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Preface

I am pleased to present this essential document, the “Roadmap for the Development of an
Electric Vehicle Charging Stations Network in Cambodia.” As Cambodia’s Minister of Public
Works and Transport, | understand the crucial role that sustainable transportation plays in our
nation’s progress to achieving the 2050’s target of becoming a high-income country under the
wise and visionary leadership of Samdech Moha Borvor Thipadei HUN MANET, Prime Minister
of Cambodia. Adopting eco-friendly technologies is not just an option; it is a responsibility we
owe to our environment, our people, and future generations.

This roadmap is a vital guide for Cambodia’s transport future. It outlines a clear plan to create
a reliable electric vehicle charging network across the country, paving the way for cleaner and
more efficient transportation. Electric Vehicle have the potential to reduce pollution, enhance
energy security, and position Cambodia as a leader in green technology. However, for this
vision to materialize, a strong charging infrastructure must be in place.

I commend the authors for their meticulous work and extend my sincere gratitude to UNDP
for their steadfast support in making this roadmap materialized. This roadmap provides
valuable insights into different scenarios of electric vehicle adoption and the necessary
investments in charging infrastructure. It also identifies lessons from global practices and
outlines practical steps for the government, businesses, and other stakeholders.

As policymakers, it is our responsibility to assess and act upon these recommendations. We
must collaborate across sectors to bring this roadmap to life. Our aim is to create a modern,
sustainable transportation sector that benefits all Cambodians. Accessible charging
infrastructure is key to making electric vehicle a reality. With collective effort, Cambodia can
lead Southeast Asia’s shift toward electric mobility.

| invite everyone, regardless of background, to explore this roadmap. Let’s engage in
discussions and partnership that will drive the implementation of this roadmap. Under the
admirable leadership of Samdech Thipadei Prime Minister, we can redefine transportation,
embracing innovation for Cambodia’s brighter future. ]j}
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Foreword

The Royal Government of Cambodia (RGC) is fully committed to fulfilling its climate change
mitigation objectives as outlined in its Nationally Determined Contributions (NDC) and Long-
Term Strategy for Carbon Neutrality (LTS4CN). Clean mobility has been identified as a key
priority to strive towards carbon neutrality.

The Government is in the process of adopting a set of policies, action plans, and concrete
measures to foster the emergence of a dynamic market for Electric Vehicles (EVs). In 2016,
the introduction of the battery reprocessing and recycling regulation by the Ministry of
Environment paved the way for the necessary development of this sector. More recently,
import duties on four-wheeler electric vehicles have been cut by half compared to internal
combustion engine vehicles.

The efforts of the RGC are focused on creating a strong enabling environment for the
emergence and scaling-up of the EV market, which entails the development of a nation-wide
network of charging infrastructure. EV uptake and Electric Vehicle Charging Stations (EVCS)
development are intrinsically correlated. Wide EV uptake without an EVCS network would
confine clean mobility to a niche market and would not allow for economy-wide and cross-
country usage.

This roadmap embodies the Government’s vision for clean mobility in Cambodia. Its main
objectives are to (i) define clear targets for ECVS network development in coherence with EV
market projections and uptake goals, (ii) set priorities in terms of infrastructure development
to meet the specific needs of the Cambodian people, {iii) identify regulatory development
pathways, and (iv) assess financial and capacity building needs amongst stakeholders to
enable the emergence of a self-sufficient market in the long run.

The partnership with the private sector is crucial for accelerating change, promoting
innovation and new technologies. This roadmap will increase the projection capacity of
private actors involved in the development of the network and help them build a strategy on
this nascent market. Public actors, on the other hand, will be able to anticipate the needs for
capacity building and the implementation of market-enabling measures. This document is
structured as follows:

- Background examines the technical and financial basics of EVs and EVCS, discusses the
current development of the EV and EVCS market worldwide, in the region, and in
Cambodia.

- Future Scenarios Modelling details an analysis of electric vehicle uptake scenarios in
Cambodia, and draws conclusions regarding the need for charging infrastructure.

- Situation Analysis of EVCS in Cambodia dives into the current situation of the EVCS market
of Cambodia by discussing market prospects, identifying key players, and describing
existing roadblocks.

- Action Plan proposes guiding principles for the charging infrastructure, and details an...__
action plan that is to guide the Government in developing a robust |nstLtut|onai"_,

framework. V.

- The multiple Annexes allow to delve deeper into the intricacies of charging infﬁég_t'rg;rfftgﬁé;nj[.rnfk. XS\

f‘» N ;'
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Executive Summary

Scope and Approach

The key objective of this document is (i) to assess the need for EVCS network development in
Cambodia, in coherence with EV market projections, (i) to help set priorities in terms of
infrastructure development to meet the specific needs of the Cambodian people, {(iii) to
identify regulatory development pathways, with recommended actions and players, and
finally (iv) to assess financial and capacity building needs amongst stakeholders to enable the
emergence of a self-sufficient market in the long run.

The recommended course of actions described here is specifically targeting the development
of the charging infrastructure, not the adoption of electric vehicles more broadly. It will be
important to ensure synchronisation between these proposed activities and other initiatives
that are more directly related to EVs.

The development of this document was supported in particular by extensive desk research,
multiple interviews with key stakeholders (financial institutions, EV suppliers, EVCS suppliers,
government, etc.), and a country-wide field work. The results and recommendations
formulated here were validated in a series of workshops with representatives of the private
sector and line ministries.

Background

2021 was an exceptional year for the global electric vehicle (EV) market. Electric vehicle sales
reached 42% of total sales for two- and three-wheelers, 8.2% for passenger cars, and 44% for
urban buses. There are now more than 270 million light electric vehicles on the road, 18
million cars, 685,000 buses, and 613,000 vans and trucks. In particular, it is expected that
electric car sales will surpass Internal Combustion Engine Vehicles (ICEV) sales in most markets
between 2025 and 2040.

In Southeast Asia, electric mobility is becoming an increasingly central issue, which is expected

to play a crucial role in the climate policies of the region, whilst being a strategic topic for the

local automotive industries. Although the regional EV market has shown signs of future

expansion, EV uptake is still at its early stage in ASEAN, capturing only a few percent of market

share in most countries. The key barriers to the development of this market are clearly

identified:

- Availability: few EV models are currently available in the region, which still relies heavily
on imports.

- Affordability: cost competition with ICEVs, especially from the second-hand market,
remains a major barrier.

- Convenience: lack of sufficient charging infrastructure creates range anxiety amongst
potential users, hampering EV sales.

- Awareness: EVs are still hardly integrated into the Cambodian landscape;
misconceptions regarding their operation and reliability remain common.

- Technical capacity: there is a lack of nation-wide network operators and maintenance
personnel.

Although the vast majority of charging takes place at home, developing a high- qualltv chargmg AN
infrastructure will be critical to ensure economy-wide adoption of electric vehlcles Chargmg&;’ RN Y\
infrastructure is divided into four main types: (i) home charging, charging carrled out in they
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home or workplace at low power, (ii) away-from-home AC charging, stations installed in
urban areas and open to the public, used in particular for short top-up charges, (iii) DC fast
charging, carried out at high power and essential to ensure cross-country travel, and (iv)
battery swapping stations, Battery-as-a-Service models targeted at light vehicles.

Generally, a ratio of 1 charging station open to the public for every 10 electric cars on the road
is recommended, with Electric Vehicle Charging Stations (EVCS) usually divided into 40% DC
fast chargers and 60% AC slow chargers. On the other hand, battery swapping models for light
electric vehicles are short-term effective solutions to compensate for the lack of infrastructure
or to respond to specific transport needs.

Installing a charging station requires significant initial capital investment: hardware, design,
installation, and upgrading the electrical infrastructure (grid connection, transformer, etc.).

Vehicle segment Four-wheelers Two-wheelers
Charging infrastructure AC charger DC fast charger Battery swapping cabinet
Power capacity 410 40 kW 40 to over 400 kW 10 to 20 kW

Cost per charging point $2,000 to $10,000 $25,000 to $100,000 $5,000 to $10,000

Generally speaking, charging services are low-margin investments which require a high
equipment use rate to ensure profits. Even with significant subsidies, EV charging stations are
rarely short-term profitable ventures on their own.

Situation Analysis of EVCS in Cambodia

Cambodia’s stock of motorised land vehicles has been growing at an exceptional rate of 10 to
15% per year since the late 1990s. There were over 6.3 million registered motorised vehicles
in the Kingdom in 2021, of which 85% are motorcycles. Although the use of personal cars will
continue to grow in the coming years, motorcycles are expected to remain the predominant
means of road transport.

In 2020, battery electric vehicles were estimated to account for less than 0.1% of vehicle sales
across all segments in the Kingdom. As of September 2022, there were 295 2-3 electric
wheelers and 262 electric vehicles registered with MPWT, as well as 7 open to the public EVCS
implemented in the country.

All key potential stakeholders of the EV and EVCS markets are ready to invest and cooperate;
multiple initiatives have prepared the ground for future development in Cambodia. There is
strong potential for rapid and country-wide deployment of EVs, which will be enabled by an
adequate and supportive regulatory and policy framework.

The development of the charging infrastructure will be primarily a private sector-driven
initiative, with financial resources already readily available through Environment, Social,
Governance (ESG) and impact funds. Therefore, the Government, embodied by a Technical
Working Group bringing together key line ministries and public organisations, is expected to
play a regulatory role, promoting a market-based approach by implementing market- enabllng;..,,___ ‘
measures. ’

A number of roadblocks have so far hampered the development of the mfrastructure and'"wdf
need to be addressed, particularly (i) the difficulty and cost associated with gupgr’adlng"?’”i:
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connection points at potential host sites, (ii) the absence of technical standards for
components regarding quality, safety, and charging connectors, (iii) the absence of detailed
national EV and EVCS uptake targets, (iv) the existing legal void regarding authorisation to
operate charging equipment, due in particular to the Law of Electricity which regulates the
sale and purchase of energy in the Kingdom.

Future Scenario Modelling

Three scenarios for the adoption of electric vehicles in Cambodia were modelled, from 2022
to 2050 period, and are used to draw conclusions about the associated vehicle charging
infrastructure needed. Scenario EV1 is the conservative scenario, EV2 the more realistic
uptake scenario, and EV3 is the aspirational scenario aligned with LTS4CN objectives.

Unsurprisingly, two- and three-wheelers will constitute by far the largest market segment of
electric vehicles in the Kingdom. All three scenarios suggest that there will be over a million
of them on the roads sometime between 2030 and 2040, reaching between 2.1 and 7.3 million
units by 2050.

Given that Cambodia's car stock is still growing significantly, there is a clear opportunity to
electrify it as it grows, thus avoiding the inertia related to retiring ICEVs. The scenarios provide
that there will be over 100,000 electric cars in Cambodia sometime between by 2035 and
2042, and by 2050 between 300 thousand and more than a million.

In contrast, only an expected few thousand electric heavy vehicles will be on the road by 2050.
Overall, electrifying the heavy-vehicle stock will raise particularly complex challenges in terms
of grid integration and vehicle stock renewal.

Electricity consumption generated by the EVs will represent between 0.7% and 2.8% of
Cambodia’s national electricity consumption by 2040, half of which is expected to come from
electric cars.

It will be paramount to set up battery disposal facilities in order to manage the orderly end-
of-life of these significant volumes of batteries. By 2030, the capacity needed will remain
particularly low, below a few MWh per year. By 2040, several hundreds of MWh of batteries
will need to be decommissioned and directed to secondary applications. By 2050, between
0.7 and 2.5 GWh will need to be decommissioned each year for secondary uses, and between
0.3 and 1.4 GWh will need to be recycled, covering 6 to 9% of the demand for new batteries.

In Cambodia, an electric motorcycle will emit an estimated 55% less GHG than an equivalent
ICEV during its lifetime, whilst for cars this benefit is only 22%. The use of electricity instead
of hydrocarbons significantly reduces the operational emissions of vehicles; with the
decarbonisation of the Cambodian electricity grid, these savings will become more significant.

The use of an electric vehicle makes it possible to reduce fuel expenditure for users by an
average $133 per year for electric motorcycles, and $1,069 for electric car. The potential
savings for households will amount to between $14 and $78 million per year by 2030. By 2050 ,
these savings may represent between $509 and $1,766 million every year. -




particular, by 2030, between 25 and 100 strategically located DC fast chargers will be needed
to fully interconnect Cambodia's provinces; by 2050, 1,700 to 5,900 will be required — a similar
amount to the approximately 3,000 gas stations contained in Cambodia.

The deployment of the charging infrastructure will require a cumulative capital investment
between $168 and $576 million by 2050, averaging $0.5 to $2 million per year in the 2022 to
2030 period.

For electric cars For electric motorcycles
Slow chargers Fast chargers Battery swapping stations
Period / Scenario EV1 EV2 EV3 EV1 EV2 EV3 EV1 EV2 EV3
2022 - 2025 S50k $100k $180k $90k $180k $310k $70k $130k $440k
2025 - 2030 $130k $270k S460k $240k $480k $810k $210k $420k $1.3m
2030 - 2040 $1.3m $2.6m $4.3m $2.3m $4.5m $7.7m $1.4m $2.7m $5.2m
2040 - 2050 $3.4m $6.8m  $11.5m $6.0m $12.1m  $20.5m $1.7m $3.3m S$4.6m

Action Plan
An action plan has been developed to guide Government in supporting the development of a
charging infrastructure network.

It is recommended to develop a legal framework that freely allows the installation of low-
power charging outlets on private premises as these will have very little impact on the national
power infrastructure, whilst regulating the implementation of high-power installations such
as DC fast chargers through clearly defined policy. The introduction of technical standards will
align initiatives and help ensure user safety.

The roadmap follows a three-phase timeline (2025, 2027, 2035). Phase 1 contains the highest
priority actions for the development of charging stations, namely:

- The establishment of an inter-ministerial Technical Working Group (TWG). The TWG
will be composed of ministerial technical staff that will ensure coordination between
initiatives and create a single window system to avoid interaction with multiple
government contact points.

- The adoption of national uptake targets for EVs and for EVCS. Detailing the
Government'’s approach for EV adoption and EVCS deployment will show a strong and
holistic commitment to support these new technologies

- The set-up of an Early Incentive Programme to kick-start the development of a
network of fast charging stations, by bringing the necessary conditions for the early
development of the market.

- Assisting in the establishment of business associations to bring all key players
together under one roof, and setting up regular discussion channels to foster initiatives
and facilitate infrastructure development.

- Development of an authorisation process for high-power charging mfrastructure to
address the legal void created by the Law on Electricity. =




- The adoption and enforcement of a defined set of technical standards, in particular
for charging connectors (plugs), but also in terms of component quality and installation

safety.

Table 1. Roadmap timeline for recommended actions.

Lead and

BTN 2022 Phase 1;Phase 2{Phase 3

| wiinistries 2025 | 2027 | 2035
Topic #1 - Coordination and Support
1.1 Establishment of an inter-ministerial Technical Working Group (TWG}) (TWG) :
1.2 Set-up of national uptake targets and issuance of a development strategy (TWG) }
1.3 Developing an Early Incentive Programme for fast chargers (TWG) I
1.4 Supporting the establishment of business associations pertaining to EV and EVCS (TWG) '
1.5 Developing a vehicle battery disposal action plan (TWG) I v
1.6 Building a monitoring and reporting framework for EVCS (TWG) \ !
Topic #2 — Regulatory and Policy Framework Development
2.1 Development of an authorisation process for high-power charging infrastructure (TWG) :
2.2 Developing of a procurement framework for public locations (MPWT) l :
2.3 Assessment of safety risks and requirements for AC charging (TWG) : J
2.4 Issuing quality and safety standards for charging equipment (TA;;WT/MISH/ I
2.5 Definition of regulatory approach for low-power charging infrastructure (TWG) 1
2.6 lIssuing technical standards for charging connectors (plugs) ;’?;WT/ LU :
2.7 Incentivising EVCS installation and the emergence of EVCS-related businesses (MEF) : :
2.8 Setting requirements to the installation of EVCS in new constructions (TWG) ! ]
Topic #3 — Grid Integration
3.1 Facilitating infrastructure upgrades for site hosts (MME) ) ;
3.2 Country-wide assessment of EVCS installation risks and necessary upgrades (MME) : :
3.3 Including charging infrastructure in long-term power development plans (MME) f I
3.4 Planning for cutting-edge approaches (MME) : I
Topic #4 — Capacity Building and Awareness Raising
4.1 Campaign for leading by example (RGO : :
4.2 Developing best-practices guidelines (MPWT) I '
4.3 Building the new technical skillsets (RGC) ! :
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Background

Basics of Electric Vehicle Charging Stations

Note: Additional information can be found in Annex 1, which dives deeper into the technical basics of electric
vehicle charging stations.

Classification of Electric Vehicles

An electric vehicle (EV) is a vehicle which is propelled by one or more electric motors, powered
by a battery pack —commonly, the term EV encompasses both battery electric vehicles (BEVs)
and plug-in hybrid vehicles (PHEVs). Road vehicles are classified according to their powertrain
as follows:

Table 2. Classification of vehicle power trains.

Fully electric vehicle without a combustion engine.

Battery El Vehicle EV
B . [l _v__ _ecirli“e_ R I o B ___(Main focus of this document). g
Vehicle with an internal combustion engine and an
. . . electric powertrain that can be run in pure electric
H
YEHd ElEdtIe Reliicle i mode for a limited range and benefits from
R T S N A regenerative braking. )
I ol
Plug-in Hybrld Electric Vehicle PHEV HEV that has a larger battery and can be | p ugged in
L L andcharged. Dmdn ML
Eudl Edii Blaerie Valiiae FCEV Hydrogen-fuelled vehicles, wI_nch includes a fuel cell
~ FELNCA ] _and a battery-powered electricmotor.
Conventional fossil powered vehicle which uses diesel,

Internal Combustion Engine Vehicle ICEV
. . ! gasoline, or gaseous fluids.

Electric alternatives exist for all transport modes and vehicle categories, from two-wheelers
to heavy-duty trucks. The following table provides a standard classification and typical
specifications of BEV segments.

Table 3. Main BEV segments and associated battery characteristics.
Compiled from market data of available EV models.

Bicycle ' ) 0.25- 1kwh

il e 36-48V

Two-wheelers Scooter ~0.03 "'1 kwh i 1t hy
o ~ Motorcycle o 3=k 48-72V.
Trhlr'gre-wheeler_s_ T_uk -tuk , ~0.06 - 36-8 kWh - = 72V

1SI gen. BEV ik 20 kWh 72V
Cars . 0.1-0.3 = S s

s ] 2 gen. BEV 7 L 30- 150 kWh .
Urban bus
= - - 80 - 300 kWh
Heavy duty Urban truck B — uy, oy 350 -500V
vehicles Inter—urban bus ' '
> 300 kWh

Long- haul truck

The average driving range of new BEVs has been steadily increasing: the weighted avef"ge:’“
range for a new battery electric car increased from 200 km in 2015 to over 350 W :‘{
(IEA, 2022). &~
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Electric Vehicle Charging Equipment
Charging stations are commonly classified into four power levels:

Table 4. Power range definition of charging levels of EVCS.

Leve__l #1 - ' < 375\{1 - T 20 km per hour

******* Slow charger
Level #2 N 3.7t022 kW - <150km per hour
Level #3 2210 120 kW 150 to 600 km per hour
T o R — — — Fast charger
Level #4 _ ) >120 kW > §00 km per h?f’f :

The charging level needs to be adapted to the type of EV and the user behaviour in order to
be completed in a reasonable amount of time and without incurring damage to the battery.
For instance, light electric vehicles, since they have small battery packs, mostly need a low-
power supply, whereas heavy-duty vehicles need a high-power delivery. Alternatively, instead
of charging the battery directly, some manufacturers favour a Battery-as-a-Service (Baa$) or
battery swapping approach. In these models, depleted batteries are removed from the vehicle
and replaced with fully-charged ones by a third-party operator for a fee. Annex 3 - describes
battery swapping models in more detail.

The following table summarises charging levels that are commonly used for different electric
vehicle segments.

Table 5. Main BEVs segments and associated appropriate charging levels.
Compiled from market data of available EV madels.

Bicycle % N = g
Two-wheelers Scooter  ESSNSEES R . 78y
oy Motorcycle ° Rarely e
Three-wheelers Tuk-tuk LI $ i il )
e 15} genBEv (RS S oy
gen BEV . 2 W0
Urlqan bus 7 _ 2
Heavy duty Urban truck ) ] >
vehicles Inter- urban bus ' 7 3 | O Sy
Long-haul truck ot =k B 2

Cost of Electric Vehicle Charging Stations

The cost of a given charging point is dependent on the specific requirements and constraints
of the station and its users. Therefore, the costs associated with installing and operating EVCS
can vary extensively, depending on the power rating of the station, the desired charging point
features, the site location, the existing electrical infrastructure, and the necessary civil work.
The main costs can be broken down as follows:

Hardware costs.
- EVCS unlt
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trenching, boring, repaving, metering, etc.).
- Payment system.




- Additional EVCS equipment (advertising platform, energy monitoring, etc.).
Installation costs.

- Design and engineering review.

- Contractor labour and materials.

- Licensing and inspection.

Additional capital costs.

- Potential electrical infrastructure upgrades (breakers, transformer, cabling, etc.).
- Civil work (lighting, signage, painting, parking space, etc.).

- Hardware and installation warranty.

- Land/parking space purchase or lease.

Operation and maintenance costs.

- Electricity consumption and demand charges.

- Subscription to EVCS online monitoring systems.

- Management time.

- Billing transaction costs.

- Preventative and corrective maintenance.

AC charger
(Level #1-3) Battery

swapping

: ; Pedestal with DC charger cabinet
Basic wall mount Basic pedestal N (Leve! #34}

e ¢ 4 &

Pawar range 4 to 40 kW 40 to 400 kW 10 to 20 kW

$2,000 to $10,000 $25k to $100,000 $5k to $10,000

Figure 1. Benchmark price of different types of EVCS in 2022.
Compiled from market data of availuble EVCS models; costs are given as an indication and may vary significantly between
components, locations, and project specifics. Battery swapping cabinet costs do not include batteries.

Benefits of Electric Vehicle Charging Stations

Note: Additional information pertaining to EVCS financial modelling and business models can be found in
Annex 4 and Annex 5.

Ensuring the profitability of charging equipment is of primary concern to potential investors.
Proper financial forecasting can be challenging, as it has to account for factors such as EV user
on-site dwell time, charging fee structure, charging station utilisation rate, and indirect
benefits for the site host.

