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RINGKASAN

WAHYU ADI GUNA. Perancangan Model Pengadaan Bahan Baku Industri Gula
Berbasis Tebu di PT Sukses Mantap Sejahtera. Dibimbing oleh HARTRISARI
HARDJOMIDJOJO dan MARIMIN.

Agroindustri gula tebu merupakan salah satu pendorong perekonomian
Indonesia. Pada periode 2023/2024, kebutuhan gula nasional mencapai 7,50 juta
ton, sementara produksi domestik hanya 2,30 juta ton, sehingga mengakibatkan
impor sebanyak 5,00 juta ton. Selama 2013-2022, volume impor gula Indonesia
meningkat dengan laju rata-rata 9,99% per tahun. Untuk menekan laju impor,
pemerintah melakukan program ekstensifikasi di luar Pulau Jawa. PT Sukses
Mantap Sejahtera (PT SMS) merupakan perkebunan tebu dan pabrik gula yang
berlokasi di Kecamatan Pekat, Kabupaten Dompu, NTB dengan kapasitas terpasang
5000 TCD. Hingga 2023, pabrik belum mampu mengoptimalkan kapasitasnya.
Pada tahun tersebut, PT SMS hanya menggiling 230.653,78 ton tebu, dengan
rendemen 7,31% menghasilkan 16.860,79 ton gula kristal putih (GKP). Rendahnya
produksi disebabkan oleh permasalahan pengadaan bahan baku. Pengadaan bahan
baku yang tepat menjadi kunci menjaga kontinuitas produksi mengingat
karakteristik tebu yang mudah rusak, kualitas yang beragam, dan musiman.
Penelitian ini bertujuan merancang model sistem dinamik pengadaan bahan baku
untuk meningkatkan produksi industri gula berbasis tebu di PT SMS.

Penelitian menggunakan pendekatan sistem untuk menganalisis hubungan
antar variabel, mekanisme umpan balik, dan perilaku sistem secara menyeluruh.
Analisis situasional pengadaan bahan baku PT SMS dipetakan ke dalam tiga
subsistem utama: kebun, produksi, dan permintaan, untuk memperoleh gambaran
kondisi eksisting. Kebutuhan para stakeholders diidentifikasi, diikuti dengan
formulasi permasalahan dan penyusunan diagram input-output. Model pengadaan
bahan baku tebu dikembangkan dengan metode sistem dinamik menggunakan
Diagram Forrester, yang diterjemahkan ke dalam hubungan kuantitatif antar
variabel dan diprogram dengan Microsoft Visual Basic 6.0. Simulasi dilakukan dari
tahun 2019 guna mempelajari perilaku sistem serta memproyeksikan dinamika di
masa depan. Verifikasi model dilakukan melalui pemeriksaan struktur dan
parameter, sementara validasi dilakukan dengan Uji Theil’s yang mendekomposisi
Mean Squared Error (MSE) ke dalam tiga komponen: bias (U™), unequal variation
(U, dan unequal covariation (U°). Model selanjutnya disimulasikan dengan
berbagai skenario kebijakan untuk periode 2026—-2030.

Hasil penelitian menunjukkan bahwa sumber produksi tebu PT SMS berasal
dari kebun inti dengan luas potensial 5500 ha, dan kebun mitra dengan luas
potensial 11.881 ha. Selama 2019-2022, luas tanam meningkat, namun pada 2023
menurun sebesar 33,81% di kebun inti dan 3,67% di kebun mitra. Konversi lahan
tanam ke panen kebun inti meningkat signifikan dari rata-rata 17,38% menjadi
77,09% pada 2023, sedangkan kebun mitra relatif stabil dengan rata-rata 75,53%.
Pada tahun 2023, produksi tebu mencapai 230.653,78 ton dan menghasilkan
16.860,79 ton GKP. Permintaan GKP di Indonesia Timur mencapai 73.060,39 ton,
sehingga tingkat pemenuhan hanya mencapai 23,08%. Analisis kebutuhan
menunjukkan lima stakeholders (petani mitra, PT SMS, peternak, pemerintah, dan
konsumen gula) memiliki kebutuhan masing-masing. Terdapat tiga kebutuhan
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kontradiktif antar stakeholders, yakni penggunaan kebun inti secara optimal, biaya
budidaya petani, serta ketersediaan dan kecukupan bahan baku. Berdasarkan hasil
analisis kebutuhan dan formulasi masalah, disusun diagram input-output. Output
dikehendaki adalah jumlah pengadaan bahan baku untuk pemenuhan permintaan
GKP di Indonesia Timur, sedangkan output tidak dikehendaki berupa jumlah
pengadaan bahan baku yang belum terpenuhi.

