to that in theroad transportsector.

A truck with a mounted crané the most costeffective option for the
unloading, transporting, and reloadingf the CNG tank unit. The truck driver
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has tolift the empty CNG tankfrom the vessel and load them onto his truck
for refueling ata nearby filling stationlt is not necessary to offload the CNG
units from the truck at the station and it will takeughly 30 minutego fill

them. The full CNG tank units have to be transported baoki reloaded onto

the vessel. The tanks could be transported by local companies, meaning that
no additional investments are required in the pilot phase.

Pontoons like the ong used as passenger termigah Bangladeshannot be

used for theloading and offloadingf mobile CNG tank unitfom andonto a
vessel A fixed dock is needed for this operation and there aneliaber of

suitable private factory docks in the vicinity N&rajanganjFactory owners
confirmed that the docks could be used for unloading and reloading CNG tanks
for 2z 3 hours a day.

Finally, theoperational details of thee passenger vesseisake possible a
flexible schedule, allowing for feeling during®©ff-b AAES8 EIT 6008

TECHNICAL DETAILS

The passenger vessels vary in size, displacement and engine poieer.
technical details of the MV Trina (¥0467) will be used &se point of
departure for this assessmenthe MV Trina has the following specifications

- Length: 26.5m
- Beam: 6.25m
- Draught: 1.35m
- Engine power: 165 bhp
- Fuel type: Petro-diesel
- Specific fuel consumption: 180 g/bhph
- Fuel consumption per hour: 30 kg/h at full power
TEA OAOGOGAI 80 AOOOAT O AEedughibd opddtigpEl A xEI 1T AA

Dualfuel conversion of diesel engines is a proven technology. Nonetheless,
the substitution ofdiesel fueby CNGn retrofitted dual-fuel systems is
typicallyless efficienthan what can be achieved with OEM dtfalel engines.
A50percent CNGo-diesel substitution ratén day-to-day operation is
therefore assumed for this pilot project.

Engine performance is naffectedby the duatfuel conversion Alsofuel
consumption in units of energy remaithe same.The ®rvice life of dal-fuel
retrofit systemsvaries though the experience ofCanadian ferrieslescribed
aboveprovesthat 15 years is feasible.

Theenergy consumption o&vesseldoing a typical round trip at full power is
calculatedas follows

- Total travel time round ftp: 12 hours

- Fuel consumption at full power: +/- 30 kg/h

- Total fuel consumption round trip355 kg diesgi25 liter diesél
- Total energy consumption round trip: 15.3 ®aJoules (GJ)

87



Energy Efficient Inland Water Transport in Bangladesh

With 50 percentdiesel fuelubstitution, the 7.7 GJ per round tripereds to be
produced from NG instead of diesel. Thianslates intoroughly 185 kilograms
or 230 nof NGand a tank capacity .92 ntis needed to store this.

CNG storage shouldleallyconsist of two CNG tank units, eacbnsisting of

two 250 liter QG cylinders mounted on a support frame. Assuming the use of
Type 3 composite CNG cylinders, the four cylinders have the following
specifications:

- NG-equivalentCapacity: 65.8 n8

- CNGequivalentVolume: 250 liter

- Tare weight: 91 kg

- Gross weight: 144 kg

- Diameter: 404 mm

- Length: 2.800 mm

- Service life: 15 years
STAKEHOLDERS

Privatevessel operata and BIWTA, the inland waterways authority, are the
main stakeholdes of the proposedoilot project. BIWTA provides general

support and maintains regulatory framework that is beneficial for the
development of CNG as an IWT fuel. The BIWTA also has to approve any CNG
pilot project in IWT.

The fieldmission in Bangladeséncountered strong support among private
vessel operators for a CNG pilot jprot with a passenger vessel short (<
100km) routeglike the selected route between Narajanganj and Chandpur
Thesubject was not new to them and they consider CNG as a good way of
reducing operating costs. The possible reductioreghaust emissionwas less
important to them. Dual fuel technology ipreferred tomono-fuel CNG
operation, because of theetention of conventional diesel as an option.

