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Abbreviations

AC Air Conditioning

ADB Asian @velopment Bank
ASIF Avoid, Shift, Improve, Fige
BAU Business as Usual

BC Black Carbon

CAl Clean Air Asia

CAPEX  Capital Expenditures
CCAC Climate and Clean Air Catbn

CDM Clean Development Mechanism

COR Coefficientof Resistance

CSSs cascade Sierra Solutions

CTF Climate Technology Fund

DPF Diesel Patrticle Filtre

EF Emission Factor

EPA Environmental Protection Agency
ESCO Energy Service Cgrany

IRR Fnancial Internal Be of Return

GCF Green Climate Fund

GDP Gross DomesticrBduct

GEF Global Environment Facility

GF Green Freight

GFA Green Feight Asia

GFP Green Freight Project

GFT Green Freight Technology

GHG Greenhouse Gas

GMS GreaterMekongSubregion

GPO Group Purchasingr@anizaion

GPS Global Positioning System

GVW Gross Veltle Weight

HDV Heavy Duty Vehicle

HP Horse Power

IEA International Enegy Agency

INDC IntendedNationally Determined Contribigtn
IPCC Intergovernmental Panel on Climate Change
LIFFA Laos International Freight Forwarder Association
LRR Low Rolling Resistance

MOT Ministry of Transport

NAMA Nationally Appropriate Mitigation Action
NCV Net Calorific Value

OPEX Operatng Ependitures

PM Particle Matter

QA Quality Assurance

RRC Rolling resistance Coefficient

SFC Specific Fuel Consumption

SME Small and Medium Sized Enpeise

TKM ton-kilometre

TTW Tankto-Wheel

UNEP United Nations Environment Program

UNFCCC United Nations Framew& Convention on Climate Change
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VCS Verified Carbon Standard

WACC Weighted Arerage Capital Cost

WBCSD  World Business Council on Sustainable Development
WRI World Resources Institute

WTW Weltto-Wheel
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Summary

1. The Green Freight Programnwas implemented by ADB in Viet Nam, Lao PDR and Thdriamd
01/2015 to 08/2016Implementation in Viet Nam and Lao P@Rvhich thisreport relateswas realized
by Giitter Consulting.

2. Theoverallobjective of the program is tdoster lbow carbon sustainable freight transport
3. GFinstrumentsimplementedare Geen Freight TechnologieEcoDrive and Logistics solutions.

Tablel: Summary of GF Implementation Actions

Activity Viet Nam Lao PDR
Aerodynamic equipment 11 trucks 11 trucks

Efficient Tires 15 trucks 12 trucks and 3 buses
Fuel Audit Tool 20 companies 20 companies

Eco Drive training instructors 15 instructors 15 instructors

Eco Drive training drivers 100 drivers 100 drivers
Workshops 2 workshops with 90 participanty 2 workshops with 72 participants
Brochures 3 brochures 3 brochures

Reports 12 technical reports

4. Implementation results

Efficient tires reduce fuel consumption by6%o;

Aeradynamic devices reduce fuel cumptionby 2-3%;

1 bar higher tire inflation reduces fuel consumption by 2%;

EcoDrive reduces fuel consumption by686(lower impactover time);

Combined measures redufigel consumption and GHG emimss$ by 1613% representing per
truck per annunv-9 tCQ for Lao PDR and 15tCQ for Viet Nam.

=A =4 =4 4 =4

5. Theeconomicsare:

i Efficient tiresrequire anincrementalinvestment of900 USD per truck witha payback time of
12-13 months;

1 Aerodynamic devices requireanvestment of 90€L,000 USD gr truck with a paybackme
of 2-3 years;

1 Eco Drive requires anvestment of aund 150 USD and has a paybtugie of 3-6 months

1 Combined the measures require an additional investmert,000 USD, with aggback time
of 1 year and a FIRR*%0%.

Measures ar@rofitable but encountebarrierslike lack ofeliability andvisibility of savingsdditional
investment,and drivers being paid a fixed anmduor fuel andtherefore lack ofinterest of the truck
owner to invest in energy saving devices.

6. The proposedtepsforward are:

9 Include Eco Bvein the compulsory curricula for driver training.
1 Establish ational regulations concerningo€fficient of Resistancef tires, such a®.g. in the
EU
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For otherGFTssuch as aerodynamic devicdew-carbon trucks and fuels as well as other
measuresimplement a GF climate finance fundoupled with technical assistancand
dissemination of best practices

Other measuresvhich couldbe exploredndude the usage of larger truckispproving traffic
fluidity andthe establishment of fuel consumption standards for new trucks

7. Main project implementation experiencesnclude:

T

Local driving circumstancese very important andxperiences fronother countriesare only
partially valid.

Low technology availability can resirtsignificant additional GFT costs.

The majority model used far F dzSt Y yIF 3SYSy ¢ o6& GNHzO1AyYy3
pay drivers a fixed allowance for fuel based on the trip realizbdrefore companies are not
very interested in fuel saving technologies

The program haproducedimpact data of value also for other GF interventions.

The monitoring approach based on comparison befaiter has proven to be the mostiiable
approach.
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1. Introduction

The Green Freight Prograns implemented by ADB in Viet Nam, Lao PDR and Thailand with start
January 2015 and termination August 2016. The project management and implementation in Viet Nam
and Lao PDR was realized byit@&r Consulting. The following reporhérefore only relates to the
activities and results of Viet Nam and Lao PDR.

The objective of th&reen Feight (GF)componentof the ADB projecisto reduceGreenhouse &s

(GHG freight emissionsTherefore the impact monitoring of measures followsishobjective and
providesinformation on GHG reductioof measures implemented. The project focus is on measures

to reduce truck emissions i.e. with the framework of ASIF (Avoid, Shift, Improve and Fuels) the focus is
2y GLYLINR @S¢ o

Figurel: Options to Reduce GHG Emissions in Freight

AVOID SHIFT IMPROVE FUELS
Examples incude Examples include Examples include Examples include
logistics solutions mode shift road to GFTs, eco-drive, usage of biofuels

reducing trip length rail improved load
factor

Source: Gritte€onsulting

The structure of this report includes the following parts:

Chapter 2Program objectives, activities, institutions involved and outputs
Chapter 3Green Freight Instruments

Chapter 4Monitoring approach

Chapter5: Implementation results

Chapter 6 Environmental,ihancial and economic impact

Chapter 7 Seps forward;

Chapter 8 Implementation experience

=A =4 =4 4 -4 -4 4
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2. Program Brief

2.1. Background

The Green Freight Program (GiER)art of Core Environment Program and Biodiversity Conservation
Corridors Initiative administered by ADB and overseen by the environment ministries of the six
countries which form the Working Group on Environment. The program aims to achieve an
environmentally friendly and climate resilient Greater Mekong Subregion (GMS). Economic corridors
are being developed across the GMS to improve transport connectivity, facilitate trade and economic
development and boost regional cooperation. With initial road tgors corridors almost complete,

there is an increasing realization that the competitiveness of these corridors needs to be improved by
increasing resource use efficiency and by reducing their impact on ecosystems and the environment.
Increased traffic andevelopment along these corridors is likely to result in increased greenhouse gas
emissions and environmental changes. These need to be carefully managed to ensure environmental
sustainability.

Fuel costs are one of the main factors defining high lagistosts in Viet Nam, Lao PDR and Thailand.
The regional Green Freight Initiative consists of three national pilot projects in Lao PDR, Thailand and
Viet Nam testing green freight / low carbon interventions for freight operators as a way of reducing
fuel cmnsumption and fuel costs.

The activities in Thailand are implemented by the Federation of Thai Industries whilst Grutter
Consulting has been entrusted by ADB for the project implementation in Viet Nam and Lao PDR

2.2. Objectives

Theoverall objectiveof the program is to reduce the carbon footprint of freight transport across the
GMS Economic Corridors. Low carbon sustainable freight transport shall be fostered in Lao PDR and
Viet Nam.

Theobjective of the assignmenbr the GFP is to test a decentralizmodel to deploy green freight
interventions among SMEs engaged in road freight in Lao PDR and Viet Nam. Based on results of pilot
interventions recommendations are provided how these could be scaled up.

Beyond the objective or target of the project itsthis assignment shall also result in some common
goods which allow green freight projects also in other countries and regions to prosper.

2.3. Tasks

The following table contrasts planned and realized outputs of the program.
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Table2: Planned and Realized Outputs of GFP

Component

Planned Output

Realized Output

1.1. Report on GFTs with country list of
potential GFTs

Report Al: Potential of GFTs

1.2. Guidelines for monitoring GFT impact

Repot D1: Monitoring Scheme GF
Measures

1. Green Freight

1.3. Report on GFTs incl. results of 3 pilot
GFTs

Report A2: Pilot Implementation GFTs

Technologies

1.4. Report on Financing plan for GFTs

Report A3: Financing Mechanism GFT

(GFT)

1.5. Workshop report on green financing

Workshop re@ort on GFTs and Finance

1.6. Technical material on GFTs produced

Brochure GFTs

1.7. Fuel conservation plan in 10 companieg
and GFTs implemented in 20 companies

Fuel conservation plan in 20 companie|
per country; GFTs implemented in 26
trucks/companieper country

1.8. Report on impact of GFTs

Report A4: Full Implementation GFTs

2.1. Report on Eco Drive experience

Report B1: Potential of Eco Drive

2.2. Guidelines for monitoring Eco Drive
impact

Report D1: Monitoring &eme GF
Measures

2.3. Pilot test Eco Drive in 3 companies

Report B2: Pilot Implementation Eco
Drive

2.4. Draft standard driver training program
with training material for drivers and for

Report B3: Curriculum Eco Drive

3.4. Report on impact of logistics
management solutions and dissemination

strategy

2. Driver :

Training Eco trainers

Drive 2.5. Report on Drivefraining seminars: Trair|
100 drivers and 10 trainers
2.6. Report on potential integration of Eco | Report B4: Full Implementation Eco
Drive in national driving and licensing Drive
regulatons 15 instructors trained per country
2.7. Guidelines for QA Eco Drive program | 100 drivers trained per country
2.8. Report on impact of Eco Drive and
dissemination strategy
3.1. Report on empty backhaul incl. Report C1Potential of Logistics
identification of potential solutions Measures

. 3.2. Guidelines for monitoring the impact of| Report D1: Monitoring Scheme GF

3. Logistics - .
logistics management solutions Measures

management -

incl. reduction 3.3. Report on SO!UtIOﬂS to reduce gmpty A

of e.mpty backhad Ay Of & LAt 28 GS

backhaul logistics solutior Report C2: Pilot Implementation

Logistics Measures

2.4. Timeline

All activities should have been realized by July 2016. Implementations had been finished by 80.6.201

however final reports were only produced until end of August 2016 due to awaiting monitoring results

of technology implementations. Technology implementations had been behind schedule, especially in
Lao PDR due to late disbursement of funds by?ADB

1Based on Inception Report Table 1
2 Funding request was realized 12/2015 and funds where received by the consastanh05/2016
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2.5. Organization

Figure2: Institutional SetUp
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3. Green Freight Instruments

3.1. Introduction

The project focuses on road based freight transport. GHG reductions with mode shift, economic and
fiscal instruments or industrialghicies to change production and transport structures are therefore
not part of this repot. The focus is also on lofiau road transport which has some distinct features
from shorthaul transport e.g. technologies which can be used or logistics solutions

Green Freight (GF) instruments included in this report and applied by the project are Green Freight
Technologies (GFTs), Eco Drive and Logistics solutions.

