=l p

CONSOLIDATED! POLICY PARERS

ASSESSING THE IMPACT
AND OPPORTUNITIES OF ELECTRIC
VEHICLES IN ADVANCING INDONESIA'S
GREEN ECONOMY INDEX

i

OOOOOOOOOOOOOOOOOOOOOOOOO

>



ABTC
AESC
AFIR
AlSI

Bappenas
BaU

BC
BEV

BKPM
BOE

BPS
BYD
CALB
CATL
CBU
CED
CKD
CO2
E2W
E4W
EolL
ESG
ESS
EV
EVSE
FOLU
GAIKINDO
GDP
GEl
GHG
GNI
Gol
ICE
ICEV
IGEF
IGEI
IGEM

Kemenaker
Kemendag
Kemendikbudristek

Kemenhub
Kemenkeu
Kemenkop-UKM

ABBREVIATIONS

American Battery Technology Company
Automotive Energy Supply Corporation
Alternative Fuels Infrastructure Regulation
Association of Indonesia Motorcycle Industries

Ministry of National Development Planning
Business as Usual

Business Condition
Battery Electric Vehicle

Ministry of Investment and Downstream Industry
Barrel of Oil Equivalent

Central Bureau of Statistics (Badan Pusat Statistik)
Build Your Dreams (Company name)

China Aviation Lithium Battery Co.
Contemporary Amperex Technology Co. Limited
Completely Built-Up

Cumulative Energy Demand

Completely Knocked-Down

Carbon Dioxide

Electric Two-Wheeler

Electric Four-Wheeler

End of Life

Environmental, Social, and Governance

Energy Storage System

Electric Vehicle

Electric Vehicle Supply Equipment

Forestry and Other Land Use

Association of Indonesia Automotive Industries
Gross Domestic Product

Green Economy Index

Greenhouse Gas

Gross National Income

Government of Indonesia

Internal Combustion Engine

Internal Combustion Engine Vehicle

Indonesia Green Economy Framework
Indonesia Green Economy Index

Indonesia Green Economy Model

Ministry of Manpower

Ministry of Trade

Ministry of Higher Education, Research and
Technology

Ministry of Transportation

Ministry of Finance

Ministry of MSMEs



Kemenperin : Ministry of Industry

KBUMN : Ministry of SOEs

KESDM : Ministry of Energy and Mineral Resources

KLH : Ministry of Environment

KPUPR : Ministry of Public Works and Home Affairs

ILO . International Labour Organization

LCA . Life Cycle Assessment

LCDI :  Low Carbon Development Initiative

LFP : Lithium Iron Phosphate

LIB . Lithium-ion Battery

MHP :  Mixed Hydroxide Precipitate

MSMEs : Micro, Small, and Medium Enterprises

NMC : Nickel Manganese Cobalt

NZE : Net Zero Emission

OEM : Original Equipment Manufacturer

OJK :  Financial Service Authority

Pemda :  Local Government

PHEV : Plug-in Hybrid Electric Vehicle

PLN . State Electricity Company (Perusahaan Listrik
Negara)

PPnBM : Luxury Goods Sales Tax (Pajak Penjualan atas
Barang Mewah)

R&D : Research and Development

RE :  Renewable Energy

RIPIN : National Industrial Development Master Plan

RPJMN :  National Medium-Term Development Plan

RPJPN :  National Long-Term Development Plan

RUEN :  National Energy General Plan

SIB :  Sodium-ion Battery

SKKNI . Indonesian National Work Competence Standards

SME : Small and Medium Enterprise

SOE . State-Owned Enterprise

SPBKLU . Battery Swap Station for Electric Vehicles

SPKLU . Electric Vehicle Charging Station

SSB :  Solid-State Battery

TKDN :  Domestic Content Level (Tingkat Komponen Dalam
Negeri)

ULEZ : Ultra Low Emission Zone

UNEP : United Nations Economic Commission for Europe

UNECE : United Nations Environment Programme

UNFCCC :  United Nations Framework Convention on Climate
Change

UNIDO : United Nations Industrial Development
Organization

VAT : Value Added Tax

ZEV : Zero Emission Vehicle

Assessing the Impact and Opportunities of EV in Advancing IGEI ."I



EXECUTIVE SUMMARY

The Government of Indonesia has embarked on an ambitious initiative to
advance its green economy through electric vehicle (EV) development, as
outlined in the 2025-2045 long-term national development plan. This strategic
focus aims to address critical challenges in the transportation sector, which
currently accounts for 36.7% of total energy consumption and 9.5% of national
greenhouse gas emissions. The government has set ambitious targets for EV
adoption, aiming for 1.97 million four-wheeled vehicles (E4W) and 12.9 million
two-wheeled vehicles (E2W) to comprise 44% of the national vehicle market
share by 2030.

As of September 2024, Indonesia's EV market shows promising but modest
growth, with 43,509 four-wheeler EVs and 152,280 two-wheeler EVs on the road.
The infrastructure supporting this transition includes 1,810 public charging
stations and 1,882 battery swapping stations, though these are heavily
concentrated in Java, particularly the DKl Jakarta region. Sales are primarily
concentrated in the middle-price segment, with 55% of purchases falling in the
250-500 million Rupiah range.