Pemodelan sistem mencakup tiga submodel, yaitu kebun, produksi, dan
permintaan. Hasil simulasi model periode 2019-2023 menunjukkan produksi tebu
inengalami peningkatan dengan rata-rata sebesar 68,16% per tahun akibat perluasan
fahan tanam pada kedua sumber pasokan. Produksi GKP meningkat seiring dengan
Kenaikan utilitas kapasitas giling terpakai pabrik, dengan lonjakan signifikan
mencapai 103,50% pada tahun 2023 akibat bertambahnya jumlah bahan baku dan
meningkatnya rendemen tebu. Sementara itu, permintaan GKP mengalami
penurunan setiap tahunnya dengan rata-rata -2,52%, namun tingkat pemenuhan
oleh PT SMS masih relatif rendah, yakni hanya 24,29% pada tahun 2023.

Validasi model melalui scatter plot memperlihatkan kemampuan replikasi
yang baik pada sub model kebun dan produksi, meskipun pada submodel
permintaan menghasilkan beberapa nilai hasil simulasi yang lebih rendah daripada
data aktual. Sementara itu, Uji Theil’s menunjukkan bahwa sebagian besar
kesalahan hasil simulasi pada submodel kebun dan produksi berasal dari komponen
U® dengan nilai masing-masing 0,762 dan 0,791, sedangkan submodel permintaan
menunjukkan kecenderungan kesalahan berasal dari komponen U™ dengan nilai
sebesar 0,611, mengindikasikan adanya kesalahan sistematis antara hasil simulasi
model dengan data aktual. Secara keseluruhan, model dapat berfungsi untuk
memahami dan merepresentasikan perilaku sistem nyata, serta mendukung
perumusan kebijakan guna meningkatkan kinerjanya.

Peningkatan kinerja model dianalisis melalui penerapan skenario kebijakan,
meliputi: a) Skenario 1, peningkatan harga tebu menjadi Rp540.000,00/ton, b)
Skenario 2, penambahan jenis subsidi berupa biaya sewa mesin dan pupuk c)
Skenario 3, peningkatan rendemen tebu menjadi 7,68%, d) Skenario 4, perluasan
jalur ternak menjadi 210 ha, dan e) Skenario 5, kombinasi Skenario 2, 3, dan 4.
Berdasarkan simulasi, skenario terbaik dalam meningkatkan kinerja model yaitu
Skenario 5. Dengan skenario tersebut, produksi tebu dan GKP meningkat rata-rata
4.,06% dan 8,32% per tahun terhadap kondisi eksisting. Pada 2030, jumlah bahan
baku tebu diproyeksikan naik 6,74% dibandingkan kondisi eksisting, mencapai
510.396,56 ton dengan utilitas giling 68,05%. Produksi GKP meningkat menjadi
39.198,46 ton atau 12,14% dari kondisi eksisting, sehingga tingkat pemenuhan
permintaan GKP Indonesia Timur mencapai 64,91%. Implikasi manajerial
menekankan perlunya sinergi antar stakeholders. Pada tahun 2026, dilakukan
perluasan jalur ternak pada kebun inti, dan penambahan jenis subsidi yang
berimplikasi pada dimulainya kegiatan bongkar ratoon secara periodik pada
tanaman tebu berumur 5 tahun sejak tanam awal. Selain itu, dilakukan upaya
peningkatan kompetensi SDM dan penerapan Good Agricultural Practice (GAP)
guna mendukung pencapaian rendemen tebu 7,68% pada 2027.

Kata kunci: industri gula tebu, pengadaan bahan baku, sistem dinamik, skenario
kebijakan



vii

SUMMARY

WAHYU ADI GUNA. Designing a Raw Material Procurement Model for the
Sugarcane-Based Sugar Industry at PT Sukses Mantap Sejahtera. Supervised by
HARTRISARI HARDJOMIDJOJO and MARIMIN.

The sugarcane agroindustry is one of the driving forces of Indonesia's
economy. In the 2023/2024 period, national sugar demand reached 7.50 million
tons, while domestic production amounted to only 2.30 million tons, resulting in
imports of 5.00 million tons. During 2013-2022, Indonesia's sugar import volume
increased at an average rate of 9.99% per year. To reduce the import rate, the
government implemented an extensification program outside Java Island. PT
Sukses Mantap Sejahtera (PT SMS) is a sugarcane plantation and sugar mill located
in Pekat District, Dompu Regency, West Nusa Tenggara (NTB), with an installed
capacity of 5000 TCD. As of 2023, the factory has not been able to optimize its
capacity. In that year, PT SMS milled only 230,653.78 tons of sugarcane, with a
recovery rate of 7.31%, producing 16,860.79 tons of white crystal sugar (WCS).
The low production is caused by issues related to raw material procurement. Proper
raw material procurement is essential for maintaining production continuity,
considering the perishable nature of sugarcane, its varying quality, and its
seasonality. This study aims to design a dynamic system model for raw material
procurement to increase sugar production in the sugarcane-based industry at PT
SMS.