Generally speaking, charging services are low-margin investments which require a high
equipment use rate to ensure profit. Even with significant subsidies, EV charging static
rarely short-term profitable ventures on their own.

t “H “7 e
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By installing open-to-the-public EVCS within their ground, site hosts can attract or retain BEV-
driving visitors, employees, and customers. Benefits induced by the equipment include:

- Revenue generation.

- Direct: fees paid by EV users to use the charging equipment.

- Indirect: (i) sales revenue from customers either coming to a site for the purpose
of using the charging station or spending longer time at the location whilst waiting
for their vehicle to charge (ii) revenue from on-site advertising boards.

- Corporate branding and increased attractivity. Hosting EV charging stations can signal
commitment of the host site to advancing sustainability goals.

Global Context of EVs and EVCS

Electric Car Market

2020 and 2021 were pivotal years for the global electric vehicle market. Despite the COVID-
19 crisis and a 15.3% contraction of the global automotive industry, the stock of PHEV and
BEV cars grew by an exceptional 40% between 2019 and 2020. An even stronger acceleration
took place in 2021, with an additional 6.7 million new BEV and PHEV being added to the global
stock. Overall, in 2021, EVs accounted for 8.2% of new car sales worldwide (IEA, 2022).

Table 6. Overview of the development of EV market segments in 2022.
(BNEF, 2022).

Two- and three-wheelers Passenger cars Urban buses Vans and trucks

42% 8.2% 44% 1%

" 230 million (bicycles)

| 35 million (motorcycles) 18 million 685,000 613,000

In 2022, the more than 18 million electric cars worldwide represent approximately 1% of the
global motorised vehicle stock. Electric car sales could surpass ICEV sales in most markets
between 2025 and 2040 (BNEF, 2022). However, few countries and urban areas
disproportionally concentrate most EV sales, with 80% of all EVs sold in China, Europe, and
the United States in 2021 (IEA, 2022).

Whilst over the past decade, the global electric vehicle market had been dominated by Plug-
in Hybrid Electric Vehicles (PHEVs), BEVs have been continuously gaining momentum against
PHEVs; in 2022, BEVs represented 70% of EV sales worldwide (BNEF, 2022).

In the last few years, the available EV offer has grown significantly: there are 450 electric car
models currently available worldwide, 60% more than in 2019. All the largest Original
Equipment Manufacturers (OEM) groups have announced ambitious targets in terms of sales
of electric vehicles, and the development of new models.

Governments have continued to strengthen the promotion of the uptake of EVs through direct

purchase incentives and tax deductions. In 2021, the global expenditure on incentives. .

increased by 25%, reaching $14 billion, over $2,000 per electric car sold (IEA, 2022/)//‘"”
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Electric Micromobility

Electric micromobility - encompassing electric scooters, bicycles, and tuk-tuks — has also
experienced sturdy growth in 2021, fuelled in particular by the increasingly widespread
deployment of shared mobility services in urban areas around the world. The International
Energy Agency estimates that there are nearly 35 million electric motorcycles and scooters
on the road worldwide, and close to 230 million electric bicycles — making two-wheelers by
far the main market segment for electric vehicles. Whilst the European and American markets
are currently experiencing strong growth, Asia, and particularly China, continues to account
for the vast majority of the market.

Electric Heavy-vehicles

The market for heavy-duty electric vehicles has also been growing rapidly; global sales of
electric buses experienced a 40% increase in 2021. However, the market share of electric
models is still small: only 0.3% of total heavy-vehicle registrations in 2021, 90% of which
were concentrated in China. Globally, battery electric buses account for 4% of the total fleet
and trucks for only 0.1%. The masses involved require high power and large-capacity batteries,
which affect the economic viability of such vehicles. Nevertheless, short-distance use cases
such as urban buses and last mile freight are favourable to electrification. Slow overnight
charging in depots is the common solution for commercial vehicles but a public charging
infrastructure could help foster the development of longer distance applications.
Electrification for long distance transport, which requires very high-power charging facilities
(> 350 kW), is still uncertain due to high costs (IEA, 2022).

Electric Vehicle Charging Infrastructure

The development of the EV market has naturally come hand-in-hand with a boom in the
deployment of charging stations. In 2021, there were 17 million charging points installed
worldwide - nearly as many as electric cars deployed worldwide (IEA, 2022).

Remarkably, the vast majority of the vehicle charging happens either at home or at
workplaces. As a consequence, only a fraction of the global charging station stock constitutes
publicly accessible charging points: the IEA estimates that 88% of EVCS are low-power and
installed within private premises (IEA, 2022).

EV owners tend to rely as much as possible on their own private chargers, and make use of
public chargers only when absolutely needed (e.g., for long distance travel, or unexpected
trips). The typology of public charging points varies greatly between countries, and depends
on charging behaviour, EV uptake and types, demographics, urbanisation, and policy
landscapes. There were over 2 million publicly accessible chargers for cars in 2021, 40% of
which are fast chargers (IEA, 2022).

Comparing the evolution of the stock of public charging stations and the uptake of electric
vehicles in different countries shows that various strategies are being implemented, both in
terms of the ratio of EVs per public charging station, but also in terms of preference between
low- and high-power charging points. Nevertheless, a ratio of at least 1 publicly accessible
EVCS per 10 electric cars is commonly recommended to ensure the away-from-heme
charging requirements from EV-users.

adl g‘
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Energy Shift

The uptake of electric vehicles modifies the final energy consumption mix of the transport
sector, causing a shift from fossil fuels towards electricity. Therefore, the deployment of
charging stations comes with significant infrastructure challenges to accommodate this new
demand for energy, both in terms of power delivery capacity (transmission, distribution) and
electricity generation. These technical barriers become all the more complex when it comes
to faster, higher-power chargers.

Nevertheless, the percentage of electricity consumption attributable to EVs remains marginal
even in countries with the highest EV uptake: 0.5% in China, 0.2% in the USA, 0.3% in Europe.
However, it has been estimated that these countries could see the share of electricity
consumption from EV charging reach 3 to 7% by 2030, thereby inducing significant and
growing pressure on power systems (IEA, 2022). By 2050, consumption from EVs will
represent an estimated 27% of global electricity demand (BNEF, 2022).

Electric Mobility in Southeast Asia

Regional Automotive Market

In line with the stark economic development of the ASEAN region, the stock of registered
motorised vehicles increased every year at a 6% to 10% rate over the last decade, exceeding
300 million individual vehicles in 2020, thus representing close to one vehicle per two
inhabitants (ASEANStatsDataPortal, 2022).

Although passenger cars have been gaining significant momentum, the market remains
overwhelmingly dominated by light-duty vehicles: motorcycles account for approximately
75% of all road vehicles - the highest penetration rate of two-wheelers in the world. Since
2006, the road infrastructure of member countries has increased by an average 62 thousand
kilometres per year; the overall road density now exceeds 0.5 kilometres of road per square
kilometre (ASEANStatsDataPortal, 2022).

The ASEAN region plays a key role within the global motorcycle industry, being the third
largest market in terms of production and sales after India and China. Indonesia, Thailand,
and Vietnam alone accounted for more than 11 million units in 2019 out of the total sales of
13.7 million in the region (ABeam, 2021).

Motorcycles remain the key transportation method in ASEAN, thanks to their low cost, their
efficient fuel consumption, and their workability around traffic congestion. However, as
incomes increase, and with the establishment of policy initiatives and the expansion of
infrastructure, the market of developing ASEAN countries tends to shift increasingly towards
passenger cars. As a result, the vehicle market of ASEAN member states is often divided into
three phases (ABeam, 2021):

i.  The motorcycle market phase. Economic growth correlates with an increase in the
number of motorcycles on the road. o

ii.  The car market phase. Economic growth with lifestyle change leads to l}:rt‘:fhga.a= Sing
passenger car sales over motorcycle sales. The tipping point differs fro c’gyn;ry'
country, and may depend on inequality levels and overall road mfrastruc?frﬁ / &
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iii.  The premium market phase. Beyond a certain development threshold, the ratio of
motorcycles to cars no longer decreases and may even increase again. This is due to
the availability of new transport offers such as electric vehicles, luxurious motorcycles,
or public transports, that reshape the transport market.

Regional Electric Mobility Context

Electric mobility is an increasingly central topic across the ASEAN region. Electric vehicle fleets
are expected to play an important role in addressing traffic-related localised air pollution in
growing urban areas, and related climate benefits will keep increasing as the region
decarbonises its electricity production.

The increase in fuel prices since mid-2021 linked to the global commaodity crisis has highlighted
the exposure of Southeast Asian economies to fossil fuel price fluctuations, and further
emphasised the potential economic benefits of electric vehicles for both end-users and
governments.

Nevertheless, as with emerging economies in other regions, EV uptake is at its early stage in
the ASEAN region. Electric vehicle sales remain marginal, but several markets have been
showing early signs of a future scale up since 2020:

Table 7. Sales share of electric vehicles in ASEAN in 2020.

(IccT, 2022) e ] 5 e

Two-ﬁheelers Cars
vietnam 83% <0.1%
_,__ Phlllpplnes - 174% 02%
E, lndoﬁésﬁa ) 3 ' 7 1.1% <0.1%
&= malaysia 0.8% <0.1%
== Thailand ' <0.1%  04%
E Cambodla | | <0.1% < 0 1%
e SmggEJ_r_e__ - ' <31;/; 1 1% -

In 2021, the cost of electric vehicles still largely dominated the concerns of potential EV
owners in ASEAN (AIDIC, 2021), illustrating the low level of market maturity in the region. The
regional market is still largely focussed on the two- and three-wheeler segments. However,
due in part to a lack of governmental policy regarding these new vehicles, the vast majority of
electric two-wheelers remains unregistered. The United Nations Environmental Programme
(UNEP) indicated in 2021 that there were already 1.35 million registered electric two-wheelers
in Vietnam, whilst Malaysia, Thailand, Indonesia, and the Philippines are estimated to have a
few thousand each (UNEP, 2020).

These numbers are expected to grow significantly over the next few years, in line with the
expansion of the available offer, the wider adoption of these new technologies by the general
public, as well as the increasing pressure from fuel costs due to the ongoing global energy

crisis. The International Renewable Energy Agency estimated that by 2025, close to 20% of a=.

vehicles in Southeast Asia could be electric, including 59 million two- and three-wheelers:'”'
and 8.9 million passenger cars (IRENA & ACE, 2016). Retrospectively, these early estlmates:&;

seem quite optimistic. However, they show that a vast untampered potential hes vélthln the’;\,_' L2
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region. BloombergNEF, in their Economic Transition Scenario, forecasts that EV cars could
reach a 55% market share in Southeast Asia by 2040 (BNEF, 2022).

Electric Mobility Development Strategies in the Region

Despite constituting the second largest potential market for electric micromobility and having
a significant regional automotive industry, the vast majority of electric vehicles and their
components is still imported into the ASEAN, especially from China. ASEAN manufacturers
and governments are willing to step up and meet the increased demand for electric mobility.
Existing major automotive hubs such as Thailand and Indonesia are taking steps to spur EV
manufacturing and battery production through policy measures, such as tax incentives and
production or export targets.

Within the region, electric mobility has so far received various levels of attention and support
from local governments. The individual national contexts in terms of industry, energy,
environment, economy, and transportation strongly influence objectives, eagerness, and
capacity to promote the uptake of EVs. Appendix 1 provides an updated overview of the level
of development of the EV market in ASEAN, in terms of the stock of EVs and public EVCS,
government targets, support mechanisms, and EVCS regulation in force.

In addition to the common barriers that all countries have to overcome in order to promote
the uptake of electric vehicles such as availability, affordability, convenience, and awareness.
The emerging markets within the ASEAN face a whole additional set of constraints. The
International Council on Clean Transportation (ICCT) identified the following main barriers to
the development of the ASEAN EV market (ICCT, 2022):

- Lack of regulations. A strong and holistic policy signal to the private sector is needed to
promote investment in infrastructure, manufacturing, and product deployment so as to
spur an adequate available offer.

- Price competition with low-cost ICEVs. The average cost of ICEVs within the ASEAN
remains lower or comparable to equivalent electric vehicles. Moreover, individuals in the
ASEAN rely heavily on second-hand markets, and the massive imports of inexpensive used
ICEVs further increases the upfront cost difference between EVs and traditional vehicles.
Meanwhile, the EV second-hand market is still nascent. A combination of regulatory and
demand-based policies is required to provide cost parity between EVs and ICEVs in the
long term.

- Lack of e-mobility-based businesses. The available offer is still limited in the ASEAN,
therefore restricting options for mass uptake of EVs. In addition, because of the early stage
of the market, in Cambodia there is no resale value for EVs. But in the future, it will play a
significant role in shaping the evolution of the ASEAN market.

- Insufficient charging infrastructure. As driving range and charging time remain strong
concerns of potential EV owners, the development of the charging infrastructure needs to
be adequate and country-wide.

- Lack of local technical expertise. As these technologies are still quite new, local expertise

is largely unavailable, resulting in underdeveloped supply chain capability, insufficient. .

network of mechanics trained on EV repairs, and poor establishment and |mpleméntatlon &8 00
of technical standards for vehicle and charging infrastructure. Y 5
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- Limited public awareness. ICEVs are massively embedded within local culture, whilst
electric vehicles still suffer from misconceptions and misunderstanding from the general
public.

Electric Mobility in Cambodia
Cambodia’s Road Transport Sector

The development of the road transport sector has come hand-in-hand with the expansion of
the Cambodian economy, playing a key role in the development of the tourism,
manufacturing, and agriculture sectors.

Particularly, the land transport sector holds a fundamental position within the national
strategic goals of promoting growth, employment, equity, and efficiency, set in the
Cambodian Rectangular Strategy Phase IV (RSIV). Under the RSIV Rectangle 2. Side 1., the
Government aims to improve the infrastructure through enhanced transport connectivity and
internal integration, and the expansion of the coverage of energy and digital connectivity so
as to contribute to the competitiveness and diversification of the economic growth base (RGC,
2018).

Road transport is overwhelmingly the largest transport subsector of the Kingdom,
representing an estimated modal share of more than 90% for passenger and freight. Over
the past decade, Cambodia undertook a significant road construction and rehabilitation
process as the Kingdom seeks to facilitate faster transportation within and between provinces.
Roads are vital to the country's economic development, being the only source of
transportation in most rural areas. Main priorities for the infrastructure development include
(i) improving rural connectivity, (i) enhancing connectivity access between cities, (iii)
promoting connectivity and trade with neighbouring countries and within the ASEAN.

The management of roads infrastructure is divided into three government authorities:

- The Ministry of Public Works and Transport (MPWT) is the competent authority for the
transport sector in the Kingdom of Cambodia and manages the expressways, national
roads, and provincial roads. Within the MPWT, two main Directorates relate to national
and provincial road transport. Additionally, MPWT is responsible for the construction and
maintenance of the transport infrastructure of the Kingdom, including roads, bridges,
sewage systems, solid waste treatment systems, ports, railways, and waterways.

- The Ministry of Rural Development (MRD) is in charge of rural roads and other roads as
assigned by the RGC.

- The sub-national administrations are the competent authorities to manage roads within
urban areas through the assignment of duties from the MPWT and the MRD and approved
by the RGC.

Overall, the road transport network of Cambodia has more than doubled since 2008,
comprised in 2022 of over 65,000 kilometres of roads, of which 19% are paved (ADB, 2019)
The road infrastructure is administratively divided into: R

- 1-digit national roads (2,254 km). Most important, multiple lane road mfra'
connecting the country's main cities. j




- 2-digits national roads (5,007 km). Interconnecting secondary cities, 1-digit national
roads, as well as border crossings. Half have two lanes.

- 3-4 digits provincial roads (9,031 km). Mainly unpaved, providing interconnection at
district level.

- Rural roads (45,242 km). Under the responsibility of the MRD, allowing transport at the
communal level, and largely unpaved.

In 2020, whilst the borders were closed because of the COVID-19 crisis, several major road
construction projects were commissioned by the RGC. In particular, two expressways are
being developed to serve the growing extent of economy and trade. The first connecting
Phnom Penh to the Preah Sihanouk province, with a total length of 230 km. The second, still
under negotiation, will lead Phnom Penh to Ho Chi Minh City with a total length of 213 km.

Cambodia’s Motorised Vehicle Stock

In line with the economic development of Cambodia, the demographic expansion, and the
migration of population from rural to urban areas, the overall stock of motorised land vehicles
has been growing at an exceptional rate of 10 to 15% per year since the late 1990s. Today, it
is estimated that there are over 6.3 million motorised vehicles in the Kingdom, of which more
than 85% are motorcycles. The stock was increased by approximately 500,000 motorcycles
and 70,000 cars per year since pre-Covid times according to the MPWT (MPWT, 2022).

Stock of registered vehicles in Cambodia
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Figure 2. Vehicle registrations per year and per type of vehicle.
(MPWT, 2022)

In 2019, 85% households in urban areas and 77% in rural areas owned a motorcycle. Only 10%
of households owned a car or van (NIS, 2019).

Table 8. Ownership of motorised vehicles by Cambodian households in 2014 and 2019.

(NIS, 2020) _
Cambodia Phnom Penh Other urban Rural areas
2014 66% 90% 74% 61%. T
Motorcycle L T
2019 83% 90% 87% B0%:
2014 5% 20% 9% ; O
Car

2019 10% 27% 14%




The domestic automotive industry is still quite unstructured, and is vastly dominated by
second-hand reconditioned and imported vehicles, which account for 70 to 80% of all sales in
the Kingdom according to the Cambodia Automotive Industry Federation (CAIF). However, the
last few years have seen an increase in the market share of new vehicles, both (i) through the
development of a dozen vehicle assembly plants mostly targeted at the domestic market, and
(i) through the development of a supply of affordable Chinese vehicles benefiting from
favourable import conditions.

Automotive component manufacturers and vehicle assemblers, including car manufacturers,
have been gaining significant momentum in the Kingdom. The Council for the Development
of Cambodia (CDC) identified the development of the automotive industry as a priority sector.

Vehicle import taxes are divided into the customs duty, the special tax, and the VAT.
Depending on the type of vehicle, its engine power, and its energy source, the overall import
tax may vary from 50 to over 90% (see Appendix 4). Since 2022, imported battery electric
vehicles benefit from a reduced special tax.

Imports and Consumption of Oil Products for Transport

Cambodian oil demand is fully met with imports: Cambodia has attempted to exploit offshore
oil and gas deposits in the Gulf of Thailand since the 1990s, with no success thus far. There are
no operating oil refineries in the country yet, although some projects have been considered.
Overall, 15 local and international oil companies import petroleum products from abroad and
distribute them to consumers through over 3,000 licensed petrol stations and 29 petroleum
terminals.

Cambodian refined oil imports in 2020 Cambodian oil product usage in 2019
LPG
Singapore 13% Jet
" $309m - kerosene
3%
Fuel oil
2%
Vietnam A :
Total $261m Total { | Otherail
$1,820 million : Diesel 17 million BOE | products
__ China 54% y 1%
;;‘alllg‘;d A 1 .~ Motor
e .. Other " gasoline
$5m 27%

Malaysia
s60m Unit: primary energy

Figure 3. Statistics of Cambodia’s oil products imports.
BOE = Barrel of Oil Equivalent (1 BOE = 1,700 kWh)
(OEC, 2022) (IEA, 2022).

The expansion of the Cambodian vehicle stock has led to a 10% yearly growth of fuel
consumption from the transport sector during the last decade (UNFCCC, 2019). In 2019, the
transport sector as a whole utilised 72% of the oil products imported in Cambodia (energy-
wise), accounting for over 12 million barrel of oil equivalent in primary energy consumption
(IEA, 2022).

Environmental Externalities of the Cambodian Transport Sector




Overall, the transport sector is estimated to account for more than 50% of the greenhouse
gas emissions from the energy sector of Cambodia, representing 5 million equivalent tonnes
of CO; in 2016, more than electricity generation and industrial processes combined (UNFCCC,
2019).

The sprawl of inefficient, old, and second-hand vehicles has led to a deterioration of air quality
throughout the country, and most notably in urban areas. In particular, concentrations of
PM2.5 particles in the air in Phnom Penh, coming partly from vehicle emissions, have been
found to regularly exceed WHO recommended air quality standards. No vehicle age limit is
currently imposed on imported second-hand vehicles, meaning that most lack pollutant
mitigation technology, although imposing higher import tax on older vehicles (more than 10
years) has been agreed.

Several policies have been recently introduced and ambition to reduce the environmental

impact of the transport sector, such as:

- Cambodia’s Updated Nationally Determined Contribution (NCSD/MOE, 2020). By 2030,
pledge to reduce energy-associated GHG emissions - including transport - by 40%
compared to business-as-usual.

- Long-term Strategy for Carbon Neutrality (MoE, 2021). By 2050, EVs to represent 70% of
motorcycles and 40% of cars and urban buses.

- Draft National Energy Efficiency Policy 2021-2035 (MME, 2022). By 2030, reduce the final
energy consumption of the transport sector by 5% compared to business-as-usual.

EV and EVCS Market in Cambodia

In 2020, battery electric vehicles were estimated to represent less than 0.1% of vehicle sales
across all segments in the Kingdom (ICCT, 2022). As of September 2022, there were 295 2-3
electric wheelers and 262 electric vehicles registered, as well as 7 publicly open EV charging
stations implemented in the country (MPWT, 2022).

The registration of electric vehicles with the MPWT, especially in the two- and three-wheeler
segments, is neither widespread nor systematic, making it difficult to obtain quality data on
the development of the market. The usual estimates given by the private sector are of a few
hundred electric tuk-tuks, and a few thousand electric motorbikes currently on the roads,
mainly in Phnom Penh. The EV and EVCS markets are not yet specifically regulated in
Cambodia, although a number of initiatives are under development, especially pertaining to
technical and safety standards.