The economic impact analysis reveals significant potential benefits under the EV
Impact scenario, which emphasizes domestic manufacturing. GDP growth is
projected to increase from 0.01% in 2030 to 2.03% by 2060, driven by domestic
value chain development. Indonesia's strategic advantage in battery production
is supported by its control of 42.3% of global nickel reserves, attracting
significant investments from global manufacturers including Toyota ($1.8 billion),
BYD ($1.3 billion), and LG Energy Solution ($9.8 billion).

From a social perspective, the transition to EVs presents substantial employment
opportunities under the domestic manufacturing scenario, with projections
indicating 500,000 new jobs by 2030, expanding to 1.7 million by 2045. However,
this transition requires significant workforce transformation, with new skills
needed in electrical systems, battery technology, and digital manufacturing. The
existing automotive workforce will require substantial upskilling, with particular

empbhasis on technical and analytical capabilities.

Environmental impact assessments demonstrate positive outcomes from EV

adoption, showing a 14.8% reduction in overall GHG emissions compared to
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conventional vehicles. These benefits are expected to increase as Indonesia
transitions to renewable energy sources, with the environmental pillar score in
the Green Economy Index projected to reach 86.76 by 2060 under the LCDI NZE
scenario. However, significant challenges remain, including the current high
reliance on coal-based electricity (62.7% of production), environmental impacts

from nickel mining, and limited battery recycling infrastructure.

Key challenges facing Indonesia's EV development include manufacturing and
supply chain limitations, particularly in meeting domestic content requirements
(TKDN) and reducing reliance on imports for critical components. Infrastructure
challenges persist in the form of insufficient charging network coverage and
geographic concentration of facilities. Market development faces obstacles
including high upfront costs limiting adoption and consumer concerns about
battery life and maintenance.

To address these challenges, comprehensive policy recommendations have been
developed across economic, social, and environmental dimensions. Economic
recommendations focus on maintaining and expanding purchase subsidies and
tax rebates through 2030, implementing progressive taxation on conventional
vehicles, and supporting flexible financing options for EV purchases. Social policy
recommendations emphasize workforce development through comprehensive
training programs, establishing a sectoral skills council for curriculum alignment,
and developing standardized certification frameworks. Environmental policies
prioritize clean energy integration in manufacturing and charging, smart grid
infrastructure development, and implementation of sustainable mining
standards.

The analysis concludes that Indonesia's EV development shows significant
potential for advancing the country's green economy objectives, with projected
improvements across economic, social, and environmental dimensions. Success
requires comprehensive policy implementation, strong institutional
coordination, and balanced consideration of economic development with
environmental protection and social equity. The findings suggest that prioritizing
domestic manufacturing capabilities while maintaining environmental standards

represents the optimal path forward for Indonesia's green economy transition. []
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1.1  Background

The Government of Indonesia (Gol) has recently established the country's long-
term national development plan (RPJPN) stipulated under Law 59 of 2024 for
2025-2045. The development plan envisions economic transformation by placing
green economy as a key strategy for sustainable development. As part of this
vision, electrifying the mobility sector and transitioning to renewable energy
sources are considered pivotal steps, particularly since the transportation sector
accounts for 36.7% of total energy consumption in 2023 and 9.5% of national
greenhouse gas emissions in 2021 (MEMR, 2024; Climate Watch Data, 2023).

The Gol has set ambitious targets for the development and adoption of electric
vehicles (EVs). These efforts are supported by Presidential Regulation No. 55 of
2019, amended by Presidential Regulation No. 79 of 2023, which outlines the
framework for accelerating the Battery Electric Vehicle (BEV) Program and
provides comprehensive guidance for EV development and adoption.
Furthermore, the National Industrial Development Master Plan (RIPIN) 2015-2035
identifies the EV transition as a priority sector within the nation's industrial
development strategy.

The government has set a target that by 2030, approximately 1.97 million four-
wheeled vehicles (E4W) and 12.9 million two-wheeled vehicles (E2W) will account
for 44% of the national vehicle market share, respectively. The acceleration of EVs
development in Indonesia is expected to deliver multiple benefits, including
reducing reliance on oil imports and fuel subsidies, increasing employment
through green job opportunities, reducing greenhouse gas emissions, and also
contributing to increased economic growth through the automotive industry,
which currently contributes 1.8% to GDP in 2023 (BPS, 2024).

The Gol also has implemented various fiscal and non-fiscal incentives to
accelerate EVs adoption, including purchase subsidies, tax reductions and
exemptions, infrastructure development support, and policies mandating EV
usage for government vehicles. However, current EV adoption levels remain
below targets. As of 2023, E4W sales reached only 0.02 million units (2% of
passenger car sales) and E2W sales reached 0.07 million units (0.01% of total
motorcycle sales) (AISI, 2024; GAIKINDO, 2024).

