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RINGKASAN

IRAWAN AFRIANTO. Pemodelan Kerangka Kerja PalmChain as a Service
Rantai Pasok Sawit Rakyat Berbasis Teknologi Blockchain. Dibimbing oleh
TAUFIK DJATNA, YANDRA ARKEMAN dan IMAN HERMADI.

Penelitian ini bertujuan untuk mengatasi permasalahan transparansi, efisiensi,
dan ketidakadilan dalam rantai pasok sawit rakyat di Indonesia melalui
pengembangan kerangka kerja PalmChain as a Service (PCaaS) berbasis teknologi
blockchain. Pertanyaan penelitian utama mencakup: (1) Bagaimana merancang
arsitektur blockchain yang sesuai dengan kebutuhan operasional rantai pasok sawit
rakyat? (2) Bagaimana meningkatkan efisiensi dan keamanan transaksi melalui
smart contract? (3) Apakah implementasi PCaaS mampu meningkatkan
kesejahteraan petani kecil? Motivasi penelitian berasal dari fakta bahwa 40%
produksi sawit Indonesia berasal dari perkebunan rakyat, namun petani sering
menghadapi masalah seperti penipuan data, keterlambatan pembayaran, dan
kurangnya akses informasi harga.

Tujuan penelitian adalah: (1) Mengidentifikasi kebutuhan sistem melalui
analisis kesenjangan (gap analysis) antara proses bisnis eksisting dan potensi solusi
blockchain; (2) Merancang arsitektur PCaaS yang terintegrasi dengan IPFS untuk
penyimpanan data terdistribusi; (3) Mengevaluasi performa sistem dalam skala
prototipe dan memberikan rekomendasi untuk implementasi lapangan.

Guna mencapai tujuan tersebut, penelitian ini menggabungkan beberapa
pendekatan metodologis. Pendekatan Goal-Oriented Requirements Engineering
(GORE) digunakan untuk menghimpun kebutuhan aktor dan mengidentifikasi
tujuan sistem secara hierarkis. Selanjutnya, Business Process Reengineering (BPR)
diterapkan untuk merancang ulang proses bisnis eksisting menjadi proses digital
berbasis blockchain, sedangkan Rapid Application Development (RAD) digunakan
dalam proses pengembangan purwarupa. Teknologi blockchain yang digunakan
adalah Hyperledger Fabric, dipilih karena mendukung sistem izin terbatas
(permissioned), kustomisasi privasi, serta skalabilitas proses transaksi. Sementara
itu, sistem penyimpanan IPFS dimanfaatkan untuk mengelola dokumen-dokumen
besar seperti sertifikat kebun dan kontrak legal yang tidak efisien jika disimpan
langsung di blockchain.

Kebaruan hasil penelitian menunjukkan bahwa purwarupa PCaaS berhasil
menjalankan 15000 transaksi simulasi dengan performa rata-rata latency sebesar
194,71 detik untuk transaksi create dan 0,08 detik untuk transaksi read. Meskipun
performa TPS yang dicapai (1020 TPS) masih tergolong rendah dibandingkan
sistem komersial seperti IBM Food Trust (=100 TPS), hasil ini sudah setara dengan
studi sebelumnya pada platform Hyperledger Fabric untuk konteks permissioned.
Kontribusi utama dari penelitian ini terbagi menjadi dua aspek. Secara teoretis,
penelitian ini menawarkan model arsitektur blockchain baru yang menggabungkan
smart contract dan penyimpanan terdesentralisasi untuk mendukung rantai pasok
sawit rakyat. Secara praktis, penelitian menghasilkan purwarupa sistem PCaaS
yang berpotensi diimplementasikan pada koperasi petani untuk mendukung
transparansi harga, validitas dokumen legal seperti ISPO, serta otomatisasi
pembayaran. Keunikan PCaaS terletak pada pendekatan kontekstualnya terhadap



agroindustri Indonesia, membedakannya dari studi sejenis yang cenderung berfokus
pada komoditas global seperti kopi atau beras.

