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Foreword

Tripling the installed capacity of renewable energy by 2030 represents a crucial commitment toward limiting global
temperature rise to 1.5°C. Over the past decade, the dramatic decline in the renewable energy investment costs
has created genuine optimism that this ambitious target—particularly for solar and wind power—is achievable with
serious policy commitment. Moreover, rapid advancements in energy storage technologies, especially batteries,
have offered effective solutions to the intermittency challenges of variable renewable energy sources, with lithium
battery prices reaching historic lows since 2017.

As cornerstone technologies in the global energy transition, demand for solar PV, wind turbines, and battery systems
will continue to surge until 2060. Like many nations, Indonesia has identified solar and wind energy as fundamental
pillars in its path toward breaking fossil fuel dependency and achieving decarbonization. The Government of
Indonesia (Gol) has recognized the country's extraordinary renewable energy potential in its 2024-2060 National
Electricity General Plan, committing to an impressive 109 GW of solar and 73.5 GW of wind power capacity by 2060
as part of its strategy to achieve Net Zero Emissions in the energy sector by 2060 or sooner.

Indonesia’s success in its energy transition relies not only on deployment targets but also on building strong,
resilient domestic supply chains. Without a strategic development of local manufacturing capabilities, Indonesia
risks becoming constantly dependent on imported technologies, making it vulnerable to global supply disruptions
and unable to fully reap the economic benefits of the energy transition. The practical implementation of Indonesia’s
ambitious climate goals hinges on the local manufacturing of renewable energy technologies.

The advancement of Indonesia’s renewable energy manufacturing sector presents numerous strategic benefits
that extend beyond merely enhancing energy security. With this plan, thousands of decent jobs could be created,
advanced technology will grow, foreign exchange will be kept from leaving the country, and Indonesia will become
a major exporter in the rapidly growing Asia Pacific renewable energy market. This industrial transformation
perfectly aligns with Indonesia’s broader economic development objectives, which include reducing unemployment,
diversifying the economy beyond natural resource exports, and ascending the global value chain.

To help the Gol establish effective policies and strategies for developing this crucial manufacturing sector, IESR
has conducted this comprehensive study: “Market Assessment for Indonesia’s Domestic Manufacturing Industry
for Renewable Energy.” Our analysis examines the current state of Indonesia’s renewable energy manufacturing
capabilities—specifically for solar PV, wind turbines, and batteries—and identifies concrete opportunities for future
growth. Most importantly, this study provides actionable recommendations for policymakers on specific measures
to enable Indonesia’s clean technology manufacturing industries to develop rapidly and become an integral part of
the global renewable energy supply chain.

With this study, we aim to equip policymakers and stakeholders with the insights needed to develop comprehensive
industrial policies that strengthen domestic manufacturing capabilities. The energy transition represents an
environmental imperative and a historic economic opportunity for Indonesia to transform its economy away from
natural resource dependency. By strategically developing its renewable energy manufacturing sector, Indonesia
can simultaneously advance its climate goals, strengthen energy security, create quality employment, and enhance
economic resilience.

The benefits of a well-executed energy transition must extend beyond environmental improvements to deliver
tangible economic and social advantages for all Indonesians. We hope that this study will serve as a roadmap for
Indonesia to harness the full potential of the renewable energy revolution, ensuring that the transition to Net Zero
Emissions contributes to global climate action and drives sustainable prosperity across the archipelago.

Jakarta, March 2025

Fabby Tumiwa

Executive Director
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Executive Summary

The need for renewable energy is becoming more critical, bolstered by the Paris
Agreement, the Methane Pledge, and other global initiatives in mitigating global
warming and the threat of climate change. This urgency is realized in the need
to augment renewable energy capacity via the Triple Renewable Energy Capacity
Pledge at COP28 in 2023 and its financing at COP29 in 2024, with a goal to hold
global temperature rise to 1.50 through achieving NZE by 2050 or sooner. To
encourage the realization of renewable energy adoption targets, three key
technologies will need to be developed massively: wind energy, solar energy, and
battery energy storage systems.

According to the IEA, renewable energy is expected to account for 80% of
global energy consumption by 2050. More than half of this renewable energy is
projected to come from solar and wind energy. The energy storage system will
become a supporting system and one of the decarbonization technologies for
the use of electricity as clean energy, with demand reaching 3900 GW. In fulfilling
global commitments, as stated in the draft 2024 KEN, Indonesia aims to reach 70-
72% renewable energy by 2060. Referring to the Official 2024 RUKN, renewable
energy will reach 73.6% of the total energy mix in 2060 of 443 GW. Solar energy
accounts for 24.7%, wind energy accounts for 16.6%, and energy storage systems
contribute 7.67% of the total installed capacity projected in 2060. If associated
with the expansion of green hydrogen production requirements, there will be an
increased demand for energy storage systems and renewable energy.

The large domestic target for renewable energy adoption reflects the large
minimum market potential to be utilized in developing the related domestic
manufacturing industry and its supply chain. This market potential can be even
greater when considering the ever-growing export market. The expansion of the
manufacturing sector and its supply chain may foster the industrial ecosystem
in the energy sector, enhance national energy security, and have the potential to
lower the costs of renewable energy adoption with appropriate policy controls.

Considering the solar energy ecosystem as a whole, solar energy has the greatest
potential to become the world’s most widely adopted renewable energy source. In
2023, the world's total solar power hit 1.6 TW, and up to 1500 TWh of energy was
produced each year, equal to almost 78% of all renewable energy capacity. Fifty-
seven percent of the total global installations of solar energy come from China,
bolstered by its biggest global solar PV manufacturing industry and supply chain,
up to 90% of the global market share. However, the world's installed capacity is
still far from the IEA scenario estimate of 21 TW by 2050. Far behind China as
the country with the largest adoption of solar energy, Indonesia’s installed solar
capacity was around 0.32 GW in 2023, which is just under 0.01% of the total
solar potential of 3,294 GW. Indonesia faces a challenging journey to achieve the
target of at least 109.4 GW. This target can be up to 267 GW with green hydrogen
production by 2060, as stipulated by the official target of 2024 RUKN.

Among the several types of solar PV technologies created worldwide, crystalline
polysilicon remains the predominant technology, with over 97% of the market
share in 2023. It is estimated that by 2034, N-Type TopCon will control more
than 50% of the global solar PV market, followed by SHJ at 23%. The global solar
PV market value is estimated at USD 171.08-253.69 billion in 2023 and will keep
growing to USD 436.36 billion by 2032 at a 6% CAGR, although solar PV prices
have decreased almost 90% in the last decade. This data indicates the growth of

Market Assessment for Indonesia’'s Manufacturing Industry for Renewable Energy |

7



solar energy industry trends and values, which can be used as a foundation to
strengthen Indonesia’s solar PV manufacturing sector and supply chain.

In addition to solar energy, wind energy is the next renewable energy with the
biggest adoption potential in the world. By June 2024, wind power had about
1.1 TW of installed capacity worldwide, generating up to 2,300 TWh of electricity
annually or equal to 7.8% of world electricity production. China leads global wind
energy generation at 39%, followed by the USA at 18.5%. China’'s preeminence in
wind energy is propelled by its dominance in the main wind turbine component
industry, with a share of 50-80%. Current installed wind energy capacity is still
far from demand, with global demand estimated to reach 7.9-25 TW in 2050. Far
behind its potential and targets of wind energy, Indonesia only had a wind energy
installed capacity of 154.3 MW by 2023 from a potential of 155 GW or a utilization
rate of less than 0.1%. Like solar energy, it is a long road for Indonesia to realize
the installed wind energy capacity target of 73.2 GW in 2050, referring to the
official target of 2024 RUKN.