Local stakeholders did not consider the reduction of passenger capacity in
vessels to accommodate CNi@nks as a problem as the resulting cost savings
were expected to cover this loss. Howevire operators of passenger vessels
appeaedunwilling or unable to finance (part of) such a CpllBt project
themselves An initial pilot project could demonstratthe viability of the

required investments and influence attitudes toward the investments needed.

RESULT: GATE 2

During stage 2 the vessel refueling options were reviewed and a design for the
storage of CNG was proposed. The widespread use of mobile postéor

public transport poses a constraint in Bangladesh and necessitates the use of
private fixed docks for refueling (This characteristic does not necessarily
feature in other countries). Vessels could therefore be refueled from local CNG
stations usingmobile tanks transported by and loaded and unloaded from
trucks. A 50 percent CN@®-diesel substitution rate is assumed for diesel
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engines already in operation, which is slightly less efficient than brand new
duakfuel OEM engines. Four 250 liter Typed@nposite CNG cylinders can be
used for storage.

12.3STAGHGATE3 ANALYSIS EVALUATION

This section evaluates costs and benefits of a pilot to convert river vessel
engines to dual fuel (CNG + diesel). It also assesses the impacts on emissions
and comments orexternalities which may influence the feasibility and
scalability of the pilot projectFigure127 summarizes the steps in the third
stage.

Figurel12.7 Stage/gate evaluation methdology: evaluation stage

Stage/Gate 3

@ Deliverable: PILOT PLAN
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<>( Mother A ocal air quality

L

@ Deliverable: ] PROJECT DECISION

Source: study team
COST/BENEFITS

The costs and benefits of thgilot project are analyzed from a broad economic
welfare perspective. This means that direct costs and benefii$all other
possible positive and negative effecta the economy ofhe pilot country are
taken into account

The economic cost benefit analysis (CBA) differs from a financial CBA in the
following respect:

1 All duties paid and grants received in relation to the project are
excluded from the analysis;

All prices are corrected for market distortiorfsuch as taxespnd

If possible, the external effects of the project are internalized by
including monetized costs and benefits.

f
f
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The period of analysis is equal to the economic lifetime of the project and the
residual value is included as revenue (in fact as a negative investment) at the
end of the period of analysi¥he economic internal rate of return (EIRR) can
be calculatedrom the flow of costs and benefits generateld the ratio is

above a certain predsed limit (the capital opportunity costs), the project is
feasiblefrom an economic point of viewDther indicators of feasibilitysuch as
net present value (NPV) and benefit cost ratio (B&tlo), were alsaalculated.

Assumptions

The following assumptions were madédo setup this CBA:

1 adiscount rate of 12% was used (BRAC 26208)

1 the assumed lifetime of the project is 15 years, with no residual value
after ending of the project

1 the investment period is 3 months.

Economic costs

The economic costs dhe project consist of:

1 the investment costs of the project

1 the annual maintenance costs of the project, indicated as a fixed
percentage of the investment costs

1 the annual operational costs of the project

Investment costs

The table below providean estimate of the total investment costs for the

pilot project.Included are the costs @f CNG conversion kit, lightweight CNG
tanks, local engineering of engine conversion and (most notathig)mobile

tank unit (design & constructionand further miscellaeous material costs

(piping, nozzles, etc). The costs were estimated based on telephone interviews
with possible suppliers.

TABLE121 INVESTMENT cOSTS FARNGDUAL FUEL SYSTEKIN USD)

Economic Price in USD

Market Price in USD

CNG conversion kit 10,000 10,000

CNG tanks 16,000 16,000
Engineering 13,000 12,000
Other 4,000 4,000
Total 43,000 42,000

Source: Telephone interviews suppliers

12 Literature on costbenefit analyses for Bangladesgjives rates between 10% and 15%.
See for instance Alam (2009) and BRAC (2008).
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The CBA assumes that the materials are imported from abroad asgipte

taxes were taken into account in the calculation. Local engineering costs were
corrected for a 10% labor tax.