1.2  Objectives of Study

Given this context, this study aims to serve a comprehensive resource for
policymakers and stakeholders, contributing to the development of effective
strategies and initiatives to promote the sustainable integration of EVs and to
advance Indonesia's green economy development agenda. This research aims to:

1. Examine the potential economic, social, and environmental impacts of EV
adoption in Indonesia;

2. Evaluate the existing policy gaps, regulatory barriers, and institutional
challenges hindering the rapid expansion of EV adoption in Indonesia; and

3. Formulate the practical and actionable policy recommendations including
stakeholder roles and their responsibilities to meet national EV targets that
enhance Indonesia’s Green Economy Index (IGEI).
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1.3  Scope and Limitation

This research investigates how the development of electric vehicles (EVs)
influences and creates opportunities for advancing Indonesia's Green Economy
Index through three critical dimensions: economic, social, and environmental
impacts. The analysis focuses primarily on downstream sectors, particularly EV
utilization, and midstream sectors, with specific attention to the battery industry
and its technological implications. While upstream activities such as mining, metal
processing, refining, and battery component manufacturing fall outside the
primary scope. However, the study includes supplementary discussion of mining-
related considerations in dedicated sections.

The research methodology employs a hierarchical approach, beginning with
macro-level analysis before examining micro-level implications across
employment, industrial development, and technological advancement. This
framework necessarily encounters certain limitations within the Indonesia Green
Economy Index (IGEI) model, which, being primarily macro-oriented, cannot fully
capture granular impacts at detailed levels. Furthermore, while the employment
impact analysis offers valuable projections through modeling and stakeholder
engagement, it may not completely encompass all aspects of workforce
transformation within the rapidly evolving electric vehicle sector. Despite these
constraints, the methodology provides a robust foundation for understanding the
multifaceted implications of EV development in Indonesia's transition toward a
green economy.

1.4 Methodology

This study employs an integrative literature review methodology to
comprehensively examine the development of electric vehicles (EVs) in Indonesia.
The integrative approach has been selected to synthesize diverse sources,
including empirical and theoretical literature, academic papers, policy
documents, industry reports, and various research types addressing EV
technologies and market trends (Toronto, 2020). This methodology is particularly
valuable for consolidating and analyzing the comprehensive studies previously
conducted by UNEP, ILO, and UNIDO, which serve as the primary sources for this
research.

Through this integrative approach, we aim to develop a comprehensive
understanding of EVs' impact across economic, social, and environmental
dimensions, while assessing their potential in advancing Indonesia's Green
Economy Index. Following Cohen's framework, our review process consists of five
systematic stages: (1) problem formulation, (2) literature search, (3) data
evaluation, (4) data analysis, and (5) interpretation and presentation of results
(Russel, 2005). This structured approach enables us to evaluate the quality of
existing evidence, identify knowledge gaps, and propose directions for future
research and practice.
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The three primary sources for this consolidated policy paper offer complementary
methodological perspectives that enrich our analysis. UNEP employs a
comprehensive mixed-methods design, combining quantitative and qualitative
analyses through literature reviews, secondary data analysis, and focus group
discussions, while utilizing system dynamics modeling to evaluate the EV sector's
impact on Indonesia's Green Economy Index. ILO's approach focuses on
qualitative insights through extensive stakeholder engagement, conducting in-
depth interviews with key industry representatives across the battery, automotive
manufacturing, and EV infrastructure sectors to understand workforce
implications and industry perspectives. UNIDO implements a sophisticated
technical analysis framework, incorporating Life Cycle Assessment (LCA) using
Simapro software, Resources Efficiency and Cleaner Production (RECP)
methodology, and Technological Readiness Level (TRL) assessment to evaluate
environmental impacts, optimize resource usage, and assess technological
maturity in the EV ecosystem.

Table 1 Methodology of Primary Previous Studies

UNEP ILO ‘ UNIDO

Literature study i
In-depth interviews with
seven informants

Life Cycle
Assessment (LCA)
using Simapro

9 Data collection
methods: literature
reviews, secondary

= —a

data analysis, and
Forum Group
Discussion (FGD).
Analysis method:
descriptive and
system dynamic
model.

(representatives from
business associations,
companies, and industry
experts representing the
battery industry, automotive
manufacturing (four and two-
wheelers), and EV

software.

Resources Efficiency
and Cleaner
Production (RECP).
Technological
Readiness Level

(TRL).
ecosystem-including EV
infrastructure).

1.5 Overview of Indonesia’s Green Economy Index

1.5.1 Concept

Indonesia’s Green Economy Index (IGEI) is an evaluation tool to measure green
economic progress in the country by assessing economic, environmental, and
social nexus. Although the concept of green economy has yet to build a
consensus internationally, some organizations and governments generally shared
the same core idea for the green economy. In the context of Indonesia, Bappenas
defines green economy as referring to UNEP’s definition of an economic
development model to support sustainable development with a focus on
investment, capital, infrastructure, employment, and skill to achieve social welfare
and environmental sustainability (UNEP (2012) in Bappenas (2022)).

As part of Indonesia's economic transformation strategy, the green economy aims
to achieve high and inclusive economic growth while achieving social well-being
and maintaining environmental quality. Therefore, the practices of the green
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economy in Indonesia are focused on the core instruments or “backbone” of the
green economy itself, namely carbon development and climate resilience policies.
These policies are incorporated within the national medium-term development
plan (RPJMN 2020-2024), which also adheres to the mandate of the United
Nations Framework Convention on Climate Change (UNFCCC) Article 3.4 to
incorporate climate action into the development plan.