3.2. Green Freight Technologies

3.2.1. Introduction

Around 60% of the power produced by a truskdst within the engine. The remaining 40% is used to
move the vehicle down the road and to power auxiliary equipment like@iditioning (AC). The figure
below gives an indication of what this energy is used for based on ahburlgcombination truck
travelling on a flat road under highway conditions with an average speed of more than 80km/h.

Figure3: Components of Energy Use in LeHigul Trucks under Highway Conditions

Aerodynamic
Losses
20%

Auxiliary Loads
5%

Rolling
Enginet — Resistance
Drivetrain losses |
60% ' Al it 5l

- Yadh.

Sourée: C:rijtter based on US DOE, 2006

The figure gies an indication of main energy loss areas which can be tackled with retrofit devices
being:

1 Aerodynamics;
1 Roling resistance i.e. tires/wheels
1 Auxiliary loads;
1 Engine losses.



Engine losses are basically tackled with engine design and therefore wittrunekg and not with
retrofit technologies.

3.2.2. Aerodynamics

Aerodynamic drag or wind resistance is a retarding force on a vehicle. Basically the power or amount
of energy required to overcome the aerodynamic drag is affected by the effective fromtatsiof

the vehicle, the shape of the vehicle and the vehicle traveling speed. The power required to overcome
aerodynamic drag increases as a function of the cube of vehicle speed thus making speed a critical
parameter for determination of potential impk@ments due to reduction of aerodynamic drag. Main
retrofit technologies available to reduce aerodynamic drag available for trucks and trailers are shown
in the following figure.

Figure4: Aerodynamic Technologies

Source: Departent for Transport UK, Freight Best Practice Case Study, 2010

Cab roof fairings or deflectors: These components change the shape of the cab roof and direct the
air flow smoothy over the top of the truck cab;

I A NJTHskisYaYlownward extension of the trucks front bumper;

/ I 6 S ESid® faising<ayidysidextenders modify the shape of the side of the cabs;

¢NIAfSNI AaARS a1ANI& AyOf dzRAYy3I NBIF NJ |j dzF NI SNI LI

w22F GFLISNAY3IT GKAA OFy AyOfdzZRS GNIAEtSNI o620
CNRYyG FFEANARY3IA YR y2asS O02ySa F2NJGNFXYAfSNAT

The following figure shows the relation betweeretimportance of aerodynamics relative to the trip
profile and average speed clearly. The aerodynamic losses are basically important with flat roads and
at speeds of 70 km/h and higher. With hilly roads at low speeds on the other hand aerodynamics
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becomes iirelevant. At intermediate speeds of around 55 km/h the energy used for aerodynamic
resistance is only around 10%.

Figureb5: Energy Usage of 40t Truck for Different Road and Speed Configurations (% of Fuel Usage)
100% -
90% -
80% -
70% -
60% -
50% -
40% -
30% - M air resistance

m acceleration and gradient
resistance

m rolling resistance

20% -
10% -
O% n T

flat highway, speed inter-urban road, hilly road
70 km/h speed 55km/h

Source: W. Apgl, Nutzfahrzeugtechnik, 2013, Figure 2.2; see also comparable relations between speed and
aerodynamic losses in Nationa$earch Council Canada, Technical Report Review of Aerodynamic Drag
Reduction Devices for Heavy Trucks and Buses, 2012, Table 2

Folbwing general conclusions concerning the potential application of aerodynamic devices are
therefore drawn:

1 Aerodynamic devices are useful for trucks operating under medium to high speed conditions
with a minimum average speed of 55 km/h. Basic truck imgmeents including cab deflector
and cab extensions are feasible at this speed.

1 For trucks operating at a higher speed (average speed of 80 km/h and higher) a more
integrated aerodynamic package can be made with truck and trailer improvements including
sideskirts, and trailer front fairings.

3.2.3. Tires

The rolling resistance is directly correlated with the Coefficient of Resistance (COR) of the tire and the
vehicle mass. The rolling resistance related fuel efficiency per km is widely-splegendent. Tres

for drive axles in general have a higher COR than steer and trailer tires due to higher grip requirements
leading to a certain tradeff with reducing resistance.

Following main technologies exist to reduce rolling resistance:

1 Low rolling resistanceres;
1 Wide based tires;
1 Optimum tire pressure.
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Low rollingresistance(LRRY}ires use different tire blends (e.g. adding silica to rubber materials) and
modify the tire body. They have @ORor Rolling Resistance Coefficient (RRC) which is around 10%
lower than a conventional tireLRRtires are installed basically on the nsteering wheels of the
tractor and trailer Within the EU regulations exist which specify minimum requirements for COR. The
current requirements are a maximum of 8.0 kg/t for tiresdsafter 1.11.2016 and maximum 6.5 kg/t

for new type approvals of tires (for tires sold this value will be enforced from 1.11.2020 onwards). The
EU also introduced a standardised tire label including energy efficiency based on the COR, wet grip and
noise,effective as from the year 2012.

Single widebased tirescan beused on norsteering truck and trailer axlealbeit being more common

on trailer axles. Widdéased tires have less sidewalls whose deformation is a large contributor to rolling
resistance. 8igle wide based tires not only have less rolling resistance but also weight around 80 kg
less per axle than dual tires i.e. this can result in a weight reduction of around ¥4 t for a truck. A problem
is that trucks cannot continue to drive if a widased tre blows out whilst they can continue driving

a short distance with a dual tire. Also replacement of single Mwiked tires during trips might cause

2 types of difficulties:

1 The heavy weight and the size of wislzed tires requires 2 persons for tireattying. Trucks
driven by single persons could have difficulties in this context.

1 Repair shops, especially in Developing Countries, will lack wide tires in their offer and might
not even have the equipment to repair sucliiBas minimum2 sparewidetires need to be
taken along.

Additionally, single widebased tires reque an investment in new wheels and vehicle adaptation.

Tire pressureinfluences fuelusage Every10 psi of undeinflation represents approximately 1%
penalty in fuel economy with thetgest difference on trailer axles (see figure befow)

Figure6: Truck Tire Inflation versus Fuel Efficiency

E0m
res
0=
35~
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B5.0=
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pkbesteese

Source: Cummins MPG Guide based on Goodyear

8 Cummins MPG Guide
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3.2.4. Other Technologies

Idling reduction technologiesare an importantaspect especially in loAgaul sleeper trucks with
cabins equipped with multiple equipment as used e.g. in North America. ldling occurs when delivering
goods but to a large extent is related to equipment used in cabs including heating, AC and electricity
for a variety of applications such as TV, microwave, laptop etc. Options to reduce fuel usage include
advanced truck stop electrification, auxiliary power units and automatic-down/start up systems.
Longhaul trucks without sophisticated sleeper cabsluding heating/AC and multiple electric devices

will only profit marginally from andidling devices.

Synthetic base lubricantgxhibit less thickening at low temperatures. Thickening oil increases fuel
consumption. This makes synthetic oils more fuéicefnt at lower ambient temperatures. The fuel
efficiency gain is thereby in the order of 1% but less in-lueng operations which operate at constant
high temperatures.

Predictive cruise contrglon-board telematicsand the usage of GP&n help to idetify the shortest

and most convenient routes thus reducing distance and avoiding congestion. Predictive cruise control
also identifies upcoming gradients and informs the driver of optimum gear change and acceleration /
braking. Orboard telematics suppoudrivers and enhance drivdollow-up.

3.2.5. Previous Experience with GFTs in Viet Nam and Lao PDR

Viet Nam

Lane separated highways are not common in Viet Nasulting in multiple intersections and
constantly changing speeds. However various highwesgsurrently under construction, e.g. Hanoi to
Haiphong. Maximum permitted speed for trucks is currently 60 km/h and driving conditions do not
allow for significantly higher speeds. The low driving speeds result in limited effects of aerodynamic
devices.A random visual counting survey conducted on the route Hatagphong revealed that
around 70% of all large trucks already had basic truck aerodynamic equipment installed (cab roof
fairing plus cab extension). In medium sized truckd ¢les with a GVWf@4-32 t) however only
around 30% had such equipment installed. The widespread usage of aerodynamic truck devices is due
to acquiring basically used US trucks and new Chinese trucks, both of which have such equipment
already installedAerodynamic equipmat on trailers including nose cones and side skirts are- non
existent. Aerodynamic equipment can be bought in the Viethamese market based on domestic
production or importing original equipment from China or Thailand.

Low rolling resistance tires only haganarginal market share in Viet Nam and are only sold by very
few tire dealers. The main market for LRR tires has been fordmtgnce buses whilst in trucks they

are only used in singular cases and on some axles (truck but not trailer wheelsha¥aldires are
currently not allowed in Viet Nam. Automatic tire inflation systems or tire pressure indication systems
are not used in Viet Nam and also no such equipment is currently available in the Viethnamese market.

Longhaul trucks are not equipped withany electronic devices like US trucks making idling reduction
technologies of little sense.
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Lao PDR

In Lao PDR road conditions on main arteries are in general paved roads which are however suffering
severe deterioration. Curvy roads in mountainous coodii are common. The maximum allowed
speed limit for trucks and buses is 90 km/h. Drive speeds however tend to be lower due to road
conditions. Most long haul trucks are equipped with basic aerodynamic equipment (cab deflector).
Trailer aerodynamic equipmeiis not observed. ® hand aerodynamic equipment can be bought in

the country adapted to the individual truck.

Concerning tires the situation in Lao PDR is comparable to Viet Nam: usage of tube tires is common;
different tire brands, tire wear and pattas on the same truck; nemsage of lowrolling resistance

tires and norusage of widdires which would also require a permit as they are currently not allowed.
The mining company Phu Bia (PanAust company) has made trial runs withagiele tires of Michien.
However, the company has rejected using such tires in the future due basically to the issue that with
a blowup the truck must be stopped and cannot continue to drive.

