Number: 024 A/UN7.F3.6.8.TL/DL/I1X/2025
025 A/UN7.F3.6.8. TL/DL/IX/2025

UNDERGRADUATE THESIS

OPTIMAL SITE PLANNING OF BIODIGESTER-
BASED AT 3R WASTE PROCESSING SITE
THROUGH ANALYTICAL HIERARCHY PROCESS
(AHP) AND GEOGRAPHIC INFORMATION SYSTEM
(GIS) ANALYSIS IN SEMARANG REGENCY

Arranged By:
TITIS RETNO HIDAYATI 21080122130078
ZULFA NUR PRAMUKTI NUGROHO 21080122120007

DEPARTMENT OF ENVIRONMENTAL ENGINEERING
FACULTY OF ENGINEERING
UNIVERSITAS DIPONEGORO

2025



HALAMAN PENGESAHAN

Skripsi ini diajukan oleh :

NAMA ¢ Zulfa Nur Pramukti Nugroho

NIM + 21080122120007

Jurusan/Departemen ¢ Teknik Lingkungan Fakultas Teknik Undip

Judul Skripsi : Optimal Site Planning of Biodigester-Based a1 3R Waste

Processing Site Through Analytical Hierarchy Process (AHP)
and Geographic Information System (GIS) Analysis in Semarang
Regency

Telah berhasil dipertahankan di hadapan Tim Penguji dan diterima sebagai bagian
persyaratan yang diperlukan untuk memperoleh gelar Sarjana pada Departemen Teknik
Lingkungan, Fakultas Teknik, Universitas Diponegoro.

Pembimbing : _d_,é,,/ B

Prof. Dr. Ir. Syafrudin, CES, M.T., IPM,. ASEAN Eng. s
195811071988031001

Pembimbing I1:
Prof. Ir. Mochamad Arief Budihardjo, S.T., M.Eng.Sc, Env.Eng,
Ph.D., IPM., ASEAN Eng.
197409302001 121002

Ketua Penguji:
Prof. Dr. Ir. Badrus Zaman, S.T., M.T., IPU., ASEAN Eng.
197208302000031001

Anggota Penguji:
Dr. Ing. Ir. Sudarno, S.T., M.Sc., IPU
197401311999031003

Semarang, 17 November 2025

Program Studi

Fakultas Te

Ketua

Prof. Dr. Ir\R cy}:g'-r €
NIP. 197208 Ny Mmmm



HALAMAN PENGESAHAN

Skripsi ini diajukan oleh :

NAMA . Titis Retno Hidayati

NIM : 21080122130078

Jurusan/Departemen : Teknik Lingkungan Fakultas Teknik Undip

Judul Skripsi : Optimal Site Planning of Biodigester-Based at 3R Waste

Processing Site Through Analytical Hicerarchy Process (AHP)
and Geographic Information System (GIS) Analysis in Semarang
Regency

Telah berhasil dipertahankan di hadapan Tim Penguji dan diterima schagai bagian
persyaratan yang diperlukan untuk memperoleh gelar Sarjana pada Departemen Teknik
Lingkungan, Fakultas Teknik, Universitas Diponegoro.

Pembimbing I:

Prof. Ir. Mochamad Ariel Budihardjo, S.T., M.Eng.Sc, Env.Eng,
Ph.D., IPM., ASEAN Eng.

197409302001121002

Pembimbing 11:
Prof. Dr. Ir. Svafrudin, CES, M.T., IPM.. ASEAN Eng.
195811071988031001

Ketua Penguji:
Dr. Ing. Ir. Sudamo, S.T., M.Sc., IPU
197401311999031003

Anggota Penguji: } z
Prof. Dr. Ir. Badrus Zaman, S.T., M.T., IPU., ASEAN Eng.