Looking at the technology trends of wind energy, onshore wind accounts for over
90% of wind energy generation. However, offshore wind is expected to expand to
25% by 2050 due to advancements in wind energy technologies and utilization.
The adoption of larger-scale wind turbines is possible and would be preferred
to increase the energy generated. The estimated market for wind turbines is
projected to reach USD 318.02 billion by 2034, with a CAGR of 7.81%, increased
from USD 139 billion in 2023. This information provides a glimpse into the trends
and value of the wind energy markets that will continue to grow until 2050 or
beyond. Further, Indonesia can consider it as a potential for wind turbine domestic
manufacturing industry development and its supply chain.

Solar and wind energy are examples of intermittent renewable energy, which
means it needs support to maintain its electricity output. Energy storage based
on batteries can play a role in maintaining the electricity grid and contributing to
meeting grid stability, helping to meet peak load and improving the integration
of rising shares of variable renewable energy. Battery can also be a solution in
the transportation sector since it becomes the alternative to internal combustion
engines in the form of EVs. Li-ion batteries are the market leaders for the
application in the transport and power sectors due to their high energy density
and long lifespans.

Indonesia has the potential in the battery supply chain due to its abundant nickel
reserves. Indonesia accounts for 52% of global nickel production, positioning it
as a key player in the mining and refining stages, particularly in NMC batteries.
Currently, Indonesia has 44 nickel smelters, but most of them focus on material
for stainless steel, not EV batteries.

To be globally competitive, a battery cell production capacity of at least 10 GWh
is needed. Compared to the global battery capacity that has reached 3,000 GWh,
Indonesia is currently still in the early stages of large-scale manufacturing since
there is only one facility with a capacity of 10 GWh.

To support the development of renewable energy technologies supply chain, an
ideal policy needs to be applied. Indonesia needs a consistent target of renewable
energy adoption to drive the development of the renewable energy technology
supply chain. Indonesia should also adopt a comprehensive approach addressing
all stages of the supply chain, with integrated planning and collaboration among
stakeholders.
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Indonesia’'s economy will be strengthened by domestic-centered economic
activities brought about by the presence and growth of the manufacturing
sector of solar PV, wind turbines, battery energy systems, and their supply
chains in alignment with natural resource and mineral downstream programs.
Furthermore, these strategies will yield advantages, such as job creation, human
resource development, industry growth resilience, supply and demand stability,
economic vitality with a circular economy, and community welfare. Ultimately,
they will bolster initiatives to improve national energy security and the nation’s
economic resiliency.

The potential value of the circulated economy and job creation opportunities from
the manufacturing industry for renewable energy and its supply chain for solar
PV is up to USD 236.3 billion and 5.7 million jobs-yrs, wind turbines up to USD
75.2 billion and 1.8 million jobs-yrs, and battery for EV and energy storage up to
USD 240 billion and 2.2 million jobs-yrs by 2060 for domestic demand fulfillment
only. Consequently, the potential value of the circulated economy and job creation
opportunities can have a significant increase by utilizing export market potential.
This is influenced by a variety of factors that are analyzed in this study through
SWOT analysis. It is crucial to implement key enablers and conduct additional
research to ensure the best practices are implemented to promote the domestic
manufacturing sector for renewable energy, with a particular emphasis on solar
PV, wind turbines, and battery energy systems as the center of the sustainable
industrial ecosystem in the energy sector for economic and transition energy
alignment to achieve 8% economic growth and 2045 Golden Indonesia.
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Ringkasan Eksekutif

Kebutuhan akan energi terbarukan menjadi semakin penting. Hal ini didorong oleh
Perjanjian Paris, Janji untuk Memangkas Metana (Methane Pledge), dan inisiatif global
lainnya untuk memitigasi pemanasan global dan ancaman perubahan iklim. Urgensi
ini diwujudkan dengan adanya kebutuhan untuk meningkatkan kapasitas energi
terbarukan hingga tiga kali lipat melalui Triple Renewable Energy Capacity Pledge
pada COP28 di tahun 2023 dan pembiayaannya pada COP29 di tahun 2024, dengan
tujuan untuk menahan kenaikan suhu global di angka 1,5°C melalui pencapaian NZE
pada tahun 2050 atau lebih cepat. Untuk mendorong realisasi target adopsi energi
terbarukan, tiga teknologi utama perlu dikembangkan secara masif: energi angin,
energi surya, dan sistem penyimpanan energi baterai.

Menurut IEA, energi terbarukan diperkirakan akan mencapai 80% dari konsumsi
energi global pada tahun 2050. Lebih dari separuh energi terbarukan ini diproyeksikan
berasal dari energi surya dan angin. Sistem penyimpanan energi akan menjadi sistem
pendukung dan salah satu teknologi dekarbonisasi untuk penggunaan listrik dari energi
bersih, dengan permintaan mencapai 3900 GW. Dalam memenuhi komitmen global,
seperti yang tertuang dalam draf KEN 2024, Indonesia menargetkan untuk mencapai
70-72% energi terbarukan pada tahun 2060. Mengacu pada RUKN 2024, energi
terbarukan akan mencapai 73,6% dari total bauran energi pada tahun 2060 sebesar
443 GW. Energi surya menyumbang 24,7%, energi angin menyumbang 16,6%, dan
sistem penyimpanan energi menyumbang 7,67% dari total kapasitas terpasang yang
diproyeksikan pada tahun 2060. Jika dikaitkan dengan perluasan kebutuhan produksi
hidrogen hijau, maka akan terjadi peningkatan permintaan sistem penyimpanan
energi dan energi terbarukan.

Target domestik yang besar untuk adopsi energi terbarukan mencerminkan potensi
pasar minimum yang besar untuk dimanfaatkan dalam mengembangkan industri
manufaktur dalam negeri dan rantai pasokannya. Potensi pasar ini dapat menjadi
lebih besar lagi jika mempertimbangkan pasar ekspor yang terus berkembang.
Perluasan sektor manufaktur dan rantai pasokannya dapat menumbuhkan ekosistem
industri di sektor energi, meningkatkan ketahanan energi nasional, dan berpotensi
menurunkan biaya adopsi energi terbarukan dengan kontrol kebijakan yang tepat.

Dengan mempertimbangkan ekosistem energi surya secara keseluruhan, energi surya
memiliki potensi terbesar untuk menjadi sumber energi terbarukan yang paling banyak
digunakan di dunia. Pada tahun 2023, total kapasitas energi surya dunia mencapai
1,6 TW dan hingga 1500 TWh energi diproduksi setiap tahun, setara dengan hampir
78% dari seluruh kapasitas energi terbarukan. Lima puluh tujuh persen dari total
instalasi energi surya global berasal dari Cina, didukung oleh industri manufaktur dan
rantai pasokan photovoltaic (PV) surya terbesar di dunia, dengan pangsa pasar global
hingga 90%. Namun, kapasitas terpasang dunia masih jauh dari perkiraan skenario
IEA sebesar 21 TW pada tahun 2050. Jauh di belakang Cina sebagai negara dengan
adopsi energi surya terbesar, kapasitas terpasang energi surya di Indonesia adalah
sekitar 0,32 GW pada tahun 2023, atau kurang dari 0,01% dari total potensi energi
surya yang mencapai 3.294 GW. Indonesia menghadapi perjalanan yang menantang
untuk mencapai target setidaknya 109,4 GW. Target ini dapat meningkat hingga 267
GW dengan produksi hidrogen hijau pada tahun 2060, seperti yang ditetapkan oleh
target resmi RUKN 2024.