3.2.6. GFTs Implemented

GFTs implemented and tested in both countmathin the GFPare:

1 Cab roof deflector as aerodynamic device;
T LRR on all wheels:
1 Manual tireinflation.

10-15 trucks were equipped in each country with aerodynamic devices and anotkEs ttQcks with
full sets of LRRs.

Photo 1: Aerodynamic Bvices Installed

-

== o
ﬁ;’ Jiéin Taun Bui) o 55513335

o

Due to low average driving speeds in both countries more advanced aerodynamic equipment does not
make sense. The table below shows that the average driving speed for both countries was in the range
of 40km/h for longhaul trucks i.ethe impact of aerodynamic devices is limited.
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Table3: Average Circulating Speed Loehgul Trucks, 2016

Viet Nam Lao PDR
Average speed in km/h 37 40
Lower and upper 95% confidence interval 36/38 36/44

Source: Measuremeriased on GPS with over 2,000 data points over a period of 6 mantliple routes
and trucks; Grtier Consulting

LRRs used were Michelin and BridgestoneSofartWay certified LRRs. For tire inflation manual
procedures were used inflating tires 1bar heghithan usual. Automatic tire inflation equipment is
costly and not available in both countries. Idling devices as well as other GFTs were not used due to
limited applicability and potential in Viet Nam and Laos.

Photo2: LRR Tirekstalled

3.3. Eco Drive

3.3.1. Concept of Eco Drive

Eco Driveefers to a smarter and more fuefficient drivingstyleadopting driving techniques that get

the most out of moderrvehicles and engines. Eco Drigetics include accelerating slowbyruising at

more moderate speeds, avoiding sudden braking, idling less, as well as selecting routes that allow more
of this sort of drivingEco Drivés not only an easy and cesfficient way to reduce fuel consumption

but is dso an attitude and respedor society as a wholeEco Drive has been promoted since various
decades in many countries worldwide with the goal of reducing fuel consumption with a safe driving
style. Eco Driveas agovernment policys in place irvarious countries of Europe, the UBpan and

Korea. Ibernational organizations such as the International Energy AgéBayor The United Nations
Environmental Program (UNEP) togdyo pomote Eco Drivavhich has become a global effort.

The majoibenefitsidentified for applying Eco ive are:

Environmental impact (reduced GHG emissions and local pollutants);

Economic benefits due to reduced fuel consumption and lower maintenance costs;
Lower accident rate and less stressful driving;

Eco Drive as amstrument todemonstrate thesocialand environmental responsibilitgf a
company

= =4 -4
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Important factors to ensure a sustainable impact of Eco Drive include fuel consumption monitoring,
regular repetition of core messages and updating of information (e.g. for new vehicle technologies).

Major obstaclesidentified for widespread application of Eco Drive include:

1 Eco Drive has the image of driving slowly;

1 The benefits of Eco Drive are not recognized by all stakeholders i.e. low awareness as well as
low motivation and interest resulting in low demauifor training courses;

T Influencing drivestyles and habits is difficult;

Despite its popularity, there is poor and inconsistent research evidence regarding the effects of Eco

Drive on both fuel consumption and emissiodst Kt 6 SNA & i I (i Bhéclaim@rdgarditgl Y LI SY
the Ecedrive benefits were mainly made by educators and bureaucrats, and lack scientific badking

Eco Drive is difficult to turn into a driving habit as it is dependent on the driving situation such as traffic,
environment and personal aiivations. The impact of Eco Drive is potentially dependent on the driving
circumstance (urban, highway), driver background (professional or amateur drivers) and on the vehicle
category (bus, truck, taxi, passenger cars, motorcycles). Mostly data hasdpeeted for passenger

cars

3.3.2. Previous Experience with Eco Drive in Viet Nam and Lao PDR

Viet Nam

Various and regular trainings for Eco Drive in passenger cars, taxis and light duty vehicles have been
realized e.g. through the University of TrangpTechnology of the Ministry of Transport (MOT).
Swisscontactin cooperation with Clean Air Asia (CAPganized some years ago Eco Drive trainings

for around 100 garbage truck drivers in Hanoi measuring the impact however only during the training
course itself.Nippon Japan as well as Hino have also realized Eco Drive training with a focus on light
duty truck drivers without expost impact measurement.

Lao PDR

Some companies have been trained on Eco Drive e.g. the Vientiane Capital State Bus &tranais

drivers on Eco Drive under a Japanese program and Phu Bia mining has realized training internally for
their truck drivers with an Australian instructor. Phu Bia has a truck simulator for trainings. No reports
are available on monitoring of impacof driver training.

3.3.3. Eco Drive Curriculum

Based on experience with an initial Eco Drive course for truck drivers a Curriculum for Eco Drive was
developed and discussed in workshops in Viet Nam and Lao PDR. Thereafter, the curriculum was
applied h various training courses in botlountries with around 100 trualtrivers being trained in Eco
Drive.

The curriculum includes a theoretical and a practical part:

4 See for details Report 3
5In Lao PDR also lotgul bus drivers were trained
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1 Theoreticalpart: This includes motivating the driver, explaining reasons why Eco Dgeeds
explaining what needs to be done and why, and demonstrating the results of changing the
driving style.

9 Practical experienceThisincludestest-driving either on a simulator or with actual trucks. The
instructor thereby gives the driver tips on hawimprove his Eco Drive skills. Ideal is if a first
test-drive can be realized prior the theoretical course and anotherdeiste after the course.

The 4 golden rules of Eco Drive are promoted:

1. Check your vehicle prior driving; The most relevant chémki®w fuel consumption prior
driving are tire pressure, cargo and aerodynamics

2. Upsshift as early as you can and use high gears;

3. Drive defensively running at constant speed,;

4. Effectively utilize the engine brake and retarders.

3.3.4. Activities and Traini ngs Realized

Basically two types of trainings were realized:

1 Capacity building of trainers of driving schools on Eco Drive on the curriculum developed. This
was realized in 2015 throughtaainingworkshop realized with 15 trainers in each country.

1 Trainhg of 100 truck drivers in Viet Nam and 100 truck and bus drivers in Lao PDR in various
courses during 2015 and 2016 using the developed curriculum. In all trainings all drivers
performed trips on a standardized route prior course with precise fuel consamp
measurement and just after the course measuring again the performance. The run after the
course included feedback and recommendations of the instructor whilst the run prior course
the driver had to drive as usual without assistance.

Photo 3: Training Courses Lao PDR and Vietham
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3.4. Logistics Improvements

3.4.1. Overview of International Experiences with Logistics Measures

Logistics measures in the context of tB&Pare such which reduce GHG emissiongneif this is not

the primary objective. Such measures avoid trips, reduce trip distances or increase trip efficiency. A
core indicator is thereby the increase of the average load fécfbine trend towards jusin-time
production and narrower delivery timwindows have resulted in shipping of smaller quantities of
goods and lower load factors. Also demands on speed and guaranteed delivery times make shipping
aggregation problematic resulting in reduced load factors. Figures in Europe for example shaye avera
load factors of loaded vehicles in the year 2012 of only 56% and a ratio of empty trips of 24% resulting
in an average overall load factor of around 43 the US the National Private Truck Council estimates

an empty load percentage of 28% i.e. a &miigure as in Europe. Reasons to unlieding next to a

focus on speed and delivery times are specialized logistical requirements of freight consignments (e.g.
refrigeration requirement, fuels etc.), inherent asymmetries in distributional networks (ewnd

wood transporting from forests to sawmills), and changes in production and consumption patterns
such as reduced stock warehousing.

Potential logistics solutions inclutle

 Dropandl 221Y G5NRBLX NBFSNE G2 RSt AO&SNIgrDd | NI
RSAGAYIGA2Y AA0S B6KAES aK221¢ NBFSNE (2 AYYS
RSAGAYIFIGAZ2Y D ¢KAA | LIINBIOK akKlff NBRARES ¢SYLI¢
is however on reducing time in which the driver and theckeus not used thus being able to
potentially reduce logistics co$tsDrop and hook itself will not provide for more matching

8 Important is in this context that the average load factor should not be trip but tkm based e.g. a 40t truck
driving 500km with 50% of load another truck of 40t with 70% of load driving a 50km trip result in a 60%
average load factor of trips but only 52% load factor based on tkm

7See A. Leshchynskyy, Undgilisation of road freight vehicle capacity, 2013

8 See also CAl, design of Gréegight China Program:éRiew of Freight Logistics Solutiqr011

% The reduced driver and truck cost has to be compared with the increased cost for trailers.
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loads. Its chance to work will be much higher if tractor and trailer owner for small companies
(one truck one driver) are separmtnd if a high degree of standardization exists.

1 Online freight marketplaces: Online freight marketplaces include spot market logistics
platforms and freight exchange platforms. Basically logistics platforms attempt to match
carrier availability with lads. Such platforms are today basically interbased and often offer
other services next to matemaking such as vehicle positioning or cargo tagging.

1 Freight Consolidation CentreShese are distribution centres, situated generally close to a
town cente, shopping mall or construction sites, at which part loads are consolidated and
from which a lower number of consolidated loads are delivered to the target area. A
consolidation centre often tends to have multiple objectives, but the most common aims are
associated with reducing congestion, traffic disruption and vehicle emissions within the
primary urban area that the consolidation centre serv&»me monitored experience of
freight consolidation centres however also shows the limitations especiallyeoting
financial sustainability as well as their GHG imffaGonsolidation centres are basically an
instrument of reducing urban freight transport issues. Experience with such centres has been
mixed and financial sustainability is problematic. Their ieead in longhaul transport is
marginal and total emission reductions are limited

f CNBAIKG O2 Y LIFhjig an @Bogiatianf@ebn@sully small and medium carriers
or distributors to pool their resources and strengths in order to win and martager and
more lucrative logistics contracts. Main features of such cond@rtielude integrated fleet
management (truck and load tracking), information sharing, facilities sharing and profit
sharing/ 2f € 02N} GA DS STT2NAG IO gD 6455 NMIASOWEA O £ tEA |12
trading partners at different levels within a single supply chidorizontal collaboration occurs
between separate supply chains in an attempt to share risic rewards thus leading to a
greater competitive advantagand business performance thamould be achieved by the
AYy@2t SR | OG2NAR AYRAGARdAzZ ftfed /2yaz2NIAl Qa KI ¢
reducing emissions. Overall such collaborative efforts will require considerable levels of
mutual trustbetween involved partners. The role of & Barty or government in promoting
4dzOK O2yaz2NIAl Qa aSSyvya G2 0S ftAYAGSRO®

3.4.2. Logistics in Viet Nam and Lao PDR

Viet Nam

In transport, the road sector is the dominant mode in terms of freight transpimmiahViet Nam. Viet

Nam has about 600 and 800 logistics service providers with a number around 1,000 just for freight
forwarderd®. A large number are small enterprises with limited staff (15 to 30). Many of the freight
forwarders limit their activities to ustoms clearing and simple shipment orders. There is intense
competition between these small operations as they are capable of only getting a small share of the
market (209. The big share of the market goes to larger firms, which are either joint \esntith

global logistics players or Viethamese agents of international firms.