The Indonesia Green Economy Index (IGEI) is being developed as a tool for
tracking the advancement of the green economy as part of economic reform. IGEI
also offers an important step forward for Indonesia’s transition to a low-carbon,
green economy by offering a comprehensive and objective analysis of the
economic, environmental, and social nexus. As a result, it would give evaluation
and strategic development services to the government in order to assist it in
designing future planning documents and policies.

There are several types of GEl developed for example by UNEP, OECD, and
Green Growth and Dual Citizen. The distinction among these indices lies in the
types and number of indicators utilised to construct the respective indices. For
example, UNEP Green Economy Index consists of 40 indicators under
environmental, policy interventions, and well-being and equity categorizations
(UNEP (2012) in Bappenas (2022). PAGE utilised 13 indicators that are classified
into three groups: economy, social, and environment conditions (PAGE (2017) in
Bappenas (2022)). In OECD, 26 green growth indicators are incorporated and
specified into productivity, natural asset base, quality of life, and policies (OECD
(2017) in Bappenas (2022)). Whereas Green Economy Index developed by Green
Growth and Dual Citizen utilised 18 quantitative and qualitative indicators under
four key dimensions: climate change and social security are incorporated.
Although some Green Economy Index has existed, Indonesia built Green
Economy Index (GEI) as a framework that is able to represent green economy
conditions in the context of Indonesia economy.

Besides using references from existing global indexes and studies, Indonesia
Green Economy Index chooses indicators based on two criteria. First, the
availability and accessibility of technical data, including the historical data and its
ability for projection. Second, the indicators are Specific, Measurable, Achievable,
Relevant, and Time-bound (SMART) characteristics for its target. The
interrelationships of selected indicators for the IGEl have been drawn by
Bappenas using a system dynamic model.

1.5.2 Components

The GEI has 15 indicators that can be divided into three sustainability pillars,
namely environmental, economic, and social pillars (see Table 1). The
environmental pillar consists of five indicators, including the percentage of forest
cover, the share of renewable energy, GHG emission reduction, managed waste
and degraded peatland. The economic pillar has six indicators, namely emission
intensity, final energy intensity, gross national income per capita, agricultural
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productivity, industrial sector labour productivity, and service sector labour
productivity. Then, the social pillar has four indicators, including mean years of
schooling, life expectancy, poverty rate, and unemployment rate. Each indicator
in the GEI has different maximum and minimum thresholds based on the target
goals from documents such as the 2060 Net Zero Emission, the Executive
Summary of Indonesia's Vision 2045, the World Bank, and others.

Indicators

Table 2 GE!’s Pillars and Indicators

Description

Environmental Pillar

Minimum Thresholds

Maximum
Thresholds

Forest cover

Comparison  between  forest

(%) cover with Indonesia’s total land 30% 54%
area (excluding water).
Share of The SETre of energy frohm
renewable rene-lwa e solurce.s against the 0% 199%
energy (%) to.ta national primary energy
mix.
Level of household waste
Managed generation managed by the
0% 82%
waste (%) government compared to the
total waste generated.
Level of cumulative emissions
reduced from all sectors, started
GHG emission from 2010 as the base year 0% 70%
reduction (%) compared to baseline of
cumulative emission within the
same period.
Comparison  between forest
Degraded cover on peatland area out of the
. . 30% 0%
peatland (%) total peatland area in Indonesia.
Economy Pillar
Emission
Ratio of GHG emissions per unit
intensity of economic activity, reprzsented 270 26
gTCOzeq/Ban at the national level by GDP. TCO2eq/BnRp TCO2eq/BnRp
Final energy Amount of energy consumed per
—— level of economic activity, 125 63
(BOE/BRp) represented at the national level BOE/BnRp BOE/BnRp
by GDP.
Sum of value added by all
Gross National resident producej-rs plus. any
Income (GNI) produ.ct taxes not included in the
per capita valu?tlon (:cf ot{tput p!us net 500 USD 12,695 USD
. receipts of primary income,
(USD/capita) measured in IDR and converted
to USD.
Level of agriculture production > ton 12 ton
. o paddy/ha/year paddy/ha/year
Agricultural output, specific on food crops 3 ton 5 ton
productivity (paddy), p.lantatlons (palm oil), CPO/halyear CPO/halyear
{ton/ha/year) and fisheries (aquaculture) per 3 ton 19 ton

total area used in a year.

aquaculture/ha/year
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Indicators

Description

Minimum Thresholds

Maximum

Industrial
sector labour

Value that shows the ability of
labour to produce production
goods in the industrial sector is

Thresholds

10 E)'\;lc:;uc/tl\gzon meesued By dhiding dhe added 20 MnRp/person 200 MnRp/person
) PP value of production by the
amount of paid labour.
. Value that demonstrates the
Service sector , "
labour's ability to generate
labour goods in  service  sector
11 ivi ! 20 MnR 200 MnR
?I\I;Icr)wcliu{:/tl\::Zon calculated by dividing the added 0 MnRp/person 00 MnRp/person
) PP value of production by the
amount of paid labour.
Social Pillar
Mean vear of Total years of education for adult
y age (25 and above) divided by
12 schooling . 2 years 12 years
(years) total adult population age (25
y and above).
Life Th iod of peopl
13 expectancy e average p.eI’IO ol el 55 years 75.5 years
may expect to live.
(years)
Percentage of total population
P
14 ((;)verty rate with total expenditure below the 13% 0%
7 national poverty line.
15 Unemploymen Percentage of unemployed 15% 3%

t rate (%)

people in the labour force.