Maintenance costs

In principlethe use of alualfuel system reducesnaintenance costas NG
fuels combust more cleanly. Reduced carbon dgifs on piston rings,
injectors, etc. mean that engine overhaul could be postponadbricating oil
does not become dirty as quickly, thereby extending thiervals between oil
changes.

The maintenance costs included in this assessment elegively tigh at a5%
of total investment costs or USD 2,15@r annum This was done to finance
the following main activities:

1 recurrent replacement of fuel filters (every B years);

1 recurrent safety checkon injection nozzles, tanks and piping;

1 monitoring ofemissions and related engine tuning to control
emissions;

91 risk premium for daily (off)loading of CNG tank units.

Repairs couldbecomerelatively expensivegspeciallywhen imported spare
parts are needed (Type 3 CNG tanks, filteltss assumed that matenance

will be sourced locally and maintenance costs have been corrected for VAT
(4.5%). Maintenance costs without taxes thereby amount to USD 2,050 per
annum.

In reality little maintenance is carried out in the IWT sector in Bangladesh.
When somethingoreaks down it is repaired, apart from which little money is
invested into maintenancerThis is acceptable for diesel engines, but for safety
reasons it is assumed that vessel operators will maintain the-titedlengines.

Logistics costs

Refueling a duafuel boat will involve higher logistical costs than only using
petro-diesel(see stage 1)These costs include the following components:

9 hiring a heavy duty truck with mounted crane and driver, for refueling
the CNG tanks (2 hours/sailing day);

i1 additional vessel movements for loading and offloading of CNG tank
units (2 hours/sailing day);

1 docking at a privately owned dock, for loading and offloading of CNG
tank units (1 hour/sailing day).

The extra personnel costs (vessel & truck operatarspunt to sone USD
2,000per annum based on annual personnel costs of USD 1,750 per FTE. An
additional USD 2,00@er annumis spent on equipment costs (truck & docks),
leading toa total logistical cost o0JSD 4,00(per annum
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Economic benefits

The economic benefitsf the pilot can be assessed by comparing éxpected
costs and benefitsvith what the situation would be ithout implementation
of the pilot. The following economic benefits were calculated:

1 Reduction in fuetoststo the ship operato.

1 External benefitof the project i.e. externalitieslike environmental
benefits or changes in safety. Input for these benefésult fromthe
environmental analysis and the description of the externalities (see
below).

Fuel benefits

The main economic benefit is theeduction offuel coststo the operator.Table
12.2 below presentthe cost difference between petrdiesel and CN®ased
on market prices in Bangladesh (cqsr MJof diesel isdouble thatof CNQG.

TABLE12.2 PRICE DIFFERENCE BEEBN PETREDIESEL ANOCNG

Fuel type Marketprice in USD per native unit Marketprice in USD/MJ

Petro-diesel 0.63 USD/L
CNG 0.23 USD/M®

0.012 USD/MJ

0.006 USD/MJ

Source: FieldhissiorBangladesh

Theprice difference between died and CNGneans that large savings could
be achieved bgwitching to dual fuelThe table felowestimates cost
reductions that could be achieved Ipassenger vessgbailing between
Narajanganj and ChandpuA total amount of USD 28,500 could be saved per
year, basedn a daily roundtrip and 330 sailing days per y&ais is almost

one third of the total fuel costs per year.

TABLE12.3 FUEL COST SAVINS&FOR PILOT PROJECT N USINGCNG(IN USDIN MARKET PRIES :

Per trip Per day | Per year

Petro-diesel 134 268 88,500
Dual fuel (50% CNG) 91 182 60,000
Saving 43 86 28,500

Source: study team

!Based on the assumptions listed in stage 2

Thetaxation on QIG is much higher than on diesel in Bangladesh. Tiasal
price includes only 4.5% VAT compared to 32.7% tax on CNG. Excluding taxes
increases the cost difference to USD 29,500 (see table 12.2 and 12.3 below).
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TABLE12.4 ECONOMICPRICE DIFFERENCE BEEBN PETR-DIESEL ANOCNG

Fuel type Economic price in USD per Economic price in USD/MJ
native unit

Petro-diesel 0.60 USD/L
CNG 0.15 USD/M?