Namun demikian, terdapat sejumlah keterbatasan dalam penelitian ini yang
perlu dicermati sebagai dasar pengembangan lebih lanjut. Validasi sistem masih
terbatas pada lingkungan laboratorium dan belum diuji secara langsung di lokasi
perkebunan. Selain itu, aspek risiko sosial dan hukum terkait adopsi blockchain
oleh petani rakyat belum dianalisis secara mendalam. Dari sisi performa, kapasitas
transaksi masih rendah sehingga perlu ditingkatkan untuk skenario produksi nyata.
Sebagai arah pengembangan ke depan, disarankan pengujian skala besar dilakukan
di wilayah-wilayah berbeda seperti Sumatera, Kalimantan, dan Sulawesi untuk
menangkap variasi karakteristik petani. Selain itu, pengembangan aplikasi mobile
dengan antarmuka ramah pengguna penting untuk mendorong adopsi teknologi,
serta eksplorasi solusi skalabilitas seperti sharding atau layer-two protocols perlu
dilakukan untuk meningkatkan kapasitas transaksi. Secara keseluruhan, penelitian
mi membuktikan potensi blockchain dalam merevolusi tata kelola rantai pasok
sawit rakyat secara digital dan akuntabel, sekaligus memberikan dasar konseptual
bagi intervensi kebijakan dan pendampingan transformasi digital petani dalam
kerangka pembangunan berkelanjutan.

Kata Kunci: Blockchain, Hyperledger Fabric, Kerangka Kerja, PalmChain as a
Service, Rantai Pasok Sawit, Smart Contract.



SUMMARY

IRAWAN AFRIANTO. Modeling of PalmChain as a Service Framework for
Smallholder Palm Oil Supply Chain Based on Blockchain Technology. Supervised
by TAUFIK DJATNA, YANDRA ARKEMAN and IMAN HERMADI.

This research aims to address issues of transparency, efficiency, and inequity
in the smallholder palm oil supply chain in Indonesia through the development of
PalmChain as a Service (PCaaS) framework based on blockchain technology. The
main research questions include: (1) How to design a blockchain architecture that
suits the operational needs of the smallholder palm oil supply chain? (2) How to
improve transaction efficiency and security through smart contracts? (3) Can the
implementation of PCaaS improve the welfare of smallholders? The motivation for
the research comes from the fact that 40% of Indonesia's palm oil production comes
from smallholder plantations, yet farmers often face problems such as data fraud,
late payments, and lack of access to price information.

The research objectives are: (1) Identify system requirements through gap
analysis between existing business processes and potential blockchain solutions; (2)
Design a PCaaS architecture integrated with IPFS for distributed data storage; (3)
Evaluate system performance on a prototype scale and provide recommendations
for field implementation.

To achieve these goals, this research combines several methodological
approaches. The Goal-Oriented Requirements Engineering (GORE) approach was
used to gather actor requirements and identify system objectives hierarchically.
Furthermore, Business Process Reengineering (BPR) was applied to redesign
existing business processes into blockchain-based digital processes, while Rapid
Application Development (RAD) was used in the prototype development process.
The blockchain technology used is Hyperledger Fabric, chosen because it supports
permissioned systems, privacy customization, and transaction process scalability.
Meanwhile, the IPFS storage system is utilized to manage large documents such as
farm certificates and legal contracts that would be inefficient if stored directly on
the blockchain.

The results show that the PCaaS prototype successfully ran 15,000 simulated
transactions with an average performance latency of 194.71 seconds for create
transactions and 0.08 seconds for read transactions. Although the TPS performance
achieved (10-20 TPS) is still relatively low compared to commercial systems such
as IBM Food Trust (>100 TPS), these results are on par with previous studies on
the Hyperledger Fabric platform for permissioned contexts. The main contributions
of this research are divided into two aspects. Theoretically, this research offers a
new blockchain architecture model that combines smart contracts and decentralized
storage to support the smallholder palm oil supply chain. Practically, the research
produced a prototype PCaaS system that can potentially be implemented in farmer
cooperatives to support price transparency, validity of legal documents such as
ISPO, and payment automation. The uniqueness of PCaaS lies in its contextual
approach to Indonesian agro-industry, differentiating it from similar studies that
tend to focus on global commodities such as coffee or rice.

However, there are a number of limitations in this study that need to be
observed as a basis for further development. System validation is still limited to the



laboratory environment and has not been tested directly at the plantation site. In
addition, the social and legal risk aspects related to blockchain adoption by
smallholder farmers have not been analyzed in depth. In terms of performance, the
transaction capacity is still low so it needs to be improved for real production
scenarios. As a direction for future development, it is recommended that large-scale
testing be carried out in different regions such as Sumatra, Kalimantan, and
Sulawesi to capture variations in farmer characteristics. In addition, the
development of mobile applications with user-friendly interfaces is important to
encourage technology adoption, and exploration of scalability solutions such as
sharding or layer-two protocols needs to be done to increase transaction capacity.
Overall, this research proves the potential of blockchain in revolutionizing the
governance of smallholder palm oil supply chains in a digital and accountable
manner, while providing a conceptual basis for policy interventions and assistance
for farmers' digital transformation within the framework of sustainable
development.

Keywords: Blockchain, Framework, Hyperledger Fabric, PalmChain as a Service,
Palm Oil Supply Chain, Smart Contract.
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