The current available electric car offer in Cambodia is still relatively limited, although an
increasing number of players are starting to take an interest in the market. With the notable
exception of Jaguar and Tesla, no large European, Japanese, Korean, or American OEMs are
importing battery electric vehicles into Cambodia at the moment. Three reasons are generally
put forward to explain this reluctance: (i) the low maturity of the market, (ii) the lack of
charging infrastructure, (iii) the absence of a proper battery recovering channel. This latter
aspect constitutes a major blocking point for some manufacturers: in the absence of
regulations and of existing services to ensure the proper reprocessing and recycling -of
batteries, international OEMs tend to consider that importing BEVs is too risky. For the time
being, the segment of available electric cars is largely limited to Chinese-made:_'cfe\h;i'c‘les.‘_' _
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Nevertheless, there is a surprisingly large number of hybrid vehicles in Cambodia; some
estimates suggest that more than one in six car sales (including imported second-hand
vehicles) is a hybrid. In particular, Toyota does not officially import hybrid vehicles into
Cambodia, but there are numerous reconditioned and second-hand Toyota Camrys, Harriers,
and Priuses on the roads.

In recent years, the two- and three-wheeler markets have seen a growing number of electric
scooter and electric tuk-tuk importers, some working towards developing a local
manufacturing activity. Some of these initiatives have addressed the absence of existing
charging infrastructure by setting up their own network of battery swapping stations.

Additionally, multiple development projects have recently provided support to this market,
such as:

- SMMR. Sustainable Mobility in Medium-Sized Metropolitan Regions (SMMR) is a German-
funded project implemented by GFA Group under the ASEAN Secretary of Transport. The
main objective of this project is to support national ministries in developing their
strategies around sustainable transport. Their work focuses on medium-size cities (i.e., not
capital cities). Their main activity is to provide capacity building, and develop technical
working groups with line ministries, providing guidance and helping develop plans and
visions for potential initiatives. SMMR then assist the ministries in fund sourcing. Their
main topics are SUMP (Sustainable Urban Mobility Planning), transport executives, LEVs,
logistics, smart mobility, and active mobility.

- World Bank. As part of its support to the development of Cambodia, the World Bank has
commissioned a study on the deployment of electric vehicles. This study will be conducted
in partnership with the Ministry of Mines and Energy, and aims to (i) provide a list of
suggested policies and fiscal structures/incentives viable for Cambodia situation and each
of the market segments, (ii) make an overview of the transport market in Cambodia and
entry points for e-mobility, (i) set up a stakeholder mapping and suggest investment
models and partnerships for e-mobility implementation of charging infrastructure, (iv)
analyse the gender/differently-abled gaps in the transport sector and make
recommendations for improvements as e-mobility is deployed, (v) establish a roadmap for
e-mobility implementation in Cambodia.

- Global Green Growth Institute. In 2019 and 2020, GGGI conducted a GCF readiness
project which aimed to promote the switch from gasoline to electric motorcycles. Project
deliverables include a market and technical assessment, communication needs
assessment, a policy gap analysis, followed by the design of a financial incentive scheme
and investment concept note. Activities of this project include (i) support to the
development of selected regulatory measures to promote e-motorcycle use, (ii)
demonstration of a switch from gasoline to electric motorcycles for the fleet of a high-
profile institution through a subsidy scheme, (iii) pre-feasibility study for the deployment
of clean buses in the city of Siem Reap including the World Heritage Site of Angkor, (iv)
investment facilitation.

- Energy Lab — CCCA. Energy Lab and the Cambodia Climate Change Alliance have recentl\) :
collaborated to improve the perception of electric vehicles amongst the Cambodian
public. This initiative included a series of events and awareness raising campaigns.
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DFAT — CAP-RED. The Australian Department of Foreign Affairs and Trade recently issued
a tender for their new project CAP-RED, which will focus primely on e-mobility. This new
initiative is still at tendering stage and will aim to support the private sector in developing
e-mobility infrastructure, through the provision of flexible technical and financial support.
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Future Scenarios Modelling

1.Scenario Architecture

In this section, three different scenarios for the adoption of electric vehicles in Cambodia are
analysed over the 2022 to 2050 period — a conservative one, a more realistic one, and an
aspirational one which corresponds to LTS4CN targets. Each scenario corresponds to a
different share of electric vehicles in total yearly vehicle sales by 2050.

Table 9. Architecture of the scenarios. !

Motorcycles Cars Heavy vehicles?

Category Al and A2 vehicles: Category B vehicles: passenger
two-wheelers below or above cars, pick-up trucks, and other
125 ¢¢, motorcycle trailers, and  vehicles below 9 passengers

Category C and D vehicles: all
trucks above 3.5 tonnes, and
buses above 9 passengers.

three-wheelers (tuk-tuks). and 3.5 tonnes.
Baseline 0% 0% 0%
Scenario EV1 30% 15% 1%
Scenario EV2 60% 30% 3%
Scenario EV3 (LTS4CN) 90% 51% 5%

The scenarios were deliberately designed to cover a broad spectrum of potential market
growth:

- EV1is a conservative scenario, wherein 30% of new motorcycle sales and 15% of new car
sales are electric vehicles, which corresponds to an electrification rate of 20% of
motorcycles (2.1 million) and 12% of cars (316 thousand) by 2050.

- EV2is a more realistic scenario, which was designed in line with existing market analyses
conducted in the region. It would result in a stock of 4.1 million electric motorcycles (40%)
and 631,000 electric cars (24%) on the road by 2050.

- EV3isan aspirational scenario: it has been calibrated so as to be consistent with the Long-
term Strategy for Carbon Neutrality (LTS4CN) set out by the Ministry of the Environment,
which calls for 70% of motorcycles, and 40% of cars on the road to be electric by 2050
(MoE, 2021). This amounts to respectively 7.3 million electric motorcycles and 1.1 million
electric cars.

! The vehicles segments (“Motorcycles, Cars, Heavy-vehicles”) are based on the classification used by MPWT to
determine the categories of driving licences as well as the registration of motorised vehicles. Three-wheelers are
not treated separately in this analysis due to a lack of available market data but can be interpreted as included

in the “Motorcycles” segment.

2 Although heavy-duty vehicles are included in this analysis in order to highlight the challenges inherent to
electrifying this segment of vehicles - particularly in terms of their significant energy consumption - thls gxércise'jt' =
does not dive deeper into the associated charging infrastructure. Indeed, the market of electric heavy Vehlcle'S'ls RE))
evolving rapidly, and it is considered that they should be the subject of a separate study focusing orffhélfspec:ﬁc'- o
problematics (logistics, public transport, tourism, regional commerce, etc.), which are outside thé seope ofthls
work. )




2. Methodology and Key Assumptions

In order to characterise the need for charging infrastructure, a projection of electric vehicle
sales as well as a modelling of future user behaviour were built. These allow conclusions to be
drawn regarding the requirement for and locations of charging infrastructure, as well as the
associated energy consumption and capital investment volumes.

In addition, this modelling allows the estimation of the battery demand that will be generated
by the adoption of electric vehicles, as well as the associated reprocessing capacity
requirements. Finally, avoided CO2 emissions as well as fuel saving benefits are estimated. The
methodology and the assumptions used are greater discussed in Appendix 2.

Assumptions Assumptions
Assumptions - Transport demand per vehicle - EV-user behaviour and charging
Growth of EV market share segment patterns
Retirement of ICEVs Electricity consumption per - Standard EVCS characteristics
EV segment = Provincial-level data

National road data

> EVstock |

How many EVs What will be battery
of each segment ¢ AT N S 0 A demand, and what size
will be on the | shized-Ghd S ML DIE 0 should the disposal
Vehicle stock : road? capacity be?
. o i. How much charging infrastructure
How many motorised ,‘fv'" A
vehicles will be on the Ener: ry shift ] ii. Where will it be required?
road? Ui, i L
How much electricity nvestment volume
consumption will be iy S Uk ge
ired for the EVs?
Modelling from et ¥
Demographic projections How much investment in charging
Economic development projections infrastructure will be required?
Historical data Assumptions

Benchmark of EVCS and
infrastructure costs

How much GHG What will be the
emission can be cumulative benefit of
avoided with EVs? using EVs?

Figure 4. Schematic modelling assumptions and approach.

The growth of the Cambodian vehicle stock (given below) was estimated based on economic
and demographic projections, and is assumed to be the same in each scenario. The motorcycle
stock is expected to stabilise at approximately 10 million vehicles by 2050, whilst the stocks
of cars and heavy vehicles are anticipated to experience uninterrupted and steep growth.

Table 10. Modelling of the stock of motorised vehicles in Cambodia.

Motorcycles Cars Heavy vehicles

2021 (actual) 5.4m 0.28 0.6m 0.03 0.26m 0.01
2025 (estimated) 6.5m 0.38 0.8m 0.05 0.28m 0.01
2030 (estimated) 7.9m 0.44 1.0m 0.07 0.31m 0.02
2040 (estimated) 9.6m 0.50 1.6m 0.08 0.39m 0,025

2050 (estimated) 10.4m 0.50 2.7m 0.13 0.50m
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In order to estimate the transport demand associated with electric vehicles, it was assumed
that motorcycle users drive an average of 5,000 km per year; whilst cars and heavy vehicles
are driven 10,000 km and 90,000 km respectively. The energy demand generated per electric
vehicle is then estimated by combining the transport demand with the typical energy
consumption of electric vehicles.

Table 11. Key assumptions on EVs.

Motorcycles Cars Heavy vehicles
Lifespan of batteries 10 years 15 years 5 years
Battery size 2.8 kWh 55 kWh 300 kWh
Distance travelled per year 5,000 km 10,000 km 90,000 km
Electricity consumption of EVs 0.025 kWh per km 0.2 kWh per km 1.0 kWh per km
Yearly electricity consumption 125 kWh per EV 2,000 kWh per EV 90,000 kWh per EV

In line with current benchmarks, batteries are supposed to have a lifespan of 10 years for
motorcycles, and 15 and 5 years for cars and heavy vehicles respectively. Beyond this period,
it is assumed that batteries are used for 5 years in secondary stationary use, before they need
to be recycled.

Because of the inherent inertia of vehicle stocks which take decades to renew, high sales of
EVs do notimmediately translate into substantial numbers of EVs. The market share of electric
vehicles amongst new vehicle sales is modelled to follow a logistic S-curve from 2020 to 2050;
a significant acceleration of sales is expected from 2030 onwards. In the median EV2 scenario,
25% of new motorcycle sales are electric in 2033, whilst for cars, the 25% market share is
reached in 2040. In all three scenarios, heavy vehicle sales are largely driven by internal
combustion vehicles, even by 2050.

EV sales shares - Motos EV sales shares - Cars EV sales shares - HV

100% | 100% 10%
75% 75% 8%
50% 50% 5%

25% 25% 3% i
0% 0% E 0%

2020 2030 2040 2050 2020 2030 2040 2050 2020 2030 2040 2050
EV1 =———EV2 Ev3 EV1 EV2 EV3 EV1 e EV/2 EV3

Figure 5. Assumptions of EV market share of new vehicle sales per segment and per scenario.

The model distinguishes between four types of EV charging methods:

(i) Home charging. Accounts for 85% of charging for motorcycles and cars. It consists of slow
charging at night or during the working day, taking place either at home or at workplaces.
It does not require any significant investment in infrastructure or upgrades to electrical
systems. >

(i) Away-from-home charging. Accounts for 9% of electric car charging. It COhSIS‘tSQf -s:l,cw_
top-up charges done whilst the user runs errands in a public location within él'.jir‘ljan areas !
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(e.g., coffee shops, malls, hotels, touristic sites, etc.). Capital investment required for a
typical 10-kW AC charger is approximately $7,500.

(iii) Fast charging. Accounts for 6% of electric car charging. It consists of DC fast charging used
during long journeys. The station is located directly on a national road connecting urban
areas (e.g., gas stations). Capital investment required for a typical 50-kW charging station
is between $30,000 to $50,000.

(iv) Battery swapping. Battery swapping is assumed to be a partial solution, used for electric
motorcycles mostly by logistics companies, delivery services, or shared mobility services.
in terms of infrastructure, battery swapping is modelled by the installation of
decentralised $10,000 battery charging cabinets, each containing 6 battery packs, solely
within urban areas (e.g., at convenience stores).

3. Results

The full results for the three scenarios are included in the Appendix 6.
Adoption of Electric Vehicles
Electric Motorcycles

Stock of electric motorcycles
(70%)
7.3m

(40%)

(40%)
Ay 4.1m
(20%) (20%)
(10%) 1.9m 2.1m
6%
©%) (0% (1%) (1%)  (2%) ‘48;:( 943k
12k 25k 84k 78k 156k
2025 2030 2040 2050

EV1 WmEVZ EEV3

Figure 6. Stock of electric motorcycles.
The percentages in parenthesis represent the percentage of EVs within the motorcycle stock.

Motorcycles will constitute by far the largest market segment of electric vehicles in Cambodia.
All three scenarios suggest that there will be a million electric motorcycles on the road
sometime between by 2040. Furthermore, reaching 70% electric two-wheelers by 2050, as
called for in the Long-term Strategy for Carbon Neutrality (MoE, 2021), will require selling an
average of 190,000 electric motorcycles per year over that period.
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Electric Cars

Stock of electric cars

(19%) (12%)
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Figure 7. Stock of electric cars.
The percentages in parenthesis represent the percentage of EVs within the car stock.

The scenarios provide that there will be over 100,000 electric cars in Cambodia sometime
between by 2035 and 2042. Given that Cambodia's car stock is not yet fully built up (the
modelling suggests that it will increase more than fivefold by 2050), there is a clear
opportunity to electrify it as it grows, thus avoiding the inertia related to retiring ICEVs.

Electric heavy vehicles

Stock of electric heavy-vehicles

(3.1%)
15.5k
(1.8%)
9.3k
(1.4%)
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Figure 8. Stock of EVs in each scenario.
The percentages in parenthesis represent the percentage of EVs within the heavy vehicle stock.

Heavy vehicles will be by far the smallest market segment for electric vehicles in Cambodia,
with an estimated few thousand electric heavy vehicles on the road by 2050.




Electricity Demand

Electricity demand from electric vehicles
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Figure 9. Electricity demand generated by the EVs.

Electricity consumption from EVs will reach between 1,169 and 4,456 GWh per year by 2050
- equivalent to 9% to 36% of the 12,400 GWh of electricity consumed nationally in 2021.
Making use of the modelling of the growth of the national electricity consumption done by
the ADB and the MME as part of the draft National Power Development Plan 2022 — 2040
(ADB, MME, 2022), it can be estimated that the electricity consumption from EVs will account
for 0.7% to 2.8% of Cambodia’s electricity consumption by 2040.

Overall, this shift from refined petroleum products towards electricity will reduce the yearly
national consumption of gasoline, diesel, and LPG by 680,000 to 2,600,000 barrels of oil
equivalent by 2050.

Due to their high energy consumption and large distance covered per year, and despite their
relatively small number, electric heavy vehicles will account for a significant share of the
electricity consumption attributable to EVs — between 300 and 1,500 GWh per year by 2050.
This highlights the significant challenges that will come with the electrification of the heavy
vehicle fleet.

Breakdown of the electricity consumption of electric motorcycles
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Figure 10. Electricity demand generated by the electric motorcycles.
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Although motorcycles will be by far the largest EV segment, their energy consumption will be
significantly lower than that of electric cars. Electric motorcycles will account for an estimated
fifth of total electricity consumption from EVs.

Breakdown of the electricity consumption of electric cars
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Figure 11. Electricity demand generated by the electric cars.

Electric cars will account for over half of the total electricity consumption from EVs. In line
with international benchmarks, the vast majority of the charging will be done at low-power
and within private premises.

Load profile from home-charging (scenario EV2)
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H
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Figure 12. Estimated load profile from home charging of electric cars and motorcycles in scenario EV2.

Does not include away-from-home charging, DC fast charging, and battery swapping. Does not include heavy vehicles.

In the median EV2 scenario, the power demand created by residential charging of electric
vehicles is expected to remain negligible by 2030, accounting for a few megawatts overall. In
2040, the peak load will reach 110 MW, and upwards of 300 MW by 2050.
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Battery Demand and Disposal

In order to support the adoption of electric vehicles, the demand for batteries will reach
between 137 and 620 MWh per year by 2030. As EV adoption accelerates between 2030 and
2040, battery demand is expected to exceed a GWh per year during this period, reaching 2.6
to 8.9 GWh per year by 2050.

Battery demand for electric vehicles
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Figure 13. Breakdown of the demand for battery.
"BS" = battery swapping

Because of the high battery capacity they incorporate, electric cars will account for 40 to 70%
of the battery demand. On the other hand, the use of battery swapping for 15% of two- and
three-wheelers will not generate a significant excess of batteries.

Capacity needed for battery disposal
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Figure 14. Capacity needed for battery disposal.

"Secondary use" encompasses the decommissioning of battery packs whose capacity degraded below 80%. They are sent to
stationary uses that extend their lifetime - i.e., grid stabilisation, back-up systems, off-grid electrification, etc. "Recycling"” on
the other hand encompasses the dismantlement of batteries whose capacity degraded below 50%.

It will be paramount to set up battery disposal facilities in order to orderly manage the end-
of-life of these significant volumes of batteries. By 2030, the capacity needed will remain
particularly low, below a few MWh per year. By 2040, several hundred MWh of batteries will
need to be decomm|55|oned and dlrected to secondary applications. By 2050, between 0 7




Greenhouse Gas Emissions

In Cambodia, an electric motorcycle will emit an estimated 55% less GHG than an equivalent
ICEV during its lifetime, whilst for cars this benefit is only 22%. The use of electricity instead
of hydrocarbons significantly reduces the operational emissions of vehicles; however, the
manufacture of the electric vehicles generates a sizeable additional carbon footprint. With the
decarbonisation of the Cambodian electricity, these savings will become more significant.

Lifecycle GHG emissions from electric vehicles in Cambodia
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Figure 15. Lifecycle GHG emissions from electric vehicles in Cambodia.

“C0O.e" = carbon dioxide equivalent. Results may vary greatly between different vehicles depending on their design, their
production, and their use. “Vehicle manufacturing” = emissions attributable to the production of the vehicle. “Battery
manufacturing” encompass the production of the vehicle's battery pack. “Operational emissions” represents emissions either
from the combustion of hydrocarbons (gasoline, diesel, LPG) or from the production of electricity used to power EVs. Emissions
from battery dismantling and recycling are not considered. The grid factor adopted is considered constant and taken as
recommended by the UNFCCC: 0.58 kg COze per kWh.

In scenario EV3 and by 2030, avoided fuel-related GHG emissions will reach 104,000 tonnes
of CO; equivalent per year. By 2050, 2.2 million tonnes of CO; equivalent will be avoided every
year; further decarbonation of the electricity production could help increase these savings

significantly.
Fuel-related GHG emission savings from electric vehicles in scenario EV3 (million tonnes of CO,e per year)
35 Current grid factor 35 -25% grid emission 35 -50% grid emission
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Figure 16. Fuel-related GHG emissions savings from electric vehicle adoption in EV3. p ey
“C0O.e” = carbon dioxide equivalent, Includes only the reduction of emissions due to fuel switching: from h;;d?’oq&fboh:mm b
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Fuel Expense Savings

The use of an electric vehicle makes it possible to reduce fuel expenditure for users. With the
assumptions used and current fuel prices, it appears that on average an electric motorcycle
user saves $133 per year, and an electric car user $1,069 per year on average.

Table 12.Fuel savings by switching to EVs, point of view of the user.
This calculation is adapted from o modelling prepared by GGG/ and the Ministry of Environment, assessing the fuel savings

of EV users.

Electricity tariff 0.18 S per kWh
Fuel tariff
Gasoline 1.4
Diesel 1.4 $perlitre
LPG 0.6
Fuel usage Motorcycle Car
Gasoline 100% - 45 km per litre  80% - 12 km per litre
Diesel 10% - 14 km per litre
LPG 10% - 9 km per litre
Savings by switching to EV  Motorcycle Car
$0.03 per km $0.11 per km
$133 per year $1,064 per year

Extrapolated to the number of electric vehicles on the road, the potential savings for
households will amount to between $14 and $78 million per year by 2030. By 2050, these
savings may represent between $509 and $1,766 million every year.

Expense savings
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Figure 17. Cumulated expense savings from electric vehicle adoption.
Current US Dollar. This calculation is made at constant energy price.




Charging Infrastructure

Stock of Charging Infrastructure

The three scenarios are based upon a wide range of market uptake assumptions. As a result,
infrastructure needs vary greatly as well - between 9,900 and 33,800 individual charging
points by 2050, all types combined.

Stock of charging infrastructure
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Figure 18. Stock of charging infrastructure.

The swapping cabinets considered here have a capacity of six 2.8 kWh battery packs. Slow chargers are assumed to have a
10-kW power rating, whilst fast chargers are rated at 50 kW, A particular charging station could potentially have more than
one charging point or swapping cabinet.

Despite the fact that only a fraction of electric motorbikes will employ battery swapping
models (mostly logistics companies, company fleets, delivery services, or shared mobility
services), vast infrastructure will be needed to accommodate these particular needs - reaching
a few thousand swapping cabinets by 2040. This suggests that relying too heavily on a Battery-
as-a-Service model would be highly challenging in the long-term.

Approximately one open-to-the-public charging point will be required for every 38 electric
cars on the road in Cambodia. Slow chargers for four-wheelers will be the bulk of this
infrastructure (an estimated 80% of total charging points). Overall, several thousand AC
charging stations will be needed in urban areas by 2040, and between 6,500 and 22,100 will
be required country-wide by 2050. Due to the limited per-site investment required for these
devices, it is expected that their deployment will be organic and closely linked with the
deployment of electric vehicles without requiring specific support.

The number of fast chargers needed is expected to grow from 25 to 100 in 2030, to 1,700 to
5,900 by 2050 depending on the scenario. Achieving such deployment volumes will require
specific support and guidance for their development, in order to facilitate the high demand in
terms of capital investment, electrical infrastructure upgrades, and energy consumption.
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Swapping Stations

Distribution of swapping cabinets for motorcycles in scenario EV2
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Figure 19. Provincial distribution of battery swapping cabinets.
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Results are presented here for scenario EV2; full detail of all three scenarios is included in Appendix 6. The swapping cabinets
considered here have a capacity of six 2.8 kWh battery packs. A particular swapping station could potentially have more than

one cabinet and/or larger cabinets.

The vast majority of swapping stations will be needed in urban areas, mainly in Phnom Penh,
Kandal, Preah Sihanouk, Siem Reap, and Battambang. In other rural areas, a small number of
cabinets - from 1 per province in 2030 to approximately 40 in 2050 in scenario EV2 - will be
sufficient to cover the battery swapping needs of these provinces. This is due to a combination
of two factors: (i) it is expected that EV penetration will initially be largely concentrated in
large urban areas, and (ii) rural areas have lower vehicle ownership altogether (see Table 7.).