0.012 USD/MJ

0.004 USD/MJ

Source: FieldhissiorBangladesh

TABLE125 FUEL COST SAVINS&FOR PILOT PROJECT \EN USINGCNG(IN USDIN ECONOMIC PRICES
Per trip Per day Per year

Petro-diesel 128 256 84.5

Dual fuel (50% CNG) 83 166 55

Saving 45 90 29.5

Source: study team

!Based on the assumptions listed in stage 2
Exernal benefits

Thereduction ofCO, emissiorsandreducing emissions of sulphur and other

particlesconstitute the key positive externalities of the proje€@Q emissions

will be reduced by somB5 tons.Such svings aremonetizedusing unit values

basedi T OEA O(ATAATTE 11 AOOEI AGEIT 1T &£ A@OAO
European commission (see tall®.4). Thehandbookgives three different

scenarios for valuation of GOThis CBA usgthe central values. The total

environmental benefits of the pilot projé¢herebyincrease from around USD

2,000 in 2011 to 3,500 in 2026.

TABLE12.6 VALUATION OFCO2 PER TON IN THREE IRERENT SCENAR®(USDPER TON

Central value ’ Upper value

Year of application Lower value
2010 9 33 59
2020 22 52 91
2030 29 72 130
2040 29 91 176
2050 26 111 234

Source: CE Delft ea (2008), IMPAB&Nndbook on estimation of external costs in the transport sector
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Result of the economic CBA

Thetable below contains the results afie economic CBA. The CNG pilot has a
very positive effect on theconomyof Bangladesh. The NPV of the project is
USD201000. Thsresults in a benefitost ratio of4.6 and an elRR 0f%65%.

The payback period (period after which cumulative costs andefienreach
positive level) is 0.7 years.

TABLE12.7 RESULTSOF COST-BENEFIT ANALYSIEN O ® @ SD)(DISCOUNT RATA2%)
Effects in 2020 | NPV 2011-2026
Costs
Investment costs 0 -42
Maintenance costs 2 14
Logistical costs -4 -28
Total costs -2 -56
Benefits
Fuel cost saving 32 239
Environmental benefits 3 18
Total benefits 34 258
Balance Benefits - Costs 33 201
B/C-ratio 4,6
EIRR 165%

Source: study team

Sensitivity analyses

Sensitivityanalysesvere conducted for different scenarios to test the impact
of variations in major assumptions. The following assumptions were tested:

Doubling of investment costs;

Tripling of logistical costs;

Investment period of one year (instead of 3 months);

200 sailing days per year (instead of 330);

Gas price of USD 0.50 pef (mstead of 0.23);

Only 20% use of CNG (instead of 50%);

Lower value for environmental benefits (low case scenario);
Lifespan of 10 years (instead of 15).

=A =4 =8 -4 -4 -8 -4 -9

Theresults of the senstitity analyses are presented in tfig@lowing table. The
outcome is sensitive to the level of the fuel prices &mel mix percentages.
However, the CBA remains positive even under extreme conditiOriser
important sensitivitiesncludethe number of saihg days and thénvestment
costs.
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TABLE12.8 OUTCOME OF VARIOUS EEITIVITY ANALYSES

Payback period in

Scenario

Base case

Doubling of investment costs
Tripling of logistical costs
Investment period of one year
200 sailing days per year
Gas price of USD 0.50 per m*

Only 20% use of CNG in dual
fuel

Lower value for environmental
benefits

Lifespan of 10 years

B/C-ratio years
201 4,6 165% 0,7
160 2,6 52% 2,3
144 2,3 98% 1,2
179 4,4 7% 15
100 2,8 64% 1,8
107 2,9 68% 1,7
47 1,8 34% 3,8
190 4,4 150% 0,7
162 4,0 165% 0,7

Source: study team

ENVIRONMENTAL

CNGfuel has clear environmental benefits over most other fossil fuels
especially if NG is the only fuel usediG engine emitfairly low quantitiesof
particulates, NOy, SG,, and CQ, in comparisorwith other fuels.These

benefits are reduced when usimtyalfuel engines running on a mixture of NG
and diesel.