This study employs a systems approach to analyze the relationships among
variables, feedback mechanisms, and overall system behavior. The situational
analysis of raw material procurement at PT SMS was mapped into three main
subsystems: plantation, production, and demand, in order to obtain an overview of
existing conditions. Stakeholder needs were identified, followed by problem
formulation and the development of an input—output diagram. The sugarcane raw
material procurement model was developed using the system dynamics method
with a Forrester Diagram, which was translated into quantitative relationships
among variables and programmed using Microsoft Visual Basic 6.0. The simulation
was conducted from 2019 to examine system behavior and project future dynamics.
Model verification was carried out through structural and parameter testing, while
validation was conducted using Theil's Test, which decomposes the Mean Squared
Error (MSE) into three components: bias (Um), unequal variation (Us), and unequal
covariation (Uc). The model was subsequently simulated with various policy
scenarios for the 20262030 period.

The results indicate that PT SMS's sugarcane production originates from the
nucleus estate, with a potential area of 5,500 ha, and partner farms, with a potential
area of 11,881 ha. From 2019 to 2022, the planting area increased, but in 2023 it
declined by 33.81% in the nucleus estate and 3.67% in partner farms. The
conversion of planted to harvested area in the nucleus estate increased significantly
from an average of 17.38% to 77.09% in 2023, while partner farms remained
relatively stable with an average of 75.53%. In 2023, sugarcane production reached
230,653.78 tons, producing 16,860.79 tons of WCS. WCS demand in Eastern
Indonesia amounted to 73,060.39 tons, resulting in a fulfillment rate of only
23.08%. The needs analysis shows that five stakeholders (partner farmers, PT SMS,
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livestock farmers, the government, and sugar consumers) have their respective
needs. There are three conflicting needs among stakeholders, namely, optimal use
of the nucleus estate, farmers' cultivation costs, and raw material availability and
sufficiency. Based on the needs analysis and problem formulation, an input—output
diagram was developed. The desired output is the amount of raw material
procurement needed to meet WCS demand in Eastern Indonesia, while the
undesired output is the amount of unmet raw material procurement.

The system modeling consists of three submodels: plantation, production, and
demand. The simulation results for the 2019-2023 period show that sugarcane
production increased at an average of 68.16% per year due to the expansion of
planting areas in both supply sources. WCS production increased in line with the
rise in the factory's milling capacity utilization, with a significant surge of 103.50%
in 2023 due to greater raw material availability and improved sugarcane recovery
rates. Meanwhile, WCS demand decreased annually to an average of —2.52%, but
the fulfillment rate by PT SMS remained relatively low, at only 24.29% in 2023.

Model validation using a scatter plot indicates good replication ability in the
plantation and production submodels, although the demand submodel produced
some simulated values lower than the actual data. Meanwhile, Theil's Test shows
that most simulation errors in the plantation and production submodels originate
from the Uc component, with values of 0.762 and 0.791, respectively. In contrast,
the demand submodel shows a tendency for errors to originate from the Um
component, with a value of 0.611, indicating systematic deviations between the
simulated results and actual data. Overall, the model can be used to understand and
represent the behavior of the real system and to support policy formulation aimed
at improving its performance.

Model performance improvement was analyzed through the implementation
of policy scenarios, including: a) Scenario 1, increasing the sugarcane price to
Rp540,000.00/ton; b) Scenario 2, adding subsidy types in the form of machinery
rental and fertilizer costs; ¢) Scenario 3, increasing the sugarcane recovery rate to
7.68%:; d) Scenario 4, expanding the livestock route to 210 ha; and e) Scenario 5, a
combination of Scenarios 2, 3, and 4. Based on the simulation, the best scenario for
improving model performance is Scenario 5. Under this scenario, sugarcane and
WCS production increase by an average of 4.06% and 8.32% per year compared to
existing conditions. By 2030, the total amount of sugarcane-based raw materials is
projected to increase by 6.74% compared to existing conditions, reaching
510,396.56 tons with a milling capacity utilization rate of 68.05%. WCS production
increases to 39,198.46 tons, or 12.14% above existing conditions, raising the WCS
demand fulfillment rate in Eastern Indonesia to 64.91%. The managerial
implications emphasize the need for synergy among stakeholders. In 2026, the
expansion of the livestock route in the nucleus estate and the addition of subsidy
types will lead to the initiation of periodic ratoon removal activities on sugarcane
crops aged five years from initial planting. Additionally, efforts will be made to
enhance human resource competence and implement Good Agricultural Practices
(GAP) to support the attainment of a 7.68% sugarcane recovery rate by 2027.

Keywords: policy scenarios, raw material procurement, sugar cane industry, system
dynamics
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