Analisis Life Cycle Assessment Bangunan Pavilion 120 Di PIK2
Muhamad Alfath Azka Alfaeza, Prof. Ir. Ali Awaludin, S.T., M.Eng., Ph.D., IPU., ACPE.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

DAFTAR ISI

HALAMAN PERSETUJUAN ....oitiiiitteeete ettt ettt rtee e stee s etaee s veeesnneesensseeensnneeens 111
HALAMAN PENGESAHAN . ...ttt ettt e ettt e e s v
HALAMAN PERNYATAAN L.ttt ettt et e et e e st e et e e e e \%
KATA PENGANTAR ...ttt et et e et e st e e s e e snaeeeas vi
DAFTAR TSI .ottt ettt e et e et e e st e e s et e e e enbeeessnseeesnnseeens vil
DAFTAR TABEL ...ttt ettt e et e e et e e et e e e sbae e esbeeesnssaeesnsaaeenns X
DAFTAR GAMBAR ..ottt ettt et e e s e e X1
INTISARI ...ttt ettt e e et e e s tbee e eaaee e sseeesssbeeesnsseesnssaeeannseeenn X1V
ABSTRACT ..ottt e et e e e e aeeaaaaeee e e e e e e e e s s e s sssssssssssssssssseeeeeeees XV
BAB 1 PENDAHULUAN ...ttt ettt ettt e st e e s e e s e e ensaeeennseeesnnnaeennns 1
1.1 Latar BelaKang ........cooeueiiiiiiiiiieee ettt e e e aaa e e e e e e 1

1.2 Rumusan Masalah..........c.ooooiiiiiiiiie et 4

1.3 Tujuan Penelitian ..........cceeiiiiiiiiiiecieeceeeeee ettt e e e e e e e aaeeeeen 5

1.4 Batasan Masalah.........cooccoiiiiiiii e 6

1.5 Manfaat Penelitian .........c.cooooiiiiiiiiiiiiii ettt e e e ee e enreeens 8

1.6 SErUKEUL SKITPST ..ciiiiiiiiiie ettt ettt e ettt eesbeeeens 9
BAB 2 TINJAUAN PUSTAKA ..ttt et e et ens 12
2.1 Penelitian Terdahulu ... 12
2.1.1 Life Cycle Assessment pada Bangunan dan Sistem Struktur..............cc.co......... 12

2.1.2 Life Cycle Assessment Produk Glulam dan Cross-Laminated Timber ............. 14

2.1.3 Kontribusi Baja, Beton, Komponen Sambungan, dan Transportasi................. 17

2.1.4 Basis Data LCA dan Perlakuan Karbon Biogenik ...........ccccccviiiiiiiiiiinnnnn... 20

2.1.5 Sintesis Penelitian Terdahulu ............ccccooiiiiiiiii e, 22

2.2 Keaslian dan Posisi Penelitian ............ccccooviiiiiiiiiiiiiicieeeeee e 27
BAB 3 LANDASAN TEORI ...ttt ettt e 30
3.1 Life CYcle ASSESSMENL .........cceeecueeeeeeeiieeeeeeciieeeeeiteeeesiaveeeseasseeesesneseeeesnsnsaeaesnsnseeens 30
3.1.1 Konsep Dasar Life Cycle ASSESSMERL ...........ccceeeeeeuvveeeeeeeeeecciiieeeeeeeeeeeciveeeeaens 30

3.1.2 Tahapan Life Cycle ASSESSMENE ..........c..ccoeueiieiuiiiiiiieeeieeeee et 31

3.1.3 Pendekatan LCA Berbasis Proses .......ccoccuveevvieeeiiiieniiie e 32

3.2 Tujuan dan Ruang Lingkup LCA........ooiiiii et 34
3.2.1 Unit Analisis dan ALIran ACUAN ..........coeviuiieeriiiieeiiiee et 34

vii



Analisis Life Cycle Assessment Bangunan Pavilion 120 Di PIK2
Muhamad Alfath Azka Alfaeza, Prof. Ir. Ali Awaludin, S.T., M.Eng., Ph.D., IPU., ACPE.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