CO, emissions

The annual C@emissionsof the pilot vessel wer calculated using theiPCC
method (seePartA). Threeoptionswere analyed: regular diesel operation,
duakfuel dieselCNG operatior{50/50)and monafuel CNG operationkirst, a
comparison withTankTo-Propeller (TTP) emissiongas made in each case.
Second,WelkTo-Tank (WTT) emissionsere included in the comparison to
reflect theimpact of the fuel production and distribution chain on total £O
emissions The diesel and CNG production chageneratesimilar amounts of
CO, emission per uniof energy.
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Figure12.8 Comparison of annual tanko-propeller CQ emissions per propulsion type (tons)
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Diesel Dual-fuel diesel/CNG Monofuel CNG

O Tank-To-Propeller O Well-To-Tank

Source: fudy team

Switching to duakfuel operation with a 50/50 fuel mixture walthievea 10%
decreasdan CO, emissiongFigure128). Switching to monefuel CNG
operationreducesCO, emissiors by 12%.Lower CQ emissiors are expected
for mono-fuel CNG operationhut the emission reductiors to a large part
offset bythe lower efficieny of NG engines.

Dualfuel combinesthe advantage of diesel engines (high efficiency) and NG
engines (clean fuelllhe annual C@emissions ot dualfuel enginecould end
up being lower than that of a monfuel CNGoperation, ifthe share of NG in
the dual-fuel mixtureis increased

TABLE12.9 OVERVIEW O O2 EMISSIONS PERUELTYPE

Propulsion type Tank-To- Well-To-Tank Well-To- Reduction %
Propellor Propellor
Diesel
1ese 375 68 443
Dual-fuel diesel/CNG
329 70 399 10%
Mono-fuel CNG
317 71 388 12%

SourceStudy team

Dualfuel technologyrequires careful maintenance and engine tuninfhen

NG is not combusted completely (due to engine wear or engine tuning),
unburned hydrocarbons and methane are ¢ed through the exhaust. This
leads to a significant increase in greenhouse gas emisseves)though CQ
emissiors will remain relatively low. Methane has 21 times teenhouse
impact of CQ on the atmospherelt is easy to measummethane

concentratons in exhaust gasem a regular basis, and high concentrations of
the gas would help to indicate when maintenance or tuning is neetdbdse
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issues are especially relevantthe case ofetrofitted systems and old
engines.Accordingly the budget for theperational phase of the pilot includes
sufficient money formonitoring and tuning (see above).

Local air quality

As NG is a clean fuelig possible to reducthe emission oparticulates, NQ

and SOgsignificantly by switching to duafuel operation.However, NG
combustion in a duafuel enginecould still, and unpredictably so, generate
high levels of thesemissions thereby impacting negatively olocal air

quality. Meticulous engine tuning and (typically) a lot of laboratory testivedp

to avoidthis. The use of retrofit duafuel systemsncreases thisisk. It is
therefore recommended to include some sort of emission monitoring program
in adualfuel pilot project.

SCALABILITY

No significant externalities were identified that could hinder tiygscaling of
the CNG pilot. This is due largely to the small scale of the proposed pilot,
involving only onedualfuel CNG passenger vessel. The annual NG
consumption of the vessel roughly equahat of 15 ordinary delivery vang.
therefore cannot have significant impact omational or local NG distributign
though customers using the existing CNG stations may have to wait longer
when river vessel tanks are refilled

Consuming large amounts of NG in IWT coadjravatecurrent supply

shortages experieced duringpeak hoursAmong the main reasons for

selecting this pilot was its potential facalabilityand the significant potential

for positive environmental impactsthefull potential for CNG in IWT in
Bangladesh is currently unknown. It is howewbwrious thata large number of
inland water vesselgould qualify for the use of this technologylso that
expanding use to all these vessels would significantly decrease the emission of
greenhouse gases and other harmful substances. Howevemtbigd
obviouslyaggravate current shortagesxperienced, particularly gieak hours

and have a negative impact on practically tiwaole of Bangladesh

The acceleration of LNG imports Bangladesh sedarborscould constitute a
possible positive impacfThiscoud compensate for shortagesrought about
by NG use in IWand could help to improve the supply situation as a whole.