Source: Bappenas (2022)

To calculate the GEl, the first thing to do is to calculate the scores for each
indicator. The score for each indicator is the result of comparing the existing
year's score (denoted as yi) with their respective maximum thresholds (ymax) and
minimum thresholds (ymin) (see Equation 1).

WQOa Q¢ | 1)
———————— WP T T
Wa wwwa Qe
After obtaining the scores for each indicator, the second step is to calculate the
scores for each GEl pillar. The score for each pillar is the arithmetic average from
the sum of the respective indicators within it. The formula for the score of each
pillar can be seen in the following equation.

"0¢ 'Q QG CLDEETRQ

C o e o B 08 QUQG CEDEETRO @)
Ot QI ¢ § @@ IQD 5
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Furthermore, the scores of each pillar are aggregated with weights based on the
number of their respective indicators. Therefore, the GEl can be obtained
through Equation 5 below.
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Based on the results of the Green Economy Index (GEI) over the period 2011-
2020, the green economy conditions in Indonesia showed an increasing trend
compared to previous years (see Figure 1) (Bappenas, 2022). However, the
environmental pillar consistently had the lowest scores compared to the
economic and social pillars. Therefore, various government efforts are essential
to support the implementation of the green economy, particularly in the
environmental pillar.

Figure 1 GEl's Annual Score
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Source: Bappenas (2022)

Furthermore, when examined closely, the indicators within the environmental
pillar with the lowest share are the renewable energy indicator and the emission
reduction indicator (Bappenas, 2022). The renewable energy indicator has shown
significant improvement after the formulation of Presidential Regulation No.
22/2017 on the National Energy General Plan (RUEN), which has promoted the
use of renewable energy sources such as hydro, geothermal, and biomass. In
addition, the emission reduction indicator also contributes minimally to the GEI
due to high emissions from the energy sector, particularly from power generation,
and the Forestry and Other Land Use (FOLU) sector due to forest and land fires.
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2.1 Global EV Market Overview
2.1.1 Global Market Size and Growth

The global electric vehicle market, according to IEA (2024), demonstrated
remarkable momentum in 2023, with nearly 14 million new electric cars registered
worldwide, marking a 35% increase from 2022. This growth brought the total
global EV fleet to approximately 40 million vehicles. The market's expansion has
been dramatic over the past five years, with current sales volumes exceeding six
times those of 2018. Electric cars now represent around 18% of all car sales
globally, a significant jump from 14% in 2022 and just 2% in 2018.

Looking ahead to 2024, projections suggest continued robust growth, with global
EV sales expected to reach approximately 17 million units, potentially capturing
more than one-fifth of total car sales. This sustained growth indicates the market's
increasing maturity and mainstream adoption of electric vehicles worldwide.

The global EV market remains highly concentrated in three major regions: China,
Europe, and the United States, which collectively account for 95% of global
electric car sales. China leads the market with approximately 60% of new electric
car registrations, followed by Europe with 25%, and the United States with 10%.
In terms of market penetration, China achieved more than one in three new car
registrations being electric in 2023, while Europe reached one in five, and the
United States one in ten.

Battery electric vehicles (BEVs) dominate the global electric car stock,
representing 70% of the total in 2023, with plug-in hybrid electric vehicles (PHEVs)
making up the remainder. Emerging markets, particularly in Southeast Asia and
Brazil, are showing increasing adoption rates, albeit from a lower base, with
countries like Thailand reaching a 10% market share and Vietnam achieving 15%.
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Figure 2 EV Stock in the World, 2019-2023
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2.1.2 Global EV Ecosystem and Enablers

The growth of the global EV market is supported by several key enablers and a
developing ecosystem, including technological advancement especially in EV
batteries, charging infrastructure networking, government policies and incentives
to support EV adoption, R&D investment, and development of supporting
ecosystem such as secondary market for EVs, service and maintenance networks,
and workforce development.

1) EV Battery Manufacturing

Battery technology and supply chains have seen significant advancement.
Lithium-ion battery packs and battery cells’ prices have dropped to only a fifth of
what they were a decade ago. This drastic cost reduction has been driven by
economies of scale, alongside innovations in new battery chemistries, and
improvements in energy density (see Figure 3). Battery prices have fallen in 2023,
dropping by almost 14% compared to 2022, making EVs more affordable.
However, at the same time, a shortage in the supply of critical materials, similar
to what was already experienced in 2022 with cobalt and lithium, would result in
their component cost increases (EIA, 2023; IRENA, 2023).

Moreover, the development of sodium-ion batteries by several battery producers
in the United States, Europe, and China, with some producers having reached
mass production, such as CATL, BYD, and Northvolt, is projected to reduce EV
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battery costs by up to 20 percent compared to current EV battery technology
(EIA, 2023).

Figure 3 Volume-weighted Average Price Split for Lithium-lon Battery Packs and Cells, 2013-
2023
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Source: IRENA (2024)

The demand for batteries was projected by Bain & Company (2024) to reach four
times in 2030 compared to 2023, following the rapid increase in the market share
of BEV share market share sales from 12 percent to 38 percent in 2030.