Slow Chargers

Distribution of urban slow chargers for cars in scenario EV2
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Figure 20. Provincial distribution of slow chargers.
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Results are presented here for scenario EV2; full detail of all three scenarios is included in Appendix 6. Slow chargers are
assumed to have a 10-kW power rating. A particular charging station could potentially have more than one charging paint.

Similarly, it is expected that the majority of slow chargers for electric cars will be concentrated

in dense urban areas where the majority of EVs will be introduced.

Roadmap for the Development of an Electric Vehicle Charging Stations Network in

1Y
1

5

Gafribodia 45




Fast Chargers

Figure 21. Deployment of fast chargers.
Fast chargers are assumed to have a 50-kW power rating. A
particular charging station could potentially have more than ~ 600
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- By 2030, between 25 and 100 strategically located fast chargers will be needed to fully
interconnect Cambodia's provinces, thereby facilitating country-wide travel with electric
cars. This represents one charging point every 70 to 300 km of national road.

- By 2050, and in line with the growing stock of EV cars, between 1,700 and 5,900 fast
chargers will be needed to adequately cover the growing travel needs of EV users. To do
so, the deployment rate of fast chargers will need to accelerate significantly after 2035,
allowing the installation of several hundred charging points per year.

Stock of fast chargers
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Figure 22. Details of the stock of fast chargers.

Fast chargers are assumed to have a 50-kW power rating. A particular charging station could potentially have more than
one charging point.

The results of the modelling of the distribution of fast chargers on national roads for scenario
EV2 is given in Figure 16.
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Figure 23. Distribution of EV fast chargers in scenario EV2.

Results are presented here for scenaric EV2; full detail of all three scenarios is included in Appendix 6. Fast chargers are assumed to have a 50-kW power rating. A particular chargi
could potentially have more than one charging point.




Assessment of Financing Needs for Charging Infrastructure

The development of the EVCS network will require a cumulative capital investment of $168 to
$576 million by 2050. Whilst these investment volumes may seem particularly high when
taken at face value, they amount to $430 per electric car and $16 per electric motorcycle on

the road.
Breakdown of the cumulated investment volume in charging infrastructure
$576m
Swapping station
$336m :
Fast charger - infrastructure
$168m $191m Fast charger - equipment
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Figure 24. Cumulated investment volume in charging infrastructure for motorcycles and cars.

Current US dollars. “Equipment” = charging equipment, “Infrastructure” = upgrade of the grid connection and the electrical
installation at a given location (transformers, breakers, distribution panels and cables, etc.) — does not include investment in
electricity generation, transmission, or distribution. “Swopping station” does not include battery packs. Infrastructure for
charging electric heavy vehicles is not included. All items include capital expenditure and do not include operational
expenditure. Full detail of all three scenarios is included in Appendix 6.

DC fast chargers will require a substantial share of total charging infrastructure investments,
amounting to an average 45% of total investments, compared to 25% for slow chargers. The
deployment of the fast charger network will require between $220,000 and $740,000 of
capital investment per year nation-wide until 2030. After 2040, and in order to accommodate
the needs of an ever-increasing number of users, the fast charger network will require $6 to
$20.5 million capital investment per year.

Table 13. Yearly capital investment in charging infrastructure.
Current US dollars. Does not include investment in electricity generation, transmission, or distribution. “Swapping station”
does not include battery packs. Only includes capital expenditure and does not include operational expenditure.

For electric cars For electric motorcycles
Slow chargers Fast chargers Battery swapping stations
Period / Scenario EV1 EV2 EV3 EV1 EV2 EV3 EV1 EV2 EV3
2022 -2025 S50k $100k $180k $90k $180k $310k $70k $130k $440k
2025 - 2030 $130k $270k S460k $240k $480k $810k $210k $420k $1.3m
2030 - 2040 $1.3m $2.6m $4.3m $2.3m $4.5m $7.7m S$1.4m $2.7m $5.2m
2040 - 2050 $3.4m $6.8m $11.5m $6.0m S$12.1m  $20.5m $1.7m $3.3m $4.6m
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Situation Analysis of EVCS in Cambodia

This chapter dives into the current situation of the charging infrastructure market of Cambodia
by discussing market prospects, identifying key players, and describing existing roadblocks,
thus highlighting required market-enabling measures and course of actions.

1.Lessons Learnt

Key Specificities of the Cambodian Context

1. Prevalence of the two- and three-wheeler markets.

There were over 6.3 million registered motorised vehicles in the Kingdom in 2021, of which
85% are motorcycles (see Figure 2.). Although the use of personal cars will continue to grow
in the coming years, motorcycles are expected to remain the predominant means of road
transport and to represent the largest market for electric vehicles.

2. Low urbanisation rate.

Cambodia’s urbanisation rate stands at 24% (WB, 2022); urban centres are limited in number
and size in the country (see Figure 22.). Whilst this should facilitate the deployment of
charging stations within urban areas, intermediary locations on the road between major cities
experience significant road traffic and are therefore potential locations for fast charging
equipment.

3. Reliance on second-hand vehicle imports.

The domestic automotive industry is still quite unstructured and is vastly dominated by
imported vehicles; second-hand vehicles account for 70 to 80% of sales in the Kingdom
according to Cambodia’s Automotive Industry Federation (CAIF), while there is no resale value
nor second hand market for EVs.

4. High import taxes on vehicles.

Vehicle and automotive equipment import taxes are high when compared to other countries
in the region and although major import tax incentives are provided compared to ICEVs, EV
import taxes are still significant in absolute term (see Table 18.).

5. Quality, price, and sale of electricity.

Although the electricity tariffs have continuously decreased over the last few years, electricity
prices remain the highest in the region, especially in residential areas (see Table 17.).
Furthermore, the quality of the electricity supply and distribution may notably constrain the
implementation of charging equipment. In addition, the Law on Electricity of Cambodia
prohibits the sale of electricity by consumers which prevents charging stations from charging
fees for their utilisation (EAC, 2015), unless they are able to secure a sub-license, a relatively
rare type of license that enables them to purchase electricity from a licensee and resell it
under predefined conditions to end-users (e.g.: markets are an example of consumers that
have a sub-license).

6. Opportunity to fast-track projects. -
All key potential stakeholders of the EV and EVCS markets are ready to invest an;i GBQ
multiple initiatives have prepared the ground for future development in Cambddla The ;
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strong potential for rapid and country-wide deployment of EVs, which will be enabled by an
adequate and supportive regulatory and policy framework.
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EVCS Ecosystem

The EV charging ecosystem brings together a wide range of actors, from public institutions to
private companies; there is a strong need for coordination of the ecosystem to ensure the
effective and orderly development of an EV charging station network. In particular, it is
expected that the RGC, embodied by a Technical Working Group bringing together key line
ministries and public organisations, will play a regulatory role and will frame the installation
of charging equipment by the private sector. The figure below describes the expected
structure of the EVCS ecosystem in Cambodia:

esponsibilitie i

Licensing and standardisation

Incentives and subsidies
Regulator Technical Working Group

Monitoring and policy planning

Management of public locations Power electronics manufacturers

Equipment resource
International oil & gas companies

Online monitoring services
Utilities & EPC companies
System design
Automotive companies
Equipment sourcing
Green energy companies & start-ups
Construction

Operations and maintenance Large firms (retail, etc.)

Ownership of location Construction companies

User experience management | Commercial banks

“ Debt financing L International development banks

Figure 25. Mapping of key players of the EVCS value chain.

The development of the charging infrastructure will primarily be a private sector-driven
initiative. Private initiatives are already largely organised, and await the development of a
regulatory framework to kick-start large-scale infrastructure investments. In addition to the
deployment of infrastructure, the private sector will also hold associated roles in structuring
the EVCS market, such as:

- Developing cooperation and synergies. The private sector expressed its willingness to
open channels of cooperation between different initiatives to facilitate the economy-wide
adoption of EVs. Potential topics of cooperation include: the creation of technical
standards, the development of a battery processing value chain, and the establishment of
an association of EV companies that would bring key players under one umbrella.

- Leading the innovation on EV-related products. The private sector will help promote and
develop services and products related to the EV and EVCS markets, such as insurance,
financial products, or other e-mobility based businesses.

- Participating in raising public awareness. It is expected that the private sector will have a
role in |mprovmg the V|S|b|I|ty of electrlc vehicles in Cambodla particularly W|th regarg_m




Mobilising Financial Resources

As detailed in the Future Scenarios Modelling section, the development of the charging
infrastructure on a national scale will require substantial capital investments in the coming
years, most of them coming from the private sector.

It was indeed highlighted during interviews and discussions with private sector
representatives that the private sector is readily prepared to start investing in charging
infrastructure as soon as a clear regulatory framework is put in place, and ensures a well-
defined playing field. Financial resources are widely available, notably through the
mobilisation of foreign Environmental, Social, and Governance (ESG) and impact funds.

The private sector is convinced that investing in charging stations is largely worthwhile. Private
actors have many reasons to push in this direction: (i) leveraging Corporate Social
Responsibility (CSR) projects, (ii) enhancing their corporate branding, (iii) issuing carbon
credits, (iv) promoting an ecosystem of EV-related businesses (utilising user data, etc.), or {v)
getting involved in the implementation of cutting-edge innovations such as demand
management, Vehicle-to-Grid battery storage (V2G), or smart-grids>.

2. Gap Analysis

The following list describes the most relevant roadblocks and concerns related to the
development of Cambodia’s EVCS network, as identified throughout consultations with key
stakeholders:

1. Required grid infrastructure upgrades.

(Technical and regulatory gap)

The quality and capacity of grid infrastructure available in most potential locations in
Cambodia is not sufficient to allow the installation of high-power charging infrastructure: most
of these locations will need an upgrade. This is true for both potential charging station site
hosts (gas stations, malls, parking spaces, etc.), and residences which seldom have
connections above 20 Amps, making it impossible to accommodate charging equipment
above Level #2 which needs a minimum of 60 Amps. Upgrading the installation at a given
location, by installing a new connection point or a higher-capacity transformer, can be a
difficult endeavour in terms of process and cost.

2. Multiplicity of charging connector standards.
(Standardisation gap)

The co-existence of a multitude of non-compatible standards in terms of EVCS connectors is
counter-productive, creates doubt amongst potential investors, and risks damaging the
confidence of potential EV users. In Thailand, Malaysia, Indonesia, and Singapore, government
agencies have enforced the use of the European CCS2 standard for public chargers, which
integrates both AC and DC charging in one connector (see Table 24.). However, other charger
standards, such as CHAdeMO for DC chargers, are still occasionally found in these countries.
Cambodia does not have a national standard at present; the charging mfrastructure BM“
imported EVs utilise Chinese and/or European standards. "

3 See Annex 5 for further information




3. Not-standardised registration for EVs.

(Standardisation, knowledge, and data gap)

The registration of electric vehicles with MPWT, especially in the two-wheeler segment, is
neither widespread nor systematic. This makes it difficult to obtain quality data on the
development of the market, and negatively impacts the development of charging
infrastructure whilst facilitating the sales of lower-quality imports.

4. Existing legal void regarding authorisation to operate a charging station.

(Regulatory gap)

The process for a location to be authorised to operate charging equipment is not currently
defined. Some stations have been put off-line by EDC because they lacked a proper licence to
sell energy as per the provisions of the Law on Electricity (EAC, 2015). The private sector sees
the preparation of a clear regulation regarding the licensing of charging equipment as a pre-
requisite to any large-scale investment.

5. Lack of safety and equipment quality standards.

(Standardisation gap)

There is a need to develop and enforce technology standards to promote the adoption of high-
quality components, thereby preventing low-quality and potentially hazardous products from
entering the Cambodian market. Specifically, these should encompass vehicle battery packs,
charging equipment, and home chargers. Regulations may also request mandatory sourcing
of spare parts as well as the provision of aftersales services to further protect potential EV-
users.

6. Lack of national uptake targets for EVs and EVCS.

(Policy gap)

The only existing targets regarding EVs or EVCS are those defined by the Long-term Strategy
for Carbon Neutrality, calling EVs to represent 70% of motorcycles and 40% of cars and urban
buses on the road by 2050 (MoE, 2021). There are currently no detailed uptake targets or
governmental action plans illustrating the national commitment to promote these new
technologies.

7. Limited incentivisation of EVs and EVCS.

(Incentive gap)

Further reduction or most importantly streamlining and clarification of import taxes on
vehicles and associated equipment could help EVs become more cost competitive with ICEVs
which is still not the case despite the tax reduction that were already put in place. In addition,
the private sector advocates for the implementation of a wide array of measures designed to
promote the adoption of electric vehicles and the installation of charging stations, such as
capital support or tax incentives.

8. Lack of a structured and unified approach from public bodies to date.
(Regulatory and policy gap)

The development of Cambodia’s EV market will require synergy across multiple government
institutions such as MME, MISTI, EDC, EAC, MLMUPC, MEF, MPWT, MoE, or MRD ’Ibar&
currently is no single window system that could facilitate investments and acceleraj:g rh,arlge’c
development. Avoiding interaction with multiple government contact point 5
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operators, manufacturers, or investors and limiting unnecessary bureaucracy in the
regulations will be critical in ensuring an orderly deployment of charging infrastructure.

9. Limited awareness of EVs and EVCS in Cambodia.

(Awareness gap)

Misconceptions and misunderstandings regarding EVs and EVCS remain common amongst the
Cambodian public. Their confidence in these new technologies is low, and runs the risk of
being permanently damaged should poor quality and untested components be put on the
market.

10. Limited technical capacity.

(Skillset gap)

Policy measures will need to be put in place to help build the new technical skillsets, especially
in terms of safety and maintenance, that will become increasingly necessary with the
widespread use of EVs and the country-wide deployment of EVCS.
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Action Plan

1. Guiding Principles

This section outlines the recommended development approaches for each type of charging
infrastructure:

1. Home charging
Home charging encompasses slow charging, both for electric cars and
electric motorcycles, taking place either at an owner’s residence or at
their workplace. Home charging is carried out with standard mains
ﬁ_\ electrical outlets at low-power levels (less than 7 kW in on phase, and
up to 22 kW in three phase). It does not require any significant
infrastructure deployment. It is expected that home charging will
represent the vast majority of charging by EV users across all vehicle segments. The
recommended approach is:

i. To avoid enforcing regulations (such as authorisation or permits) below a defined
power threshold, thus allowing all EV users to charge their vehicles freely at home.

ii. To promote and facilitate the installation of charging stations in existing shared
residences and offices (condominiums, boreys), and to encourage "EV-ready"
construction.

iii. To ensure the safety of users, by setting standards for component quality, and by
proposing guidelines on their installation and use.

iv.  To plan the exploration of demand management and Vehicle-to-Grid (V2G) measures.

Key implementation model:
- Single houses: self-investment from vehicle owners.
- Shared residences and offices: third-party owner-operator.

2. Away-from-home AC charging
Away-from-home-charging encompasses the short top-up charges
,'.“ done whilst an EV-user runs errands in a public location within urban
areas (e.g., coffee shop, mall, hotel, touristic site, etc.), carried at a low
m power level — below 22 kW in AC mode. These are expected to be
largely limited to electric car users, but they will play a key role in the
integration of electric vehicles in the urban landscape. The recommended approach is:

i. To avoid enforcing regulations (such as authorisation, permits, or electricity tariffs)
below a defined power threshold or number of outlets, thus allowing any private
location to freely install low-power charging equipment for their visitors — whether as
an amenity or on a fee-basis.

ii. To implement a transparent and market-based approach, openly recordlng and
sharing statistics about the number and usage of these stations.

iii. To adopt national and provincial targets for the number of these stations to Bur!'d{,
confidence of potential investors.




iv.  To ensure the safety of users by setting standards for component quality and safety of
installation, and by proposing guidelines on charging station use.

v.  To incentivise locations to install such charging equipment within their grounds by
providing soft incentives in the form of tax support.

vi.  To promote and facilitate the installation of these charging equipment, and to
encourage "EV-ready" construction.

Key implementation model: Private investment from smaller location; third-party owner-
operator for larger locations.

3. DC fast charging

Fast charging encompasses high-power charging used during long
journeys — above 40 kW DC charging. Fast chargers will be most needed
directly on national roads, between urban areas. DC fast chargers will
represent the heavy-lifting part of the charging infrastructure
development — both technically and financially. These will be critical to facilitate country-wide
travel with electric cars and to address range anxiety from potential EV owners. The
recommended approach is:

i.  Todevelop a clear regulatory framework regarding the installation of such equipment,
including an authorisation process, technical requirements, as well as associated rules
regarding electricity tariffs — both for electricity purchase and resell.

ii. To implement a transparent and market-based approach that facilitates openly
recording and sharing information about the numbers and usage of these stations.

iii.  To adopt national and provincial targets for the number of these stations to build the
confidence of potential investors.

iv.  To develop a limited Early Incentive Programme to subsidise and efficiently kick-start
the installation of the first set of fast chargers and to promote their implementation in
under-served areas by Viability Gap Funding (VGF) provided under competitive
bidding. This programme is further discussed in the Milestones and Recommended
Actions section,

v.  To streamline procedures and provide transparent costs for the upgrade of electrical
installations necessary to provide fast charging.

vi.  To incentivise locations to install such charging equipment within their grounds by
providing soft incentives in the form of tax support.

vii.  To ensure the safety of users by setting standards for component quality and safety
of installation, and by proposing guidelines on charging stations use.

Key implementation model: facility to act as owner-operator.

4. Public space charging
Although the majority of the charging infrastructure will

be installed within private premises, a number of
locations situated on public space (street side, city car
ﬁ /m parks, touristic sites, public buildings, umvers@gﬁs_h_l_

schools, etc.) may benefit from the mstalla;ti‘onﬁk o
charging stations within their grounds. To facilitate these, it is recommendedxi*q, bml‘d:gn
transparent framework for open call-for-tenders. These will allow oppo M|§m§f*i¢f-'

1 Wopd
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concessional lease agreements to private operators, who will then take care of the
investment, installation, and operation of the charging equipment under a set of defined
conditions.

Key implementation model: Public private partnerships.

5. Battery swapping
Battery swapping is expected to constitute a partial solution used
mostly by logistics companies, company fleets, delivery services,
or shared mobility services, in the two- and three-wheeler
segments. Existing battery swapping models are carried out by a
variety of private actors, each with different approaches, and
each making use of their own proprietary battery technology.
Although an alignment of these initiatives is desirable, and whilst
a number of manufacturers have been taking steps in this direction, forcing interoperability
between different initiatives — effectively prohibiting any proprietary approach, and imposing
alignment between technologies — is highly unlikely and would be counter-productive.

Battery swapping models are short-term effective solutions to start the economy-wide
adoption of electric vehicles by providing a rapid response to range anxiety and by
compensating for the short-comings of charging infrastructure in specific transport
applications. However, these are unlikely to constitute a universal large-scale or long-term
solution. Full reliance on these business models would require an unfeasible number of
swapping locations to meet the needs of EV-users in the long-term. Instead, battery swapping
will coexist with approaches that enable EV owners to charge their batteries at home or at
dedicated charging stations.

Therefore, the recommended approach is:

i. To avoid enforcing regulations (authorisation, permits, electricity tariffs) below a
defined power threshold or number of battery packs, thus allowing private locations
to freely install battery swapping cabinets within their grounds.

ii.  To ensure the safety of users, by setting standards for component quality and safety
of installation, and by proposing guidelines on battery swapping use.

iii.  Toimplement a transparent and market-based approach wherein information on the
number and usage of charging stations is standardised and openly shared between
market participants.

iv.  To regulate and support the development of channels of reprocess and recycling of
battery packs.

Key implementation model: Private investment from EV supplier.




6. Heavy vehicle charging

The electrification of heavy vehicles (e.g., trucks, vans, or buses) is
-R currently at very early stage in the Kingdom and raises issues that go
Tgueilg beyond the scope of this roadmap.

- For trucks, freight transport, cross-border trade, and the Kingdom's logistical circuits must
be considered.

- For buses, muti-modal passenger transport in urban areas and on a national scale must be
considered.

For these vehicle segments, approaches and implementation models will significantly differ
from smaller vehicles, and will need to be adapted to their specific context. As described in
the Future Scenarios Modelling section, the electrification of the heavy vehicle stock will raise
particularly complex challenges in terms of grid integration and vehicle stock renewal. It is
therefore recommended that these be the subject of further standalone studies.
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2. Milestones and Recommended Actions

The action plan described below has been built to guide the action of the Government and
other public bodies in developing a robust institutional framework, which will enable and
support the emergence of a successful charging infrastructure®.

Actions have been divided into four categories: #1 Coordination and Support, #2 Regulatory
and Policy Framework Development, #3 Grid Integration, and #4 Capacity Building and
Awareness Raising. The timeline proposed spans from 2022 to 2035; actions are defined by
their priority level:

Phase 1 - 2025 Phase 2 - 2027 Phase 3 ~- 2035
eCritical short-term actions to sMed-term actions needing sActions requiring long-term
spawn the EVCS market. further consideration. planification.

adoption of electric vehicles more broadly. It will be important to ensure synchronisation ,be{wg@n tfae
proposed activities and other initiatives that are more directly related to EVs. {;*‘zgg ;‘
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Table 14: Roadmap timeline for recommended actions.

_ Lead and cooperating Phase | Phase | Phase
{ l ac ministries 2022 1 2 3
2025 ;| 2027 | 2035
Topic #1 - Coordination and Support
1.1 Establishment of an inter-ministerial Technical Working Group (TWG) (TWG) ;
f
1.2 Set-up of national uptake targets and issuance of a development strategy (TWG)
1.3 Developing an Early Incentive Programme for fast chargers (TWG)
T
1.4 Supporting the establishment of business associations pertaining to EV and EVCS (TWG)
1.5 Developing a vehicle battery disposal action plan (TWG)
j ; T
1.6 Building a monitoring and reporting framework for EVCS (TWG) ‘
Topic #2 — Regulatory and Policy Framework Development
2.1 Development of an authorisation process for high-power charging infrastructure (TWG) :
T T
2.2 Developing of a procurement framewaork for public locations (MPWT) ‘

2.3 Assessment of safety risks and requirements for AC charging

(TWG)

2.4 Issuing quality and safety standards for charging equipment

(MPWT / MISTI / TC8)

2.5 Definition of regulatory approach for low-power charging infrastructure (TWG)
2.6 Issuing technical standards for charging connectors (plugs) (MPWT /MIST! / TC8) :
!
2.7 Incentivising EVCS installation and the emergence of EVCS-related businesses  (MEF) :
2.8 Setting requirements to the installation of EVCS in new constructions (TWG) ;
Topic #3 — Grid Integration
3.1 Facilitating infrastructure upgrades for site hosts (MME) :
3.2 Country-wide assessment of EVCS installation risks and necessary upgrades (MME}
i T i
3.3 Including charging infrastructure in long-term power development plans (MME) :
i i )
3.4 Planning for cutting-edge approaches (MME)
Topic #4 — Capacity Building and Awareness Raising
4.1 Campaign for leading by example (RGC)
——
4.2 Developing best-practices guidelines (MPWT)
4.3 Building the new technical skillsets (RGC)




Topic #1 - Coordination and Support

These actions aim to enable MPWT to adopt a regulator and coordinator role in the
development of the charging infrastructure market.