FINANCIAL FEASIBINT

The financial feasibility of the project from the perspective of the operator is
also important. In assessing thascount is taken only of such elements that

are relevant to the operator, e.g. investments, operating costs and financial
savings. The method used is the same as the one presented above, but without
non-financial components like the environment. All cositsd benefits include
taxes and the results are presented in below table. The financial IRR amounts
to 90%, and the payback period is 1.3 years.
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TABLE12.10 FINANCIALEVALUATION(IN O ® @SD)(DISCOUNT RATA 2%)

Effects in 2020 NPV 2011-2026

Costs

Investment costs 0 -43
Maintenance costs -2 -15
Logistical costs -4 -31
Total costs -6 -88
Benefits

Fuel cost saving 28 215
Total benefits 28 215
Balance Benefits - Costs 22 127
B/C-ratio 2.4
FIRR 90%

Source: study team

The results of the sensitivity analyses, which were similar to those done for the
economic analysis, are presented in the table below.

TABLE1211 OUTCOME OF VARIOUS EBITIVITY ANALYSESON THE FINANCIAL ANA'SIS

NPV in USD Payback period in
Scenario 6000 B/C-ratio VEES
Base case 127 2.4 90% 1.3
Doubling of investment costs 69 15 29% 4.6
Tripling of logistical costs 66 1.4 46% 2.7
Investment period of one year 109 2.3 52% 2.3
200 sailing days per year 42 15 33% 3.9
CNG price of USD 0.50 per m® -13 0.9 5% N/A
Only 20% use of CNG in dual fuel -2 1 11% N/A
Lifespan of 10 years 101 2.2 90% 1.3

Source: study team

The results correspond with the CBA senstiti analysis. The gas price and the
fuel mix used have the greatest influence on outcomes. CNG supply problems
may further contribute toward a smaller percentage of CNG in the fuel mix.
Other important factors include the investment costs and the numbgr o
sailing. Higher investment costs result in a longer payback period, which could
affect the commercial interests of operators in a market that is highly
competitive and uncertain. Confirmation of the viability of the project would
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require a more precisevaluation of these factors. However, it is clear that
they constitute risks that could influence the decisions of private operators to
shift from diesel to CNG.

RESULT: GATE 3

The pilot is economically feasible and the economic internal rate of return of
165% fully justifies the pilot. This is due to the fairly low investment costs,
substantial benefits arising from using cheaper CNG, and the environmental
benefits. Sensitivity analyses confirm the robustness of the rate of return.

The pilot is also finasially feasible from an operator perspectivehe pilot

x] O1 A OECT EEAZEAAT Ol U OAAOAA OEZRahrDAOAOT 00F
back period of aboul.3years.Factors such as an increase in CNG price or

reduced CNG availability, represent risks fioe operatorand reduce the

financial return on investment.

Emissions from @ual dieselCNG operatiorare generally lower than those
from a conventional diesalperation. However, when NG is incompletely
combusted, the engine could emit high levels ebwrned hydrocarbons and
methane Thisis considered a risspeciallyin the case ofetrofitted systems
and old enginesAvoiding this will require a focus on engine maintenance and
tuning. In the course of the project, vessel emissions should be mordtéoe
particulates,NO,and SO, so as to evaluate the actual impact of the
conversion.

Scalingthe pilot upto cover alarge part of the IW fleet will impact on the

overall demand of CNG in the country concerned. This could influence market
prices and at as a constraint in the case of limited supplies, as is the case in
Bangladesh at the moment. Due to its small sihe pilot itself willhave no

effect on NG suppliedHowever such impacts could be felt should the project
be scaled up to the rest of hIWT fleet, especially during peak hours. Longer
term solutions such as importing LN@a Bangladesh seaportzre being
investigated
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ANNEX1.LIST OF WORKSHOP
PARTICIPANTS

Participants of the workshop held Sunday 5 September 2010 in Dhaka, Bangladesh.