Di antara beberapa jenis teknologi PV surya yang diciptakan di seluruh dunia,

polisilikon kristalin tetap menjadi teknologi yang dominan, dengan lebih dari 97%
pangsa pasar pada tahun 2023. Diperkirakan pada tahun 2034, N-Type TopCon akan
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menguasai lebih dari 50% pasar PV surya global, diikuti oleh SH| sebesar 23%. Nilai
pasar PV surya global diperkirakan mencapai USD 171,08-253,69 miliar pada tahun
2023 dan akan terus tumbuh hingga USD 436,36 miliar pada tahun 2032 dengan CAGR
6%, meskipun harga PV surya telah menurun hampir 90% dalam satu dekade terakhir.
Data ini menunjukkan pertumbuhan tren dan nilai industri energi surya, yang dapat
digunakan sebagai dasar untuk memperkuat sektor manufaktur dan rantai pasokan
PV surya di Indonesia.

Selain energi surya, energi angin adalah energi terbarukan berikutnya dengan potensi
adopsi terbesar di dunia. Pada Juni 2024, kapasitas terpasang energi angin sekitar
1,1 TW di seluruh dunia, menghasilkan hingga 2.300 TWh listrik per tahun atau setara
dengan 7,8% produksi listrik dunia. Cina memimpin pembangkit energi angin global
dengan 39%, diikuti oleh Amerika Serikat dengan 18,5%. Keunggulan Cina dalam
energi angin didorong oleh dominasinya dalam industri komponen utama turbin
angin, dengan pangsa 50-80%. Kapasitas energi angin yang terpasang saat ini masih
jauh dari permintaan, dengan permintaan global diperkirakan mencapai 7,9-25 TW
pada tahun 2050. Jauh tertinggal dari potensi dan target energi angin, Indonesia
hanya memiliki kapasitas terpasang energi angin sebesar 154,3 MW pada tahun 2023
dari potensi 155 GW atau tingkat pemanfaatan kurang dari 0,1%. Seperti halnya energi
surya, jalan panjang masih harus ditempuh Indonesia untuk merealisasikan target
kapasitas terpasang energi angin sebesar 73,2 GW pada tahun 2050, mengacu pada
target resmi RUKN 2024.

Melihat tren teknologi energi angin, angin darat (onshore) menyumbang lebih dari
90% pembangkit energi angin. Namun, angin lepas pantai (offshore) diperkirakan
akan meningkat menjadi 25% pada tahun 2050 karena kemajuan teknologi
dan pemanfaatan energi angin. Penggunaan turbin angin berskala lebih besar
dimungkinkan dan akan lebih disukai untuk meningkatkan energi yang dihasilkan.
Perkiraan pasar untuk turbin angin diproyeksikan mencapai USD 318,02 miliar pada
tahun 2034, dengan CAGR 7,81%, meningkat dari USD 139 miliar pada tahun 2023.
Informasi ini memberikan gambaran sekilas tentang tren dan nilai pasar energi angin
yang akan terus berkembang hingga tahun 2050 atau lebih. Lebih lanjut, Indonesia
dapat mempertimbangkan pasar energi angin sebagai potensi untuk pengembangan
industri manufaktur turbin angin dalam negeri dan rantai pasokannya.

Energi surya dan angin merupakan contoh energi terbarukan yang bersifat intermiten,
yang berarti membutuhkan dukungan untuk mempertahankan produksi listriknya.
Penyimpanan energi berbasis baterai dapat berperan dalam menjaga jaringan listrik
dan berkontribusi dalam memenuhi stabilitas jaringan, membantu memenuhi beban
puncak dan meningkatkan integrasi peningkatan pangsa energi terbarukan yang
bervariasi. Baterai juga dapat menjadi solusi di sektor transportasi karena menjadi
alternatif dari mesin pembakaran internal dalam bentuk kendaraan listrik. Baterai
Li-ion adalah pemimpin pasar untuk penggunaan di sektor transportasi dan listrik
karena kepadatan energinya yang tinggi dan masa pakainya yang panjang.

Indonesia memiliki potensi dalam rantai pasokan baterai karena cadangan
nikelnya yang melimpah. Indonesia menyumbang 52% dari produksi nikel global,
memposisikannya sebagai pemain kunci dalam tahap penambangan dan pemurnian,
terutama untuk baterai NMC. Saat ini, Indonesia memiliki 44 pabrik peleburan
(smelter) nikel, tetapi sebagian besar dari pabrik-pabrik tersebut berfokus pada bahan
untuk baja tahan karat, bukan baterai mobil listrik.

Agar dapat bersaing secara global, diperlukan kapasitas produksi sel baterai setidaknya

10 GWh. Dibandingkan dengan kapasitas baterai global yang telah mencapai 3.000
GWh, Indonesia saat ini masih berada di tahap awal manufaktur skala besar karena
hanya ada satu fasilitas dengan kapasitas 10 GWh.
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Untuk mendukung pengembangan rantai pasok teknologi energi terbarukan, kebijakan
yang ideal perlu diterapkan. Indonesia membutuhkan target adopsi energi terbarukan
yang konsisten untuk mendorong pengembangan rantai pasok teknologi energi
terbarukan. Indonesia juga harus mengadopsi pendekatan yang komprehensif dalam
menangani semua tahapan rantai pasokan, dengan perencanaan yang terintegrasi
dan kolaborasi di antara para pemangku kepentingan.

Perekonomian Indonesia akan diperkuat oleh kegiatan ekonomi yang berpusat di
dalam negeri yang disebabkan oleh kehadiran dan pertumbuhan sektor manufaktur
PV surya, turbin angin, sistem energi baterai, dan rantai pasokannya yang selaras
dengan program hilirisasi sumber daya alam dan mineral. Lebih lanjut, strategi ini akan
menghasilkan keuntungan, seperti penciptaan lapangan kerja, pengembangan sumber
daya manusia, ketahanan pertumbuhan industri, stabilitas pasokan dan permintaan,
vitalitas ekonomi dengan ekonomi sirkular, dan kesejahteraan masyarakat. Pada
akhirnya, strategi ini akan mendukung inisiatif untuk meningkatkan ketahanan energi
nasional dan ketahanan ekonomi bangsa.

Potensi nilai perputaran ekonomi dan peluang penciptaan lapangan kerja dari industri
manufaktur energi terbarukan dan rantai pasoknya untuk PV surya mencapai USD
236,3 miliar dan 5,7 juta lapangan kerja per tahun, turbin angin mencapai USD 75,2
miliar dan 1,8 juta lapangan kerja per tahun, serta baterai untuk EV dan penyimpanan
energi mencapai USD 240 miliar dan 2,2 juta lapangan kerja per tahun pada tahun 2060
hanya untuk memenuhi kebutuhan dalam negeri. Akibatnya, potensi nilai ekonomi
yang beredar dan peluang penciptaan lapangan kerja dapat mengalami peningkatan
yang signifikan dengan memanfaatkan potensi pasar ekspor. Hal ini dipengaruhi oleh
berbagai faktor yang dianalisis dalam penelitian ini melalui analisis SWOT. Sangat
penting untuk mengimplementasikan faktor pendukung utama (key enablers) dan
melakukan penelitian tambahan untuk memastikan praktik terbaik diterapkan untuk
mempromosikan sektor manufaktur dalam negeri untuk energi terbarukan, dengan
penekanan khusus pada PV surya, turbin angin, dan sistem energi baterai sebagai
pusat ekosistem industri berkelanjutan di sektor energi untuk penyelarasan ekonomi
dan energi transisi sehingga dapat mencapai pertumbuhan ekonomi 8% dan Indonesia
Emas 2045.
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Exploring the necessity for
the adoption of renewable
energy and its manufacturing
industries in Indonesia
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A. Recognizing the significance of renewable energy adoption to provide
clean energy

The threat of climate change can be avoided by reducing greenhouse gases (GHG)-carbon emissions almost half by
2030 and reaching Net Zero Emissions (NZE) by 2050. The urgency to decrease reliance on fossil fuels as a major
contributor to carbon emissions makes the adoption of renewable energy crucial. As a part of a global effort, 195
Parties (194 States plus the EU) have joined the Paris Agreement by the end of 2024 and are committed to reducing
their GHG emissions (UNFCCC, 2024). Among them, over 140 countries have committed to NZE targets, covering
about 88% of global GHG emissions (UN, 2024a). This endeavour is also strengthened by the Methane Pledge. By
the end of 2023, more than 150 parties have committed to lowering and regulating methane emissions (WRI, 2023).
These global initiatives emphasize the need to switch to renewable energy and minimize GHG emissions.

