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ANALISIS FAKTOR-FAKTOR YANG BERASOSIASI DENGAN
VARIABILITAS SPECIFIC GAS CONSUMPTION (SGC) DI PLTMG
BANGKANAI MENGGUNAKAN PRINCIPAL COMPONENT ANALYSIS

Rafindra Ramadhan

ABSTRAK

PLTMG Bangkanai merupakan pembangkit listrik tenaga mesin gas yang beroperasi di
Kalimantan Tengah. Efisiensi operasional pembangkit diukur melalui Specific Gas
Consumption (SGC), yaitu rasio konsumsi energi bahan bakar gas per satuan energi listrik
yang dihasilkan. Data operasional historis periode Januari 2024 hingga September 2025
menunjukkan bahwa nilai SGC bervariasi dalam rentang 8.803 hingga 8.943 Btu/kWh
dengan koefisien variasi sebesar 0,27%. Meskipun variasi terlihat kecil secara individual,
fluktuasi kumulatif dari sepuluh variabel kualitas gas dan parameter operasi yang saling
berkorelasi (multikolinear) berpotensi membentuk pola laten yang berkaitan dengan
efisiensi. Penelitian ini menerapkan metode Principal Component Analysis (PCA)
sebagai teknik reduksi dimensi untuk mengidentifikasi faktor-faktor laten yang terkait
dengan variabilitas SGC. Analisis dilakukan terhadap 639 observasi dengan 10 variabel
prediktor (Ci, Ca, Csz, Cs, Cs+, CO2, N2, H>S, Pressure, Temperature). Hasil PCA
menghasilkan dua komponen utama yang menjelaskan 80,40% total varians: Faktor Berat
Molekul Gas (PC1, 53,52%) dan Faktor Komposisi Campuran (PC2, 26,89%). Analisis
korelasi Pearson antara skor komponen utama dengan SGC menunjukkan bahwa kedua
komponen berkorelasi sedang dengan SGC (PC1 r = —0,307; PC2 r = —0,422). Temuan
ini menunjukkan variabilitas SGC bersifat multidimensional, berkaitan dengan interaksi
antara komposisi hidrokarbon, gas inert, dan parameter operasi.

Kata kunci: PCA, SGC, PLTMG, Reduksi Dimensi, Multikolinearitas, Kualitas Gas,
Efisiensi Pembangkit.
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ANALYSIS OF FACTORS ASSOCIATED WITH SPECIFIC GAS
CONSUMPTION (SGC) VARIABILITY AT PLTMG BANGKANAI USING
PRINCIPAL COMPONENT ANALYSIS

Rafindra Ramadhan

ABSTRACT

PLTMG Bangkanai is a gas engine power plant operating in Central Kalimantan,
Indonesia. The operational efficiency of the plant is measured through Specific Gas
Consumption (SGC), defined as the ratio of fuel gas energy consumed per unit of
electrical energy generated. Historical operational data from January 2024 to September
2025 shows that SGC values range from 8,803 to 8,943 Btu/kWh with a coefficient of
variation of 0.27%. Although individual variations appear small, the cumulative
fluctuations from ten multicollinear gas quality variables and operational parameters may
form latent patterns affecting efficiency. This study applies Principal Component
Analysis (PCA) as a dimensionality reduction technique to identify latent factors
associated with SGC variability. The analysis was conducted on 639 observations with
10 predictor variables (Ci, Cz, C3, Cs, Cs+, CO2, N2, H2S, Pressure, Temperature). PCA
results yielded two principal components explaining 80.40% of total variance: Molecular
Weight Factor (PC1, 53.52%) and Mixed Composition Factor (PC2, 26.89%). Pearson
correlation analysis between principal component scores and SGC reveals that PC1 has a
moderate correlation (r =—0.307), while PC2 (r = —0.422) shows a moderate correlation.
These findings indicate that SGC variability is multidimensional, related to the interaction
between hydrocarbon composition, inert gas, and operational parameters.