Name
Ms. Jesmin Aga Begum

Tanvir Haider

Quazis Sarwar Imtiaz Hashmi
Krantakan A. Hannan

Mr Fazhul Hoque

Ishtiaque Ahmed

Dr. M.R.H. Whandeka
Md Abdul Basher

A Razzaque

Md Manzour Quadir

Md Zabizul Alam Khan
Khandaker Rasel Hosan
Md Zahangir Ham

Eng Md Shafiqul Islam

Eng Md Kabir Hossai
Parvez Ali Anwar Khan
Eng A.I.M. Nuzullah

Md Mojiluwe Rahman Sanker
Md. Sharif Islam

Mahmud Hassan Salam
Md. Alangir Khan

Md Syreful Hasim

Md. Sgjadul Islam

Umme Hasima

Md Amirul Islam

M.A. Fawily Khan
Mohammed Sharia Khafers

Hasan Hafijun Bhman
Fawzia Shireen Sultana
Shireen Lutfunessa

Golam Molla Moulah

Dr. Ismail

$EAE Ad! O1 AGA

Floor Smakman

Position
Chief planning manager

Junior marine officer
Director (Planning)

Chief, marine Construction
DC PL manage

Transport specialist

Advisor
Joint director (ports)

JF Directoréxp)

Sr Deputy Director
Sr DDCP

DD (Planning)

A.E. (MME)

Deputy Manager (CNG)
AE (MEE)

IWT Consultant
DGM

D. chief engineering
Deputy secretary
Director (planning)
Director

Joint Chief

Deputy Chief
Assistant Chief
Assistant Chief
Programme officer
Senior executive

Executive
Executive
General Director

Expert

Expert
Key expert

Moderator
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BIWTC

BIWTC
DOE
BIWTC
BIWTC
World Bank

Spectra Group
BIWTA

BIWTA

BIWTA

BIWTA

BIWTA

BIWTA

RPGCL

BIWTA
Independent
RGPCL, Petioangla
BIWTA

Min of Shipping
BIWTA

Dept of Shipping
Min of Shipping
Min of Shipping
Min of Shipping
Min of Shipping
World Bank

HB Consultants

HB Consultants
HB Consultants
HB Consultants

HB Consultants

HB Consultants
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ANNEX 2: LIST OF INRVIEWS

Bangladesh field mission:

Dhaka Port

o MrMo.Shahidalladeputy Director of Terminal
BIWTC

o Mr. Osman Amin, Director Technical

o Mrs Jesmin Ar8egum Chief Planning Manager
o Mr. Mosharof Hossain GM (Commuéal)

o CaptSawkat Sarder, GM (Marine)

BIWTA

o Mr Feroza Ahmed Member (Engineering)

o Mahmud Hasan Salim Sr Dep Director (Planfing
Department of Shipping

o Mr. Md. Alamgir Khan, Director

Titas Gas

0 Mr Abdul Aziz KhajManaging Director

Private Operators Association

o Mr Al Haj Md Badiuzzaman Badal Senior Vice Chairman BIW Passengers Carrier Association
0 + additional experts

World Bank Dhaka

0 Mr Ishtiaqgue Ahmed Transport Specialist
Paturia Ferry Terminal

o Mr M A Matin, DGM

0 Mr. Enamul Haque, Mechanical Engineer

0 Mr Abdus Satter

Site visitNarayangonj Port

Ministry of Shipping

0 Mr. Sajjadul Islam

Netherlands/Germany:

EICB

o Mr. Khalid Tachi, advisor innovation

MARIN

0 Henk G. BlaauwSr Project Manager Ships
PON Power

0 Mr. Rob Paulussen, Account Manager Shipping
0 Mr. Gerhard Groot Enzink, technical solutions
VDB Duisburg

DST

o Dipl Ing Mr. Zoellner
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ANNEX 3: ONVERSION FACTORS

Short ton

mile

Gallon

Short ton

Ibs

0.90718474
1.609344
3.7854118
2000

453.59237

Metric ton
km

Liter

Ibs

gr
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ANNEX 4: OVERVIEW OWT R&D
PROJECTS

Thisannexgives an overview of ongoing research on IWT innovation. The
annexaims to give an overview of the broadness of different ongoing
programs. There are programs that focus mainly on technology, while others
mainly aim to improve operations. Besides an oxiew of research programs,
the annexalso describes some individual projects which could lead to notable
results.