10 See Scott Wilson, Freight Consolidation Centre Study, 20dO. Panero et.al., Urban Distition Centers,
2011
1See VITRANSS 2, 2010
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To get an updated picture of actual load factors of wagl trucks a roadside survey was realized
December 2015 on the Phap Van4odioth located on the national highway meecting the North and
South provinces of Viet Nam. Trucks with a Gross Vehicle Weight (GVW) of more than 10 tons were
surveyed randomly in both directions. The following table shows the main results of the load factor
study.

Table4: Results Load Factor Study Viet Nam 2015

Parameter South-North North-South Average
Median trip distanc& 121 km 111 km 116 km
Median GVW 32 tons 32 tons 32 tons
Average load factor unweightétl 59% 54% 56%
Average load factdpased ortkm** 71% 67% 69%
Average emptypackhaulunweighted 36% 34% 35%
Average emptypackhaubased on tkm 27% 25% 26%

Source: Gritter Consulting

To estimate a realistic improvement potential of load factor changes the following table gives an
indication of share of tkm and éhdeterminant empty load factor as well as average tkm weighted
load factor per good.

Table5: Baseline Load Factor and Improvement Potential per Good, Viet Nam 2015

Parameter Relevant empty | Relevant average | Improvement potential
backhaul factot® | tkm weighted load
factor'®
Container 18% 78% Empty backhaul is relatively low and the log
transport factor is high. Thereforghe improvement
potential is considered as marginal.
Miscellaneous 32% 60% The empty backhaul and the awagre load
goods factor are at a moderate level. A moderate
improvement potential is thus identified.
Cement/ 37% 51% The empty backhaul is relatively high and th
building material average load factor low. The improvement
potential is high but the commaodity opl
represents a small fraction of total tkm.

The commaodities which represent a large fraction of tkm (container and miscellaneous goods) have
only a limited improvement potential as trucks are in fact already well loaded and with a low empty
backhaul rate In the area of cement and building material the improvement potential is higher but
this only represents a relatively small fraction of the tkm dri#@nlong ¢haul truck transport. The
improvement potentiafor matchmaking platformsstherefore consilered as limited This coincides

also with an assessment made in the UK after analysing disaggregated data in a specitfc sector

2the medianistaken as very long tripgfluence average trip distances

13 not weichted according to trip distance or tkm

1 load factor weighted based on tkm

15in case of asymetric goods flows i.easymmetridoad factors NS and N the lower empty backhaul value is
taken as this value can be improved realistically whilst the value in the other direction is influenced basically
through the asymmetric goods flow.

16idem to empty backhaul; the higher tife aveage load #ctors is takeras the improvement potential is
determined through the path/direction where goods primarily flow.

17 A. McKinnon, The poteia for reducing empty running by trucks: a retrospective analysis, 2006
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Internet-based logistics platforms in general have the problem that shippers have the added burde
of trusting cargo to a cder or broker they are often not familiar witliRisks include nenompliance

of delivery times, damaged or stolen products, loss of products andcoopliance with other
contractual obligations as demanded by the shipgewr truckers on the other hanthe risk is of
default on the side of the shipper e.g. not paying for the services rendered or not paying timely or
other contractual defaultsMany businessetherefore share trepidation about using these services

and their caution is weflounded becauseitfalls do existMost of these pitfalls can be overcome by
financial services including insurance coverage as well as third party retaining of fees. These
instruments are however hardly if at all developed in Viet Nam thus making usage of platforms a
matter of trust for both Parties. Many trading platforms therefore use ratings (for both sides of the
deal) to eliminate fraudulent or loyguality participants and to allow parties to make an informed
choice with whom to engage in business. Howegerch syems require time and large brokerage
volumes to arrive at sound and reliable rating levels, making-sigstcomplicated. The neexistence

of instruments to reduce the risk of platforms in Viet Nam make Intebasted logistics platforms at

the current sage little attractive compared to traditional brokerage services of 3L logistics companies.
This combined with the relatively low improvement potential concerning load factors results in the
conclusion that it is currently not worthwhile to invest resoesdn such a platform. Also at least 3
platforms already exist in Viet Nam which offer these servfaesiowever they do not seem to be
widely used.

Lao PDR

Based on the Ministry of Public Work and Transport total nearly 4 million tons of goods or 880 mil

tkm are transported in Laos PDR. The modal split of transport goods in Laos PDR is road and inland
waterway as no rail transport exists. Based on a GMS transport study realized by ADB (2006) and
confirmed by JICA based on the Lao Statistical Year2®8B) the road sector is dominant in terms

of tkm with around 2/3' against 1/3 inland waterway.

Logistics companies in Vientiane are mostly private forwarding and trucking companies whilst in the
provinces logistics companies are basically owdrarers. The Lao International Freight Forwarder
Association (LIFFA) is the largest umbrella organization stitycompanies in the country.

To get an updated indication of actual load factors of toagl trucks a roadside survey was realized
December 201%®n the national highway road No. 13 at km 85. This highway connects the Provinces
from the Northwest with other Provinces in Laos PDR. Trucks with a GVW of more than 10 tons were
surveyed randomly in both directions. Peak hours of truck movement was bat&ead 8 am and-5

7 pm. The following table shows the main results of the load factor study.

18 www.vietnamtrucking.vn/tranechu/10/sanvantai/ , www.vitransportal.com/tranechu/,
www.vinatrucking.com
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Table6: Results Load Factor Study Laos PDR 2015

Parameter SouthNorth North-South Average
Median trip distanc& 560 km 440 km 520 km
Median GVW 48 tons 36 tons 42 tons
Average load factor unweightét 59% 50% 55%
Average load factdnased ortkm?* 65% 45% 55%
Average emptpackhaulunweighted 29% 44% 37%
Average emptypackhaulbased on tkm 25% 50% 38%

Source: Grutter Consulting
The bllowing table gives an indication of the realistic potential of load factor improvements.

Table7: Baseline Load Factor and Improvement Potential per Commodity, Laos PDR 2015

Parameter Relevant enpty | Relevant averge | Improvement potential
backhaul tkm weighted
factor? load factor®
Mining products 53% 72% This represents around 30% of tkm transported

Empty backhaul is high but related to the
commodity. It is not considered as feasible to
receive significant loads for the same amigi
destinations using mining trucks. Therefotlee
improvement potential is considered as margin
Miscellaneous 19% 56% This represents around 20% of tkm transported
goods The empty backhaul is at a low level. The aver
load factor is at a moderate Vel with a
significantlevelof partial loads. A low to
moderate improvement potential is thus

identified.
Cement/ 30% 46% This represents around 25% of tkm transported
building material The empty backhaul is moderateNsand very

high NS due to asymntec good flows. Also
some partial loads are being realizetNSA
moderate improvement potential exists,
however the issue in this commaodity is basicall
of asymmetric flows.

Liquids 11% 88% This represents around 10% of tkm transported
The empty backéul is very low and the load
factor is very high. No improvement potential i
identified.

For around 50% of goods transported no or only a marginal improvement potential is identified due to
the commodities transported (minerals, liquids) and asymmejoiads flows. For around 50% of goods
a low to moderate potential has been identified.

Therefore, similar to Viet Nam the potential for a matolaking platform are deemed to be limited.

19the medianistaken as very long tripisfluence average trip distances

20 not weidhted according to trip distance or tkm

2! |oad factor weighted based on tkm

22jn case of asymetric goods flows i.easymmetric load factors48 and 9N the lower empty backhaul iz is
taken as this value can be improved realistically whilst the value in the other direction is influenced basically
through the asymmetric goods flow.

Zjdem to empty backhaul; the higher tiie average loadattors is takeras the improvement potendl is
determined through the path/direction where goods primarily flow.

FNAL REPORT GREENGIREPROGRAM GRUTTER CONSULT



3.4.3. Green Freight Label

A GF label is considered as interestirggrinment to promote lowcarbon freight due to the following:

1 GF labels require appropriate monitoring of company performance including fuel usage. This
results in good quality data of actual performance levels and allows companies to track
improvements.

1 GFlabels require companies to implement GF technaegbr improvements such as Eco
Drive courses for their drivers. This ensures that companies actually invest in and implement
GF measures.

1 GF labels are attractive for companies as they improve their ctitiygeposition allowing to
increase their market share, get a larger customer base or increase prices. This again allows
to invest in GF technologies.

The label usethy the GFRs the Green Freight Label given by Green Freight Asia?(@foh values
the environmental performance of the company. The label can be taken as proxy for a reliable
company with internal controls and with a good environmental performance.

GFA is an industry led program incorporated in Singapore as-pnedihorganization. lis a member

driven organization, mainly of shippers and carriers and provides for a clear and simple definition and
recognition of Green Road Freight Transport. The GFA label comprises four distinct tiers of recognition
and has as participating companieg.eHeineken, HP, IKEA, DHL, UPS, Lenovo etc.

Figure7: GFA Label Tiers

one @ wo @@ || 1hree M@ r r / rour M FAINE (

The criteria to get the label is basically, next to being member and paying a membership fee a sound
data management which takes account of the number otlks, fuel type, and emission standard as
minimum (tier 1) plus fuel consumption, distance driven and freight volume for tier 2. Tier 3 asks for
GHG tracking and tier 4 for a public GHG commitment. The environmental commitment for tier 1 is
that all trucks are included in a regular maintenance program. For the following tiers there are basically
the criteria on usage of fuel saving technologies (e.g. Low Rolling ResiStiaex)eand of drivers
trained in Eco Drive asking for an ever increasing amourgalfrologies and trained drivers when
moving from tier 2 to tier 4.

2 companies in Viet Nam and 1 company in Lao PDR were supported by the project to get the label
(those in Viet Nam a-af label and the company in Lao PDR a 1 leaf label).

2 websitehttp://www.greenfreightasia.org/
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3.5. Summary Implementations

The following table summarizes implementation actions realized in the two countries.