Keywords: PCA, SGC, Gas Engine Power Plant, Dimensionality Reduction,
Multicollinearity, Inert Gas, Power Plant Efficiency

viii



Universitas Bakrie

DAFTAR ISI

HALAMAN JUDUL....ccoonreiicssssaniecsssasecssssassscsssssssesssssssssssssasssssssssssssssssssssssssassssssssssssss ii
HALAMAN PERNYATAAN ORISINALITAS....ccovvnticnnnnniecsssnssccssssssscssssssasssssases iii
HALAMAN PENGESAHAN ...uutiiiiinnniicnsnnniccsssssssessssssssssssssssesssssssssssssssssssssssssssssssssss iv
KATA PENGANTAR ...ooueiiiinirntiicnnnnnnicssssnnticsssssssessssssssssssssssssssssssssssssssssssssssssssssssassass A
HALAMAN PERNYATAAN PERSETUJUAN PUBLIKASI......cccocvvtteesssnnneccscnane vi
ABSTRAK ... coinriiiininnniicnnsnniicsssssicsssssssesssssasssssssssssssssssssesssssssssssssassssssssssssssssssssssssnass vii
ABSTRACT ...coveiiiiinnericcsssnniicssssssiesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssssssss viii
DAFTAR IS .cuuuuiiiiiirniiinnisniicnsssnnnicsssssssessssnssesssssssssssssssssssssssssesssssssssssssssssssssssssssssssasss ix
DAFTAR GAMBAR ....ooniiiinnnnniicnsssaniessssnsicsssssssssssssssssssssssssesssssssssssssssssssssssssssssssasss Xi
DAFTAR TABEL..ouuuuiiiiinneiiinnnnnniiccsssansecsssssssesssssssssssssssssssssssssesssssasssssssssssssssssssasssssass Xii
BAB I PENDAHULUAN ...ccicotnntiiecnssnntecsssnssesssssssssssssssssssssssssesssssasssssssssssssssssssasssssass 14
1.1. Latar Belakang .......cceieieieininiiiiiiiiiiiiiiiiiiiiiitiiecititetireteretesasesesesesesesesesesens 14
1.2. Perumusan Masalah........c.ceiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiricrirereceteceretetecesesenene 15
1.3. Batasan Masalah ...ttt e ane 16
1.4. TUJUAN PeNelitian....ccciiiiiiiiiiiiiieieiiieiieiiieceieceiecesesesasesesesesasesacesesesesesesnsess 17
1.5. Manfaat Penelitian .....cccccciviuiiiiiniiiiiiieiiiiiiiiiiiiienieiicesisiecesesierecssssrecsssssenes 17
1.5.1 MaANTAAT PrakliS . ocue ittt et et et e et e e e ea e aaa e 17
1.5.2  Manfaat AKQOEIMIS ..cuuiuuiieiiieeie ettt et et et et et eeaeeeaeenaeannsenneeensannnees 18
BAB II TINJAUAN PUSTAKA. ....cooveiiernrnnniccsssnnsicssssassscsssssssesssssasssssssssssssssssssasssssass 19
2.1 Tinjauan PUStaKa .....ccoeueieieieieieiiieieieieieieietettecetesesesesessesssessssssscssssssasssasnnns 19
2.2 Konsep Masalah dan Objek Penelitian.......cccccicieieiiiiiiiiiiiiiiiieceieceieceiececennens 19
2.2.1  Pembangkit Listrik Tenaga Mesin Gas (PLTMG) ......ccvuuviinriiiiiiiiineeeeieeee e 19
2.2.2  Specific Gas ConsumpPtion (SGC) ...t ee et ee e et e e aeanns 20
2.2.3 Dekomposisi SGC: Sisi Input Panas (Btu) dan Sisi Keluaran Energi (kWh)................ 20
2.2.4 Konsep Variabilitas KiNerja ......cuiuiiiiiiiiiiiiiie et et ee e e et e e e aeanas 21