197208302000031001

T IPM., ASEAN Eng.
NIP. 1972083020



xi

ABSTRACT

Rapid population growth in Semarang Regency has increased waste
generation, while new landfill development is often rejected due to high costs and
land needs. Waste management remains suboptimal, with most waste directly
disposed of at landfills. The Blondo landfill reached 52.23% capacity in 2022 and
51.97% in 2023. Waste reduction efforts through waste banks only target inorganic
waste, despite 73.14% of total waste being organic. Implementing 3R waste
processing facilities (3R WPS) with biodigester technology offers a strategic
solution to reduce waste and generate renewable energy. Biodigesters are chosen
for their ability to convert organic waste into energy. The placement of biodigester
facilities considers technical, social, and environmental aspects using the Analytical
Hierarchy Process (AHP) and Geographic Information System (GIS) methods. Data
collection is carried out based on SNI 3964:2025 and the gravimetric method to
measure volatile content, in order to determine the potential of organic waste and
the number of facilities needed. Organic waste in Semarang Regency accounts for
56.1% of total waste generation. Based on the analysis results, the volatile solid
content reached 96.26% and the total solid content was 34.65%, making it suitable
for use as raw material for biodigesters. The GIS analysis results showed that 20
biodigester facilities were needed, with a potential electricity production of 724
kWh per day for large-scale 3R waste management sites and 379 kWh per day for
small-scale 3R waste management sites. The total cost of constructing a 3R WPS
with a biodigester facility is estimated at IDR 4,836,980,790.65 for a large scale
and IDR 3,681,719,032.98 for a small scale. Based on a financial feasibility analysis
using the Net Present Value (NPV), Economic Internal Rate of Return (EIRR),
Benefit Cost Ratio (BCR), and Payback Period methods, the WPS 3R project,

designed to operate for 20 years, is deemed feasible for implementation.

Keywords: Analytical Hierarchy Process; Geographic Information System;

Biodigester; Renewable Energy; Organic Waste



CHAPTER1
INTRODUCTION

1.1 Background

Rapid population growth along with increased landfill in Semarang
Regency that was rejected due to high costs and large land requirements (Simamora,
Zebua, & Handayani, 2022), emphasize the need for a better management strategy.
Waste management in Semarang Regency in 2022 amounted to 38.85% and in 2023
decreased to 37.70%. Thus, the total waste managed economic and social activities
trigger urban problems such as increased waste generation (Hidayat, 2020). Based
on data from the National Waste Management Information System (SIPSN), waste
generation in 2024 was recorded at 34,214,607.36 tons/year and Central Java was
recorded as the province with the third largest amount of waste generation in
Indonesia. Waste generation in Central Java Province is 10.32% of the total waste
generation in Indonesia. Out of 29 regencies and 6 cities, Semarang Regency is the
8th largest waste producer in Central Java with 0.6% of the total waste in Indonesia.

Waste management in Semarang Regency is still not optimal (Hardyanti,
Juliani, Puspita, & Octaviani, 2023). Most of the waste is disposed of directly in
landfills. The full capacity of the Blondo landfill, as well as a plan to build a new
in 2022 amounted to 52.23% and in 2023 amounted to 51.97% of the total waste
generation in Semarang Regency. Waste reduction efforts in Semarang Regency
are only through 49 waste bank units managed by the community. Then, the only
waste handling is transported to the Blondo landfill. Therefore, efforts to reduce
waste and extend the life of existing landfills are needed.

Efforts that can be made are by reducing waste directly at the source and
reducing waste at the Reduce, Reuse, and Recycle Waste Processing Station (WPS
3R). Waste reduction at the source is still difficult to do so it needs an integrated
effort to be well managed through 3R waste processing site. Waste reduction efforts
through WPS 3R are effective in reducing waste generation, especially organic

waste (Halimah, Purwaningrum, & Siami, 2022; Shofi, Auvaria, Nengse, & Karami,
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2023). Currently, reduction efforts in Semarang Regency through waste banks only
manage inorganic waste to be recycled. Based on this, the implementation of 3R
WPS will help reduce waste generation because 73.14% of waste in Semarang
Regency is organic waste.

Organic waste management to reduce waste generation in Semarang
Regency with 3R waste processing site can be done using biodigester management
technology. The selection of Biodigester processing technology is due to its
potential to convert waste into renewable energy sources. The energy source is in
the form of fuel that can be converted into heat energy and electrical energy. In
addition, the sediment from the biodigester can be used as compost for additional
nutrients for plants. Therefore, this technology was chosen as an effort to reduce

waste generation in Semarang Regency.

1.2 Problem Identification

Based on the background above, the following problems can be identified:

1. The increasing population is followed by an increase in the amount of waste
generation.

2. 3R waste processing site in Semarang Regency has not been able to
optimize waste management.

3. The high waste generation and lack of waste management have resulted in

the full capacity of Blondo Landfill.