Establishment of an inter-ministerial Technical Working Group (TWG)
Responsibility: TWG Phase 1 — Short-term

The development of the EV market will require coordination across multiple government
institutions such as MME, MISTI, EDC, EAC, MLMUPC, MEF, MPWT, MoE, or MRD, which are
all included in the inter-ministerial technical working group.

The TWG will be established in order to address all inter-ministerial issues. It will be composed
of ministerial technical staff that will ensure coordination and provide support for (i) the
development and implementation of legal, policy, standards, and regulatory frameworks, (ii)
research, education, and training, and (iii) technology and information exchange, innovation,
and the dissemination of best practices.

In particular, the TWG shall create a single window system to avoid interaction with multiple
government contact points for users, operators, manufacturers, and investors, whilst ensuring
alignment of all Government initiatives.

m Set-up of national uptake targets and issuance of a development strategy
Responsibility: TWG Phase 1 — Short-term

Setting clear and ambitious short-, medium- and long-term targets, as well as detailing the
Government’s approach for EV adoption and EVCS deployment will show a strong and holistic
commitment to support these new technologies. These targets are paramount to build market
confidence, thereby boosting the adoption of EVs and the associated investment in
infrastructure, manufacturing, and product deployment.

m Developing an Early Incentive Programme for fast chargers
Responsibility: TWG Phase 1 —Short-term

It is recommended to set up an Early Incentive Programme in order to kick-start the
development of a network of fast charging stations, by bringing the necessary conditions for
the early development of the market.

The proposed mechanism to do so is for development partners to provide Viability Gap
Funding (VGF) to the first infrastructure investments through rounds of competitive bidding.
VGF is widely used to incentivise private investment in infrastructure projects that are
economically and socially beneficial but are not financially viable in the short-term. In effect,
this would amount to offering non-refundable grants for a defined number of key Iocatlons -

both private and public - in prioritised areas. =

Fast chargers shall be the prlorlty target of this programme in order to arcumven’t"t# é,;h]pjeaiﬁl




chargers is financially non-viable whilst the stock of electric cars is insufficient to ensure high
utilisation of the infrastructure, and in return EV sales are hampered by a lack of infrastructure
and range anxiety.

Key aspects of the programme design shall include (i) selecting priority locations - such as
national roads or specific provinces, (i) ensuring a transparent and inclusive selection process,
based on proposed costs and quality of service, and (iii) putting in place output-based
agreements with the winning companies.

The objectives behind this programme are (i) to fast-track the implementation of fast
chargers, (ii) to collect feedback on the implementation of these pilot projects and provide
proof-of-concepts, (iii) to send a signal of long-term commitment to the private sector and
help build its capacity, (iv) to ensure that a minimal network exists to ensure country-wide
travel with electric vehicles, even in provinces or locations that would otherwise be under-
served - thus helping to reduce range anxiety of potential EV owners, thereby promoting the
adoption of EVs.

Whilst the exact conditions of such programme require further consideration and could be
refined as the programme develops, a quick estimation of necessary funds can be proposed
as such:

- Round #1: by 2025, 525,000 grant for 25 fast chargers
- Round #2: by 2027, 15,000 grant for 25 fast chargers
- Round #3: by 2030, 10,000 grant for 25 fast chargers

Total cost: $1.25 million, or $156,000 per year, to fast track the installation of 75 DC chargers.
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m Supporting the establishment of business associations pertaining to EV and EVCS
Responsibility: TWG Phase 1 — Short-term

Assisting in the establishment of business associations to bring all key players together under
one roof, and setting up regular discussion channels to foster initiatives and facilitate
infrastructure development.

m Developing a battery disposal action plan
Responsibility: TWG Phase 2 - Medium-term

In order to facilitate the adoption of electric vehicles, coordination at national level will be
necessary on the management of battery packs. In addition to the consideration of their
potential environmental impact, the establishment of a robust battery disposal value chain is
a key economic opportunity, which will both facilitate the installation of new manufacturers
and meet the new demand for batteries. According to the results of the Future Scenario
Modelling section, the demand for batteries will reach between 137 and 620 MWh per year
by 2030. As EV adoption accelerates between 2030 and 2040, battery demand is expected to
exceed a GWh per year during this period, reaching 2.6 to 8.9 GWh per year by 2050. These
batteries will need to be efficiently channelled into second use and recycling. Long-term
planning through a dedicated action plan which will integrate recent regulatory development
and private initiatives will be key to ensuring this.

m Building a monitoring and reporting framework
Responsibility: TWG Phase 2 - Medium-term

To build an efficient market-based approach, provide potential investors with accurate data,
and to guide future decision-making. It will be important to establish a monitoring and
reporting framework for the charging infrastructure. Such framework would require collecting
and publishing EV adoption and EVCS deployment statistics, and monitoring site performance
and usage.

Topic #2 — Regulatory and Policy Framework Development

These actions aim to enable the development of market-enabling measures, such as
supporting private investment and facilitating procedures.

Development of an authorisation process for high-power charging infrastructure
Responsibility: TWG Phase 1 - Short-term

As detailed in the Guiding Principles section, it is not recommended to set up a specific
authorisation/permitting process for low-power charging infrastructure whether as an
amenity or on a fee-basis (i.e., home charging, AC charging, or battery swapping cabinets).
Such lnfrastructure will little rmpact on the power mfrastructure, and the prlvate segtgf'm‘“»*
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On the other hand, it will be important to clarify the regulatory framework in which
installations above a certain power capacity, or a certain number of charging outlets, must be
implemented and operated. This will primarily concern DC fast charging stations, but also large
battery charging centres, and charging stations for heavy vehicles.

Such a regulation will clarify the situation with regard to the Law on Electricity, which regulates
the sale and purchase of energy (EAC, 2015), whilst facilitating procedures and avoiding
excessive bureaucracy. As it stands today, the Law on Electricity prohibits the sale of electricity
by unlicensed entities — effectively, this means that it does not allow site operators to make
clients pay for vehicle charging, even for low-capacity installations. This is a major obstacle for
the development of the infrastructure and should be addressed as early as possible.

Furthermore, it will be necessary to ensure that such regulation is compatible with the
regulatory framework put in place by MLMUPC in the Land Development Prakas (MLMUPC,
2018). In particular, the establishment of an electric vehicle charging service activity shall be
facilitated regardless the type of land it shall be installed in.

In particular, this regulation will need to encompass (i) a well-defined and single-window
authorisation process, (ii) description of roles, responsibilities, and conditions of operations
of the equipment, (iii) technical and safety requirements, as well as (iv) associated rules
regarding electricity tariffs — both for electricity purchase and resell, if any.

m Developing a procurement framework for public locations
Responsibility: MPWT Phase 2 - Medium-term

As detailed in the Guiding Principles section, it is recommended to build a transparent
framework for open call-for-tenders in order to install charging infrastructure at public
locations.

m Assessment of safety risks and requirements for AC charging
Responsibility: TWG Phase 2 - Medium-term

It is recommended that an extensive donor-funded study, in direct coordination with EDC, be
undertaken to understand the risks of future mass installation of AC chargers in residential
areas. This study, which could be conducted through household sampling, will help to
understand the risks and the need for upgrades to the electricity infrastructure to ensure safe
and efficient installation of EVCS.
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m Issuing quality and safety standards for charging equipment
Responsibility: MPWT / MISTI /TC8 Phase 1 — Short-term

As detailed in the Gap Analysis section, adopting component quality standards, and issuing
safety standards for installations will ensure safety for users, and prevent the import of
hazardous low-quality components.

m Definition of regulatory approach for low-power charging infrastructure
Responsibility: TWG Phase 2 - Medium-term

As described in the Guiding Principles, it is recommended that a light-handed regulatory
approach be taken with regard to low power installations such as AC chargers installed in
residential or commercial areas, effectively allowing for their installation and for the sale of
vehicle charging as a service with limited regulatory requirements below a certain power
threshold.

Indeed, these low-power chargers are important to ensure the integration of electric vehicles
into Cambodia's transport landscape, and contrary to DC charger, they will have a limited
impact on the national grid. It is recommended to identify the regulatory requirements that
should be set for these low power stations: depending on the type of station, identifying how
to ensure the efficient application of safety and technical standards without hindering on the
deployment of these stations.

Issuing technical standards for charging connectors (plugs)
Responsibility: MPWT / MISTI Phase 1 — Short-term

The adoption and enforcement of a defined standard for charging connectors (see Table
24.), will limit the counterproductive co-existence of several standards.

Incentivising EVCS installation and the emergence of EVCS-related businesses
Responsibility: MEF Phase 2 - Medium-term

This action aims to establish a fiscal framework that incentivises the installation of charging
equipment and the development of service providers, through corporate income tax
exemptions, reductions in import duty for machinery, exemptions of import duty on raw or
essential materials used in manufacturing, or soft loans.

n Setting requirements for the installation of EVCS in new constructions/real estate
sector

Responsibility: TWG Phase 2 - Medium-term

In addition to the effort to facilitate the deployment of charging stations, it is recommended
that new buildings (boreys, condominiums, residences, commercial facilities, etc.) mcorpora_te.
charging facilities from the outset, and are therefore built EV-ready. For this purp’pgeﬁ he;

introduction of obligations by installation size is recommended. /?! Ky
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Topic #3 — Grid Integration

These actions aim to tackle the energy shift, and ensure that the charging infrastructure will
integrate flawlessly into the national grid.

m Facilitating infrastructure upgrades for site hosts
Responsibility: MME Phase 2 - Medium-term

As detailed in the Gap Analysis section, many locations will need to upgrade their electrical
installation to accommodate high-power charging equipment. At present, changing a
transformer or adding a new connection point can be time-consuming and expensive. It will
be necessary to establish clear processes for doing so, with a set of defined prices.

m Country-wide assessment of EVCS risks and necessary upgrades
Responsibility: MME Phase 2 - Medium-term

The widespread installation of charging stations, such as DC chargers installed in areas of low
electrical demand, will create great pressure on the national grid and generate increased risks
of equipment damage or even fire. Such accidents would not only be detrimental to users, but
could also impact on the adoption of electric vehicles by the general public. It is recommended
that a national study be carried out to assess the risks involved and to identify the necessary
infrastructure upgrades.

m Including charging infrastructure in long-term power development plans
Responsibility: MME Phase 2 - Medium-term

It will be necessary to build the technical capacity of the power sector actors regarding
charging infrastructure, in order to (i) ensure that such infrastructure is taken into account in
the long-term planning and development of the sector, and (ii) that stations can be installed,
where they are needed, and with minimal impact on other network users.

m Planning for cutting-edge approaches
Responsibility: MME Phase 3 - Long-term

This action aims to prepare and plan for the development of initiatives regarding smart EV
charging systems, such as Vehicle-to-Grid, demand management, or time-dependant
electricity tariffs, in order to optimise electricity demand and supply in the future.

Topic #4 — Capacity Building and Awareness Raising

These actions aim to build the new skillsets that will become increasingly necessary with the
widespread use of EVs and the country-wide deployment of EVCS, whilst promoting safe
operations of the equipment and providing potential EV-users with accurate information -

avoiding misconceptions, providing guidelines, ensuring safe operations, etc.

m Campaign for leading by example

Roadmap for the Development of an Electric Vehicle Charging Stations Network iri\ E
WA ™
\




Responsibility: RGC Phase 3 - Long-term

A campaign to promote the installation of charging equipment in public institution buildings
would set an example for the public and showcase the importance given by the RGC to the
topic.

m Developing best-practice guidelines
Responsibility: MPWT Phase 2 - Medium-term

A number of guidelines and information campaigns shall be put in place to promote best
practices for the installation and use of charging equipment, targeted in particular at EPC
companies, users, or potential site hosts. Additionally, raising awareness around the
environmental impact of electric vehicles, and how they can become effective tools of
decarbonation should be a key priority.

m Building new technical skillsets
Responsibility: RGC Phase 3 - Long-term

Actions will be required to build educational and vocational training courses to acquire new
technical skillsets associated with charging equipment, especially in terms of safety and
maintenance.




Annex 1 - Basics of EV and Charging Stations

1. Basics of Electric Vehicles

Types of Electric Vehicles

An electric vehicle (EV) is a vehicle which is propelled by one or more electric motors, powered
by a storage battery. Road vehicles are commonly classified according to their powertrain as
follows:

Table 15. Classification of vehicle powertrains.

| : Ty}:e o B Y S R | Definitio_n
Battery Electric Vehi Fully electric vehicl i busti
a gry l .e icle BEV Electricity u y elect ehicle without a combustion
(Main focus of this document) " engine. -
Vehicle with an internal combustion engine and
; : : : an electric powertrain that can be run in pure
Veh | . il y
Hybrid Eleztric Mefiicls HEY s electric mode for a limited range and benefits
IR . fromregenerative braking.
! ; : ; i h [ r
Plug-in Hybrid Electric Vehicle PHEV Foss!l + !-iEV that has a larger battery and can be plugged
B Electricity in and charged.
) . H -fuelled vehicl ich i
Fuel Cell Electric Vehicle FCEV Hydrogen Welioggan el e Rihisss auich !ncludes St
VRO S s 77" celland a battery-powered electric motor.
Internal Combustion Engine ICEV Fossil Conventional fossil powered vehicle which uses

Vehicle diesel, gasoline, or gaseous fluids.

EVs are present in all transport modes and vehicle categories. EVs used in road transport range
from two-wheelers all the way to heavy-duty trucks. A standard classification of BEVs
segments is given as follows:

Table 16. Main BEV segments and associated battery characteristics®

Category Type T:::‘u‘:::ygv kWh perkm  Battery size 3::::;:
Bicycle High - 0.25-1kWh 36-48V
Two-wheelers Scooter ~ High ~0.03 ~1kwh 36-48V
~ Motorcycle o Highh ~ 3-20kwh 48-300V
Three-wheelers Tuk-tuk High  ~0.06 3.6—-8kwWh 48-72V
1% gen. BEV High ~ 20 kWh 72V
fa_‘_[s__. - . 2@gen.BEV.  High 01,_,0 3 ~30-150kWh  350-500V
Urban bus.  Medium 80-300kWh  350-500V
Heavy duty ~Urbantruck ~ Medium 05-12 80-300kWh  350-500V
vehicles _Inter-urban bus  low ’ ' ~ >300kwh  350-500V
Long-haul truck Low ~ >300kwWh 350-500V

The average driving range of new BEVs has been steadily increasing: the weighted average
range for a new battery electric car went from 200 km in 2015 to over 350 km in 2022 (IEA,

2022).
R
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Main Components of Electric Vehicles

The internals of BEVs are fundamentally different from ICE vehicles: BEVs do not have a fuel
tank but rechargeable batteries, their engines are electrically powered, significantly less
voluminous than combustion engines and have far fewer parts.

The main battery pack stores energy in direct form and at high voltage (see Table 7.), whilst
the energy consumption of the vehicle is either in three-phase AC (for the traction motor) or
in DC at low voltage (for the on-board electronics). Furthermore, the charging process can
happen both in AC and in DC depending on the location. Overall, the main complexity of BEVs
stems from the intricate power electronics used to operate them.

On-board
electronics
Auxiliary LUt ! 1
= heat
batteries | _ EDE Cooling/heating
- = $5858¢ system

LA

DC-DC (o=

battery - Inverter
charger g
= @, AC Charger
~. . f
T g - i T On-board
charger
- +p |- +D |- +)
AN

#
» Battery pack @‘ DC Charger

Battery

Management Power inverter
System G

Drivetrain

[ém @@

Traction motor Transmission

Figure 26. Main components of a BEV and power distribution.




Battery pack. BEVs almost exclusively use lithium-ion or lithium polymer batteries. The
battery pack is designed to be capable of receiving high electric discharges. Since their size
and weight have a direct impact on the vehicle’s operation, the batteries must allow for
an optimised ratio of power per volume and per mass. A detailed note on battery packs is
provided in Annex 2.
Battery management system. A BMS is an essential component of all battery packs. It
monitors the status of the battery elements, such as the voltage of the cells and the
current flowing in and out of them, their temperature, their State of Charge (SOC), and
their State Of Health (SOH).
Power inverter. The power inverter is an integral component in the drivetrain of BEVs. Its
function is to convert high-voltage DC power from the battery pack to three-phase AC
current that drives the traction motor. The inverter chops the DC signal and sends pulse
signals that simulates an AC waveform at a controlled frequency. By controlling the
frequency and the amplitude of the AC signal, the inverter commands the speed and
torque of the traction motor. In the process of converting the electrical energy from DC to
AC, heat losses occur in the inverter, careful consideration is therefore required to remove
excess heat and prevent equipment damage. Quite uniquely, inverters in BEVs are
designed to handle reverse power so the vehicle can convert the kinetic energy into re-
charging the battery pack whilst braking.
Traction motor. Traction motors are three-phase AC motors used to propel the BEVs.
Some high-end vehicles may have two, three, or even four motors. The transmission is
usually much simpler than that of an ICE vehicle, containing few or no gears at all. Traction
motors fall into two categories:

o Synchronous — making use of permanent magnets or externally excited rotors —

mostly used for lower power BEVs.
o Asynchronous, or “inductive” — making use of wound or squirrel cage type rotors —
mostly used for higher power vehicles.

Charging ports. Charging ports, or vehicle inlets, are the electrical outlets that allow the
vehicle's batteries to be recharged. Most BEV models can accept both AC and DC power.
If charging is done with an AC charger, such as when charging at home in a mains socket,
the on-board battery charger converts the AC current into DC current. In AC charging, the
power is therefore curtailed by the maximum power that the vehicle's on-board charger
can receive. Even for high-end BEVs, this value rarely exceeds 11 kW, which means that
AC chargers of more than 11 kW are seldom used at their maximum power.
Auxiliary batteries. BEVs usually have a secondary battery at 12 or 24 V that is used to
power the internal electronics in the vehicle (lamps, fans, headlights, on-board computer,
etc.), similarly to an ICE vehicle. This battery is charged through a DC-to-DC converter that
steps down the high-voltage from the main battery pack.
Cooling/heating system. BEVs do not produce heat by combustion, unlike ICE vehicles. In
cold climates, heating a BEV can be a challenge due to the additional high-power
consumption required. Most high end BEVs are therefore equipped with high efficiency

heat pumps, which also contribute to the temperature control of the battery pack. These"‘ e,
cooling/heating systems are powered by the DC low-voltage aux:llary battery and__‘. L

therefore have their own DC-to-AC inverters.




2. Basics of Electric Vehicle Charging Stations

Basics of Battery Charging

Electric vehicle supply equipment, also called Electric Vehicle Charging Stations (EVCS), is the
equipment used to recharge the battery pack of an electrical vehicle. As explained in E.1.2,
the battery pack of a BEV stores energy in chemical form, whilst charge and discharge occur
through electrical high-voltage direct current.

Figure 27. Example volitage across an LIB cell
Voltage across an LIB cell per state of charge.

o
"

Most BEV models on the market

e accept both AC (one and three
phase) and DC power for charge. If

35 T charging is done with an AC charger,
’ an on-board battery charger
converts the AC current into DC

25 current.

Voltage across a LIB cell (V)
w
~

Designing EVCS requires providing

0% 25% 50% 75% 100%  special attention to the charging

State of charge circuitry to ensure fast, safe, and
complete charging of the batteries.

N

Throughout the charging process, the LIB cells should be provided with a fixed current level.
The voltage across the cells increases with the state of charge, until it reaches its fully-charged
nominal value at 100% state of charge (typically 4.2 V). At this point, the EVCS circuitry
switches to constant voltage mode, in order to maintain the battery at full charge.

The DC voltage applied by the EVCS has to be sufficiently high to provide a useful level of
current through the internal resistance embedded in the battery pack and thus ensure a quick
charge, whilst not being too high, which could overheat and damage the battery.

Charge time can vary from fifteen minutes to multiple hours depending on the battery size
and EVCS characteristics. The amount of time necessary to go from a 0% to a 100% state of
charge can be estimated as follows:

] . Battery capacy [kWh]
Charging time [hours] = Thariiig wove e (o)

The C-rate is used to compare the level of charge and discharge between batteries of different

capacity. Charging at 0.5 C is often considered optimal to ensure battery lifespan; on the

contrary, fast-charging at high C-rates (over 1 C) should be used on an exceptional basis.
Current [A]

C rate [C] Battery capacity [Wh] * Battery voltage [V]

Current [A] :
Battery capacity [Ah] "~
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Classification of Charging Modes
Charging stations are commonly classified into four levels based on their nominal charging
power, and four modes based on the charging method:

Table 17. Power range definition of charging levels of EVCS.

EVCS power level Charging power Range delivery _
level#  <37KW  <Okmperhour o
Level#2 37to22kw <150kmperhour =
Level #3 2210 120 kw 150 to 600 km per hour Fastahanger
Level #4 . >120kw > 600 km per hour

Table 18. EVCS charging modes typology.
_Mode #1 — None-dedicated home charging

Connection of the BEV to the main AC grid via
Description standard residential socket outlets, without any
specific safety features.

Overnight home charging, usually for two

Application wheelers.
Grid access Mono-phase 4
‘Power o 3 kW (1-ph) =
EVCS power level #1
Current © Upto16A(230Vperphase)
Description Similar to Mode #1-, with the afidition of a built-in
safety control box in the charging cable.
‘Application ~ Overnight home charging.
Grid access Mono or Three-phase
Power 7KW (1-ph)- 22 kW (3-ph)
- EVCS power Igvel AV = #1-#2
Current f o, . Up to 32 A (230V per phase)

Mode #3 — Wall charging

The BEV is plugged in to a power supply system
permanently which is itself connected to the

RescAption electrical network. The control box is integrated
~ directly into the dedicated charging point.