As a follow-up to the urgency of adopting renewable energy, Conference of the Parties (COP) 28 in 2023 has produced
a Triple Renewable Energy Capacity Pledge (UNFCCC, 2023). The pledge implies that all countries under the Paris
Agreement are required to increase their renewable energy capacity, tripling it to achieve the worldwide target of 11
TW by 2030 and 81.9 TW by 2050. This step is crucial to maintain the global target to reach the 1.5°C target scenario
by 2050 (IEA, 2024; IRENA, 2023; WEF, 2023). As a consequence, the investment value must rise and is expected to
reach USD 1.5 trillion annually between 2024 and 2030 (IRENA, 2024). This has been adebated topic at COP29 in
2024 and resulted in developed countries providing USD 300 billion annually as climate finance funds to support
developing countries minimizing GHG emissions (WMO, 2024).

In 2023, the world's GHG emissions reached 53.0 Gt CO2eq (without counting land use, land use change, and forestry).
This number consists of 73.7% CO2, 18.9% CH4, 4.7% N20, and 2.7% F-gases, which is the focus of reducing GHG
emissions from the Paris agreement (European Commission, 2024). According to the International Energy Agency
(IEA), methane (CH4) emissions from energy usage in 2023 accounted for 31% of total methane emissions. The
methane emissions from energy use consist of 49 mt CH4 from oil, 29 mt CH4 from natural gas, 40 mt from coal, and
10 mt CH4 from bioenergy (IEA, 2025a-b). Methane emissions from both energy use and other causes are the focus
of methane emission reduction from the methane pledge.

Globally, the combination of China, the USA, India, the EU27, Russia, and Brazil accounted for 64.2% of total fossil fuel
consumption and 62.7% of total GHG emissions (European Commission, 2024). Referring to 2023 data (see Fig 1.1.),
the global energy transition effort requires almost 140,000 TWh of renewable energy to replace energy generated
from fossil fuels into clean energy to achieve NZE (Our World in Data, 2024). Fossil fuels contribute to nearly 86% of
the total energy share and are responsible for more than 75% of GHG emissions (IEA, 2023a; UN, 2024b). Therefore,
intervention in energy consumption can be directly associated with the effort to mitigate the amount of emissions
produced.
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Global direct primary energy consumption

Energy consumption is measured in terawatt-hours" in terms of direct primary energy.? This means that fossil fuels
include the energy lost due to inefficiencies in energy production.
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Fig 1.1. Global direct primary energy consumption (above) and global emission share (below)

As part of the world community, Indonesia is obliged to actively participate in the energy transition by utilizing its
renewable energy potential to achieve NZE in accordance with the Paris Agreement (UN, 2024c). However, adopting
renewable energy is neither easy nor cheap. Renewable energy technology is still classified as an emerging technology
due to its low adoption rate as compared to fossil fuels. At the end of 2023, renewable energy contributed almost
15% of global primary energy supply and 14% of Indonesia’s primary energy supply (Gini, 2024; MEMR, 2024a).
Furthermore, there are still many limitations in performance efficiency, life durability, and end-use management
that require significant R&D costs. As a result, adopting renewable energy technology still requires significant capital
expenditures (CapEx), leading to high upfront costs (IEF, 2024; IEA, 2023b). Depending on the technology, renewable
energy may also have high operation and maintenance (OpEx) costs, while some may be much cheaper than fossil
fuel utilization. The lower OpEx cost makes some renewable energy, such as wind and solar energy, produce lower-
cost electricity compared to fossil fuels with or without carbon, capture and storage (CCS) even after integration
with energy storage systems such as batteries (IRENA, 2021; Lazard, 2023; Wood Mackenzie, 2022; Roser, 2020). A
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mass adoption and usage of the technology can further reduce CapEx costs even more with the push of the Paris
Agreement and other global initiatives, making the renewable technology market, both domestic and international
markets, attractive for Indonesia.

What needs to be considered next is the potential for economic activities from the adoption of renewable energy
within Indonesia, or Southeast Asia, and further worldwide as potential market for Indonesia. Prioritizing these
activities in order to achieve domestic economic development is highly desired for the short and long term. In the
short term, the Indonesian government's new leadership is ambitious, aiming for 8% annual economic growth.
Meanwhile, in the long term, Indonesia has a dream of becoming a developed country toward Golden Indonesia
2045. To achieve an economic development rate of 8%, it is necessary to establish a sustainable and secure energy
infrastructure (PLN, 2024). The domino effect of infrastructure development will have a significant impact on the
economy, especially if economic activity is centered on domestic, notably the manufacturing industry for solar PV,
wind turbines, batteries, and its supply chain through natural resource and mineral downstream programs (PLN,
2024; MoF, 2024; MEMR, 2025). This is in line with Indonesia’s commitment to the Paris Agreement to achieve NZE
(MEMR, 2025).

It should be noted that to realize the 2060 primary energy mix compliance with NZE under the Official 2024 National
Electricity General Plan (Rencana Umum Ketenagalistrikan Nasional/RUKN), at least USD 1 trillion is needed in
investment costs for power plants, along with USD 104 billion for electricity transmission networks (MEMR, 2024b).
This makes aligning the energy transition strategy toward NZE and the economic growth goal crucial to Indonesia’s
aim to become a developed nation under the 2045 Golden Indonesia. The alignment is critical so that the energy
transition does not only impose an economic cost but can also generate economic benefits. In order to maximize
the economic benefits, Indonesia should establish itself as the technology hub that processes and produces
renewable energy technology and its supply chain. This can be achieved by utilizing domestic natural resources
under downstream programs, engineering, procurement, construction (EPC), operations and maintenance (O&M),
decommissioning, and recycling renewable energy technologies. The primary objective is to provide a significant
impact on domestic economic growth, at leastin meeting domestic renewable energy needs and maintaining national
energy security through the renewable energy manufacturing supply chain. A more ambitious objective is to become
the technology hub for Southeast Asia and the global community. Thus, the development of renewable energy
technology manufacturing in the country is a priority. It is important to note that opportunities do not consistently
arise; rather, they must occasionally be generated and pursued.