1.3 Problem Statement

Based on the identification of the problem, the following problems can be
formulated:
1. How is the existing condition of organic waste generation in Semarang
Regency?
2. How to plan the optimal location and design of 3R waste processing site
with organic waste biodigester facilities in Semarang Regency?
3. How to calculate the amount of biogas and electricity generated from the

organic waste biodigester facility process in Semarang Regency?
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4. What are the costs required for planning the placement of 3R waste

processing site with organic waste biodigester facilities in Semarang

Regency?

1.4 Research Objectives

The objectives of the placement of biodigester facilities in Semarang

Regency in this study can be formulated as follows:

1.

Identify the existing condition of organic waste generation in Semarang
Regency.

Planning the optimal location for the placement and design of 3R waste
processing site with organic waste biodigester facilities in Semarang
Regency.

Calculating the amount of biogas and electrical power generated from the
processing of organic waste with organic waste biodigester in Semarang
Regency.

Determine the Budget Plan (RAB) required for the planning of 3R waste
processing site with organic waste biodigester facilities in Semarang

Regency.

1.5 Problem Limitation

Regional restrictions on the planning of the placement of biodigester

facilities are in Semarang Regency. Restrictions on the planning and feasibility

study of the placement of organic waste biodigester facilities in Semarang Regency

include:

1.

Study of the general condition of the planning area which includes
population, analysis of waste generation and composition, and existing
conditions of organic waste management.

Study of the placement point plan for 3R waste processing site biodigester,
which is a Geographic Information System study integrated with data,
industrial area data, urban growth according to the RTRW, and electricity

networks.
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3. Study of organic waste management design with biodigesters at 3R waste

processing site according to the DLH WPS 3R Technical Guidelines 2023.
Cost Budget Plan (RAB) starting from the construction, operation, and
maintenance of 3R waste processing site with biodigester in Semarang

Regency.

1.6 Benefits Conceptualization

The expected benefits of planning and feasibility study of the placement of

organic waste biodigester facilities in Semarang Regency include:

1.

For Planners / Writers

As a means of applying the knowledge and theories obtained during lectures
and deepening knowledge about biodigester planning and as a requirement
for graduation from the Environmental Engineering Study Program.

For the Community

Provides information and alternatives in organic waste management and
reduces organic waste generation and develops new renewable energy
sources.

For the Government

As a reference material for the Semarang Regency Government in
alternative organic waste management by planning the placement of
biodigester facilities at 3R waste processing site so that the problem of

organic waste can be handled while reducing global warming.



REFERENCES

Abdirahman, R. Z., Aini, N., Ghofur, A., Wulandari, W. D., Lestari, F. K., &
Putri, D. T. (2023). Studi Pemanfaatan Sampah Organik untuk
Perkembangbiakan Maggot di Tempat Pengolahan Sampah Terpadu
(WPST) Desa Trosobo. Nusantara Community Empowerment Review,
1(1), 48-53.

Adil, A., & Triwijoyo, B. K. (2021). Sistem Informasi Geografis Pemetaan
Jaringan Irigasi dan Embung di Lombok Tengah. MATRIK: Jurnal
Manajemen, Teknik Informatika dan Rekayasa Komputer, 20(2), 273-282.

Afrianti, S., Irvan, 1., Bin Nur, T., & Delvian, D. (2023). Model combination of
biodigester and composter. Caspian Journal of Environmental Sciences,
21(1), 151-159.

Aji, K. P., & Bambang, A. N. (2019). Konversi energi biogas menjadi energi
listrik sebagai alternati energi terbarukan dan ramah lingkungan di Desa
Langse, Kecamatan Margorejo Kabupaten Pati. Paper presented at the
Prosiding SENTIKUIN (Seminar Nasional Teknologi Industri,
Lingkungan dan Infrastruktur).

Akther, A., Ahamed, T., Noguchi, R., Genkawa, T., & Takigawa, T. (2019).
Site suitability analysis of biogas digester plant for municipal waste
using GIS and multi-criteria analysis. Asia-Pacific Journal of Regional
Science, 3(1), 61-93.

Alawy, M. T., & Pujiwati, I. (2018). Pengembangan Biogas Kotoran Sapi di
Kel. Kedopok Kec. Kedopok Probolinggo. Jurnal Inovasi Hasil
Pengabdian Masyarakat (JIPEMAS), 1(1), 21-24.

