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ABSTRACT

Waste management at landfills can generate methane (CHa) through the
anaerobic decomposition of organic waste, contributing to global warming. This
study aimed to estimate CH: emissions, analyze CH.+ dispersion patterns, and
evaluate the environmental impacts of waste management at Wonokerto Landfill,
Pasuruan Regency. CH+ emissions were estimated using the First Order Decay
(FOD) method based on the 2006 Intergovernmental Panel on Climate Change
(IPCC) guidelines, considering waste generation, composition, and Degradable
Organic Carbon (DOC) content. CH+ dispersion was modeled using AERMOD
based on local meteorological and topographical conditions, while environmental
impacts were evaluated using a Life Cycle Assessment (LCA) approach. The results
showed that during 2021-2026, the total waste received at Wonokerto Landfill
reached 253,177 tons, with total CHs emissions of 4.480 Gg or 4,480,000 kg.
Annual emissions increased from 0.756 Gg in 2021 to 0.977 Gg in 2025. Gas
Chromatography (GC) analysis confirmed an actual CHs concentration of 1.129%.
The average wind speed of 2.22 m/s influenced the CH. dispersion pattern, which
tended to move toward the southeast. The integration of IPCC, AERMOD, and LCA
provides a comprehensive approach for identifying emissions, dispersion patterns,
and environmental impacts associated with waste management at Wonokerto
Landfill.

Keywords: Landfill, Methane Gas, IPCC, AERMOD, Life Cycle Assessment.
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ABSTRAK

Pengelolaan sampah di Tempat Pemrosesan Akhir (TPA) berpotensi
menghasilkan gas metana (CHa4) melalui proses dekomposisi bahan organik secara
anaerobik yang berkontribusi terhadap pemanasan global. Penelitian ini bertujuan
mengestimasi emisi CHa, menganalisis pola dispersi CHa, dan mengevaluasi
dampak lingkungan pengelolaan sampah di TPA Wonokerto, Kabupaten Pasuruan.
Estimasi emisi dilakukan menggunakan metode First Order Decay (FOD)
berdasarkan pedoman Intergovernmental Panel on Climate Change (IPCC) 2006
dengan mempertimbangkan timbulan, komposisi sampah, dan kandungan
Degradable Organic Carbon (DOC). Pemodelan dispersi dilakukan menggunakan
AERMOD berdasarkan kondisi meteorologi dan topografi wilayah penelitian,
sedangkan evaluasi dampak lingkungan menggunakan pendekatan Life Cycle
Assessment (LCA). Hasil penelitian menunjukkan bahwa selama 2021-2026,
jumlah sampah yang masuk ke TPA Wonokerto mencapai 253.177 ton dengan total
emisi CHa sebesar 4,480 Gg atau 4.480.000 kg. Emisi tahunan meningkat dari 0,756
Gg pada 2021 menjadi 0,977 Gg pada 2025. Hasil Gas Chromatography (GC)
menunjukkan konsentrasi CHa4 aktual sebesar 1,129%. Kecepatan angin rata-rata
2,22 m/s memengaruhi pola dispersi CH4 yang cenderung menyebar menuju
tenggara. Kombinasi IPCC, AERMOD, dan LCA dapat digunakan untuk
mengidentifikasi emisi, pola dispersi, dan dampak lingkungan pengelolaan sampah
di TPA Wonokerto.

Kata kunci: TPA, Gas Metana, IPCC, AERMOD, LCA.
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  E m i s i   C   H 4 =  [  Σ  x   j u m l a h   C   H  4   X . T −   R  T ] − ( 1 − 0 X )


  m


  V


  𝜌 =   63 , 55   k g  0 , 50     m 3


  %   F o o d   W a s t e =     b e r a t   f o o d   w a s t e   ( k g )  b e r a t   t o t a l   ( k g ) × 100 %


  %   F o o d   W a s t e =     14 , 40   k g  63 , 55   k g × 100 %


  %   F o o d   W a s t e =     14 , 40   k g  63 , 55   k g × 100 %


  %   F o o d   W a s t e =   22 , 66   %


  %   F o o d   W a s t e =   22 , 66   %


  %   Garden =   berat garden (kg)  berat total (kg) × 100 %


  %   Garden =   berat garden (kg)  berat total (kg) × 100 %


  E m i s i   C   H 4 =  [  Σ  x   j u m l a h   C   H  4   X . T −   R  T ] x ( 1 − 0 X )


  %   Garden =   2 , 10  kg  63 , 55  kg × 100 %


  %   Paper =   7 , 35  kg  63 , 55  kg × 100 %


  %   Wood   and   Straw =   4 , 20  kg  63 , 55  kg × 100 %


  %   Textile =   3 , 35  kg  63 , 55  kg × 100 %


  %   Disposable   Nappies =   4 , 15  kg  63 , 55  kg × 100 %


  %   Sewage   Sludge =   0  kg  63 , 55  kg × 100 %


  %   Industrial   Waste =   0  kg  63 , 55  kg × 100 %


  %   Lain-lain =   28 , 0  kg  63 , 55  kg × 100 %


  %   Paper =   berat paper (kg)  berat total (kg) × 100 %


  %   Wood   and   Straw =   berat wood and straw (kg)  berat total (kg) × 100 %


  %   sampel   ( jenis   sampah ) =   J u m l a h   s a m p e l   ( k g )  T o t a l   j u m l a h   s a m p e l   ( k g ) × 100 % .


  %   Textile =   berat textile (kg)  berat total (kg) × 100 %


  %   Disposable   Nappies =   berat disposable nappies (kg)  berat total (kg) × 100 %


  %   Sewage   Sludge =   berat sewage sludge (kg)  berat total (kg) × 100 %


  %   Industrial   Waste =   berat industrial waste (kg)  berat total (kg) × 100 %


  %   Lain-lain =   berat lain-lain (kg)  berat total (kg) × 100 %


  0 , 50 − 2 , 10


  2 , 10 − 3 , 60


  Densitas   Sampah =   B e r a t   s a m p a h   ( k g )  V o l u m e   s a m p a h   (   m 3 ) × 100 % .


  1   m × 0 , 5   m × 1   m


  V = p × l × t


  m = 63 , 55   k g


  𝜌 =   m  V


  𝜌