Figure 4 Global BEV Sales and Battery Demand Projections
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The EV battery supply chain shows distinct geographical concentrations across
different stages. At the mining stage, there is a diverse distribution with Australia
dominating lithium mining, Indonesia leading in nickel, DRC in cobalt, and China
as a major producer of graphite production. However, moving downstream in the
supply chain, China increasingly dominates-particularly in material processing,
cell components, and battery cell production, with major players like CATL and
BYD leading the market. South Korean companies (like LG Energy Solution and
Samsung SDI) and Japanese firms (such as Panasonic and AESC) also maintain
significant positions in cell components and battery cell production (see Figure

5).
Figure 5 Geographical Distribution of the Global Battery EV Supply Chain
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2) Charging Infrastructure

The development of charging infrastructure and its technology contribute to the
accelerating adoption of EVs globally. At the end of 2023, fast chargers
represented over 35% of public charging stock. China is shifting focus to charging
infrastructure development, targeting full coverage in cities and on highways by
2030, as well as expanded rural coverage. In 2023, China leads electric vehicle
supply equipment (EVSE) deployment, with more than 85% of the world's fast
chargers, and around 60% of slow chargers (EIA, 2024). In late 2023, the European
Union agreed on the text of the alternative fuels infrastructure regulation (AFIR),
which will require public fast chargers every 60 km along the European Union'’s
main transport corridors.

However, despite the rapid development of public charging stations, home
charging still dominates, especially for users with private parking for their EVs. In
Norway and the UK, 82% and 93% of EV users, respectively, use home charging,
while in India, 55% of EV consumers have access to it. In densely populated cities,
where most people live in multi-unit dwellings with limited private parking, users
heavily rely on public charging, such as in Korea, which has the highest ratio of
public charging capacity to EVs (EIA, 2024).
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Renewable Energy Source for Charging. Optimizing the positive environmental
impact of electric vehicles (EVs) goes beyond reducing vehicle emissions—it can
also be enhanced through the use of renewable energy sources. Integrating
renewable energy (RE) with EV smart charging networks is crucial to maximize
EVs' potential as green transportation. However, challenges remain with RE
supply, such as the high availability of solar energy during the day or wind energy
at night, requiring innovative approaches to make the most of these energy
sources and reduce charging costs.

One solution is to use a smart charging approach that automatically adjusts tariff
rates in real-time based on peak and off-peak hours, leading to more cost-
effective and efficient energy consumption. To achieve sustainable mobility,
government policymakers should support this integration by providing financial
aid, subsidies, research grants, job creation, and feed-in tariffs, all aimed at
improving RE supply efficiency and subsequently lowering EV charging costs.
Additionally, increasing consumer awareness to adopt EVs powered by RE is
essential, as this rising demand will ultimately drive down production costs
through economies of scale.

3) Government Support

Policy support continues to play a vital role, with various countries implementing
purchase incentives, tax benefits, and infrastructure development programs.
Based on the analysis of global EV policies and incentives, governments are
implementing comprehensive strategies to accelerate EV adoption through six
main categories of support measures:

1. Purchase Subsidies & Tax Incentives form the foundation of most countries'
EV promotion strategies. These financial instruments directly address the
higher upfront costs of EVs compared to conventional vehicles. They include
direct purchase grants, tax exemptions or reductions (VAT, registration,
annual road tax), and special provisions for company cars. The design of these
incentives often varies based on vehicle type, price, and buyer category
(private, commercial, or government).

2. Manufacturing & Industry Support measures aim to develop domestic EV
and battery production capabilities. Countries are implementing various
industrial policies including production incentives, R&D funding, and supply
chain development support. These measures often come with local content
requirements and are particularly prominent in countries with existing
automotive manufacturing bases seeking to transition to EV production.

3. Infrastructure Development policies address one of the key barriers to EV
adoption - charging availability. Governments are supporting both public and
private charging infrastructure through direct funding, installation subsidies,
and regulatory requirements. This includes support for various charging
solutions from home and workplace charging to public fast-charging networks
and, in some cases, battery swapping stations.
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4. Regulatory Measures provide the policy framework driving the transition to
EVs. These include zero-emission vehicle mandates, future ICE vehicle sales
bans, emissions standards, and fleet requirements for government and
commercial vehicles. Such regulations create long-term market certainty and
push manufacturers to increase their EV offerings.

5. Local/Regional Incentives complement national policies by providing
additional benefits at the city or regional level. These include access privileges
(bus lanes, parking), local purchase incentives, and municipal charging
programs. Cities often lead in implementing progressive EV policies,
particularly through low emission zones and local infrastructure development.

6. Professional & Public Support measures focus on developing the ecosystem
needed for widespread EV adoption. This includes workforce training
programs, public awareness campaigns, dealer education, and research
initiatives. These supporting measures are crucial for ensuring a smooth

transition to electric mobility.