B. Renewable energy demand to push the manufacturing adoption
technology

0 100 200 300 400 500 600 700

B Unabated coal B Unabated oil [l Unabated natural gas [l Abated fossil fuels Fossil fuel non-energy use
B Nuclear M Hydro B Modern bioenergy B wind Solar
Other renewables TUOB Other

Sourcs: IEA, 2023c

Fig 1.2. The net zero scenario for energy supply by source, 2022-2050
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By 2050, global energy demand is anticipated to transition from fossil fuels to renewable energy, comprising 80%
of total energy consumption worldwide (IEA, 2021). According to Fig 1.2., a number of renewable energy sources
are predicted to be very significant by 2050, with solar energy accounting for about 25.5% and wind energy for
approximately 15.6% of the world's energy supply (IEA, 2023c). Meanwhile, the battery energy storage systems
demand is estimated to reach 3900 GW by 2050 (IEA, 2022; Schénfisch, et al., 2024). It is important to note that
the previously mentioned key figures for solar, wind energy, and batteries represent the projected total demand
necessary to achieve NZE with high energy efficiency in mind.

Photovoltaic (PV) solar power and wind turbines play a crucial part in delivering clean energy due to their simplicity
and mobility, which can harvest renewable energy from the sun and wind, respectively, in a variety of locations. The
advancement of solar PV systems and wind turbines may enhance energy resilience against supply vulnerabilities
and price volatility of fossil fuels. This, in turn, can help prevent an energy crisis like the one experienced in the EU
due to the war between Russia and Ukraine in 2021-2022, which resulted in the disruption of natural gas supply and
led to electricity prices soaring by six times or more (ANS, 2024; Mandys, 2024). By increasing energy diversification
and reducing dependence on fossil fuels, solar and wind power significantly lower the risk of such potential crises.
Should a nation’s energy sources fail—due to fossil resource depletion and its price volatility, prolonged drought
affecting hydropower, or nuclear reactor malfunctions—maintaining a diverse energy portfolio, particularly through
the integration of solar and wind energy with energy storage, allows the country to operate continuously with a
sustainable power supply as sun and wind will mostly be available as it is.

In addition to that, battery energy storage—a kind of electrical energy storage technology—plays a critical part in
the electrification of energy consumption and ensuring power grid reliability. Batteries store electricity from unused
or oversupplied electricity production from traditional and renewable energy sources and supply their stored
electricity as desired. Thus, batteries can bridge the production of variable renewable energy (VRE), such as solar
and wind energy, as well as balance the grid from the possibility of unstable energy supply to demand and vice versa.
The usage of batteries facilitates the use of electrical energy off-grid, especially in the portable and high-mobility
applications such as logistics and transportation sectors. Thus, the utilization of batteries means using electricity
directly, relieving reliance on fossil fuels if electricity is generated cleanly, which helps reduce GHG emissions.

As part of the global community, Indonesia is also attempting to decrease GHG emissions via various means, including
the use of renewable energy. Referring to the draft of the National Energy Policy (Kebijakan Energi Nasional/KEN)
in 2024, the renewable energy mix was aimed at 17-19% in 2025, 19-22% in 2030, and continuing to increase to 70-
72% in 2060. The KEN draft aims for solar energy to account for over 31% and wind energy for nearly 10% of the
country’s electrical energy requirements by 2060 (MEMR, 2024c). According to the latest official RUKN published at
the end of 2024, renewable energy will reach 73.6% of the total installed capacity of 443 GW by 2060. Of this 443 GW,
solar and wind energy are expected to reach 109.4 GW and 73.2 GW, respectively, equal to 24.7% and 16.6% of the
total installed capacity. This effort will be accompanied by the adoption of energy storage, including batteries, which
will start in 2025 and reach 34 GW by 2060 (MEMR, 2024b). However, considering additional electricity demand for
green hydrogen production, renewable energy is estimated to reach 77.7% of the 660 GW total installed capacity by
2060, with solar energy reaching 267 GW or 42.4% and wind energy reaching 73.2 GW or 11.6% of the total installed
capacity complemented with energy storage of 58 GW (MEMR, 2024b). This has essentially shown the government’s
commitment and may serve as the foundation for the renewable energy manufacturing sector market and supply
chain.
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The adoption of renewable energy in Indonesia offers a pathway to sustainable development and presents significant
economic potential. In the framework of a domestic renewable energy economy, the growth of the manufacturing
industry and its supply chain for renewable energy creates more accessible products, cuts down time-logistics
shipping from overseas, and utilizes the domestic potential of human and natural resources for domestic interests.
As a result, it may promote the growth, innovation, and cost-effectiveness of renewable energy technology while
helping promote the domestic economy, job creation, and environmental sustainability, as well as the potential
for lowering CapEx and Opex costs from minimizing dependence on the supply of potentially high-cost foreign
technology and labor.

Developing the manufacturing industries for renewable energy and their supply chain is an integral part of efforts to
build a sustainable and resilient industrial ecosystem in the energy sector, as shown in Fig 1.3., The manufacturing
industry holds a central position within the energy sector’'s ecosystem. Its growth will indirectly support the growth
of this entire ecosystem. Thus, establishing the manufacturing industry for renewable energy can provide a broader
economic opportunity impact not only the manufacturing industry itself but the whole industry ecosystem in the
energy sector. This significant value underscores the critical role that manufacturing locations play in fostering
a nation’s independence, sustainability, and resilience. Nevertheless, every industry within the energy sector’s
ecosystem should be developed along the way. So, the industry's ecosystem in the energy sector could have a strong
foundation to provide an ideal and sustainable renewable energy supply and strengthen domestic energy security.

C. Study objective and limitations

This study was designed to identify the potential, challenges, and important factors that must be considered in the
development of the manufacturing industry and its value chain for renewable energy in Indonesia, benchmarked
with the global situation perspective.

The objectives of this study can be summarized as follows:

1. To provide critical information in developing a sustainable ecosystem of the manufacturing industry and
its value chain for renewable energy as part of national energy and industrial security in decarbonization-
climate change mitigation efforts toward NZE.

2. To serve as a benchmark for future research on the potential domestic investment in the manufacturing
industry and its value chain for renewable energy that is either commercially viable or can be funded. This
benchmark is intended for investors and other interested parties in the development of manufacturing
industry for renewable energy and its value chain, which is still in its infancy.

3. To contextualize Indonesia in the development of renewable energy, the manufacturing industry, and its
value chain for renewable energy, along with its market opportunities, the readiness of existing ecosystems,
future suggestions, and the policy framework, SWOT analysis, opportunity, and challenge.

4. Toillustrate potential impacts in the creation of the manufacturing industry and its value chain, including job
creation, potential value of an investment for domestic economic activity, and other benefits.

5. To describe key risk points, vulnerabilities, and enablers that need to be anticipated and prepared in the
development of manufacturing industries and their supply chains for renewable energy.

The context of this study is limited by its focus on manufacturing and construction sectors in general and does not
discuss upstream processes, such as the processing industry and mining extraction, and limited technology of solar
PV, wind turbines, and battery energy storage. These technologies were chosen as they have a very high strategic
role and are projected to have a highly significant utilization share contribution to accommodate renewable energy.
Additionally, such technologies require the use of critical minerals in substantial quantities in comparison with other
renewable energy technologies, making them essential in decarbonization and climate change mitigation efforts
toward NZE.
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An overview of solar energy
and its future projections
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A. Solar energy’s overview technology and its supply chain

The solar PV system converts light (photons) into electricity (voltage). The energy required to produce electricity
is exclusively supplied by the photons that are absorbed by the semiconductor material in a PV cell. Since solar
energy is abundant, it can be harvested as long as it is absorbed and can be predicted more accurately than wind
energy (EIA, 2024). Itis applicable in stationary and mobile applications, in all orientations (horizontal, diagonally, and
vertically), and with low to high loads. This makes solar energy a priority for deployment in many countries due to its
ease of installation with or without requiring a dedicated, sacrificing productive area. Moreover, it always works in
silent mode with minimum maintenance, which works well in most places.