Agplication Pubhc. spac-e charging (wall boxes, commercial

_ charging points). -

Grid access Three-phase

Power Up to 40 kw AC

EVCS power level #2-#3

Current 32 - 64 A (230V per phase)

Mode #4 — DC fast charging

The BEV is plugged in to a power supply system
Description which is itself permanently connected to the
electrical network that provides direct current.
Public space charging, gas stations and

Application eXpressHaEyE,
Grid access Three-phase
Power  UptodookwDC
7 EVCS power I;\-re_a[ o #3 #4
Current e 'Up 0 200 ADC -




Typology of Charging Points

In general, not all charging levels are accepted by all vehicles. For instance, light electric
vehicles, since they have small battery packs, need a low-power supply, whereas heavy-duty
vehicles need a high-power supply to be charged in a reasonable amount of time and without
incurring damage to the battery.

Alternatively, instead of charging the battery directly, some manufacturers favour a Battery
as a Service (BaaS) or battery swapping approach. In these models, a depleted battery is
physically removed from the vehicle and swapped with a fully-charged battery. Annex 3 -
describes battery swapping models in more detail.

The table below summarises charging levels that are commonly used for different electric
vehicle segments.

Table 19. Main BEV segments and associated appropriate charging levels.

Level #1 Level #2 Level #3 - #4 (Battery

Sdebitinibis iR <37KW  37-22kW__ >22kW____swapping)
Bicycle e .
Two-wheelers Scooter ° ®
Motorcycle . Rarely .
Three-wheelers Tuk-tuk . ° .
1%t gen. BEV o . . Rarely
cars L L ST P T L L. - — 4 o EEe s & e o B b P e
2" gen. BEV ° > s
Urban bus .
Heavy duty _Urban truck_ O S R S S 000
vehicles

Inter-urban bus °

Long-haul truck ®




Typology of EVCS Connectors
The connector is the interface between the BEV and the EVCS. The function of connectors is
to ensure safe charging by using two-way communication between the EVCS and the car.

Although standards have been slowly converging, an eclectic range of mutually incompatible
connector designs has been developed over the years, and their use now depends on the
regions, the EVCS mode, and the vehicle manufacturers. Despite their similarities, connectors
of different standards are not interoperable. Public EVCS are commonly equipped with
multiple connectors to be able to supply a wide variety of BEVs. Connectors contain all or part
' of the following ports:

- Neutral and each phase of the alternative
current (N, L1, L2, L3).

- Protective earth or ground (PE, FG).

- Control and proximity pilot pinouts that
enable the charge and disable the drive train
(CP, PP, PLC).

- Sequence signal pinouts that start and
stop the charging process (SS).

- Direct current pinouts (DC+, DC-).

Figure 28. Example of three common connector types.
The main standards currently in use worldwide are given below:

Table 20. Profiles and standard codes of the main EVCS connectors on the market.

AC charger
(One-phase)
Type 1 o0
- (SAE J1772) - 00000
0.0
000 Type 2
AC charger 00 N/A (IEC 62196-2) (GB/T 20234.2)
(Three-phase)
Type 2
i . (SAEJs3068) , - L s Tl TEsl
00
(e)e)e)
(%) 00
DCcha 00 oM
g (3 @9 NS/
CHAdeMO CCS Combo 2 (GB/T 20234.3)
CCS Combo 1 (IEC 62196-3)

In Thailand, Malaysia, Indonesia, and Singapore, government agencies have enforced the use
of the European CCS2 standard for public chargers, which integrates both AC and DC chargmg Sy

present; the charging stations mstalled in the country therefore follow nychﬁse? aai"'
European standards. m |




EVCS Unit Costs

The cost of a given charging point is dependent on the specific requirements and constraints
of the station and its users. Therefore, the costs associated with installing and operating EVCS
can vary extensively, depending on the power rating of the station, the desired charging point
features, the site location, the existing electrical infrastructure, and the necessary civil work.
The main costs can be broken down as follows:

v.  Hardware costs
- EVCS unit
- Equipment to connect the station to the electrical service (cables, electrical panels,
trenching, boring, repaving, metering, etc.)
- Optional EVCS equipment (payment system, advertising platform, energy monitoring,
connectors, etc.)
vi.  Installation costs
- Design and engineering review
- Contractor labour and materials
- Licensing and inspection
vii.  Additional capital costs
- Potential electrical infrastructure upgrades (breakers, transformer, cabling, etc.)
- Civil work (lighting, signage, painting, parking space, etc.)
- Hardware and installation warranty
- Land/parking space purchase or lease
viii.  Operation and maintenance costs
- Electricity consumption and demand charges
- Subscription to EVCS online monitoring system
- Management time
- Billing transaction costs
- Preventative and corrective maintenance

AC charger
(Level #1-3) Battery
swapping

cabinet
Basic wail mount Basic pedestal Pedestal with De charger
advanced features {Leve! #3“4)

Power range 4 to 40 kW 40 to 400 kW 10 to 20 kw

gt

Price range $2,000 to $10,000 $30k to $100,000 $51m §mmb ey,

Figure 29. Benchmark price of different types of EVCS in 2022. y/ M ormsrany
Compiled from market data of available EVCS models; costs are given as an indication and may vary s.'gmf canﬂybe :ween s
components, locations, and project specifics. Battery swapping cabinet costs do not include batteries.” .,

i
g
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i
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Annex 2 - EV Battery Packs

Batteries are a component capable of storing electrical energy in chemical form for later
release. Battery capacity is measured either in kWh (kilowatt-hour) or in Ah (Ampere hour).

Each type of battery provides varying characteristics in terms of durability, price, size,
dangerousness, maintenance, resistance to heat, and deterioration. Lithium-lon Batteries
(LIBs) are common in devices such as laptops, smartphones, flashlights, and cordless tools,
and are used in the vast majority of BEVs.

LIBs have dominated the BEV market due to (i) their high energy densities, (ii) the large current
they can deliver, (iii) their absence of memory effect, a detrimental process whereby repeated
partial discharge/charge cycles can cause partial capacity loss.

Table 21. Average values of main characterics of LIBs.

Amount of energy that can be stored per kilogram

of battery

Amount of energy that can be stored per unit
_volume of battery

Maximum power that can be delivered by the

battery per unit mass

h gy that can b
Charge/ Dlscharge efF cnency :h:rrgeog;c;isfgi‘;;: can be recovered after a 90%

Number of complete charge-discharge cycles that
Cycle durability can be performed before the performance of the 1,000 - 1,500
battery is significantly affected.

Prices have dropped by 85% since 2010and
depend heavily on the quality of the components.

Specific energy 200 Wh per kg

400 Wh per litre

300 W per kg

Energy density

Specific power

Retail price $100 - $200 per kWh
There is a wide and rapidly-evolving variety of LIB technologies available, with different
materials for the electrodes and electrolytes. Despite their name, LIBs contain less than 10%
of lithium, meaning that a BEV may only hold a few kilograms of lithium. The main types of
LIBs are:

- Lithium Nickel Manganese Cobalt (LI-NMC)

- Lithium Iron Phosphate (LFP)

- Lithium Cobalt Oxide (LCO)

- Lithium Titanate Oxide (LTO)

- Lithium Manganese Oxide (LMO)

- Lithium Nickel Cobalt Aluminium Oxide (NCA)

The majority of BEV producers make use of Li-NMC batteries, with the notable exception of
Tesla which favours NCA batteries.

LIB cells produce current by having lithium ions move from the anode to the cathode durmg
discharge and the other way around during charge: 62 7 s B f_ 2 W
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Figure 30. Schematics of the inside of a LIB cell in discharge.
In charge, the flows of electrons and lithium-ions are reversed.

A standard 18650 LIB cell is 18 mm around by 65 mm long and produces a nominal voltage of
3.6 V. Capacity per cell can vary from 2,000 to 4,000 mAh (7 to 15 Wh). The battery pack of a
BEV can contain hundreds to thousands of LIB cells, arranged in battery modules:

Battery module
Contains 444 Lithium-lon batteries.
{25V - 25 kg — 5.3 kWh)

Tesla Model §

18650 LIB cell
(3.6 V- 12 Wh)

Battery pack
Contains 16 battery modules.
(400 V- 550 kg — 80 kwh)

Figure 31. Breakdown of the battery pack of a Tesla Model S.

Rechargeable batteries in general and LIBs in particular experience a natural decrease in
energy storage performance upon extended cycling. Performance decay originates from
degradation of electrode and electrolyte materials upon aging. This drop in performance:.

manifests itself in (i) decreased discharge capacity and average discharge potentia
decreased power output, and (iii) increased internal resistance and heating. ;

r
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Figure 32. Example of the performance decay of an LIB cell over the course of 1,000 cycles at C/2.
Left: discharge capacity. Right: energy stored in the cell,
(Maher & Yazami, 2014)

Although battery degradation is one of the main concerns with potential new BEV buyers, it
is commonly accepted that under normal conditions of use, a BEV equipped with quality LIBs
will only lose 10 to 20% of its energy storage capacity after 1 to 2 thousand charge-discharge
cycles. Depending on the type of vehicle, this can represent a mileage of 100 to 200 thousand
kilometres before any battery replacement is necessary.

With an estimated less than 5% of LIBs undergoing a recycling process worldwide (IEA, 2018),
proper LIB reuse, recycling, and disposal is not yet a universally well-established practice, due
to raw material low prices, small volumes of spent BEV batteries, and a lack of regulatory
measures. Because the LIB industry lacks a clear path towards economic viability for economy-
wide reuse and recycling, it has instead historically focused on lowering costs and increasing
battery performance and lifespan.

A fundamental approach to proper battery disposal is to set up battery reuse channels that
allow to extend lifetime beyond automotive applications. Indeed, the reduced energy storage
capacity in a battery that would impact the range and performance of an electric vehicle does
not prevent the battery from being used in stationary applications. For example, used
batteries can be utilised in battery storage facilities to assist variable renewable energy
integration into national grids.

Increasing the lifetime of batteries reduces the need to produce new ones and the associated
considerable environmental impacts, and helps to reduce the cost of storage facilities.

Once battery performance has decayed too significantly for secondary applications, they
cannot be disposed of as ordinary waste: cobalt, nickel, manganese, titanium, and other
metals found in batteries can readily leak from their casing and severely contaminate soil and
groundwater, thereby harming ecosystems and human health.
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Figure 33. Stages of the ideal lifecycle of an LIB.

Significant technical challenges arise when establishing LIB recycling channels. Indeed, LIBs
are compact, intricate, heavy, hazardous, flammable, and sealed-shut devices. They are not
designed in a way to be disassembled easily. There is a wide variety of battery types, each
with their own chemical composition. Battery packs from BEVs can contain thousands of cells,
as well as sensors, safety devices, and other circuitry that control battery operation, all of
which further complexify their treatment.

Figure 34. LIB chemical component
distribution by weight, example of an NMC

LIB cell
(IEA, 2018).
el There are currently two
Copper Biscrchyts sohition mainstream  approaches to
TR 5%
recovering raw materials from
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black ang
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- Smelting: facilities use
e Wl R B high-temperature processes
(pyrometallurgy) to recover
copper, nickel, and cobalt. This
process is heavily energy-intensive, and does not allow for organic compounds,
plastics, as well as lithium and aluminium to be recovered.

- Leaching: facilities use hydrometallurgical methods to chemically isolate each
compound of the batteries. This method is capable of recovering the lithium and is less
energy-intensive. However, it relies on large volumes of environmentally harmful
chemicals in the process.

Both approaches induce an additional environmental impact both in terms of CO; ermssums;,w .
and of generated ecotoxicity. Methods relying on automation and robotic proceduresvforr X 7%

sorting, disassembling, and recovering valuable materials from LIBs will i increase the efﬁc:encyj A ",'
of the process but they are still in research stage. iy




Annex 3 - Battery Swapping

Battery swapping  is an

alternative approach to BEV

battery recharging in which

. depleted batteries are replaced

by fully-charged ones by a third-
party operator.

Figure.35 Schematic of a battery swapping
station.

The swapping takes place at a
. battery swapping facility, where
D depleted batteries are then
recharged, later to be picked up
by another BEV. The exchange is usually carried out manually by an operator, although
automated approaches have been considered. As the exchange can be as fast as a few
minutes, battery swapping can significantly offset charging time.

Battery swapping is commonly considered a feasible solution for commercial BEV fleets,
especially in the two and three-wheeler segments. However, these approaches have mostly
been abandoned in the car and heavy-duty segments due to practicality concerns, lack of
compatibility, high infrastructure costs, and the availability of high-powered chargers at a
relatively lower cost.

Manufacturers pursuing a battery swap approach follow a Battery-as-a-Service (BaaS) model:
EV owners do not have ownership of the battery and cannot charge it by themselves, and
instead pay either a monthly fee, or a per-swap fee.

Table 22. Benefits and constraints of battery swapping approaches.

- Reduction of charging time for BEV users.
- Lower upfront cost for BEV ownership as the battery is leased.
Increased battery lifespan thanks to fully controlled and regular charging conditions.
- Facilitation of the establishment of battery recycling and reuse channels.
- By centralising charging points: possibility to use swapping stations as energy storage
facilities, to implement demand control, or vehicle to grid approaches.
- Strong technical and practical challenges in establishing well-distributed and efficient
swapping stations.
Constraints -  High capital cost and difficult set-up of battery swapping stations.
- Lack of standardisation amongst BEV manufacturers.
- Greater amount of battery needed to power the same number of BEVs.

Benefits




There are two main approaches to battery swap models:

Decentralised charging points

In a decentralised model, swapping stations also act as charging points. At each swapping
location, cabinets capable of storing 6 to 12 battery packs are installed. The batteries are
charged at a slow rate to maximise their lifespan, thereby optimising the quantity of power
needed to run the cabinets. An online app lets users know where they can find fully-charged
batteries and drop their depleted ones. The establishment of each new swapping point
requires an investment in charging equipment.

Centralised charging points

In a centralised approach, no charging takes place at the swapping stations—instead they only
act as depleted battery collection and charged battery distribution centres. Depleted batteries
are carried to a dedicated charging centre with high charging capacity and sent back to
swapping cabinets after being recharged. The centralised approach is generally the easiest for
the operation of self-service EV fleets. This model enables economies of scale by mutualising
the charging equipment and facilitating the establishment of new swapping locations.
However, this approach does create significant logistic challenges when the number of users
and swapping locations increases.

- Potential end-user targets of battery swapping systems include urban dwellers living
nearby swapping stations and commuting over short distances.

- Private companies utilising a fleet of vehicles with a limited range of action but a high
driving time per day, such as food delivery services, city taxis, tuk-tuks, last mile delivery
services, public technical services, and hotel rental fleets.

- Shared self-service EV fleets.
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Annex 4 - Business Models for EVCS
1. Typology of EVCS Site Hosts

A site host is the entity that owns the property where a charging site is located. Site hosts can
be classified according to the type of access to the EVCS they provide:

- Private charging.
* Example: homes and individual workspaces.
*  Mode #1, #2, and occasionally #3, with limited charging power.
* Slow-charge overnight or during working hours.
e Energy paid for via the electricity bill of the facility.

- Semi-public charging.

* Private location with charging equipment specifically dedicated to its users, but not
fully open to the public.

* Example: shared office spaces, shared residential areas, organisations which have
an EV fleet, etc.

¢ Usually occurs in Mode #3, with a dedicated and secure installation, but with
limited charging power,

* Either each EV user directly pays for their charging fees, or the location integrates
the charges into its electricity bills.

- Public charging.
* Charging stations open for use by any EV user.
e Example: hotels, leisure sites, shared residential areas, parking garages, retail sites,
transit sites, gas stations, workspaces, on-street parking spaces, etc.
* Charging occurs in Mode #3 or #4, with high power capacity if needed.
* Each user directly pays for their charging fees.
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2. EVCS Governance and Implementation Models

Owner-operator Model

In an owner-operator implementation model, the site host purchases the equipment from an
EVCS provider which handles the installation of the system as part of an Engineering,
Procurement, Construction (EPC) contract. Although the EVCS provider may offer warranties
and assistance with common issues encountered, the operation of the charging station,
including the coordination with the relevant authorities, is the sole responsibility of the site
host, who may subcontract part of it to an Operation & Maintenance (O&M) provider.

o o
0 G
& (\,60
©
C
&
Site host ! )
/E Ownership
of the EVCS

Figure 36. Owner-operator model,

Owner-operators will usually pay for a subscription from the EVCS manufacturers to have
access to their station management software. This software allows owner-operators to easily
track station usage, make their station locatable via mobile app-based software, and manage
pricing and customer payments.

Table 23. Roles and responsibilities - Owner-operator model.

Investment arx_c{ ownership of the EVCS _Site host -
Construction e EVtSprovider
Day-to-day operation and maintenance ~__ Sitehost (with O&M provider)
Coordination with relevant authorities e ~ Site host
set up of pricing strategy and collection of payments Site host.

This model allows the site host to have total control over the EVCS, at the cost of bearing the
full financial and technical risks.

Table 24. Site host perspective - Benefits and constraints of owner-operator model.
- Full control over pricing strategy.
Benefits - Full control over user experience so as to smoothly integrate it within the site.

- Internalisation of the revenue generation from charging fees.

- Balancing the optimal pricing structure can be highly challenging.
- Detailed knowledge of the applicable regulations is required to ensure compliance and
safety of operations. g
- Regular and time-consuming monitoring is required to ensure that operating cqs;sf'dZé- not
exceed the benefits received.
- Thefinancial burden rests entirely on the site host.

Constraints
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Third-party owner-operator

In a third-party owner-operator model, the site host relies on an EVCS provider to install, own,
and operate the infrastructure. In doing so, the site host reaps the indirect benefits from the
EVCS in the form of additional revenue and branding. Depending on the agreement, the site
host may receive a consistent stream of rental income from the EVCS provider.

Authorities : ‘ Site host

'/E Ownership
of the EVCS

Figure 37. Third-party owner-operator model.

This model allows the site host to delegate the investment, and limits its exposure to
operational cost overruns, unexpected maintenance, or complicated coordination with
authorities.

Table 25. Roles and responsibilities - Owner-operator model.

Roles and re BESTI (. e e, e g
Investment and ownership of the EVCS EVCS provider ) TP Ey
Construction EVCS provider

Day-to-day operation and maintenance ___ EVCS provider arsy _
Coordination with relevant authorities EVCSprovider =~ ==
Set up of pricing strategy and collection of payments EVCS provider, in accordance with Site host

In return, the site host relinquishes control of the EVCS, especially in terms of customisation,
user-experience, and pricing strategy.

Table 26. Site host perspective - Benefits and constraints of owner-operator model.

- Noinvestment needed for the Eﬁéréibr._

Benefits - Simplified and all-inclusive process.
- Limited risk exposure.
- Lack of control over user-experience, potentially damaging the consistency of the site.
- Limited direct revenue stream.
R erinas Limited control over pricing strategy that may have otherwise encouraged high turnover

or extended customer dwell time.

- The EVCS provider will only invest in such a model if it is confident that it will turn a profit
_and that the constraints laid out in the lease agreement are acceptable.

<@
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Government-driven Approach

In a government-driven approach, a government
agency provides financial subsidies, concessional
land lease agreements, and potential electricity
incentives to encourage private actors to install a
network of public charging stations.

Authorities .. ... Figure 38. Government-driven model.

/ﬁ Ownership  In general, this approach involves the authorities
of the EVCS  issuing a call for tender for a number of identified

locations. The tender is then awarded to the
companies providing the best compromise between fees and quality of service. The
concessionaire is then responsible for the supply, installation, maintenance, and operations
of the charging equipment at its own cost and for the agreed lease period.

Roles and responsibilties

Investment EVCS provider - Authorities
Construction EVCS provider

Day-to-day operation and maintenance EVCS provider
Coordination with relevant authorities EVCS provider

Pricing strategy Authorities

In particular, the government-driven model enables to spur a network of public charging
points when market conditions are still unfavourable without incentives due to a lack of
potential users. This model is usually dominant in the early years of the development of an
EV ecosystem. It helps set up a basic network of public charging facilities that then kick-starts
the private-driven deployment of a wider network. This approach has also been widely used
for the implementation of networks of on-street charging stations in urban areas.

Figure 39. Example: Autolib’s charging points in the streets
of Paris, France.

For instance, the Singaporean Land
Transport Authority issued in 2022 a large-
scale call for tender for the installation of
12,000 electric vehicle charging points at
public housing carparks by 2025. The
concessional lease agreements will be
provided with a 10-year tenure, and will
allow for a certain level of flexibility in the
installation of additional charging points.
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Annex 5 - Financial Modelling of EVCS

Financial Benefits

Ensuring the profitability of charging equipment is of primary concern to potential investors.
Proper financial forecasting can be challenging, as it needs to account for factors such as EV
user on-site dwell time, charging fee structure, charging station utilisation rate, and indirect
benefits for the site host. Generally speaking, charging services are a low-margin investment
which require substantial utilisation of the equipment to ensure profit. Even with significant
subsidies, EV charging stations are rarely short-term profitable ventures on their own.

By installing open-to-the-public EVCS within their ground, sites hosts can attract or retain BEV-
driving visitors, employees, and customers. Benefits induced by the equipment include:

- Revenue generation.

- Direct: fees paid by EV users to use the charging equipment.

- Indirect: (i) sales revenue from customers either coming to a site for the purpose
of using the charging station or spending longer time at the location whilst waiting
for their vehicle to charge (ii) revenue from on-site advertising boards.

- Corporate branding and increased attractivity. Hosting EV charging stations can signal
commitment of the host site to advancing sustainability goals.

Private actors entering the EVCS market at an early stage (i.e., when EV uptake in a specific

region is still low) usually do not pursue direct profits from this activity. Investment rationale

is based on other objectives:

- Investing first to lead the market in the future, betting on the economy-wide uptake of
EVs (example: energy producers or providers).

- Diversifying their offer, adapting to the market transformation, and attracting more clients
(example: gas station operators, highway operators, shopping centres).

- Contributing to the growth of the charging network to drive EV sales (example: EV
manufacturers, EV suppliers).

Charging Structure
Depending on the desired objective, pricing strategies can be divided into three categories:

- Free of charge approach: charging is offered for free to users, as an amenity. Value is
derived from indirect alternative sources such as increased sales or corporate branding.