Table 3 Global Electric Vehicle Support Measures: Categories, Examples, and Implementing

Main

Category

Specific
Policy/
Measure

Countries

Example/Description

Countries
Implementing

Purchase
Subsidies &
Tax Incentives

D;;i‘; (f:th Up to $7,500 tax credit for new EVs (USA), up to gzrr]r?\(iil Cgllzaé\':vfggsl
9 ¥12,600 subsidy per BEV (China), €6,000 bonus Ys TR !
new EV . Netherlands, South

for low-income buyers (France)
purchases Korea

VAT/sales tax
exemptions
or reductions

Complete VAT exemption on EV purchases
(Norway), reduced VAT rate from 10% to 1%
(Indonesia)

Norway, Thailand,
Indonesia, Austria,
Denmark

Registration
tax
exemptions

Zero registration tax for EVs compared to high
rates for ICE vehicles (Denmark), full exemption
from first registration tax (Netherlands)

Netherlands, Denmark,
Norway, Austria

Up to 120% tax relief for company EV purchases

Income. tax (Belgium), special depreciation rates for Belgium, Austria,
deductions business EVs (Austria) Genman, JIS

Reduced £

annual Zero annual road tax for EVs (Germany), Germany, Netherlands,

vehicle taxes

reduced rates based on CO2 emissions (UK)

UK, France

Scrappage
bonuses

Additional €2,500 when replacing ICE vehicle
over 7 years old (France), up to €4,000 for
scrapping old vehicles (ltaly)

France, ltaly, Spain,
Germany
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Main
Category

Specific
Policy/
Measure

Example/Description

Countries
Implementing

Battery Tax credits requiring domestic battery .
production production (USA), subsidies for battery EzgaC?;naénSouth
incentives manufacturing facilities (China) Tl
Domestic Production Linked Incentive scheme offering 4- India. Indonesia
manufacturin | 6% of sales value (India), tax holidays for EV ThaiI;nd Chinal
g subsidies manufacturing (Thailand) !
Manufacturing
& Industry R&D funding | $2.4B Advanced Manufacturing Plan (UK), UK, Japan, South Korea,
Support programs Battery technology development grants (Japan) | USA
swiprply €y $6B grant program for EV supply chain (USA), USA, China, EU
development : . - . -
battery material processing subsidies (China) countries
support
Local content | Minimum 40% domestic content for subsidy China, Indonesia, India,
requirements | eligibility (Indonesia), NEV credit system (China) | Thailand
Public ional charai K
cherging $7.5B national charging network (USA),
subsidies covering up to 80% of charging USA, China, EU, UK
network . hi
funding station costs (China)
Home
charging Up to £350 for home charger installation (UK), UK, France, Germany,
installation 75% installation cost coverage (France) Netherlands
subsidies
Infrastructure
Development Fast-charging | Minimum coverage requirements every 60 km
corridor on highways (EU), national charging network USA, EU, China

development

along highways (USA)

Workplace Tax relief up to 200% for businesses installing
charging chargers (Belgium), grants covering 75% of UK, France, Netherlands
incentives costs (UK)
Battery . . - .

4 Subsidies for battery swapping stations (China),
swapping | £ nq infrastruct China. Indi
. pilot programs for swapping infrastructure ina, India

(India)

support

Regulatory
Measures

Zero-emission

Requirements for manufacturers to sell

China, California (USA),

vehicle minimum % of ZEVs (California - 35% by 2026), EU

mandates NEV credits system (China)

ICE vehicle . Norway (2025), UK
esban | Comeleteban o ew CE ot s br | 0 Nethrianc
targets P y ! (2030)
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Main
Category

Specific
Policy/
Measure

Example/Description

Countries
Implementing

CO2 emission

Fleet average CO2 limits with penalties for non-
compliance (EU - 95g/km), CAFE standards

EU, USA, China, Japan

standards (USA)
Government | 100% of federal fleet purchases to be ZEV by .
fleet 2035 (USA), public fleet electrification targets USA, Canada, China,

requirements

(France)

France

Low emission
zones

City areas restricting ICE vehicle access (London
ULEZ), zero-emission zones (Chinese cities)

EU countries, China, UK

City access EV access to bus lanes (Norway), unrestricted Norway, Germany,
privileges access during traffic restrictions (China) Netherlands
Free/reduced | Free parking in city centers (Norway), reduced Norway, China, UK,
LeceliRegionel parking parking fees (Chinese cities) Germany
Incentives
ngcfgsa; Additional provincial rebates up to $3,000 Canadian provinces, US
Eonuses (Canada), state-level tax credits (US states) states, Chinese cities
Munlglpal City-led charging |nfrastrycture deployment BT s,
charging (Amsterdam), local charging networks . I .
. Chinese cities, US cities
programs (Shanghai)
Technical EV maintenance certification programs
S L T Germany, France,
workforce (Germany), technician training initiatives China. UK
training (France) !
Public . . .
National EV information portals (Norway), d
fossi | g |awareness d . Norway, UK, Canada
Professiona campaians emonstration programs (UK)
Public Support paig
Dealer. Training for car dealerships (USA), sales staff USA, Norway,
education o
certification (Norway) Netherlands
programs
Research & EV d . . E . E ies. Chi
ilot emonstration projects (EU), testing new U countries, China,
P technologies (China) USA
programs

Source: IEA (2024b), processed by the authors

4) Research and Development

R&D is key to developing innovation in EV production and its ecosystem. In recent
years, research activities conducted by both researchers and companies have
grown very rapidly. From a publications perspective, areas of EV research linked
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to charging infrastructure, EV adoption, thermal management systems and
routing problems have been the distinct trending topics in recent years.