Table8: Summary of GF Implementation Actions

Activity Viet Nam Lao PDR
Aerodynamic equipment 11 trucks 11 trucks
LRRs 15 trucks 12 trucks and 3 buses

Fuel Audit Tool

20 companies

20 companies

Eco Drive training instructors

15 instructors

15 instructors

Eco Drive training drivers

100 drivers

100 drivers

Workshops 2 workshops with 90 participanty 2 workshops with 72 participants
Brochures 3 brochures 3 brochures
Reports 12 technical reports
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4. Monitoring Approach

GFTs and Eco Drive have potential impacts on the efficiency of trucks whilst improved load factors have
an impact on the efficiency of moving goods. The monitoisriperefore not a general monitoring of
freight efficiency (as this would also include mode switch measures) nor does it monitor avoidance or
reduction of freight trips. This clarification is important due to its implications on parameters to be
used.

The monitoring focuses on direct emissions sources and not on indirect or le&kagéssions.
However the emission factor for diesel will be presented with and without leakage emissions which
are in this case upstream emissions (weltank emissions causdaly the extraction, transport and
refinery of petroleum products). The fuel upstream emissions are explicitly stated as latter represent
an important source of emissionélso Black Carbo(BC)emissions are estimated based on the
average Euro standard tficks used per country.

The GHG included in monitoring is2COH emissions are marginal in liquid fuel combustion of vehicles
and gaseous trucks are not used in a significant share forHanp heavyduty operations. MO
emissions are marginal for vehiar emissior?s. BC is transformed to GHG equivalent for GWP100.

¢tKS GKNBS ARSYGATASR YSUiK2R2f 23AO0Ff | LIWNRI OKSa

1. Before-after comparison where the fuel efficiency of the truck prior technology installation is
compared with the fuel consumption after technology installation.

2. Control-group approactwhere the fuel efficiency of the project truck is compared to the fuel
efficiency of a comparable reference truck.

3. ontrolled testrun where the fuel efficiency beforeand after equipment installation is
measured based on a realizing a controlled test.

All three methods were applied. In each country for each technology a pilot test run was performed
based on a controlled testun with controlled conditions. Already the pilot phase all involved project
trucks have been monitored-& months prior implementation. Each truck installed with a GFT was
driven under controlled circumstances with and without GFT. For more than 20 trucks per country a
before-after comparism was made with data of minimum 1 month before and 1 month after installing
the GFT and for 6 trucks measurements were made 6 months prior and 6 months after GFT installation.

25| _eakage is defined as impacts not under direct control of the project but which catribetad to the
projects activities.
26 See e.gCDM approved methodolggnCM0016
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Figure8: Monitoring Approach

Implementation of GFT

Month 1 Month 2
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test-run test-run

Source: Griier Consiting

Core parameters monitored are fuel consumption and distance driven. Weight measurement was
made to ensure that average loads were comparable prior/after (calculation based on tkm). Speed
measurements were also made to ensure comparable speeds andrafter installing GFTs and
compared to reference trucks. Reference trucks were identical trucks mstef GVW brand and
make, year, Euro standard and operating company. Fuel consumption was measured wikbwfuel
measurement equipment and fuel stati invoices. The parameter distance driven and driving speed
was based on GPS whilst freight tonnage was based on loading papers.

Figure9: Fuel Monitoring Device
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5. Implementation Results

Implementation results are shown fthhe GFTs applied (aerodynamics, LRRs, incraasqutessure)

as well as for Eco Drive. Workshops, répand implementation of the Green Freight Labed
basically enabling measures and therefore not included. GHG reductions are proportional to fuel
savings and are quantified in the next chapter which looks at the financial and economic impact.

The following figure shows the overall average fuel savings for both countries whilst the table shows
detailed results.

FigurelO: FuelSavings of Green Freight Activities
(average Viet Nam and Lao PDR in % of reduced fuel consumption per km)

Eco Drive after 6 months

Eco Drive short run

serocynamics - |
wyre nfaton

0.0% 1.0% 2.0% 3.0% 4.0% 5.0% 6.0%
fuel savings

Source: Gitter Consulting

Eco Drive and LRRs result in aroursPd fuel savings whilst aerodynamic devices trdinflation
achieve around 2%avings. Combined an improvement of 13% is possible.

Table9: Implementation Resultsn % of Fuel Savings

Measure Viet Nam Lao PDR
Tireinflation Average3.1% Averagel.5%
Efficienttires (LRRs| Average5.6% Average4.2%
STDEW.03 STDEVD.04
Upperand lower boundary 95% Upper and lower boundary 95%
Gonfidence Interval2.4% to 8.9% Gonfidencelnterval: 1.6% to 6.%
Aerodynamic Averagel.5% Average3.2%
devices STDEW.01 STDEMW0.03
Upper and lower boundary 95% Upper and lower boundary 95%
Gonfidence Interval0.4% to 2.7% Gonfidence Interval0.9% to 5.%6
Eco Drive short run| Average7.6% Average3.1%
STDEW.06 STDEMW.03
Upper and lower boundary 95% Upper and lower boundary 95%
Gonfidence Interval4.8% to 10.4% Gonfidence Interval1.6% to 4.6%
Eco Drive long run | Average5.8% Averagen.a.

Source: Gitter Consulting
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Differences in results between the two countries exist, albeit not of large scale.

In the case of Eco Drive improvements change considerably tomeras can be seen from the
following figure showing results with average improveménto 6 months after the courseThis
indicates the need of refresher courses as well as of constant incentives and supervision e.g. through
telemetric equipment.

Figurell: Eco Drive Result®ver Time
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Source: Gitter Consulting
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6. GHG and Economic Impact

6.1. GHG Impact

The GHG impact is determinatitwo levels:

1 Tankto-Wheel (TTW) emissions based on fuel consumption, the Net Calorifie \80Y) and
the CQ Emission factor (EB) of the fuel used following IPCC procedures. The following table
shows the key parameters used for this calculation.

Table10: Parameters to Determine TTW GHG Emissi(hengHaul HDVS)

Parameter Value Viet dm | Value Lao PDH Data Source

Specific fuel 37 1/100km 48 1/100km | Monitoring of >50 trucks during various months

consumption

NCV of diesel 43 MJ/kg IPCC, 2006, table 1.2

Efo20f diesel 74.1 gC@MJ IPCC, 2006, table 1.4

Average GVW 44 tons 35 tons Monitoring of >50 trucks during various months

Average net tons 22 tons 14 tons Viet Nam:12t truck weight; 69% arage tkm
weighted load factor
Lao PDR: 9t truck weight; 55% average tkm
weighted load factor

Annual mileage 90,000km 50,000kn Records companies

1 Wellto-Wheel (WTW) emissions including the GHG impact of Black Carbon (BC) based on the

key parameters as included in the following table.

Tablel1: Parameters to determine WTW and BC Emissiflvased on Eurdll HDVs > 32t GVW)

Parameter Value Viet Namand | Data Source
Lao PDR
PM2.5 emissions 0.151 g/km EEA, COPERT, 2014, Tai?é 8Tier 2 method)
BC carbon fraction of 70% EEA, COPERT, 2014, Table A.4.02 (Tier 3 method)
PM2.5
GWP BC 900 Bond, 2014and Wortl Bank, 2014
Upstream factor 25% JREStudy22%, CEC 23%, US DOE GREET 25%, NRC
diesel GHGenius 29%; average value taken

GHG emissions are expressed in gk, gCQ/tkm and tCQ per annum per truck based on average

mileage per country. The followingliee shows calculated values.

Table12: GHG Emissions Lottpul Trucks Viet Nam and Lao PDR

Parameter Viet Nam Lao PDR
Emissions in gCBmM TTW 995 gC@km 1,291 gCkm
Emissions in gGA&mM WTW incl. BC 1,339 gC&km 1,709 gC&km
Emissions in gCGkm TTW 45 gCQtkm 92 gCQtkm
Emissions in g&@km WTW incl. BC 61 gCQ@'tkm 122 gCQ@tkm
Emissions per truck per annum TTW 90 tCQ 65 tCQ
Emissions per truck per annum WTW incl. E 121 tCQ 85 tCQ

Fuel usage is in absolute aaden more per ton far higher in Lao PDR than in Viet Nam due to roads
and driving conditions (many hilly roads). GHG emissions per truck in absolute terms are however
higher in Viet Nam due to significantly higher annual mileage of trucks in Viet Nam.
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Thefollowing table shows the GHG impact per annum per country per measure.

Tablel3: GHG Impact per Truck per Annum

Parameter Viet Nam . Lao PDR '

TTW WTW incl. BC TTW WTW incl. BC
Aerodynamic equipment 1.3tCQ 1.8tCQ 2.1tCQ 2.71CQ
EfficientTires (LRRS) 5.0tCQ 6.7 tCQ 2.7tCQ 3.6 tCQ
TirelInflation (+1 Bar) 2.81CQ 3.7tCQ 1.0tCQ 1.3tCQ
Eco Drive 2.81CQ 3.7tCQ 1.0tCQ 1.3tCQ
Combined 11.4tCQ 15.3tCQ 6.5tCQ 8.6 tCQ

Source: Grutter Consulting

Combinel each truck can save in Viet Nam 11 to 15:tCOrW or WTW incl. BC approach) and in Lao
PDR7 to 9tCQ. representing 1013% of GHG emissions of leingul trucks.

6.2. Financial Impact and GHG Abatement Costs

6.2.1. Introduction

The financial impact foGF measures is calculated and the marginal abatement costs peat€0O
calculated. The profitability of measures at company level is thereby determined.

6.2.2. Cost Structure Viet Nam

The following table shows core parameters for a kagl truckingcompany based on data collected
from various companies based on input market prices and performance reports of trucks.

Tablel14: Core Parameter3rucking Costs Viet Na2016

ID | Parameter Value

1 Investment cost of new truck (Clase) 1.8 Billion VND
2 Lifespan new Chinese truck 15 years

3 Investment cost used truck (USyéar old) 1 Billion VND
4 Remaining lifespan used US truck 12 years

5 Fuel cost 12,000 VND/I
6 Maintenance cost per month 10 M VND/m
7 Annual repair cost 50 M VND/a
8 Annual vehicle tax 20 M VND/a
9 Other taxes and informal facilitation payments per month 7 M VND/m
10 | Road toll fee per km for national highways 3,500 VND/Km
11 | Truck insurance cost per annum 20 M VND/a
12 | Driver salary incl. social befits per month 15 M VND/m
13 | Auxiliary driver salary incl. social benefits per month 6 M VND/m
14 | Weighted Average Capital Cost WATC 8.5%

15 | Exchange rate USYIND (Interbank rate) 1:22,000

Source: comied by Grutter Consulting

27 average rate for various routes

28 Based on 15.6% cost of equityFCCC, EB 85 Annex 12, CDM Methodological Tool Investment Analysis
Version 6.0, 2015; rate for transpaéctor Vietnany, 6.5% cost of debSBV rate valid as of 01/2016; see
http://www.tradingeconomics.com/vietnam/interestate); 22% tax rate (Deloitte, 2015); 30% equity and 70%
debt finarce
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The following table sbws the operational cost structure of trucking companies in Viet Nam excluding
overhead and profits.