2.3 Faktor-Faktor yang Berasosiasi dengan Variabilitas Kinerja (Dasar Pemilihan
A £21 1 -1 o 1] ) PPN 21
2.3.1 Konsep Dasar: Efisiensi Termodinamika Pembakaran.........cc.ccccoovvviiiiiiiiniiiiinnnnnen. 22
2.3.2  Faktor Berat Molekul Gas (Stabilitas vs. Reaktivitas) .....cc..cceeevueeiriiniiineiiineencrnnnnene. 24
2.3.3  Faktor Komposisi Campuran (CO, dan N,) sebagai Thermal Buffer ........................ 25
2.3.4  Faktor Fisik: Temperatur dan Tekanan Gas (Induction Time) .........ccccoeeueiiiiiiiiiiennnnns 25
2.4 Metode Pendekatan Masalah ........cccceieieininininiiiiiiiiiiiiiiiiiiiiiiiiiciieneieneceans 26
2.4.1 Tantangan Analisis Data Multivariat ..........cocueeiiiiiiiiiiiiiiireiie et 26
2.4.2 Justifikasi Pemilihan Metode PCA ... ittt et e e e e 27
2.4.3  KOFelasi PEAISON ...cvuiiieiie ettt ettt et ettt e et e eaeeteee s et eeneenneaneeennaenns 28
2.4.4  Principal Component ANGUIYSIS .......euneeeeeiiiieeeieeee et ee et et e e e e e e e s e e aaanns 29
2.4.5 Interpretasi KOmMponen Utama.......cceueuiiiiiiiiiieee e eeeeeeeeee et e e e e e e eanas 32
2.5 Kerangka Berpikir dan Hipotesis Penelitian ........ccccccceiiiuieiiiinciniiicncenicenaes 33
2.51 Penelitian Terdahulu .......... ittt et e ea e e ee e eaaeen 33
2.5.2  Kesenjangan Penelitian ........ceuueiuiiiiiiiiiiiie ettt et e e et e e e e eeaes 34
2.5.3  Kerangka Berpikir ... cceeeeeiieiie ittt ettt ete et et et et et e e e e eenes 34
2.5.4  Hipotesis PENELITIAN c.uiuii e aaaaas 35
BAB III METODOLOGI PENELITIAN....ciccinniiiinnnnniicsssssnsesssssasssssssssssssssssssasssssass 36
3.1 Diagram Alir Penelitian ....ccccceiiiuiiiiiiieiiiiiiniiniiicisiiicasesresssassesesassssossssssesesans 36
3.2 Jenis dan Desain Penelitian....ccccoceiiiuiiiiiniiiiiiiiniiicinesiiisesieicasesicssesssesaes 37
3.2.1 Kesesuaian dengan Prosedur Baku Analisis Faktor Eksploratori ........ccccccueveunnennnene. 38
3.3 Objekdan Lokasi Penelitian .....c.cccceieieiieiiiiiiiieieierererercreecrsecesecssececacesanenns 38
3.4 Identifikasi Variabel dan Data .....cccccceeiiiuiiiiiniiniiiiiniiiiicesiiiecasesicssesssesans 39
G0 B IS 101 1 0 o =T D F- 1 £ PO O OO OTPPTR PR PPPTPP 39



Universitas Bakrie

3.4.2 Definisi Operasional Variabel.. ... eeaaas 39

3.5 Instrumen Pengolahan Data (SOfIWAre) .....ccccceceviieiunenicncesiiiecasesrocssassoseans 40
3.6 Prosedur Pengolahan Data (Menggunakan Orange) .......ccccceveiececeincecaniecnnans 41
3.6.1 Pra-PemroSeSan Data .....c.uiieuiiiiiiiiiie ettt ettt et et ea e e e ea e aaa e 41
3.6.2 Pembentukan Model PCA (PCA WIdZEL) .....cuueeuiiieiiieiieeiie ettt eeieeeaeeeneeenes 41

3.7 Metode Analisis Data.....ccccceeieieieieieieieieieieietteteteretsereseseresessscssscssasssasssasanns 43
3.7.1  Analisis KOrelasi PEarsON......ccuu e ittt et et et et e e e e eeaes 43
3.7.2 Diagnostik Multikolinearitas dan Kendala Jumlah Tetap ......cccoeevuvveniiineiineiennnnnnnnne. 43