Meanwhile, automotive and battery companies allocate different research
budgets. Chinese EV manufacturers are focusing their research and development
efforts across several key areas: manufacturing innovation through smart factories
and automated production systems, battery technology development, software
development for vehicle operating systems (including driver-assist features, in-car
entertainment, and security systems), quality management improvements, and
supply chain optimization.

In terms of value of investment, among U.S.-listed Chinese EV makers, in the first
quarter 2024, for instance, Nio leads with nearly 29% of revenue spent on R&D in
the first quarter, while Tesla's ratio was only 5.4%. This intensive investment
reflects the highly competitive nature of China's auto market, where new energy
vehicles account for over 40% of sales. BYD leads in absolute R&D spending at
$1.47 billion in the first quarter, surpassing Tesla's $1.15 billion, demonstrating
the scale of investment Chinese companies are making to compete in the global
EV market.

5) Secondary Market

The secondary market for EVs is emerging as a crucial enabler, with used EV sales
reaching significant volumes - approximately 800,000 units in China, 400,000 in
the United States, and over 450,000 in key European countries combined in 2023.
This growing secondary market is making EVs more accessible to a broader range
of consumers (IEA, 2023). The U.S. used EV market, for instance, although it hasn't
seen a stable market following the COVID impact and rapid price cuts, will
potentially provide more accessible and affordable EVs than ever before. In 2024,
nearly 75% of vehicle sales are used vehicles, and low-income and rural EV drivers
are more likely to buy used vehicles. The increasing availability of affordable used
EVs in the market, following the decreasing prices of new EV purchases and
leases, will allow more drivers to benefit from the cost and maintenance savings
of EVs, getting more EVs into the pipeline and on the road.

6) Battery Recycling

The use of electric vehicles is expected to grow exponentially in the coming years,
and so will end-of-life lithium-ion batteries (LIBs), albeit with a time lag of 10-15
years depending on the length of use in EVs and an eventual second life in
applications such as energy storage. Battery manufacturers are constructing
recycling facilities either directly on-site or nearby to streamline the process.
Additionally, independent recyclers are making significant investments in their
own lithium-ion battery recycling plants, reflecting the growing demand and
opportunity in this sector. Over the past two years alone, more than 20 companies
in the automotive and recycling sectors have announced plans for new
partnerships.
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There are at least four key battery recycling technologies that are being
developed:  pyrometallurgy, hydrometallurgy, direct recycling, and
biotechnological methods.

1. Pyrometallurgy is a high-temperature process that recovers metals like cobalt,
nickel, and copper, but not lithium. It is widely used in China but considered
energy-intensive and less efficient in lithium recovery. Pyrometallurgy is
expected to decline as hydrometallurgy becomes more favored due to
environmental concerns.

2. Hydrometallurgy uses aqueous solutions to recover materials like lithium,
cobalt, and nickel. It has been commercially implemented in China, Europe,
and North America, and has high recovery rates and a lower environmental
footprint compared to pyrometallurgy. Hydrometallurgy is anticipated to
dominate the industry due to higher efficiency and evolving global
regulations.

3. Direct Recycling aims to reuse cathode materials directly, reducing the need
for full reprocessing. It is still in the research stage but showing potential for
reducing costs and environmental impacts. Direct recycling could transform
the industry by offering lower costs and environmental benefits when scaled.

4. Biotechnological methods, such as bio-hydrometallurgy, which employs
microorganisms to selectively extract and concentrate metals from spent
lithium-ion batteries, are also being explored. While biotechnological
methods show promise for recycling lithium-ion batteries, their application at
an industrial scale is still in the preliminary phases, requiring further research
and development to enhance performance and potential for large-scale
battery recycling facilities.

2.2 Indonesia EV Market
2.2.1 Market Size and Sales Figures

The Indonesian electric vehicle (EV) market has shown remarkable growth in
recent years, with distinct trajectories in both four-wheeler and two-wheeler
segments. In the four-wheeler segment, the market has expanded significantly
from just 120 units in 2020 to 43,509 units on the road as of September 2024,
demonstrating a consistent pattern of exponential growth.

In the first nine months of 2024, four-wheeler (4W) EVs sales reached 27,547 units.
Wouling still leads the market through 2024, reaching sales of 9,146 units, while
BYD follows in second place with 8,536 units. 4W EV sales continue to increase
amid sluggish overall domestic automotive sales, impacted by deteriorating
consumer purchasing power in 2024. This makes the government's target of
selling 170 thousand 4W EVs by 2024, as part of the battery-based EV roadmap,
more challenging.
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Analysis of the market segments reveals that majority of four-wheeler EV sales
are concentrated in the middle-price segment, with 55% of sales occurring in the
250-500 million Rupiah range, while 42.7% fall in the 500 million to 1 billion
Rupiah category, and only 2.25% in the premium segment above 1 billion rupiah.
Notably, sales remain heavily concentrated in Java, particularly in the DKI Jakarta
region.

The two-wheeler EV segment has demonstrated even more impressive growth,
reaching 152,280 units on the road by September 2024. This represents a
significant 144% increase from the previous year, driven largely by government

support through purchase  subsidi G
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