Tablel15: Operational Cost Components of Trucking in Viet Nam (excl. toll fe28)16

Parameter in VND/km in USD/km
Truck Investmst (annualized, average of new/used truck) 1,961 0.09
Fuel 4,440 0.20
Salary Drivers 2,800 0.13
Tires 1,886 0.09
Maintenance & Repair 1,889 0.09
Insurance, Tax 1,378 0.06
Total cost per km 14,353 0.65
Total cost per netkm 652 0.03

Source: calcution by Gritter Consulting

The total cost per km and nékm does not include toll fees charged on highways. If using purely
highways these amount to another 3,500 VND/km (0.16 USD/km) equivalent to another 250 VND per
net-tkm (0.01 USD/netkm).

The folowing figure shows the cost share per component.

Figurel2: Cost Components Trucks Viet Nam (excl. toll fe@€)16

Insurance, taxe
facilitation
10%

Maintenance
repairs
13%

Source: calcutgon by Grutter Consulting

The largest cost component is fuel with around 44 total costs.Thisis followed by salaries with
19% and truck investment, maintenance & repairs, tires, insurance & taxes which all have a comparable
share.

6.2.3. Cost Structure Lao PDR

The following table shows core parameters for a kwagl trucking companiyn Lao PDRBasedon data
collected from various companies and performance reports of trucks.
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Table16: Core Parameter3rucking Costs Lao PDFD16

ID | Parameter Value

1 Investment cost of new truck (Chinese) 570 Million KIP
2 Lifespan new Chinegrick 15 years

3 Investment cost used truck (Japanessjear old) 340 Million KIP
4 Remaining lifespan used truck 10 years
5 Annual distance driven 50,000 km
6 Gross vehicle weight (GVW) 35tons

7 Average load factor (freight torfS) 14tons

8 Numkber of tires (8 axles) 22tires

9 Lifespan of tire (Chinese tifé) 70,000 km
10 | Cost per tire (Chinese tire) 2.2 M KIP
11 | Specific fuel consumption 481/100km
12 | Fuel cost 6,600 KIP/I
13 | Maintenance cost per month 4 M KIP/m
14 | Annual repair cost 48 MKIP/a
15 | Annual vehicle tax 30 M KIP/a
16 | Truck insurance cost per annum 4 M KIP/a
17 | Driver salary incl. social benefits per month 2 M KIP/m
18 | Auxiliary driver salary incl. social benefits p.m. 0.8 M KIP/m
19 | WACE 8.5%

20 | Exchange rate USKEIP (hterbank rate) 1:8,000

Source: compiled b@ritter Consulting

The following table shows the operational cost structure of trucking companies in Lao PDR excluding

overheads and profits.

Tablel17: Operational Cost Components of Tking in Lao PDR2016

Parameter in KIP/km in USD/km
Truck investment (annualized, average of new/used truck) 1,205 0.15
Fuel 3,168 0.40
Salary drivers 672 0.08
Tires 691 0.09
Maintenance, repairs 1,920 0.24
Insurance, taxes 680 0.09
Total cost pekm 8,336 1.04
Total cost per netkm 595 0.07

Source: calcution by Gritter Consulting

The following figure shows the cost share per component.

2937t net payload; 50% empty load factor
%0 |argest market share
31 Assumed same as for Viet Nam
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Figurel3: Cost Components Trucks Lao R2B16

Source: calcution by Gritter Casulting

The largest cost component is fuel with around 44 total costs. Thiss followed by salaries with
19% and truck investment, maintenance & repairs, tires, insurance & taxes which all have a comparable
share.

6.2.4. Financial Impact of GF Measures

The costbenefit of the following GF measures is assessed forhand) trucks:

Installation of a cafsoof deflector (aerodynamic device);
Usage of LoviRolling Resistance Tires (LRRS);

Driver training on Eco Drive;

Package of measures including alstreased tire inflation.

=A =4 4 A

Tablel18: Profitability of GF Measure$

Measure / Parameter Viet Nam Lao PDR
Aerodynamic Device

1. Incremental CAPEér truck UsD 1,000 USD 900
2. Savings OPp¥r truck UsD 1,360 USsD 3,170
3. Paybak time 3.5 years 1.5 years
4. FIRR 35% 245%
LRRs

1. Incremental CAPEQer truck USD 880. USD 880
2. Annual Savings OPpet truck USD 1,130 USD 1,660
3. Payback time 10 months 13 months
4. FIRR 28% 89%

32Based on cost structures and impact as recorded per country
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Eco Drive

1. Incremental CAPE>per annum pe truck USD 150 USD 150
2. Annual Savings OPpet truck USD 560 USD 297
3. Payback time 3 months 6 months
4. FIRR 275% 98%
Combined Measures

1. Incremental CAPEér truck USD 2,08 USD 1,930
2. Annual Savings OPpe¢ truck USD 2,300 USD 1,990
3. Payback time 1 year 1 year

4. FIRR 98% 90%

Eachndividualmeasure has a high FIRR ashort payback time. However, companies have to realize
additional incremental investments and fuel savings are vistble, especially if ndigh-quality
monitoring is in place. Therefore, companies are reluctant to invest in these technologies.

6.2.5. CQ Marginal Abatement Costs

The marginal abatement cof¥1AC)for each measure as well as for the full package is negative as all
measures have a profitable RRvhich is significantly above the WATI&2 MAC in Viet Nam combined
is -400 USD per tCQavoided and in Lao PDR00 USD per tGGavoided®. This is not surprising

considering the high FIRR of investments.

However various barriers apply which also fome reasons why the measures have not proliferated

(in absence of prinstalled cab roof deflectors):

1 GFTs haveerformance risks which result in financial risks making them potentially non
profitable. These performance risks are basically the actual fweéhgsand the life-span or

durability ofLRRs

1 Availability of lowcost efficienttires is in general not given. Only high quality brands such as
Michelin or Bridgestone offer LRRs. These are however high price brands. Thityragjouck
tires used are however low cost brands ortreaded tires. The absolute price difference
between a commonly useite and a LRR is therefore significant (around double) due primarily
to brand differences (the average difference between sdirend LRR and conventiorak
is only 4650 USD piire). This limits the application of LRRs due to limited market availability.
Also in many countries truckers still use tules whilst LRRires are basically for tubeless
tires requiring an additioal investment in rims. Tubtres are preferred by many truckers as
they are cheaper and allow for overloading with less potential of kbows.
dzZa SR F2NJ aFdzSt
pay drivers a fixé allowance for fuel based on the trip realiZedrhis avoids fuel stealing or
haggling with drivers. The dowpoint is that reliable fuel consumption data lacks and that
companies are not very interested in fuel saving technologies as they have to pay the
additional investment but the savings are pocketed by the driver. This creates a significant

1 ¢KS YI22NARGE& Y2RSt

33 Cost of course and day lost for work
34 Impact of course estimated at 12 months

35Based on TTVBHG avoided using NPV with a WACC of 8.5%
36 |n various trucks the driver dismantled the installed equipment for fuel measurement indicating that it
hindered truck performance. The equipment has no incidence on truck performance but obviously the driver
feared that knowledge over actual fuel consumption would result in reducing his payment for fuel.
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barrier for monitoring GF programs and for creating interest for implementing measures. This
situation might change in the future with more telematics includedtricks and with
electronic fuel payment. However, as of todatyconstitutes a significant barrier towards
adoption of GFTs, especially of smaller and less organized companies.

6.3. Financial Structuring Possibilities

6.3.1. ESCO

TraditionalEnergy Servic€Eompany(ESCPstructures are deemed as not applicable for GFTlise
majority of ESCOs follow the "Engrgerformance Contractingtiodel where he ESCO guarantees a
specific level of energy savings and@unts in excess are shared with the ESCO. Terms, including the
split, areagreed at project start, based on project type, bargaining power, and finandihgnon-
applicability of ESCOs to GIsTdue tothe scaleof measures involvednd contractual issues. Next to

this energy savings in GFTs are very difficult to monitor and to retatasely to the implemented GFT

as fuel usage depends on multiple factors many of which are external to the company. Also the impact
of GFTs is relatively small compared to total fuel usage and compared to average fluctuations between
trucks, routes, drigrs and driving circumstance thus making it difficult to have an undisputed fuel
saving related to a specific device.

6.3.2. Group Purchasing

A cooperative omgroup purchasing organization (GP®)an entity that is created to leverage the
purchasing poweof a group of businesses to obtain discounts freemdorsbased on the ciéective
buying power of the GPO membefSPOs areither funded by administrative fees that are paid by
the vendors that GPOs oversdy the buying membersr bya combination of both of these methods.
Group purchasing is used in mangustriesto purchaseraw materialsand supplies alone in the US
there are, based on the National Cooperative Business Rdigog around 250 purchasing
cooperatives.

The following table gives an indication of percentage savings per area of group purchasing schemes in
the US.

Table19: Typical GPO Savings

Input Estimated Percentage Saving
Fuel 2%

Tires 3-10%

New Trucks 1%

Qils 5%

Fleet logistics, software 8-10%
Finance/factoring 2%

Source: Truckers B2B and LCAPP website and calculations by Gritter Consulting

The majority of discounts are in the 5% or lower range.

Group purchasing has been takep by independent companies which focus on this service as profit
enterprise i.e. is not managed in general by trade and business associations. These organizations are
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increasingly competing in the market with virtual buyers groups formed by social medihars on
the Internet as well as through companies such as Amazon which can often offer similar discounts. It
is therefore questionable if the traditional group purchase approach on a sectoral base will survive or
if this will be taken over through viral buyer associations or massive Interbesed trading
companies such as Amazon.

6.3.3. International Experience with Financing GFTs

In numerous countries GFTs have been financed at least partially with subsidies paid by the
government. As example smatiucking companies in Chile received subsidies for acquiring
aerodynamic equipment paid for by the Chilean Energy Efficiency Agency. Another example are various
truck scrapping programs (e.g. in Mexico or Colombia) which subsidize early retirementrafiaide

and their replacement with new and environmentally less polluting entities.

A slightly different approach discussed in detail in the following section was taken by Cascade Sierra
Solutions (CSS) in the US, by the Guangdong Green Freight ProgaachineéSwitzerland. However,

all of these approaches have in common that they have grant finance involved related to pollution,
energy savings and/or the climate impact.