- Cost recovery approach: Fees are set high enough to compensate for CAPEX and OPEX
costs and break even. The resulting per kWh fees are typically higher than electricity
tariffs. A safety margin can be added on top to further de-risk the investment for the
owner-operator. "

- Profit-driven approach: the fee for charging is designed to turn a profit prlmarlly frdm'the
sale of charging services. 2R ’

In cost recovery and profit-driven approaches, operators of public chargers are free to set
their own fee tariffication structure based on their business strategy. The fastgér the charger
the higher the cost of the equipment, an additional cost that the operator passes on m
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charging fees. The rule of thumb is that a fast charge is approximately 2 to 3 times more
expensive than a home charge, for the same amount of energy supplied.

Adjusting charging fees is one of the most effective ways to influence the usage rate of a
charging station. Operators are not limited to “per kWh” price structures, and have developed
a wide variety of tariffication models: per minute of connected time, fixed fees, charging
network membership subscription, hybrid approaches, time-of-day tariffs, overnight fees,
parking fees, etc. Most large-scale charging operators have developed membership cards that
provide preferential prices and benefits to their subscribers. Such schemes improve the
attractivity of an operator’s charging stations and strengthen customer fidelity, whilst
simplifying the charging operations of customers.

Capacity Utilisation Factor
The Capacity Utilisation Factor (CUF) of a charging points is defined as the ratio of the time
that the equipment is in use over its availability:

Average daily time of use [min]
Daily equipment availability time [min)

Capacity Utilisation Factor [%] =

Table 27. Correspondence between CUF and daily time of use of an EVCS open 24h per day.

(Capacity utilisationfactor 0% 1% 5%  10%  50%  70%
Approx. corresponding daily time of use - 15mn  1h  2h30  12h 17h

69% 69%
80% 66%

frmm——— e

60%

40%

0
11% : - 8% 9%

Finland Sweden Danemark Norway Switzerland

20% 6%

3%

0%

W ACcharger mDCcharger [IACtop30best CUF  {iDCtop 30 best CUF

Figure 40. Example: 2021 CUF of 12,000 charging stations from Virta.

Stations are divided between AC and DC chargers. Some AC chargers are private. The average CUFs from the top 30 best
performing DC and AC chargers of each country are added for reference (Virta, 2022).

Choosing a charger that fits both the location and the needs of potential customers is an
essential step in designing a charging station. Knowledge about the local market and

customers’ desired type of use of the chargers are required when making decisions aboutthe.
prospect of a charging points. Overall, the CUF of a given station can range from a few perceﬁt:;,‘-_"**
(e.g., being used for a few minutes a day) for unsuccessful sites, to over 70% (17‘nours a day)"-f Lo

for sites used almost continuously.
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Charging Point Profitability

If both the CUF and the charging fee of a given charging point are high enough (i.e., the station
is sufficiently used and the fee is set sufficiently high), the equipment can generate net
income.

A useful way to represent the business case of a given charging station is to draw a diagram
with the CUF on the x-axis (which indicates how much the station is used, and therefore
indirectly how much energy is delivered), and the charging fee in dollars per kWh on the y-
axis.

S : § Figure 41. Relationship between
Profitability of charging stations capacity utilisation rate and
breakeven charging fee.

Breakeven charging fee .
b e Profitability area As the fixed overhead costs
ES b of the charging equipment
5 b i } L Tr—. are spread ar_nongst 'all
SO S WAl B S St e P St users, a charging station

Fixed overhead costs

with a high CUF can

Utility energy price 5 provide more attractive

5% 10% 15% 20% 25% 30% 35% 40%  tariffs to users whilst being
Capacity Utilisation Factor more profitable for the
operator.

Generally, when a charging station installs several charging points at the same location, it
benefits from both greater visibility and attractiveness, but also a lower price per installed kW
due to economies of scale on infrastructure and monitoring costs. Through this double effect,
these can generally offer more competitive prices. Additionally, despite their high installation
cost, DC fast charge stations tend to have a lower price per installed kW than low power
stations. However, they

Breakeven charging fee and CUF range per power level also often have a lower

CUF than low power AC

stations, as users spend

Level #4 (>120kW) less time charging their

= Level #3 (22 to .
% ¥ vehicles.
o Level #2 (3.7 to 22kW)
3{ Figure 42. Relationship between
breakeven charging fee and
] charging level.
5% 10%  15%  20%  25%  30%  35%  4o%  Charging  points  with

Typical Capacity Utilisation Factor range higher power levels tend to

have lower “per kW”

installation costs — which is why the Level #4 breakeven curve is the lowest on the: graph
However, in general, the higher the power of a station, the lower its CUF, which |sﬁwh(y fa‘_
chargers tend to be more expensive than slow chargers at equivalent kWh supp11ed TN
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Appendix 1 - Landscape of EVCS in ASEAN

Table 28. Targets and incentive mechanisms for EV and EVCS uptake in ASEAN.
{Source: Interviews and desk research from consultant).

Targets Support mechanisms Regulation on EVCS
Battery L i T e ~ Support on
electric o
Eves &o:. ICEV phase m.< (hean] EV import EVCS tax electricity Connector  Building
car neutrality EV target EVCS target  linked ? ;
stock out target tax support  support tariffs for standards regulations
stock target support
EVCS
Cambodia 200 7 Under dev. Under dev. Under dev.
2025
. 2030 == Type 2
Malaysia 500 420 2050 T5% sl wmmm wm. Under dev. Under dev. CSS2
2025 F 3
2030 4,400 fast
LEV: 40% new sales, charsers ._.<_um 2
Thailand 4,100 2,200 2050 30% of production mowom
Car: 50% new sales, moo fast CsSs2
30% of production n:w&ma
o T 2
il s e
Philippines 300 140  Under dev. P W-%%o g Under dev. Under dev. Under dev. QMMN
50% of stock
2025
Lao PDR Z\b. Z\> WMMMm vehicle stock
30% of vehicle stock
Myanmar 200 N/A
Vietnam N/A N/A  Under dev.
3040 2030 Type 2
Singapore 3,700 1,900 2060 2040 100%stock includes  CLTREVES CsS2
BEV, HEV, PHEV, FCEV) 45,000 public) CHAdeMO




Appendix 2 - Modelling Methodology

Vehicle Stock Projections

The growth of the motorised vehicle stock, given below, is assumed to be the same in all
scenarios.

Table 29 Modeh‘mg of the stack of motonsed vehscles in Cambodm
HH . ¥

31,-,_  ratig 1 P

Motorcycles Cars Heavy-vehicles
2021 (actual) 5.1m 0.28 0.6m 0.03 0.23m 0.01
2025 6.5m 0.38 0.8m 0.05 0.27m 0.01
2030 7.9m 0.44 1.0m 0.07 0.31m 0.02
2040 9.6m 0.50 1.6m 0.08 0.39m 0.02
2050 10.4m 0.50 2.7m 0.13 0.50m 0.02

These vehicle stock projections were built and cross-checked with (i) historical vehicle
registration data from MPWT, (ii) benchmarks from neighbouring countries, (iii) UN
population projections, (iv) market trends identified by the consultant, and (v) Cambodian
economic development projections®.

In particular, this model emphasises the expected slowdown of the growth of the motorcycle
stock, which is postulated to converge and get saturated at around 10 million vehicles by 2050
— equivalent to one motorcycle per two inhabitants, coherent with the motorcycle stocks of
Vietnam, Thailand, or Malaysia. Conversely, the stocks of cars and heavy-vehicles are likely to
increase sharply, following Cambodia’s economic development; the car stock will multiply
more than fivefold by 2050 as Cambodia moves deeper into the car market phase.

Projections of the Cambodian vehicle stock

[y
S

£ - Historical data | Projections
g
: l
] e MO tOTCYClES
6
s (TS
4 )
I Heavy vehicles
2 _’_I
2010 2015 2020 2025 2030 2035 2040 2045 2050

Figure 43. Modelling of the stock of motorised vehicles in Cambodia.

® Whilst a more complex model could also incorporate finer assumptions - such as the rate of_' ui'bamsahpn f;
household access to credit, road infrastructure development, regulatory developments, [ ubhc transborj j
improvement, or vehicle taxation rate - this exercise was based on the best available data, anq !sfbeheveﬂ to
accurately highlight key market trends. N
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Adoption of Electric Vehicle

As presented in Table 8. the growth of the share of EVs in new vehicle sales, given below,
constitutes the basic assumption of the three scenarios.

EV sales shares - Motos EV sales shares - Cars EV sales shares - HV

100% 100% 10%
75% 8%
50%

50%

25% 25%

0% 0% :
2020 2030 2040 2050 2020 2030 2040 2050 2020 2030 2040 2050

EV] e EV2 EV3 EV1 EVZ e EV/3 EV] e EV2 EV3

Figure 44. Assumptions of EV market share of new vehicle sales per segment and per scenario’.

Starting from a market share set to 0% in 2020, the market growth is modelled with logistic S-
curves until 2050. Importantly, Figure 20. represents the percentage of EVs amongst the new
vehicles put on the road at any given year. Because of the inertia of the existing ICEV stock
which takes decades to renew, these relatively high market shares translate into lower
percentage of overall stock electrification.

To best model the penetration of EVs in the country's vehicle fleet, it is assumed that new
ICEVs are retired after a period of 20 years - this reflects the fact that EVs will be economically
more attractive than ICEVs for consumers, that their adoption will be supported by policies,
and that ICEVs will be eventually phased out.

Electricity Demand

The introduction of EVs will create a shift in final energy consumption from refined petroleum
products (diesel, gasoline, and LPG) towards electricity. The assumptions taken to estimate
the yearly energy consumption of a given EV, provided below, was estimated from:

(i) The average distance travelled per vehicle segment in Cambodia (data obtained from
energy consumption surveys conducted in the development of Cambodia’s Petroleum
Master Plan 2022-2040 (ERIA, 2021)).

7 The sales share of each scenario has been chosen in order to represent a broad spectrum of',écenarlo whilst
being in line with historical market data and with similar modelling exercises that have been developed eithe'r

- for the world (see (IEA, 2021) (IEA, 2022) (BNEF, 2022) (ICCT, 2022)), i '
- for the ASEAN region (see (BNEF, 2022) (IRENA & ACE, 2016) (ICCT, 2022) (AIDIC, 2021))

- or for neighbouring countries (see (UNEP, 2014) (Schréder, M. and F. lwasaki, 2021)(Dhar&P.R., 2_015) _ )

(ADB, 2018) (WB, 2016)).
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(ii) The average consumption of EVs on the market (data compiled from (MoE, 2019),
(EV-Database, 2022), and (Prakobkaew & Sirisumrannukul, 2022)).

Table 30. Assumptions used for the electricity consumption per EV.

Assumptions used for the electricity consumption induced by EVs

Motorcycles Cars Heavy-vehicles
Distance travelled per year 5,000 km 10,000 km 90,000 km
Electricity consumption of EVs 0.025 kWh per km 0.2 kWh per km 1.0 kWh per km
Yearly electricity consumption 125 kWh per EV 2,000 kWh per EV 90,000 kWh per EV

The modelling of energy consumption for residential charging is based on usual models of EV
user behaviour. The load curve used is given below:

Home charging load curve
Charging at

9.0%
home
8.0%
7.0% ——- ‘
Charging at the workplace
6.0% i
5.0%
.

4.0%

or tting rk 1
3.0%
2.0%
1.0% I !
0.0%

,{a@ ’1?’@ 'b'b& b? c,'b b"’ ’\@ %,bé‘ q,bé‘ & '&,6‘ @Qé‘ '\-Q@ ’LQ& %Q@ 996\ ‘)Q@ b‘?@ ,\Q@ Q,Q@ o,Q@ '\PQ@ '\D’Q& '\'}?&

Figure 45. Home charging load curve.
Based on (BNEF, 2022)

Battery Demand and Disposal

In line with current benchmarks, batteries are supposed to have a lifespan of 10 years for
motorcycles, and 15 and 5 years for cars and heavy vehicles respectively. Beyond this period,
it is assumed that batteries are used for 5 years in secondary stationary use, before they need
to be recycled.

Table 31. Assumptions for battery demand and disposal.
Based on a benchmark of current electric vehicle models.

Assumptions used for the battery demanci and disposal

Motorcycles Cars Heavy-vehicles

Lifespan of batteries 10 years 15 years
Battery size 2.8 kWh 55 kWh
Distance travelled per battery pack 50,000 km 150,000 km
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Greenhouse Gas Emissions

Table 32. Assumptions for GHG calculations.
Based on a benchmark of current electric vehicle models, and on (IEA, 2022), (ICCT, 2021) and (UNFCCC, 20189).

Motorcycles Cars

Weight 100 kg 1,500 kg

Battery size 2.8 kWh 55 kwWh

GHG emissions from vehicle manufacturing 4 kg COze per kg

GHG emissions from battery manufacturing 68 kg COze per kWh

Grid factor 0.58 kg CO,e per kWh
Emissions from fossil fuel

Diesel 2.33 kg COe per litre

Gasoline 2.75 kg CO2e per litre

LPG 1.75 kg CO-e per litre

Charging Infrastructure

The modelling distinguishes between four types of EV charging methods:

() Home charging: (both for cars and motorcycles) Slow charging at night or during the
working day, taking place either at home or at workplaces; does not require any significant
infrastructure deployment.

(i) Away-from-home charging: (only for cars) Slow top-up charge done whilst the EV-user
runs errands in a public location within urban areas (e.g., coffee shop, mall, hotels,
touristic sites, etc.).

(iii) Fast charging: (only for cars) DC fast charging used during long journeys; the station is
located directly on a national road connecting urban areas (e.g., gas stations).

(iv) Battery swapping: (only for motorcycles) Public charging is relatively uncommon for two-
and three-wheelers. Battery swapping is assumed to be a partial solution, used in
particular by logistics companies, delivery services, or shared mobility services. In terms of
infrastructure, battery swapping is modelled by the installation of decentralised battery
charging cabinets solely within urban areas (e.g., at convenience stores).

To model the need for each of these infrastructures, a number of assumptions (provided in
the tables below) have been made regarding the behaviour of electric vehicle users, as well
as the costs and characteristics of these charging points.
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Table 33. Assumptions used for the characteristics of the EV charging infrastructure?®.

Home charging

Away-from-home charging

Fast-charging

Location Residential Urban National roads
Percentage of charges 85% 9% 6%
Power level Level #1 or #2 Level #2 Level #3 or #4
Charging point power rating 10 kW 50 kW
Capacity utilisation rate 10% 5%
: - id
Investment per charging point By $7,500 $50,000
Equipment (56,000} (540,000)
Upgrade of grid-connection (51,500) i ($10,000)

Home charging

Battery swapping

Percentage of charges 85% 15%
Location Residential Urban
Power level Level #1 or #2 -

Cabinet power rating

Battery charging rate

Cabinet size

Capacity utilisation rate

Investment per cabinet

Not considered

20 kW (one cabinet)

0.2C

6 battery packs of 2.8 kwh

40%

$10,000

In order to characterise how the charging infrastructure will need to be distributed
geographically within the country, a three-tier model (given below) was utilised. Effectively,
provinces and key national roads are divided into three tiers that were based on (i) market
prospects for EVs, (i) estimated size of the vehicle fleets, (iii) available traffic data, (iv)
demographics and urbanisation data. These three tiers do not represent development
priorities, but are instead used to weight the distribution of the charging infrastructure within

the country.

Table 34. Assumptions of the three-tier system used to distribute the charging infrastructure geographically.

_For battery swapping and away-from-home chargin,
Banteay Meanchey 3 NR1 2
Battambang 2 NR11 3
Kampong Cham 3 NR2 2
Kampong Chhnang 3 NR3 2
Kampong Speu 3 NR31 3
Kampong Thom 3 NR4 R Gk BAR DLW |
Kampot 3 NR48  gpannrro
Kandal NRS
Kep 3 NR56
Koh Kong 3 NR57
Kratie 3 NR6
Mondulkiri 3 NR62
Oddar Meanchey 3 NR64
® These assumptions were based on global market trends, on interviews with the private sector and on’ a-:,"‘," /4

benchmark of user behaviour in other countries, adapted to the Cambodian context.
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Pailin 3 NR66 3
Phnom Penh - NR68 3
Preah Sihanouk 2 NR7 2
Preah Vihear 3 NR71 3
Prey Veng 3 NR78 3
Pursat 3 NR76 B
Ratanakiri 3 NR8 3
Siem Reap 2
Stung Treng 3
Svay Rieng 3
Takeo 3
Tboung Khmum 3

Limitations of the Modelling

The modelling presented here does not constitute a detailed market analysis, but rather a first

step in understanding the need for charging infrastructure to best support the uptake of

electric vehicles in Cambodia. This is a first-of-its-kind exercise, and a number of limitations,
related to the quality of the available data and the level of detail of the model, can be
highlighted:

- The model is particularly sensitive to assumptions about the behaviour of electric vehicle
users, particularly in terms of making use of their personal chargers or publicly available
infrastructure.

- The modelling is static and therefore does not take into account possible improvements
in the performance or price of EVs and EVCS, nor possible changes in user behaviour or in
transport infrastructure development.

- The ability for EV users to source and finance the electric vehicle stocks is not discussed.

- Three-wheelers, heavy vehicle charging infrastructure, and more generally commercial
uses of road transport (delivery, logistics, public transport), are not directly studied in this
analysis.

- The various environmental benefits and impacts (GHG emissions, generated ecotoxicity,
air quality, waste management, etc.) of the development of the EV stock, of the
deployment of the charging infrastructure, of the electricity generation and distribution,
and of the retirement of ICEVs are not included within the scope of this analysis.

- This study is largely focused on battery electric vehicles, whilst a non-negligible share of
plug-in hybrid vehicles could lead to a number of subtleties concerning the charging
infrastructure.
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Appendix 3 - Electricity Tariffs in Cambodia

Table 35. Electricity tariffs in Cambodia®

(ii) Time-of-use tariff ‘ iii) Solar PV tariff

(i) General

- Tariff structure cariff

Description . The ToU tariff is divided into two parts:
Flat kWh tariff - Capacity charge ($/kW): a fixed cost calculated based on the
throughout the contracted capacity. By default, the contracted capacity is equal to The solar PV tariff is compulsory for all PV system
day. Still applies the total capacity of the transformer(s) on the facility. owners. It is identical to the ToU, except that it
to alarge - Electricity charge ($/kWh): a variable cost based on the amount of does not entitle the holder to the preferential off-
majority of energy consumed each month. This energy charge is time peak tariff.
consumers. dependant, introducing a peak-hour tariff (7am-9pm) and a night-
o N time tariff in order to promote off-peak electricity consumption. | - -
Monthly capacity Peak-hour tariff Off-peak-hour tariff Monthly capacity s
charge (7am-9pm) (9pm- 7am) i charge Eleeticity chargs
Connected directly to a sub-station
- High voltage $0.1170 /kWh $2.90 /kwW $0.1140 /kWh $0.0940 /kWh $2.90 /kw $0.1140 /kWh
= Medium voltage
o} Phnom Penh and Ta Khmao $0.1320 /kWh $3.10 /kW $0.1180 /kwh $0.0960 /kWh $3.10 /kw $0.1180 /kWh
o Provinces $0.1210 /kWh $4.00 /kwW $0.1290 /kWh $0.0960 /kWh $4.00 /kW $0.1290 /kWh
Connected to an HV or MV linel? “
T
- Industry & Agriculture consumers $0.1370 /kWh $5.00 /kW $0.1300 /kwh $0.1100 /kWh : $5.00 /kW $0.1300 /kWh
- Commercial & Administration consumers i $0.1580 /kwh | $5.80 /kW $0.1500 /kWh $0.1240 /kWh $5.80 /kW $0.1500 /kWh
Connected to an LV distribution line!
- Residents (>200 kwh/month) 730 KHR /kWh (approx. $0.1825 /kwh)
- Residents (51 to 200 kWh/month) 610 KHR /kWh (approx. $0.1525 /kwh)
- Residents (11 to 51 kWh/month) 480 KHR /kWh (approx. $0.12 /kwh)
- Residents (<10 kWh/month) 380 KHR /kWh (approx. $0.095 /kwh)
£
® Tariffs are set in USD, and are paid in KHR based on the current exchange rate set by the Central Bank of Cambodia on the day of the invoicing. WW, 5

]

19 “Industry and Agriculture” and “Commercial and Administration” facilities can be subjected to additional charges based on (i) whether the metering _W/wm
MV/HV side, (ii) whether the transformer was supplied by the utility or installed by the facility itself.
z._._‘_mqmm_.mm_momumn,m:m:mmﬁoﬂzmﬁmﬂu:«:um:mm”mao:m\wn:oo_m_. _..omu:m_m.m:n_:mm:rnm_.mnmsc.mm.
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Appendix 4 - Import Taxes on Vehicles

Table 36. Main import tax per type of vehicles
(Source: General Department of Customs and Excise.

Vehicle type

Drivetrain type

-Igﬁltlon type

Customs
Duty

Special Tax

20% (< 1,000 cc)

Spark 35% 50% (>1,000 cc) 10%
ICE 55% (>3,000 cc)
4 50% (<3,000cc)
Compression 35% 55% (>3,000 cc) 10%
20% (< 1,000 cc)
Spark 35% 509% (>1,000 cc) 10%
Passenger cars HEV 20% (<1,000 c¢)
Compression 35% 50% (>1.000 cc) 10%
20% (<1,000 cc)
o Spark 35% 50% (>1,000 cc) 10%
: 20% (<1,000 cc)
Compression 35% 50% (>1,000 cc) 10%
BEV = 35% 10% 10%
ICE Spark 15% 20% 10%
Three-wheelers Compression 15% 20% 10%
(for logistic HEV - 15% 20% 10%
purposes) PHEV 15% 20% 10%
BEV - 15% 10% 10%
ICE Spark 35% 20% 10%
Three- wheelers Compression 35% 20% 10%
(for people HEV - - - -
transportation) PHEV - - - e
BEV - 35% 10% 10%
5% (<50cc)
) 15% (<250cc)
PR ICE 15% 20% (<800cc) 10%
S 25% (>800cc)
0% (bicycles)
BEY - tan 5% (motorcycles) i
40% (< 5t)
- Spark 15% 30% (>5t) 10%
. 40% (< 5t)
Compression 15% 30% (>51) 10%
40% (< 5t)
. Spark 15% 30% (>5t) 10%
Heavy-duty : 40% (< 5t)
(for logistic Compression 15% 30% (>5t) 10%
purposes) — 15% 40% (< 5t) 10%
P i 30% (>5t)
PHEV 40% (< 5t)
Compression 15% 30% (>5t) 10%
10% (pick-up trucks)
BEV - 15% 40% (< 5t)
30% (>5t)
ICE Spark 15% 40%
Compression 15% 40%
Heavy-duty it Spark 15% 40%
(for people Compression 15% 40%
transportation) Spark 15% 40%
PHEV
Compression 15% 40%

BEV

15%

10%




Appendix 5 - Maps of Cambodian Infrastructure

Figure 46. National road
_lmOm network and population
centres.