PLATINA

In 2006 the European Commission initiated an action alhed NIADE$o
enhance the use of inland navigation as part of intermiddeight solutions
The objective wa$o create a sustainable, competitive and environmentally
friendly Europewide transport network.

The action plan was embraced by the inland navigation sestos

collaborated with the Commission to createmulti-disciplinary knowledge
network, PLATINA, so as to speed up progress toward NAIADES gidads.
project is financed within the Seventh Framework Programme of the European
Commission.

PLATINA consists of 22 partners from nine different countries. The core
consortium consists olVia Donau (Austria) as coordinator, Voies navigables de
France (France), Bundesverband der Deutschen Binnenschiffahrt (Germany),
Promotie Binnenvaart Vlaanderen (Belgium) and the Rijkswaterstaat Centre
for Transport and Navigation (THéetherlands).

Five work packagesithin the PLATINA deal with specific policy areas:

Markets;
Fleet;

Jobs & skills;
Image;
Infrastructure.

=A =4 =8 -4 A

Work package two, fleet, specifically deals with IWT innovation. The objective

i £ OEA xi OFE DA Adgigicskfficieiy, @nlirorthEntabaéd O A

OAEAOU DPAOAEI OI ATAA T &£ )7468 4A0EO AOA O1
and set up an IWT innovation database.

The first task within the work packagde toidentify new innovationsn Europe

to provide assistareduringOEA OET AOAAOQEIT T pandl Ad 1T £ Al
speed up promotion and dissemination of the technologesecond part of
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the programmefocuses on registeringinovationson a database antb make
them available to thepublic through a web basetbol.™®

CREATING

CREATING was a research programme of the European Commission carried
out underthe Sixth Framework Programme for research, technological
development and demonstration activities. Main focus of the programme was
to stimulate waterborne trasportthrough improved integration of shipping

into existing transport chains.

CREATINGasa logistical and a technologicédcus The am of the
technological focus is to promote state of the art ship designs for improved
economic, safety and environemtal performance. Bips have tdulfil the
highest requirements regarding:

1 Ship hydrodynamics: decreasing the hull resistance of the ship and
optimizing both propulsion and manegvability

1 Engines: to be as efficient and clean as possible

1 Safety: reduang the risks involved in transport

The CREATING Team comprised 27 partners from 9 countries and deals with
the Rhine and Danube basin, the Nor8outh connection from the

Netherlands to France, and the Eagétest canals in Germany and Poland. The
team inclides research institutes, shipyards and relevant branch organizations
(viz. shippers, inland navigation) and maintains strong relations with the
authorities. CREATING started in July 2004 and ended after a period of three
years.

Among the mechanisms used improve the environmental performance of

inland navigation were cruise control systenimy sulphur fuel, selective

catalytic reduction and particulate matter filter These systems were

Ei b1 Al AT OAA ET OEA DPEI T O DOdhipd&ibn O4EA #1 AA
service and operated between Rotterdam and Antwerp.

®The tool is still in progss, but will be made available on http:/Awww.naiades.info
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Figure12.9 The Cleanest Ship, M/S Victoria

Photo ECORYS

001 COAI O61 1 O0O6 AOAT A AAODAOAT 6

4EA DOl COAI 061 1 oCEaekgetibSaving, Is ArGmtiAtioefof 6
the Dutch Ministry of Transpoft‘.‘GoaI of the initiative is to increase the fuel
efficiency of inland shipping by convincing shippers to sail more economically.
The program consists of four aspects:

Communication program;

Platform introducing competition on fuel saving;
Training;

Provision of technical assistance applications.

powbdhpeE

The frst step in the program was a broad communication program. The
initiative was set up with many stakeholders including large shipping firms and
industry organizationsThe am wasto reach as many individual shiperators

as possible and to convince them to join the program.

 seewww.voortvarendbesparen.nl
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