3.7.3 Analisis Eigenvalues (Explained VariancCe) ............cceeueeeeireuieiiieeiiniieiieeeeeeeeeneenn. 44
3.7.4  Analisis Eigenvector (Kontributor Variabel pada Komponen)......c..ccceevueveieeinnnnnnnene. 44
3.7.5 Evaluasi Keterkaitan Faktor Terhadap SGC.......couiiriiiiiiiiiiiieeeceeeeeeee e eeeaeas 44

3.8 Sifat Inferensi dan Batas Penafsiran Hasil .....c.ccccccieieiiiiiiiiiiiiiiiiiieieieieiecennees 44
BAB IV PEMBAHASAN ....ccotrrnneetteccccsssssnnsssessecssssssssssssssesssssssssnsasssssesssssssssnssssssssss 46
4.1 Deskripsi Data dan Pra-PemroSesan .......cccccieieieieinieinieieceiecerecereceresessesasenes 46
1.6. Verifikasi Asumsi Pembebanan Konstan.........cccceveieieieieieiiieieieieierecececececenees 47
4.2 Analisis Korelasi Multivariat......c..cccceeeieiiieiiiiieieiiieieieieieiecetecetecereserecesesssanes 47
4.3 Hasil PCA - Eigenvalue dan Explained Variance .........cccccvecieiuneiiinnenicsecannene 49
4.4 Interpretasi Komponen (EigeNVeECTOr) .....cc.civieriieiareiiiecasiesesasessesssassesesassase 50
4.5 Korelasi PC Scoreterhadap SGC......cccceieiiieieieieieinieietececerecetecesesesosesessasanes 54
4.6 Pembahasan Hasil....c.ccciiiiiiiiiiiiiiiiiiiiiiiiiieiiiiecetetecececetecesecesesesesesasesasanes 56
BAB V KESIMPULAN DAN SARAN ...ueeeteiicccccsscssnnssstecccsssssonsasssssesssssssssasssssssens 58
8.1 KeSimMPULAN...ciiiiiiiiiiiiiiiiiiiietetetetetecetecetesesesesesesesesessssssssssssssssssssssasnnns 58
L3072 F-1 -] 1 [P TRT 60
DAFTAR PUSTAKA ......ciiceiirrnnaneeteecccssssssnnssssssecssssssssasssssesssssssssnsasssssesssssssssassasssssss 62
LAMPIRAN A ...corrrrrnneeneeececsssssssassesseccsssssssnsssssssesssssssssssssssesssssssssnsasssssesssssssssansasssssss 63
LAMPIRAN B ....ceeeeteiicecnnsscsnansessecccssssssnsssssssesssssssssasssssssssssssssnsasssssssssssssssassssssssss 65
LAMPIRAN C ...ccrrrrnnneeeeccccsssscssansesseccsssssssssssssssesssssssssssssssssssssssssnsasssssssssssssssassasssssss 66
LAMPIRAN D ...ciirrrrnnneeteeececsssscnansesseccsssssssnsssssssesssssssssasssssssssssssssnsasssssssssssssssnssasssssss 68
LAMPIRAN E ...ccneeeteiiccccnsscnansesseccsssssssnsssssssesssssssssasssssssssssssssnsasssssssssssssssansasssssss 69
LAMPIRAN Fl....oorrrrrnnneteeiceccnsscsansesseccsssssssssssssssesssssssssasssssssssssssssnsasssssssssssssssassasssssss 71



Universitas Bakrie

DAFTAR GAMBAR

Gambar 2.1 MInd Map .....cc.ooiiieiiiie ettt ettt ettt s 19
Gambar 2.2 Diagram Lean Burn Yang mempengaruhi Efisiensi (Sumber: Wirtsild,