The solar PV system produces electricity that requires no fuel, requires little maintenance, and emits no GHG
emissions (Fthenakis, et al., 2006; Chandrasekharam, et al., 2020), making it one of the cleanest solutions to protect
the environment. Solar PV can be installed in various settings but perform best on open, flat surfaces with ample
sunlight and proper inclination to optimize sun-ray interaction. Therefore, they can be deployed in various forms, as
shown in Figs. 2.1. and 2.2.

Sources: En:former, 2023; Lewis, 2023; Aandslandscape, 2024; David Carroll, 2021; Garca, 2024, Qasim, 2023

Fig 2.1. Installation of floating solar PV, road walls, building walls, fences, roofs,
and canopies.

Sources: Spanne, 2022; BTN, 2024; Brusselstimes, 2022; Hislop, 2024, Maritime-Executive, 2024.

Fig 2.2. Installations of solar PV for light, pavement materials, vehicle
materials, open spaces, and logistics vehicles.
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The global installed capacity for solar has reached 1.6 TW in 2023, with annual generated energy up to 1500 TWh
(IEA, 2024a; ISES, 2024), with China dominating the growth, accounting for 57% of the total global installations. An
additional 447 GW of solar power capacity was recorded globally in 2023, as shown in Fig 2.3., China’s installed solar
capacity has increased by 256 GW. The USA increased its solar capacity by 32.4 GW, representing a 48% increase
compared to 2022. This addition increases the overall capacity to 173 GW, representing 6% of the USA's power
consumption. In the EU, Germany added 15 GW of solar power. Japan has reached 90 GW of solar power capacity,
which is equal to 12% of domestic power consumption (BGEN, 2024; Rueter, 2024). Solar power now accounts for
78% of all renewable energy capacity, a 12 % increase compared to 2022. This amount will continue to rise due to
plans for additional installed capacity worldwide, with goals of 574 GW in 2024, 627 GW in 2025, and 880 GW in 2030
(Bellini, 2024; Solar Power Europe, 2024).

The anticipated demand for renewable energy, particularly through the utilization of solar PV technology, is expected
to escalate further following the tripling of the renewable energy targets and associated investments established
during COP28 and COP29. Subsequently, the solar PV installed capacity may reach more than 21,000 GW by 2050
worldwide, as the projected scenario of Stated Policies Scenario (STEPS), Announced Pledges Scenario (APS), and NZE
by the IEA and IRENA in Fig 2.3.
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Fig 2.3. Annual addition of installed solar PV capacity per year from 2011 to 2023
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Fig 2.4. Projected cumulative installed capacity of solar PV from 2030 to 2050
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Table 2.1. The solar PV's adoption target by country

Annual average solar . .
Actual capacity additions

of solar capacity in 2022

Country/Region 2030 target capacity additions needed
to hit 2030 target

o ) .

India ZfOb zero-carbon generation by 2030 16 GW > GW
(includes nuclear)

China 28% renewables by 2030 57 GW 55 GCW
739 GW of wind and solar by 2030 to

UsA reach zero-carbon electricity by 2035 34 CW new

UK 60% renewables by 2030 4 GW 4 GW

EU REPowerEU: 42.5% renewables by 2030 | 38 GW 16 GW

Source:Selin Oguz, S., 2023

As presented in Table 2.1, several countries have met or almost met their annual solar energy adoption targets.
In contrast, some countries are still far from their targets and may experience obstacles in achieving them. This
demonstrates that solar energy adoption is not easy, and many factors need to be considered to make it possible,
including the domestic development of the solar PV manufacturing industry and its supply chain.

Indonesia participates in the solar energy ecosystem and is committed to steadily increasing its solar power capacity.
By 2023, Indonesia had about 0.32 GW of solar power installed capacity, barely less than 0.01% of its entire solar
potential of 3,294 GW (MEMR, 2023). Solar energy is predicted to overtake all other energy sources in Indonesia and
is projected to reach at least 109.4 GW by 2060, according to the Official 2024 RUKN, as explained in Sub-chapter 1.b.
(MEMR, 2024). Referring to the JETP CIPP document, solar power is targeted to reach at least 29 GW by 2030 (JETP
Indonesia, 2023). This amount exceeds the long-term Electricity Business Plan (Rencana Usaha Penyediaan Tenaga
Listrik/RUPTL) of Indonesia, which projects a cumulative addition of 4.7 GW of installed capacity by 2030 under the
Greenest 2021-2030 RUPTL or 16.5 GW by 2040 under Accelerated Renewable Energy Development (ARED) scenario
in the Beyond the Greenest 2024-2040 RUPTL (PLN, 2024; Koons, 2024). With an average daily solar irradiation of 4.5
to 5.5 kWh/m2 and global horizontal radiation (GHI) of 4.8 kWh/m2 (Sugihartono, 2024; Business Indonesia, 2024),
the solar potential is spread evenly across the nation (Fig 2.5.).
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Fig 2.5. Distribution of solar power potential in Indonesia, Beyond 433 GW IESR
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The manufacture of solar PV is a complex process that includes many steps, from the extraction of raw materials to
the creation of wafers, cells, and modules, as illustrated in Fig 2.6. Solar cells, which are responsible for transforming
the energy of the sun into usable electricity, are the most critical element of a solar panel (Almerini, 2025). Currently,
approximately 95-97% of solar cells are made from crystalline silicon (c-Si), the most widely used semiconductor
material (DOE, 2025; IEA, 2025). This market is dominated by monocrystalline silicon and polycrystalline silicon
technologies. The remaining market share consists of thin-film technologies, such as cadmium telluride (CdTe) and
copper indium gallium (di)selenide (CIGS) (Brian, 2023; UTS, 2019).

The solar PV manufacturing process commences with the production of silicon crystals, which are shaped into ingots,
sliced into thin wafers, and then modified to generate an electrical field (Cao, 2024). In the following process, metal
conductors are added, and the solar cells are assembled into a complete solar panel. The panel is then encased in
a durable glass shell for protection (Cao, 2024). Throughout the production process, the materials used to construct
the panels are inspected for flaws. Defects have a significantimpact on solar PV performance. Hence, product quality
must be ensured and quality control is strictly enforced throughout the process to guarantee efficiency and longevity.
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Fig 2.6. Typical material compositions (left) and components (right) of solar PV
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In terms of efficiency, solar PV has significantly improved, rising from around 15% in 2010 to 19-26% for most
modern monocrystalline panels (Smith, 2024; SNP, 2024). Alongside these advancements, the industry is undergoing
a transformative shift from P-type to N-type solar PV technology. P-type solar cells approach their efficiency limits
with P-type PERC efficiency of up to 23.6%. Meanwhile, N-type innovations are emerging as the next step forward,
with N-TYPE Topcon reaching 26.6% (Intersolar, 2023; Trina Solar, 2024; Shaw, 2024). Both N-type TOPCon and
P-type PERC solar cells are engineered to have extended operational lifespans up to 25-30-year warranties from
manufacturers (SNP, 2024). Other than that, heterojunction (HJT) solar PV or silicon heterojunction (SHJ) have
efficiency of up to 24.7%, black contact of up to 25.6%, and Si-tandem of up to 24.5% (VDMA, 2024; Bhambhani,
2024).