Cascade Sierra Solutions GF Financing

CSS founded in 2006 the US served as aitlge between truck owers banksand government

agenciego arrange lowA Y 1 SNBad f2Fya 2N ANryda (2 GNUzO|l 26yS

GFTs. CSS used loan and grant capital provided for basically by government entities including primarily
the USEPA and the US Department of Energy to leverage further private investments using the funds
as security to raise private capital at a ratio of up to 9:1. The bank has more confidence as the CSS
loan/grant part is at risk first. When recession hit thks a high number of trucking companies
defaulted on the loans to CSS and the entity had to wind down operations 2014.

The interesting element of CSS is using grant money to leverage private capital and bring in banks. This
increased considerably the scoped outreach of the program. Leverage of capital however also
entails leveraging risks. Not uncommon for revolving funds the default rates and risks were
systematically underestimated leading eventually to the collapse of the scheme.

Guangdong Green FrdigProgramme

The 14 MUSDGuangdong GFR a World Bank / GEF supported demonstration program on energy
efficiency and emission reduction in the freight sector and has as one of three components GFTs (GFT
budget 10 MUSD). The financial mechanism is basednoiESCO. The technology providers are
introduced to transport companies as industrial ESCOs. The ESCOs take on the performance risk and
provide projectspecific financing while holding the packages of GFTs on their balance sheets.

World Bank grants arelatated as subsides totalling around 30% of the purchasing price of the GFT

to the ESCOs thus repaying the loans together with the savings from the technologies (see figure
below). Savings or performance data is collected and provided for by the South hiversity of
Technology. The individual ESCOs receive a loan of USD 100,000 from the Industrial Bank guaranteed
for by the World Bank. The guarantee is provided for by the World Bank as the probability of receiving

a nonguaranteed credit is considerems slim. The technology providers are thus able to provide
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trucking companies with a package of fadlicient solutions. For banks the process is simpler as they
only need to finance ESCOs and not individual trucking companies.

Figurel4: Financial Mechasim of GFP, Guangdong

Financial institutions World Bank
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Source: GIZ, Analysis of Climate Finance Policies and Innovative Finance Mechanisms in Guangdong, 2014
In practical implementation the approach has shown various limitations:

Without the World Bank guaranted-Is would not have ised theESCOs credits;

The leverage factor is marginal;

Thefuel savings impact arithe measurement of latteare disputed

Monitored data is not transparent anghreliable;

Long time frame for applications and high complexity to receive subsidies anddswar
Nortrinclusion of SMEs although these form the backbone of logistics in China due to perceived
risk and lack of interest;

= =4 -4 —a -—a -8

The approach usethe provision of financing oGFTrebates and performancbased payments,
without however having realized a sountbnitoring protocol and structurePerformance levels and
payments are therefore disputed. Whilst theoretically the model operates with shared savings in
practice loans are simply repaid by companies plus by the subsidy received from the World Bank.

Swiss ClimateBased Finance Scheme

The Swiss scheme is based gedormancebased payment for GHG reduction. Companies can invest

in any GFT including tires, aerodynamic equipment, truck replacement or also Eco Drive which result
in reduced GHG emissions €ljerformance risk of equipment is thereby with the investor i.e. trucking
company. A GHG baseline in terms of./&@ is established upfront, validated externally and
approved by the government. The baseline and benchmark is thereby for the entire.@eéieét
improvements are monitored. Monitoring based on an established monitoring protocol (includes
basically fuel consumption and distance driven) is realized by the company and uploaded on an
Internet-based platform. External verification of data isskd on automated statistical control
mechanisms as well as randomized spot verifications. Payments are based on absolute GHG emission
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reductions over a specified tirqgeriod of on average 5 years. The company gets (paid) advisory
services on actions with mitigation potential but remains free on which activities to implement and
also finances with own resources or with own credits mechanisms their implementation. The result
based finance is based on GHG reductions relative to the benchmark/baselinegGHh&ights are
thereby transferred to the Swiss government respectively other emitters with caps within the Swiss
domestic carbon trading system.

Basically companies invested in fleet renewal, LRRs;véged tires, Eco Drive and few in advanced
aerodynamic systems. On average the GHG payment covered more than the total differential
investment for LRRs and significantly more than 50% of the investment cost e.g. of aerodynamic
devices or of widérased tired'.

To reduce transaction costs companies werdgulitogether into groups of X5 companies which
received common consulting, validation and verification services thus reducing advisory and
management costs and allowing also small companies with e&lyr&cks to participate. Companies
acquired individally GFTs i.e. no groygayment scheme was realized. Also companies receive
payment and credits based on their individual performance and not based on group performance. The
group scheme was basically set up to allow for interchange of experiences amdlficing costs of
verification and consulting services.

More than 100 trucking companies have been involved in this scheme in Switzerland since 2010.

6.3.4. Climate Finance

Various GFPs have been financed with the justification of climate changéoldstrue of various

national initiatives (e.g. US EPA), the GEF/World Bank Guangdong GFP or the Mexicdm&tdedo

by the Climate Technology Fund (CTF, 50 MUSD) and the World Bank (50 MUSD). The CTF thereby used
as benchmark for interventions initharea a value of 20 USD/tOHowever this is not resulbased

finance but based on eante estimates of abatement costs.

No CDM (Clean Development Mechanism) or VCS (Verified Carbon Standard) project with GFTs has
been registered. However as previoushentioned a domestic Swiss program has included more than
100 trucking companies with resthiased finance based on GHG emission reductions.

No Nationally Appropriate Mitigation ActioNAMA) has yet been funded oras been prepared for
freight. Aunilateral NAMA in Colombia for the scrappingdamplacement of trucks exists (it was
formulated as a NAMA to evidence Colombian commitment to climate change but the program was
already in operation prior NAMA formulation). In Mexico GIZ is preparing a NAMA for freight including
GFT measures.

Variouswindows exist for financing GFTs based on the climate impact including funds from multilateral
banks, the CTF, NAMAs as well as the Green Climate Fund (GCF) which has sustainable transport as
one of 4 core areas within mitigation projects. GHG reductiomswall as the impact towards
sustainable development are thereby crucial. GF measures not only reduce fuel consumption but also

%7 The payment per tCffset was around 130 USD/A€O
38 See Climate Investment Funds, CTF Investment Plan for Mexico: Phase Il, 102913
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diesel exhaust ultrafinparticles and Black Carbofhe Climate and Clean Air Coalition (CCAC) has for
example an initia@ S Re®@ucing Black Carbon Emissions from Heavy Duty Diesel Vehicles and
Engineé* as BC is a significant driver of climate change, especially in thetshmrtand particle
emissions are a major air pollution problem. Diesel exhaust emissions ardyheeraajor factor of BC
emissions. A GFP therefore fits well within national and international strategies to combat climate
change and air pollutian

A financial structuring could be based around a Green Freight Fund which gives grants and technical
assisance to GF technologies and activities. Grant elements of such a fund could be phase out within
a period of 35 years. The structure for such a fund could be established within a NAMA with finance
e.g. from the GCF.

39 http://Iwww.unep.org/ccac/Initiatives/ReducingEmissionsFromHeavyDutyDiesel/tabid/133573/Default.aspx
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7. Steps Forward

7.1. Potential Viet Nam

Total GHG emissions of Vietnam 2010 were 226 Mt@fQvhich the energy sector accounted for 141
MtCQe 0r 63%. It is expected that total GHG emissions will increase under Business as Usual (BAU) by
2020 to 474 MtC@ and by 2030 to 787 MtCRi.e. a3.5x increase compared to 20%0Transport
emissions which form part of the energy sector represent in 2010 around 32 M{Z3% of energy
emissions or 14% of total GHG emisstYnand are expected under BAU to increase by the factor 2.8
until 2020.Within the transport sector, road transport accounts for roughly 88% of GHG emissions in
2010% By 2012 Vietnam had around 39 million vehicles dominated by around 95% motdftycles

In freight transport torkilometre (tkm) growth in period 1998014 has been fdaor 7 which
corresponds to an annual growth rate of 11% (see figure below). For 2030 it is expected that tkm
demand will be approximately 3x the 2014 Itel

Figurel5: TonKilometre Vietham by Mode 1992014
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Source: General &tistics Office Vietnam, 2016

Maritime transport continues to be the dominant mode of transport. Howeireabsolute numbers
it is decreasing since 2010 whilst road transport is steadily growing increasing its mode share of tkm
between 1995 and 2014 frot6 to 22%see figure below)

“OMONRE, 2014

“IMONRE, Table 2.4., 2014

2 MONRE2014

43Vietnam registry; see GIZQ15
44 Almec, 2010
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Figurel6: TonKilometre Mode Share 1995 and 2014
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Considering only volume of freight, road transport dominates with 77% of all transported freight
volume®. Maritime transport has however a much higher average trip distance i.e. fordistance
freight transport, the mode of choice in Vietham remains maritime transport, also due to the long
coastal line of the country.

+ A S (i yinteNd@diNationally Rtermined Contribution(INDC) has as unconditional contribution a
reduction of GHG emissions compared to BAU by 2030 of 8% in which the emission intensity per unit
of GDP shall decline by 20% compared to 2010 Evels

Within the INDCas example the impleentation of vehicle maintenance is included as mitigation
option®’.

Thepotential GHG impacbf a GF progrardepends basically on the number of trucks participating in
the program. A low scenario (25% of trucks participating) and a high scenario (50%cks tru
participating) has been modelled. The following table shows the projected GHG reductions annually in
tCQ by 2030.

Table20: Annual Potential GHG Reductions of GFP by 2030 ind(TW incl. BC)

Option Value (low to high)
Opeiational measures (technical options and Eco Drive) 600,0001,200,000
Operational measures plus Diesel Particle Filter 900,0001,800,000
Operational measures + DPF + increase of average GV by 1,100,0002,200,000

Source:All calculéions by Gritter @nsulting {km data based on rakbased tkm projections of JICA)

7.2. Potential Lao PDR

According to Lao PDR Second National Communication, total GHG emissions in 2CRIDVEES .,
of which the energy sector accounted for 2% of the total GHG em&sWithin the energy sector

4GS0, 2016

46 Government of Vietnan2015

47 http:/fwww4.unfccc.int/submissions/indc/Submission%20Pages/submissions.aspx
48 assuning constant average load factor per tkm
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transportis responsible for around 50% of emissitSinslowever, transportelated C@emissions are
increasingapidly fromaround 650,00 tCQ in 2001 to2.2 milliontCQ in 201%° The major sources
of emission are from truckand light commercial vehicle$his data also matches calculations based
on reported gasoline and diesel transport consumption values of 2@ich result in GHG transport
emissions for the year 2014 of 2.3 MtCDisprojectedthat transport sector enssion will reacimearly

4 milliontCQ by 2020 and 6.3 MG in 2030.