3.2.2 Batas S1Stem AL—Ad......ooi e e 36

3.3 Inventori Daur HIdUpP ........oeviiiiiiiiiee et e 39
3.3.1 Kuantifikasi Material............ccccoiiiiiiiiiiiiiiiiee e 40
3.3.2 Kuantifikasi Aktivitas TranSpOItasi.........cccueeeeeriureeeeeiiiieeeeriieeeeeiireeeeesnveeeeens 42
3.3.3 Sumber dan Kualitas Data..........c.ccoeoiiiiiiiiiiiiiieeeeeee e 44
3.3.4 Pemilihan Dataset dan Penyusunan Proses Kustom.............cccccoeeeiivviiiinnnnnnn.. 45

3.4 Penilaian Dampak Daur HIidUp ........c.ccoeeeviiiiiiiieee e 47
3.4.1 Klasifikasi dan KaraKteriSasi.........cccveeeirriiieeiriiiiieeeeriiiee et 48
3.4.2 Potensi Perubahan Iklim dan GWPI100 ..........ccccoooiiiiiiiiiiiiie e, 49
3.4.3 ANalisis KONtribDUST ....ccouiiiriiieiiieeiie ettt e 52

3.5 Material Penyusun Struktur Atas Pavilion 120..........ccccovviiiiiiiiiiiiiiieeeeeeeeeeee, 54
3.5.1 Glued Laminated Timber .................cccuueeeeeeeeeeeciiiieeeeeeeeeccieeeeee e eeeeraeaea e e 54
3.5.2 Cross-Laminated Timber ................ccccuueeeeecuiieeeeiiiieeeeciieeeeeeieeeeesvveeeeeveeeas 55
3.5.3 Baja Struktural dan Komponen Sambungan ............cccceccevvviiiiiiiiiiiiiieeeeeeeens 56
3.5.4 Beton Siap Pakai dan Baja Tulangan .............cccoeiiiiiiiiiniiiee 58
3.5.5 Perekat, Resin, dan Pengelasan .............ccccveiiiiiiiiiiciiiii e 59

3.6 Karbon BlO@ENiK ........cccuuviiiiiiiiieeeeee et 60
3.6.1 Siklus Karbon pada Produk Kayu ..........ccccceeeiiiiiiiiiiiieeeee e 61
3.6.2 Karbon Biogenik dalam LCA............cccoooiiiiiiee e 62
3.6.3 Interpretasi Hasil Karbon Biogenik pada Batas A1-A4.........ccccceeeevvvveeennnenn. 63

3.7 Kerangka Teoretis Penelitian ...........ccceeiiiiiiiiiiecciiiic et 65
BAB 4 METODE PENELITTAN ..ottt ettt s enee e 70
4.1 Rancangan Penelitian ..........cccccccuiiiiiiiiiiiiiiciiie ettt 71
4.2 Objek dan Lokasi Penelitian ............cccccviieiiiiiiiiiiieiiieeciie e 73
4.3 Data dan Alat Penelitian............cooocuiiiiiiiiiiiiiiiceeeeeeee e 76
4.3.1 Data Penelitian...........coooeiiiiiiiii e 76
4.3.2 Alat Penelitian ........c.ccooviiieiiiiiiiiieeiie e 79

4.4 Metode Analisis Life Cycle ASSESSIENL ..............ueeeeeeueeeeeeeiiieeeeeiieeeeeeciveeeeeeveeaaenns 80
4.4.1 Penentuan Tujuan dan Ruang LingKup .......ccccceeeeviiiiiiiiiiiieeeeceee e, 81
4.4.2 Unit Analisis dan AlIran ACUAN ........cceeeviiiiiiiieeiiee e 82
4.4.3 Batas Sistem Penelitian ..........ccccccvieeiiiiiiiiieiciee e 83
4.4.4 Penyusunan Life Cycle INVENIOTY ............cceecvueeeeeeeiiiieeeeeieeeeeecieee e eveee e 87
4.4.5 Kuantifikasi Material Struktur...........ccooeiiiiiiiiii e 90
4.4.6 Kuantifikasi Aktivitas TranSportasi.......ccceeccveeeeeeiieeeeeeiiiieeeeeiieeeeereeee e e 92

viil



Analisis Life Cycle Assessment Bangunan Pavilion 120 Di PIK2
Muhamad Alfath Azka Alfaeza, Prof. Ir. Ali Awaludin, S.T., M.Eng., Ph.D., IPU., ACPE.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