In 2022, P-type PERC cells dominated with almost 60% market share, while N-type TopCon captured about 35% (IEA,
2025). According to International Technology Roadmap for Photovoltaic (ITRPV) study, as shown in Fig 2.7., N-type
TOPCon is predicted to surpass P-type PERC, reducing P-type PERC's market share from 63% in 2023 to 40% by 2024
and nearly less of 10% by 2028. Meanwhile, N-Type TOPCon is expected to account for 49% of the market in 2024
and may reach 50% market share by 2034. Lastly, by 2034, Si-tandem is expected to achieve a 10% market share, up
from 0.1% in 2026.
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Fig 2.7. Projection of solar PV market share from 2023 to 2034 by technology

Material composition for solar PV may vary depending on the technology. Glass is the main component of every
type of solar PV, with a composition range of 55-97%, followed by polymers with a composition of around 3-18%. In
addition to these two common materials, the other materials used depend on the type of solar PV technology, as
summarized in Table 2.2. Further, there is a global effort to make solar PV last up to 50 years to reduce the required
materials consumption (Santos, 2022; Dreves, 2022).
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Table 2.2. The typical solar PV's material composition

Share in solar PV (W/w%)

Material Crystalline silicon
(c-Si) PV Cdre

1 Glass 54.70-80 96-97 88-89
2 Polymer 6.68-18.45 3-4 4

3 Alumunium 8.12-22.01 - 7

4 Silicon 1.82-5.00 - -

5 Copper 0.56-3.89 - -

6 Silver 0.006-0.12 - -

7 CdTe - <1 -

8 CIGS - - <1

9 Others 0.03-0.3 - -

Authors adapted from: gé?graczoagtnéiti)lbz;%?é, (Zjéajgrco et al,, 2019; UTS, gci;lgrco et al,, 2019; UTS,

The solar PV system needs another main component, such as energy storage and an inverter, as explained in its
future trend (Fig 2.8.). Energy storage media will be increasingly popular to alleviate the intermittency of solar energy
supply in solar rooftop applications. Energy storage usage will increase from 30% in 2023 to almost 65% in 2034.
In the meantime, string inverters will become more popular than the central inverter type for systems larger than
or equal to 10 MW. It will slowly rise from 60% in 2023 to almost 66% in 2034. Knowing these trends will help in
the future adoption rate of solar PV. This information provides insight into the fact that a solar PV system, which
supports supply stability, would be highly desirable in minimizing the potential risk of an energy crisis.

Market share of PV systems which are Market share of inverter technology
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Fig 2.8. Market share of PV system combined with storage for rooftop application (left) and PV system
combined with inverter type of string or central for system larger than or equal to 10 MW (right)
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B. Investment and projection over the supply chain for solar PV

Solar PV technology is a rapidly expanding industry with the development of the global solar PV market value is
estimated to reach USD 171.08-253.69 billion in 2023, and to grow to USD 436.36 billion by 2032 at a 6% CAGR
(FBI, 2025; Precedence research, 2025; SNP, 2024). It is estimated that the global market size of important solar
PV components in 2023 is as follows: polysilicon (USD 11.5-37.31 billion; Precendence Research, 2025; GVR, 2024);
silicon wafer (USD 12.2-17.3 billion; Imarc, 2024; Gll, 2023); and solar cell (USD 116-127.5 billion; GVR, 2024; GNW,
2024). Itis anticipated that the market value will rise steadily in tandem with the growing demand for the use of solar
energy worldwide.

The huge drop in the price of clean energy over the last few decades has been one of the most critical changes in
technology, as shown in Fig 2.9. In the past ten years, the price of solar PV has dropped by 90%. Further decline in
2023 is due to global oversupply, which also undermines the manufacturing industry in many countries, including
the USA and EU (Kuwait Times, 2024; BNE Intellinews, 2024; Hayley, 2024).

Solar panel costs have fallen by around 20% for every doubling of global cumulative capacity
Costs are measured in US dollars per Watt, adjusted for inflation
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Fig 2.9. Solar PV module cost in comparison to cumulative installed solar PV capacity, 1975-2022

The supply chain for solar PV is heavily reliant on China. Seven of the top ten producers of polysilicon, including
the top three, are based in China. China is forecasted to have more than 80% of the global production capacity for
polysilicon, wafers, cells, and modules in 2023-2026 (Wood Mackenzie, 2023). In 2021, China produced 79.4% of the
polysilicon, 75% of the modules, 85% of the cells, and an astounding 97% of the wafers. Xinjiang Uyghur Autonomous
Region (XUAR) is responsible for over 54% of China's polysilicon production.

China’s yearly manufacturing capacity for completed solar modules was 861 GW by the end of 2023, more than
double the 390 GW of module installations worldwide, as depicted in Fig 2.10. Similarly, China’s manufacturing
capacity for wafers and cells also follows the same trend as its solar modules. Lastly, by 2026, it is predicted that
China’s solar PV module manufacturing capacity will reach 1,687 GW, or 80% of global production capacity (Wood
Mackenzie, 2023). Additionally, it is projected that the dominance of the Chinese solar PV manufacturing sector will
cause the surplus capacity of solar PV production to reach 4TW in 2030, as shown in Fig 2.11. (Casey, 2024; Ember,
2024; Intellinews, 2024).
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Fig 2.10. Status of the solar PV manufacturing industry in China compared to global solar PV installed
capacity at the end of 2023
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Fig 2.11. Global cumulative capacity addition manufacturing vs, deployment of solar PV

To address the demand for solar energy, five categories of market elements are essential: the solar PV module, the
inverters, the installation labor, the soft costs, and the balance of system (BoS). The solar PV module compositions
and components are already depicted in Fig 2.6. while soft costs include engineering, construction, and logistics. On
the other hand, BoS comprises of financing, contingency, and warranty. Although each component's cost may vary,
the solar PV module accounts for 34-45% of the total cost, with inverter for 7-14%, installation labor for 10-20%, the
BoS for 8-29%, and soft costs for 17-44% (ISEO-IESR, 2024; E-greenelectrical, 2024; Holler, et al., 2019). Fig 6.9. shows
the specific share value for this study. These five categories of market elements (solar PV module, the inverters,
the installation labor, the soft costs, and the BoS) must be taken into account, as they may have been generated
domestically to bolster the Indonesian economy and energy security. Moreover, Indonesia is projecting itself to use
solar energy as one of the largest renewable energy domestically. Regardless, the costs arising from the value of
global solar PV installation projects are decreasing, as presented in Fig 2.12.
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C. Domestic manufacturing status and development of solar PV

Indonesia’s solar PV manufacturing industry has begun to develop and has tremendous potential for further
development in the acceleration of solar energy adoption. The Indonesia’s installed solar energy capacity by August
2024 barely reaches 718 MW, as shown in Fig 2.13., with the most significant contribution, 285 MW, caming from
on-grid (PLN) installations, which include the recently implemented 145 MW Cirata floating solar (ISEO-IESR, 2024).
This number is still not in line with the target of the RUPTL 2021-2030, where cumulative solar energy should reach
1.7 GW by 2023 and 4.7 GW by 2030 (PLN, 2021). Moreover, this shows extensive work to achieve the new target
of installed solar energy capacity of reaching at least 109.4 GW by 2060 according to the Official 2024 RUKN, as
explained in Sub-chapter 1.b., even when compared to the initial draft of the RUKN target before it was officially
published, which had a bigger target of 451 GW (MEMR, 2024).
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Fig 2.13. Solar power capacity in Indonesia, 2020-Q2 2024
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Fig 2.14. Projects of announced solar power capacity in Indonesia
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Efforts to increase the adoption of solar PV can be seen by the announcement of 16.92 GW of solar power projects by
August 2024 (Fig 2.14.). The presence of domestic sector demand, backed by the existence of domestic manufacturing
industry, would allow for major adoption and notable reciprocal expansion of the domestic manufacturing industry
for national energy security.