Training Manual W34SG, hIm. 80).......ccceeriiiiiniiiiiiinieeeteeeeeeee e 23
Gambar 2.3 Diagram Rantai Karbon Hidrokarbon Ci-Ca......cccceoeiviiniiniiiiiniiniiienens 24
Gambar 3.1 Metodologi Penelitian .............ccceeeiieiiieniieiienieeieeeeieee e 36
Gambar 4.1 Alur Kerja (Workflow) Analisis pada Orange Data Mining....................... 46
Gambar 4.2 Scree Plot Nilai Eigen Komponen Utama..........cccevcevveviinieiienienenniennn. 50
Gambar 4.3 Heatmap ........ccveiiieiieie ettt ettt ettt s 53
Gambar 4.4 Linier Projection ..........coeoiiiiieiiieiie ettt 54
Gambar 4.5 Scatter Plot PC1 (Faktor Berat Molekul Gas) vs SGC..........ccccccveviienennne. 55
Gambar 4.6 Scatter Plot PC2 (Faktor Komposisi Campuran) vs SGC ...........ccceeunennee. 55
Gambar 4.7 Diagram Alur Interpretasi Komponen Utama terhadap SGC..................... 57

xi



Universitas Bakrie

DAFTAR TABEL
Tabel 2.1 Penelitian Relevan.............cccooviiiiiiiiiiiiicieceeeeeee e 33
Tabel 3.1 Daftar Variabel Penelitian............ccoccueeiiieriieiiieniiiiieieciceee e 39
Tabel 4.1 Statistik Deskriptif Variabel Penelitian (N = 639) .......ccccccevviiiiiinieniieenne 47
Tabel 4.2 Matriks Korelasi Pearson Antarvariabel (N =639) .......cc.ccocoveeviiieeciiieeneens 48
Tabel 4.3 Nilai Eigen dan Proporsi Varians............cccceeeuievieeiienieeiiienie e 49
Tabel 4.4 Nilai Eigenvector PCT—PC2.........cccccciiiiiiiiieiieecteeeeee e 50
Tabel 4.5 Korelasi PC Score terhadap SGC..........ccoviieiiiiiiiiiieieciee e 54

xii



Universitas Bakrie

DAFTAR LAMPIRAN

Lampiran A.1 Sampel Data Mentah Operasional PLTMG Bangkanai (20 data pertama

dan 5 data terakhir dari 639 ODSEIVASI) .....cccuereeuiieeiieeciie et ettt 63
Lampiran B.1 Matriks Korelasi Pearson Antarvariabel (N =639) ..........ccccevcvieniennnnn. 65
Lampiran C.1 Eigenvalue dan Proporsi Varians Seluruh Komponen..........c..ccocceeuene. 66
Lampiran C.2 Eigenvector (Component Weights) Dua Komponen Utama................... 66
Lampiran C.3 Korelasi Pearson antara PC Score dan SGC ...........ccocevviiiiiininncnnn. 67
Lampiran D.1 Statistik Deskriptif Variabel Penelitian (N = 639)........ccccceoerenvnnennene 68
Lampiran E.1 Parameter Standardisasi (Mean dan Standar Deviasi Populasi).............. 69
Lampiran E.2 Data Z-Score (30 Observasi Pertama dari 639).........ccccoeceeviiniieniennnn. 69
Lampiran F.1 Substitusi Z-Score Observasi ke-1 untuk Seluruh 10 Variabel ............... 71
Lampiran F.2 Contoh Perhitungan Produk Deviasi Ci x C3 (5 Observasi Pertama) ..... 72
Lampiran F.3 Eigenvalue dan Proporsi Varians .........c..cceceeveeienieneniieneenenieneeniennns 73
Lampiran F.4 Eigenvector (Loading Factor) — 2 Komponen Utama ........................... 73
Lampiran F.5 Nilai Z-Score Observasi Ke-1 ........cccooeviiniiniiiinieniiiceeeeeneeiesne 74
Lampiran F.6 PC Score untuk 10 Observasi Pertama............ccccovceevervienienenicneencnnn. 75
Lampiran F.7 Perhitungan Deviasi PC1 dan SGC (5 Observasi Pertama) .................... 76
Lampiran F.8 Perhitungan Deviasi PC2 dan SGC (5 Observasi Pertama) .................... 76

xiii