Figurel?: Projected C@Emissions of the Transport Sector
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Source: Almec, 2012

Road transport dominatethe transport systems in Lao PDR. Road transpgesents 95% of total
passengekilometres travelled and 88% of freigkilometres travelled. Transport activities for both
passengers and freight have grown rapidly during 2B050.Feight transport has increased from 260
to 510milliontkm, which repreents an almost double (97%) ieasewithin 5 years

In 2011, there werearound 200,000 cars, 900,000 motorcycles and 26 @d@r vehicles (trucks,
buses, trailers, three wheelerdn 2030, it$ projected that the total number of motor vehicles in the
country will increase to almost 2 million vehicfes

I 002 NRA Yy 3 INDE2019%*2the tobinirgndends to undertake a number of mitigation actions
to reduce its future emissions, subject to provision of international support. However, the INDC does
not provide any specific target.

The following table shows thgotential GHG reductionsf a GFRinnually in tC@by 2030.

49 As electricity in Laos is generated almost 100% from hydropower, emission from energy generation is almost
negligible.

50 Almec, 2012

51 Ministry of Energy and Mines, 2015

52 Almec, 2012

53 Almec, 2012.

> MONRE, 2015
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Table21: Annual Projected GHG Reductions of GFP by 2030 iget@Or'W incl. BC)

Option Value (low to high)
Operational measures (technical options and Eco Drive) 8,000:17,000
Operational measures plus Diesel Particle Filter 11,00022,000

SourceAll calculations by Gritter Consulting

Emission reductions are thus in a relatively low range due to the limitedber of truicks and freight
movement in Lao PDRith around 2020,000 tC@ reduced per annum.

7.3. Potential Measures and Approaches

Implementation of efficiency measures which have a small and hardly felt impact but a clear additional
upfront cost aredifficult to implement on a widespread bas& the llowing sectionstrategies are
outlined which areonsideredo be the most promising to be able to reap the GHG and environmental
benefits as well age financial advantages of GFTs.

ForEco Drivehe path proposed is to include Ecové components in the compulsory curricula for
driver training. This path is being followed in both countries due to active support of the project. A
curricula adapted to national circumstances and needs has been developed and the national
authorities areincluding core Eco drive elements in the curricula for driver training. This path has been
followed by many other countries worldwide with good succébsstinuous feedbacknd an incentive
system or telematicare howeverrequired to reap the full potentiadf Eco Drive.

ForLRRghe most promising pathway is considered to have national regulations concerning CORs of
tires. Within the EU regulations exist which specify minimum requirements for COR. The current
requirements are a maximum of 8.0 kg/t for tires sold after 1.11.2016 andrman 6.5 kg/t for new

type approvals of tires (for tires sold this value will be enforced from 1.11.2020 onwards). The EU also
introduced a standardised tire label including energy efficiency based on the COR, wet grip and noise,
effective as from the yaa2012.As first step an energy efficiency label comparable to the-kvevn

energy labels of consumer goods can be introduciedlowed by compubry or market based
performance standards fdires. This allows for a widespread market penetration of hijficienttires

and is a coseffective approach.

For otherGFTsuch as aerodynamic devices, Diesel Particle Filters (DPFs) to reduce PM and thereby
BC, usage of lowarbon trucks and fuels as well as other measures a GF climate finance fund could be
implemented which reduces upfront costs of such technologies based on their GHG impact thereby
increasing significantly the attractiveness of GFTs. Such a climate fund could be coupled with technical
assistance as well as dissemination of best practices. fitheé could be financed on a nen
reimbursable manner through climate funds based on the social cost of carbon. Comparable funds
have been successful in the transportation industry e.g. in the promotion ofckwon buses:
examples are the Green Bus Fundhef UK or Chinese funds for hybrid and electric units which could

be downsized or completely phased out after a short time and created a transformational impact in
promoting new technologies.

Forlogisticsa possible pathway is the increased usage ofmgltics combined with carbon tracking
and the increased penetration of green logistics and low carbon transport resulting in a demand for
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improved logistics more sensitive towards GHG emissions. This can increase the attractiveness
platforms and other mans to increase the load factor of trucks.

Other measuresvhich could also be explored further include the usage of larger trucks with more
payload thereby reducing GHG emissions per &k improving traffic fluidity thereby reducing stop
and go traffic ad increasing the average speed of truckkso the establishment of fuel consumption
standards for new trucks, as introduced e.g. in the US, is a pathway worth exploring.
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8. Implementation Experience

The following points summarize the main projaaplementation experiences.
Localize the Project

Local driving circumstances, especially speed, are very important. Experiences from international,
especially US or European GF programs are only partially valid as speeds driven vary considerably
resulting n no impact of various GFTs e.g. most aerodynamic equip(eeatfigure below for average
speeds)

Figurel8: Average Driving SpeedongHaul Trucks Viet Nam and Lao PDR
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SourceGritter Consulting based on GPS measurementsnguvarious months

Average driving speeds for loihgul trucks were in both countries around 40km/h whilst in the US the
average on highvays is 90km/f. The figure below shows the implications for any aerodynamic
equipment.

Figurel9: Power Required to Overcome Aerodynamic Drag at Different Speeds
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Source: F. Browand, USC Viterbi, Reducing Aerodynamic Drag and Fuel Consumption, 2005

SShittp://www.statista.com/statistics/195100/averageperatingtruck-speedon-selectedus-interstate-
highways/
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Also idling fuel losses are very much higher in the US or Europe due to truck cabins equithped
many devices and due to sleeping in cabins with AC whilst in Viet Nam or Lao PDR truck cabins are les
equipped, AC is not commonly used and often drivers do not sleep in cabins.

GF programgherefore need to be adapted to local circumstances.
Availability of Technologies

Availability of lowcost efficienttires is in general not given. Only high quality brands such as Michelin
or Bridgestone offer LRRs. These are however high price brands. The majority dfésicised are
however low cost brandgr re-treadedtires. The absolute price difference between a commonly used
tire and a LRR is therefore significant (around double) due primarily to brand differences (the average
difference between same brand LRR and conventitrals only 4050 USD petire). This limits the
application of LRRs due to limited market availabiktlgo in many countries truckers still use tube
tires whilst LRRres are basically for tubelesges requiring an additional investment in rims. Tube
tires are preferred by @mny truckers as they are cheaper and allow for overloading with less potential
of blow-outs.

Low technology availability can result therefore in significant additional GFT costs.
Fuel Monitoring and Fuel Manageent by Companies

The majority model used fak F dzS¢ Y Iyl 3SYSyiGé o6& 0(NHzO1Ay3a O2YLI
drivers a fixed allowance for fuel based on the trip reafizethis avoids fuel stealing or haggling with
drivers. The dowapoint is that reliable fuel consumption data lacks and that pamies are not very
interested in fuel saving technologies as they have to pay the additional investment but the savings
are pocketed by the driver. This creates a significant barrier for monitoring GF programs and for
creating interest for implementing nasures. This situation might change in the future with more
telematics included in trucks and with electronic fuel payment. However, as of today it constitutes a
significant barrier towards monitoring and adoption of GFTs, especially of smaller andgdaszed
companies.

Load Measurement

Data on actual load factor per goods type and direction are important to identify promising logistics
improvement options. Empty backhaul numbers are often exaggerated and not put into context with
potentially asymmetrigood flows thus overestimating improvement potentials. Again, international
bets practice needs to be contrasted with local circumstances and this involves collection of primary
data as latter is often not available to assess the current situation irealei@ manner.

Trucks lack telematics to monitor actual weight. Monitoring per tkm, which would be optimal for
tracking GHG efficiency, is therefore hardly possible. Data from companies and freight documents have
proven to be unreliable and not precise emgh. Therefore, installation efeight inrmotion equipment

which automatically weights truck tonnage would be advisafigpically, such equipment reads
pressure and strain changes in the rig's air or mechanical suspension systems. Tiny sensors are

56 |n various trucks the driver dismantled the installed equipmentifiet measurement indicating that it
hindered truck performance. The equipment has no incidence on truck performance but obviously the driver
feared that knowledge over actual fuel consumption would result in reducing his payment for fuel.
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mountedto the suspension ahe tractor or trailer.Weight measurement accura¢ywithin 0.3 ta2%
of the gross vehicle weigh

Figure20: Weight inMotion Equipment

Typical Installation

Tee

Sensor

Source: http://www.truckweight.com/manuals.html

On the other handthe experience has also been made that over various months, average load factors
remain fairly constant and therefore monitoring approaches using long enough periods and using only
data of fuel efficiency per kilometre are sufficiently reliable.

Usage otelematics which provide continuous data on actual load factors can be used for monitoring
as well as for logistics data (combined with freight papers to identify goods transported). However,
such equipment can be costly, is locally not available and compdave currently little incentive to
install such equipment (the major reason in some countries to install such equipment is for load
tracking and safety reasons i.e. to be advised of unplannelbadfing).

Measurement

Reliable and local data over tlirapact of GF measures is scarce. Measurements are either not made
at al, without adequate equipmentwith a to small sample of units or with a faulty methodological
approach. As example US Smart Way is often used to project GF potentials thereby \zestbtiog

e.g. the impact of aerodynamic devices due to differing vehicle speeds and traffic circumstances.
Another example is Eco Drive where often the improvement values of training courses are taken which
are of limited value.The program has provem tbe effective in designing and implementing a high
quality GFT measurement system thereby producing local impact data of value also for other GF
interventions.

Monitoring

The monitoring approach based on comparison befafter has proven to be the moseliable
approach. The testun can be very standardized. However, variations between routes, trucks, drivers
and driving circumstances make the result of just one-test of little validity. The method of
comparing project with reference trucks is compléxherent differences (external to the technology
applied) exist between trucks (even of the same brand and make) and drivers. Therefore, such an
approach ionly valid if measurements of both trucks are also made sufficient time before installing
any equpment to identify the difference of fuel consumption between both trucks already before. This
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approach allows to separate the external fuel usage difference from project induced differences (se
following graph as example). The most reliable approacbwselier considered to be the comparison
before-after. However, this requiresufficient time (bst 3-6 months) of monitoring beforenstalling
equipmentandthereatfter to filter out standard monthly variations.

Figure21: Compaison Roject and Reference Truck
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Source: Gitter Consulting example of two identical trucks; project truck equipped with aerodynamics

The example in the figure above shows that if only a comparison had been made between the
reference and the projedruck after installation of the equipment (months7) there would have
been no measurable impact of the aerodynamic device. However, the truck where the aerodynamic

RSOAOS gl a AyaulrttSR KIR Ay (GKS Y2yikrdabaub)laz2z NJ Ay &

significantly higher fuel consumption than the reference truck. Therefore, an approach using reference
trucks needs to include a measurement already prior installation of equipment.
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