4.4.7 Pemilihan Dataset dan Penyusunan Proses Kustom............ccccccveveeniiiieeennnnnn.. 99

4.4.8 Pemodelan Product System dalam OpenLCA ............ccccovviieiiiiiieeecieeee e, 109

4.4.9 Life Cycle IMpact ASSESSTENL .........ccccueeeviueiiiiiieeiiee ettt 112

4.4.10 Interpretasi, Pemeriksaan Konsistensi, dan Keterbatasan ........................... 115

4.5 Prosedur Penelitian..........ccceeieuiiiiiiiiiciie e et eanea e 120
BAB 5 HASIL PENELITIAN DAN PEMBAHASAN .....ooooiiieieeeeeeeee e 124
5.1 Has1l PENEIIHIAN ....ceiiiiiiiiiiieeiiee et et 124
5.1.1 Hasil Penyusunan Life Cycle INVentory .............cccoueeeeecceeeeeeeciieeeeeiiieeeeenen 124

5.1.2 Hasil Pemodelan Product SyStem ...........ccccouueeeeeccueeieiecciiieeeeccieee e 129

5.1.3 Hasil Life Cycle Impact ASSESSMENL .............ccceueeeecrveeeeiiieeeiieeeecieeesesveeesveeens 130

5.1.4 Hasil Analisis KONtriDUSI ......cccviiiiiiiiiiiiie e 133

5.2 PeMDaANASAN.....ccuiiiiiieiiiie e e e e e e e e e eaaraeas 141
5.2.1 Komposisi Inventori Struktur Atas Pavilion 120 .........ccccoeeeviiieieniiieeeeene. 142

5.2.2 Kontribusi Material terhadap Emisi Fosil ..........ccccccooiiiiiiiiiis 144

5.2.3 Emisi dan Pengambilan Karbon Biogenik ............cccocooiiniiiiiiiiiniie, 147

5.2.4 Kontribusi Aktivitas TranSpPOrtast ........ccccvuereeercvieeeeeiiiieeeeeiriee e e e 149

5.2.5 Interpretasi Hasil Total dan Keterbatasan Penelitian ..............ccccccvviinneeennn, 152

BAB 6 KESIMPULAN DAN SARAN ...ttt 156
6.1 KEeSIMPUIAN ....ooiiiiiiiieceee e e et e et e e e e eaaaeeas 156

0.2 SATAN.....eiiiiiiiiiee ettt e ettt e e et e e e ettt e e e ettt e e e ettt e e e e e bt ee e e e abeeeeeeaneeeas 157
DAFTAR PUSTAKA ..ottt et ettt e st e et e e ennee e snsaeeennneas 160
LAMPIRAN L ettt ettt ettt e ettt e et e e sttt e s sabt e e e it e e e snbeeeenanaeas 163
LAMPIRAN 2 .ottt ettt ettt e e ettt e e st e e et e e e s et eesentaeeenseeesnsaeeennneeas 166
LAMPIRAN 3 ittt e et e e ettt e e et e e e s atae e e sbeeesnsaeesassaeesssaaeensseeensnneas 172
LAMPIRAN 4 ...ttt ettt ettt e et e e et e e sttt e s enbaeeeaabeeesabeeeennneeas 179
LAMPIRAN 5 ettt e et e e et e e et e e e et b e e e sbeeeensseeesssaeeessaeeensseeennnnens 182
LAMPIRAN 6 ...ttt ettt e et e e ettt e et e e e nbe e e snsbeesensaeeenseeesnsneeennneens 184

1X