Thailand

(Credits: Sevea
Consulting)
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Figure 47. Main
_LmOm transport
infrastructure of
Cambodia, and
urbanisation.
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Legend (Credits: Sevea
Consulting)
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Figure 48. Map of
the Cambodian
national electricity
grid.

(Credits: Sevea
Consulting)
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Appendix 6 - Detailed Modelling Results

Electric motorcycles

Electric cars

Electric heavy-vehicles

Roadmap for the Development of an Electric Vehicle Charging Stations Network in Camﬂt').iﬂa'i'é'j_o‘i' "

0% 0% 0%
1% 1% 0%
5% 2% 0%
15% 8% 1%
25% 13% 1%
29% 14% 1%
30% 15% 1%
Electric motorcycles Electric cars Electric heavy-vehicles
744 71 1
3,961 328 5
20,748 1,336 22
75,501 6,001 129
119,200 16,951 166
114,120 22,000 196
85,430 28,368 228
Electric motorcycles Electric cars Electric heavy-vehicles
744 71 1
12,285 1,003 15
78,084 5,374 96
318,108 23,250 476
943,380 89,193 1,123
1,582,011 187,807 2,037
2050 2,067,042 315,683 3,105
_Electrificati Electric motorcycles Electric cars Electric heavy-vehicles
2020 0% 0% 0%
2025 0% 0% 0%
2030 1% 1% 0%
2035 4% 2% 0%
2040 10% 6% 0%
16% 9% 0%
20% 12% 1%
Electric motorcycles Electric cars Electric heavy-vehicles
0 0 0
2 2 1
10 11 9
40 47 43
118 178 101
198 376 183
2050 258 631 279
m zing infrastructure | Battery swapping cabinets AC chargers DC fast chargers
2020 - - -
2025 20 0 0
2030 124 1 o
2035 507 5 * 83
1,502 18 24
2,519 39 7 e 81
3,292 65 T
Battery swapping cabinets AC chargers DC fast chargers
: : $ - I -
$ 195,651 $ 154,537 $ Vo 2747320
$ 1,243,535 $ 828,250 $ . T 1,472,444
$ 5,066,078 $ 3,583,119 $ " 6,369,989

B




"1

15,023,959 S 13,745,434 S 24,436,326
25,194,599 S 28,942,904 S 51,454,051
32,919,048 $ 48,649,791 5 86,488,517
Siem Reap Sihanoukville Battambang Other Provinces
1 1 1
5 5 6
22 20 22 26
68 55 68 85
121 83 121 158
166 100 166 224
Siem Reap Sihanoukville Battambang Other Provinces
2 2 2 2
9 9 11
311 40 38 40 48
1,197 155 133 156 192
2,525 331 248 335 421
4,244 561 374 572 735
2020 2025 2030 2035 2040 2045 2050
= 0 2 7 27 57 95
- 0 0 1 2 5 8
- 0 1 6 22 47 79
- 0 2 11 40 85 143
= 0 0 1 2 5 8
- 1 4 18 69 145 244
= 0 0 1 4 8 13
- 1 7 28 109 230 386
- 0 0 1 3 7 12
- 0 0 1 2 5 8
- 1 7 28 108 228 383
- 0 0 1 3 7 12
= 0 0 2 7 14 24
- 0 4] 1 3 7 11
- 0 0 1 4 8 13
- 1 4 18 67 142 238
- 0 0 0 1 3 5
- 0 0 1 5 10 17
- 0 0 1 5 10 17
- 0 0 1 4 8 14
2.Scenario EV2
Salesshare Electric motorcycles Electric cars Electric heavy-vehicles
2020 0% 0% 0%
2025 2% 1% 0%
2030 10% 5% 0%
2035 30% 15% 2%
50% 25% 3%
58% 29% 3%
60% 30%
Electric motorcycles Electric cars
1,488 142
7,922 656
41,495 2,672
151,003 12,001
238,401 33,901
228,241 43,999
170,860 56,736 y
Stockof EVs Electric motorcycles Electric cars Electric heaw-vehicies

L ,Z g it
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1,488 142 3
24,571 2,006 46
156,167 10,749 288
636,215 46,501 1,429
1,886,759 178,385 3,368
3,164,022 375,615 6,111
4,134,085 631,366 9,314
Electric motorcycles Electric cars Electric heavy-vehicles
0% 0% 0%
0% 0% 0%
2% 1% 0%
7% 4% 0%
20% 11% 1%
31% 18% 1%
40% 24% 2%
Electric motorcycles Electric cars Electric heavy-vehicles
0 0 0
3 4 4
20 21 26
80 93 129
236 357 303
2045 396 751 550
2050 517 1,263 838
| Charging infr ture Battery swapping cabinets AC chargers DC fast chargers
2020 - - -
2025 39 41 11
2030 249 221 59
2035 1,013 955 255
3,005 3,665 977
5,039 7,718 2,058
6,584 12,973 3,460
ulated Investment Battery swapping cabinets AC chargers DC fast chargers
5 . $ : 3 =
5 391,303 s 309,073 $ 549,464
$ 2,487,069 $ 1,656,499 s 2,944,888
S 10,132,157 S 7,166,238 S 12,739,978
$ 30,047,918 S 27,490,867 $ 48,872,653
5 50,389,198 S 57,885,807 S 102,908,102
S 65,838,096 $ 97,299,581 S 172,977,034
b i A oinets
PP + Kandal Siem Reap Sihanoukville Battambang Other Provinces
13 2 2 2 2
80 11 10 11 13
323 45 39 45 55
911 150 93 149 199
1,379 291 119 289 441
418 126 414 751
3Eers L D v A
PP + Kandal Siem Reap Sihanoukville Battambang Other Provinces
27 3 3 3
144 18 18 18
623 80 73 81
2,399 315 229 319 A
5,041 677 377 697 A L
8,398 1,153 526 1,204 Vg
2020 2025 2030 2035 2040 2045 7/ |/
- 1 3 14 54 11 P!
- 0 0 1 5 10 [
= 0 a 12 44 94
- 1 5 21 81 170
- 0 0 1 4 9
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NR4 2 8 36 138 290 487
NR48 4] 0 2 7 15 26
NRS 2 13 57 218 459 772
NR56 [} 0 2 2 15 25
NR57 0 0 1 5 10 17
NR6 2 13 56 216 456 766
NRG62 0 0 2 7 14 24
NR64 0 1 4 14 29 49
NR66 0 0 2 6 13 23
NR68 0 0 2 7 16 26
NR7 2 8 35 135 284 477
NR71 0 0 1 3 6 10
NR78 0 1 2 9 20 33
NR76 0 1 2 9 20 33
NR8 0 0 2 8 17 28
a
ario EV3
Electric motorcycles Electric cars Electric heavy-vehicles
1% 0% 0%
7% 2% 0%
28% 8% 1%
63% 26% 3%
83% 43% 4%
89% 49% 5%
90% 51% 5%
Electric motorcycles Electric cars Electric heavy-vehicles
5,176 241 5
26,575 1,116 25
120,071 4,542 109
317,363 20,402 647
393,386 57,632 830
349,249 74,798 978
257,276 96,452 1,142
Electric motorcycles Electric cars Electric heavy-vehicles
5,176 241 5
83,718 3,409 77
485,622 18,273 480
1,605,855 79,052 2,381
3,833,274 303,255 5,613
5,833,393 638,545 10,185
2050 7,301,040 1,073,322 15,523
| Electrification of stock Electric motorcycles Electric cars Electric heavy-vehicles
2020 0% 0% 0%
2025 1% 0% 0%
2030 6% 2% 0%
2035 18% 6% 1%
2040 40% 19% 1%
2045 58% 31% 2%
2050 70% 40% 3%
_GWhperyear Electric motorcycles Electric cars Electric heavy-vehicles
2020 1 0
2025 10 7
2030 61 37
2035 201 158
2040 479 607
2045 729 1,277 F L
2050 913 2,147 B™fagr ™
Cha Battery swapping cabinets AC chargers DC fa$t chargers
2020 = E :: ."-ff—s'ﬁ -
2025 133 70 LR
2030 773 375

N

N "._;100:""‘ e dg




2,557 1,624 433
6,105 6,231 1,662
9,290 13,121 3,499
11,627 22,055 5,881
Battery swapping cabinets AC chargers DC fast chargers
$ : $ - $ -
$ 1,333,265 $ 525,425 S 934,088
$ 7,733,857 s 2,816,049 S 5,006,309
$ 25,574,331 $ 12,182,604 S 21,657,963
S 61,047,476 S 46,734,474 $ 83,083,510
S 92,900,735 S 98,405,872 S 174,943,773
5 116,274,009 $ 165,409,288 S 294,060,957
PP + Kandal Siem Reap Sihanoukville Battambang Other Provinces
2020 - - - - -
2025 43 6 5 6 7
2030 248 34 30 34 42
2035 782 125 82 125 165
2040 1,481 390 117 386 679
2045 1,590 550 125 539 1,841
2050 1,641 571 127 560 2,915
RCEhaRIG e IR e
PP + Kandal Siem Reap Sihanoukville Battambang Other Provinces
2020 - - - a -
2025 46 6 6 3] 7
2030 244 31 30 31 38
2035 1,061 138 117 139 170
2040 4,077 545 314 560 736
2045 8,412 1,178 448 1,246 1,837
2050 13,603 1,989 601 2,170 3,691
| DC fast chargers 2020 2025 2030 2035 2040 2045 2050
NR1 - 1 5 24 91 192 323
NR11 - 0 0 2 8 17 29
NR2 - 1 5 20 76 159 268
NR3 - 2 8 36 137 289 485
NR31 - 0 0 2 8 16 27
NR4 - 3 14 61 234 493 829
NR48 - 0 1 3 12 26 43
NR5 - 4 22 97 371 780 1,312
NR56 - (1] 1 3 12 25 42
NR57 - 0 0 2 8 17 29
NR6 - 4 22 96 368 775 1,302
NR62 - 0 1 3 11 24 40
NR64 - 0 1 6 23 49 83
NR66 - 0 1 3 11 23 38
NR68 - 0 1 3 13 27 45
NR7 - 3 14 60 229 482 810
NR71 - 0 0 1 5 10 16
NR78 - 0 1 4 16 34 57
NR76 - 0 1 4 16 34 57
NR8 - 0 1 3 13 28 47

Roadmap for the Development of an Electric Vehicle Charging Stations Network in Cambodié105




Bibliography

ABeam. (2021). ASEAN Motorcycle Markets and their Impact on Car Markets. ABeam Consulting.

ADB. (2018). Cambodia Energy Sector Assessment, Strategy, and Roadmap. Asian Development Bank.

ADB. (2018). Sustainable Transport Solutions - Low-Carbon Buses in the People's Republic of China. Asian Development Bank.

ADB. (2019). Cambodia Transport Sector Assessment, Strategy, and Roadmap. Asian Development Bank.

ADB. (2019). E-Mobility Options for ADB Developing Member Countries. Asian Development Bank.

ADB, MME. (2022). [DRAFT] Cambodia Power Development Plan (2021-2040). Asian Development Bank, Ministry of Mines and Energy.

AIDIC. (2021). Electric Vehicle Adoption in ASEAN; Prospect and Challenges. Jamaludin N.F., Hashim H., Ho W.S., Lim LK., Sulaiman N.S.,
Demoral A., Tirta A., Kresnawan M.R., Safrina R., Rosalia S.A., Chemical Engineering Transactions - Italian Association of
Chemical Engineering.

ARUP. (n.d.). Five Minute Guide to Electricity Storage Technologies.

ASEANStatsDataPortal. (2022). Retrieved from ASEANStatsDataPortal: https://data.aseanstats.org/

ATLAS. (n.d.). Public EV Charging Business Madels for Retail Site Hosts. Washington DC: ATLAS Public Policy.

BNEF. (2022). Electric Vehicle Outlook 2022. Bloomberg New Energy Finance.

Charles W. Botsford, PE. (2018). The Successful Business Models of EV Charging. Webasto Charging Systems.

Dhar, S., & P.R., S. (2015). Low carbon scenarios for transport in India: Co-benefits analysis. DTU Library.

DOE. (2015). Costs Associated with Non-Residential Electric Vehicle Supply Equipment. United States Department of Energy.

EAC. (2015). Electricity Law of the Kingdom of Cambodia. Electricity Authority of Cambodia.

EAC. (2020). Report on Power Sector of the Kingdom of Cambodia. Electricity Authority of Cambodia.

EAC. (2020). Salient Features of Power Development in the Kingdom of Cambodia Until Decernber 2019. Electricity Authority of Cambodia.

ERIA. (2021). Introduction of Energy Consumption Survey for Selected Provinces - Cambodia Petroleum Master Plan 2022-2040. ERIA and
General Department of Petroleum, Ministry of Mines and Energy.

ERIA Study Team. (2022). ‘Introduction of Energy Consumption Survey for Selected Provinces’, in ERIA and General Department of
Petroleum, Ministry of Mines and Energy of Cambodia , Cambodia Petroleum Master Plan 2022-2040. Jakarta: ERIA.

EVAP. (2020). Electric Vehicle Markets: Overview & Outlook. Electric Vehicle Association of the Philippines.

EV-Database. (2022). Energy consumption of full electric vehicles. Retrieved from ev-database.org: https://ev-
database.org/cheatsheet/energy-consumption-electric-car

GBN. (2020). Partnership Ready Cambodia - Sustainable Mobility. Global Business Network Programme - Deutsche Gesellshaft fiir
Internationale Zusammenarbeit (GIZ) GmbH.

GGG, (2021). Pre-feasibility Assessment on Electric Buses in Siem Reap, Cambodia. Siem Reap: Global Green Growth Institute.

GGGI. (2021). Prometing Green Mobility Through Electric Motorcycles in Cambodia. Global Green Growth International.

Ibham Veza, Mohd Azman Abas, Djati Wibowo Djamari, Noreffendy Tamaldin, Fitri Endrasari, Bentang Arief Budiman, Muhammad Idris,
Anthony C. Opia, Firman Bagja Juangsa and Muhammad Aziz . (2022). Electric Vehicles in Malaysia and Indonesia: Opportunities
and Challenges. MDPI.

ICCT. (2021). A Global Compairson of the Life-cycle Greenhouse Gas Emissions of Combustion Engine and Electric Passenger Cars.
International Council for Clean Transportation.

ICCT. (2022). A Critical Review of ZEV Deployment in Emerging Markets. International Council for Clean Transportation.

ICCT. (2022). Critical Review of ZEV Deployment in Emerging Markets. The International Council on Clean Transportation.

ICCT. (2022). Zero-emission vehicle deployment: ASEAN Markets. International Council for Clean Transportation.

IDB. (2021). Transport Electrification: Regulatory Guidelines for the Development of Charging Infrastructure. Inter-American Development
Bank.

IEA. (2018). Innovation in batteries and electricity storage. International Energy Agency.

IEA. (2021). Global Electric Vehicle Outlook 2021. International Energy Agency.

IEA. (2022). Global Electric Vehicle Outlook 2022. International Energy Agency.

IEA. (2022). International Energy Agency - Cambodia Country Profile. Retrieved from iea.org: https://www.iea.org/countries/cambodia

IEA. (2022). Southeast Asia Energy Outlook 2022. International Energy Agency.

INL. (2016). EV Infrasrtructure Roadmap. Idaho Falls: Idaho National Laboratory.

IRENA & ACE. (2016). Renewable Energy Outlookfor ASEAN: a REmap Analysis. International Renewable Energy Agency (IRENA) and ASEAN
Centre for Energy (ACE).

IRITWG. (2015). Overview of the Transport Infrastructure in the Kingdom of Cambodia - Fifth Edition. Infrastructure and Reglonal-‘i"
Integration Technical Working Group. :

ISGF. (2018). Electric Vehicle Charging Stations Business Models for India. India Smart Grid Forum. S

Jamaludin N.F., Hashim H., Ho W.S., Lim L.K., Sulaiman N.S., Demaoral A., Tirta A., Kresnawan M.R., Safrina R. RosaILa S A (*2@211; Efectric
Vehtc!e Adoption in ASEAN; Prospect and Challenges. Chemical Engineering Transactions. g}. ; " S ol e

Kingdom of the Netherlands. (2021). E-Mobility in Thailand. Hie -t ;

Kongklaew, C.; Phoungthong, K.; Prabpayak, C.; Chowdhury, M.S.; Khan, |.; Yuangyai, N.; Yuangyai, C.; Techato, K. (2021) Barners to
Electric Veehicle Adoption in Thailand. MDPI. \

Mabher, K., & Yazami, R. (2014). A study of lithium-ion batteries aging by thermadynamics technique. Journal of Power Sources

Roadmap for the Development of an Electric Vehicle Charging Stations Network in Cambodia106




Micah S. Ziegler and Jessika E. Trancik. (2020). Re-examining rates of lithium battery technology improvement and cost decline. Energy &
Environmental Science - Royal Society of Chemistry.

MLMUPC. (2018). Prakas No.087 on land development. Ministry of Land Management, Urban Planning and Construction.

MME. (2022). National Energy Efficiency Policy (2021-2030) (DRAFT). Royal Government of Cambodia, Minitry of Mines and Energy.

MNREC. (2019). The Current Status of Emissions and Fuel Efficiency Transportation Policies in Myanmar. Nay Pyi Daw: Ministry of Natural
Resources and Environmental Conservation - Environmental Conservation Department.

MokE. (2019). Efectric Motorcycle Assessment in Phnom Penh. Phnom Penh: Ministry of Environment - Cambodia Climate Change Alliance.

MoE. (2021). Long-Term Strategy for Carbon Neutrality. Royal Government of Cambodia, Ministry of Environment.

MoT. (2020). Tourism Statistics Report. National Institute of Tourism - Tourism Statistics Department.

MPWT. (2022). Database of registered vehicles in the Kingdom of Cambodia. Ministry of Public Works and Transport.

MPWT. (2022). Workshop organised by the MPWT and the UNDP as part of the development of Cambodia's EVCS Roadmap. Phnom Penh:
Ministry of Public Works and Transport.

Narongkorn Uthathip , Pornrapeepat Bhasaputra and Woraratana Pattaraprakorn . (2021). Stochastic Modeliing to Analyze the Impact of
Electric Vehicle Penetration in Thailand. MDPI.

NCSD/MOE. (2020). Cambodia's Updated Nationally Determined Contribution. National Council for Sustainable Development / Ministry
of Environment.

NIS. (2019). General Population Census of the Kingdom of Cambodio. National Institute of Statistics, Ministry of Planning, Royal
Government of Cambodia.

NIS. (2020). Report of Cambodia Socio-Economic Survey 2019/20. National Institute of Statistics, Ministry of Planning, Royal Government
of Cambodia.

Nissan. (2019). Whitepaper - The Future of Electric Vehicles in South East Asia. Frost & Sullivan.

NITI Aayog. (2021). Handbook of Electric Vehicle Charging Infrastructure Implementation - Version-1. Ministry of Power of India,
Department of Science and Technology, Bureau of Energy Efficiency, WRI India.

OEC. (2022). Refined Petroleum in Cambodia. Retrieved from oec.world: https://oec.world/en/, profile/bilateral-product/refined-
petroleum/reporter/khm

Pichamon Keawthong and Veera Muangsin. (2021). Thailand’s EV Taxi Situation and Charging Station Locations. 2021 The 10th
International Conference on Informatics, Environment, Energy and Applications .

Prakobkaew, P., & Sirisumrannukul, S. (2022). Practical Grid-based Spatial Estimation of Number of Electric Vehicles and Public Chargers
for Country-level Planning with Utilisation of GIS Data. Energies.

PwC. (2020). Electric vehicles and the charging infrastructure: a new mindset? Pricewaterhouse Coopers.

RGC. (2018). Rectangular Strategy for Growth, Employment, Equity and Efficiency: Building the Foundation Toward Realizing the Cambodia
Vision 2050 - Phase V. Royal Government of Cambodia.

RGC. (2019). National Strategic Development Plan 2019-2023. Royal Government of Cambodia.

Schroder, M. and F. Iwasaki. (2021). ‘Current Situation of Electric Vehicles in ASEAN' in Promation of Electromobility in ASEAN. Jakarta:
ERIA Research Project Report.

Sillaparcharn, P. (2007). VEHICLE OWNERSHIP AND TRIP GENERATION MODELLING - A Case Study for Thailand. Leeds: Institute for
Transport Studies - University of Leeds.

Trin Thananusak, Prattana Punnakitikashem Sitthichai Tanthasith and Boonying Kongarchapatara. (2021). The Development of Electric
Vehicle Charging Stations in Thailand: Policies, Players, and Key Issues (2015-2020). MDPI.

UNEP. (2014). Promoting Low Carbon Transport in India - Electric Vehicle Scenarios and a Roadmap for India. UNEP - DTU Partnership.

UNEP. (2020). Policy Guidelines for Electric 2- & 3-wheelers for Southeast Asia. United Nations Environment Programme.

UNFCCC. (2019). National GHG Inventory Report. Phnom Penh, Cambodia: United Nations Framework Convention on Climate Change.

USAID, NREL. (2020). Electric Vehicle Charging Infrastructure: Business Model and Tariff Design Support to the Lao PDR. US Agency for
International Development - National Renewable Energy Laboratory.

Virta. (2022, May 31). Here's how EV drivers charge their cors across Europe. Retrieved from www.virta.global:
https://www.virta.globaI/blog/how-are-we»charging-a-deep-dive-into-the~ev—charging-station-utiIization»rates

WB. (2016). The Bhutan Electric Vehicle Initiative - Scenarios, Implication, and Economic Impact. World Bank Group.

WB. (2022). Cambodia Dota. Retrieved from World Bank Data: https://data.worldbank.org/country/cambodia?view=chart

Yantao Huang and Kara M. Kockelman. (n.d.). Transportation Research Part D - Electric vehicle charging station locations: Elastic demand,
station congestion, and network equilibrium.