The solar PV manufacturing ecosystem has developed quite rapidly in Indonesia and several Southeast Asian
countries. This occurred due to the fact that the tropical climate of Southeast Asian countries is particularly conducive
to power generation from solar energy. In the adoption of solar energy, Vietnam has the highest installed capacity,
reaching 13 GW by 2023, followed by the Philippines with 2.34 GW, Malaysia with 1.58 GW, and Thailand with 1 GW
(GEM, 2024).

Table 2.3. Operating and prospective of solar energy in Indonesia and Southeast Asia in 2023

Total technical

Operating installed capacity Prospective (in planning)

Country of solar energy (GW) of solar energy (GW) potential (GW)

1 Vietnam 13.04 10.20 1,646
2 Thailand 1.04 2.70 300
3 Philippines 2.34 36.59 122

4 Malaysia 1.58 2.37 269

5 Cambodia 0.43 247 8.1

6 Myanmar 0.19 0.34 35

7 Singapore 0.19 0.62 8

8 Indonesia 0.72 16.92 3,286
9 Brunei Darussalam | 0.00 0.30 -
10 Laos 0.00 0.30 -

n Timor-Leste 0.00 0.00 -
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The solar PV supply chain manufacturing industry in Southeast Asia is well developed, as presented in Table 2.4.
Several countries that have a substantial installed solar energy capacity are generally supported by a more robust
manufacturing sector. For instance, Vietnam has a solar PV module manufacturing industry exceeding 48 GW,
although cell manufacturing and wafers are still at lower capacity. Malaysia and Thailand, on the other hand, have
solar PV module capacities of 15 GW and 10 GW, respectively. The Philippines is an example of a nation that has
adopted solar energy more widely than Indonesia despite having a less established industrial sector.

In cases where a well-established manufacturing industry is lacking, there is often greater potential to promote
renewable energy deployment through supportive policies along with a supportive ecosystem. However, due to
regulatory inconsistencies, Indonesia faces significant challenges in developing its solar PV manufacturing ecosystem,
as the regulation itself hinders the ecosystem.

Despite both countries having similar developing infrastructure, the Philippines’ higher solar PV installed capacity
than Indonesia is largely attributed to the country’s supportive regulatory environment and strong near-term
renewable energy targets. Similarly, Vietnam stands out in the region as the only country to achieve a ‘high’ score
on the World Bank’s Regulatory Indicators for Sustainable Energy (RISE) for renewable energy (ADB, 2023). These
examples highlight how consistent and encouraging regulations, along with a supportive ecosystem, can drive
increased renewable energy adoption. In the region, there are at least three main archetypes of producing countries
(Searemi, 2023):

a. Established producers: capable of meeting both domestic and international demand. The examples are
Vietnam, with global supply share of 5%, Malaysia of 4%, and Thailand of 2%.

b. Export-oriented: specialize in international markets (e.g., Cambodia). Cambodia’s majority of production is
exported to the USA market.

c. Focused on the domestic market. Indonesia is an example of a country that is meeting national objectives by
fulfilling local demand for local content requirement (LCR) products.

Table 2.4. Solar PV component manufacturing capacity of Southeast Asia, China, and global in 2023

Manufacturing
capacity

Manufacturing capacity (GW/year)

Location .
Polysilicone

production (mt)

Wafer production

Cell manufacturing

Module assembly

Indonesia - 6.50 4.70
Malaysia 0.14 6.60 20.00 15.00
Singapore - - 1.00 2.00
Thailand - 5.00 14.00 11.00
Vietnam - 10.00 32.45 48.33
Philippines - 1.00 - -
China 2,100.00 892.00 844.00 861.00
Gobal 2,256.00 974.20 1,032.00 ~ 1,000

Source: Analysis adapted from Sareami, 2023; Gunawan, 2024; Sinovoltaics, 2024; Energy Trend, 2024; Hayley, 2024; Indrawan, 2024, ISEO-IESR, 2024
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An overview of wind energy
and its future projections
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A. Wind energy’s technology overview and its supply chain

Similar to solar energy, wind power can be harnessed at dimensions ranging from micro to gigascale. Wind turbines
employ mechanical power from wind energy to operate a generator, which produces clean electricity without burning
any fuel or contaminating the air. Wind turbines may be found on hills, mountains, deserts, buildings, parks, vacant
ground, coastal areas, water areas, and offshore, as seen in exemplary Fig 3.1. Utilization of wind turbines can be
applied in both sparsely populated and densely populated areas by considering the scale of electricity generation
capacity and the level of noise produced. Wind power still has a wide area of coverage and the potential to be used
anywhere to produce electricity from renewable energy.

Sources: Koreatechdesk, 2018, Altenergymag, 2019; World record academy, 2023; Forbes, 2017; The Eco Experts, 2024
Note: Some forms of wind turbine applications are used in harvesting wind energy which also can provide functions of aesthetics, fences,
security, and direct use with battery for lightning.

Fig 3.1. The use of wind turbines in various applications ranging from open
spaces, highways, and building roofs

The total installed capacity of global wind power generation by June 2024 has reached almost 1.1 TW, with annual
generated energy of up to 2300 TWh (WWEA, 2024; Our World in Data, 2024; Ember, 2024). Thus, approximately 7.8%
of the world’s electricity was generated by wind power in 2023, nearly double that of 2015 (Ember, 2024). By 2023,
the leading three nations in wind energy generation are China, producing 885.9 TWh (39%), the USA with 425 TWh
(18.5%), and Germany with 137 TWh (6%)—together accounting for almost half of the worldwide power output from
wind energy (Our World in Data, 2024).

According to the IEA, wind power must be prioritized in the development of low-carbon emission energy and become
a cornerstone of national and global electricity (IEA, 2024) due to its ease of installation with or without requiring
a special area that sacrifices productive land. For limiting global warming below 1.5°C, it is estimated that wind
energy will have to contribute between 7,900-25,000 GW by 2050 or equal to at least 3.4-10.7 times capacity in 2023
(minimum average growth rate of 4.7%/year until 2050).
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Fig 3.2. Projection of global wind capacity under multiple scenarios

In its realization, several countries have issued 2030 targets for adopting wind energy. Some countries have difficulty
in increasing targeted wind energy adoption, as shown in Table 3.1., where the annual increase in wind energy
capacity is below what it should be based on the actual realization in 2022. The gap shows the potential increase of
wind technology demand towards 2060.

Table. 3.1 Comparison of the target and actual wind energy adoption rates

Annual average solar capacity

Country/

Actual capacity additions of

2030 target additions needed to hit 2030 solar capacity in 2022
target
. 40% zero-carbon generation by
@ India 2030 (includes nuclear) 16 CwW 2 GWehapter
0 China 28% renewables by 2030 57 GW 55 GW

739 GW of wind and solar by
£ usa 2030 to reach zero-carbon 34 GW nGw
electricity by 2035

$ UK 60% renewables by 2030 4 GW 4 GW
REPowerEU: 42.5% renewables
® by 2050 38GW 16 GW

Indonesia’s wind energy potential is estimated at 155 GW, consisting of 39% onshore wind and 61% offshore wind.
However, less than 0.1% of wind energy potential capacity—only 154.3 MW—is now being used (MEMR, 2024a). The
Indonesian government plans to raise the installed capacity of wind power facilities to 73.2 GW by 2060 under the
Official 2024 RUKN target with an initial step of incorporating 5-7 GW capacity until 2030, as explained in Sub-chapter
1.b. (MEMR, 2024b).
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On average, the wind speeds in Indonesia vary from 1.3 to 6.3 m/s. Around 40% of Indonesia’s total wind potenti