Ali, A. M. (2024). Making Different Topographic Maps with the Surfer
Software Package. Engineering, Technology & Applied Science
Research, 14(1), 12556-12560.

Arsova, L. (2010). Anaerobic digestion of food waste: Current status, problems
and an alternative product. Department of earth and Environmental
Engineering foundation of Engineering and Applied Science Columbia
University.

Badan Pusat Statistik. (2025). Kabupaten Semarang Dalam Angka 2025 (Vol.
15): BPS Kabupaten Semarang.

Bansal, A. K., Kapoor, S., & Agrawal, M. (2013). The road to zero waste:
anaerobic digestor. International Journal of Environmental Sciences,
3(5), 1390-1397.

Beam, R. (2011). Enhanced biogas production through the optimization of the
anaerobic. M. Sc. thesis,

Bengelsdorf, F. R., Straub, M., & Diirre, P. (2013). Bacterial synthesis gas
(syngas) fermentation. Environmental technology, 34(13-14),1639-1651.

Bertsch, J., & Miiller, V. (2015). Bioenergetic constraints for conversion of
syngas to biofuels in acetogenic bacteria. Biotechnology for biofuels, 8,
1-12.



vi

Campuzano, R., & Gonzalez-Martinez, S. (2016). Characteristics of the
organic fraction of municipal solid waste and methane production: A
review. Waste management, 54, 3-12.

Christy, P. M., Gopinath, L., & Divya, D. (2014). A review on anaerobic
decomposition and enhancement of biogas production through
enzymes and microorganisms. Renewable and Sustainable Energy
Reviews, 34, 167-173.

Damanhuri, E., & Padmi, T. (2010). Pengelolaan sampah. Diktat kuliah TL,
3104, 5-10.

Danardono, S. S., & Vidya, N. F. (2021). Sistem Informasi Geografis dan
Aplikasinya di Bidang Geografi: Muhammadiyah University Press.

Dewi, 1. P., Taufikurohman, M. R., & Bross, N. (2021). Analisis kelayakan
finansial pembuatan pakan ternak dari sampah organik dapur. Jurnal
Ekonomi Pertanian dan Agribisnis, 5(3), 869-877.

Directorate General of Human Settlements. (2023). Petunjuk Teknis
Pelaksanaan Kegiatan WPS 3R. Jakarta

Elango, D., Pulikesi, M., Baskaralingam, P., Ramamurthi, V., & Sivanesan, S.
(2007). Production of biogas from municipal solid waste with domestic
sewage. Journal of hazardous materials, 141(1), 301-304.

Fadilla, A. R., & Wulandari, P. A. (2023). Literature review analisis data
kualitatif: tahap pengumpulan data. Mitita Jurnal Penelitian, 1(3), 34-
46.

George, M. t., Smith, S. K., Swanson, D. A., & Tayman, J. (2004). Population
projections: na.

Halimah, N. N., Purwaningrum, P., & Siami, L. (2022). Kajian Timbulan,
Komposisi dan Nilai Recovery Factor Sampah di WPS 3R Kampung
Injeuman, Desa Cibodas. Jurnal Serambi Engineering, 7(4), 3759-3766.

Hardyanti, N., Juliani, H., Puspita, A., & Octaviani, Y. (2023). Recovery
nutrient from agricultural waste as an effort to develop low-carbon
agriculture in Thekelan Hamlet. Paper presented at the IOP Conference
Series: Earth and Environmental Science.

Hendra, Y. (2016). Perbandingan sistem pengelolaan sampah di Indonesia dan
Korea Selatan: kajian 5 aspek pengelolaan sampah. Aspirasi: Jurnal
Masalah-masalah Sosial, 7(1), 77-91.

Hidayat, E. (2020). Strategi Pengelolaan Sampah Sebagai Upaya Peningkatan
Pengelolaan Sampah Di Era Otonomi Daerah. ASAS: Jurnal Hukum
Ekonomi Syariah, 12 (2), 68-79. In.

Himawan, R. A., Subiyanto, S., & Firdaus, H. S. (2019). Analisis Karakteristik
Segmen Batas Administrasi Desa Secara Kartometrik (Studi Kasus:
Kabupaten Demak, Kabupaten Semarang). Jurnal Geodesi Undip, 8(1),
475-485.

Kamandang, Z. R., Solin, D. P., & Casita, C. B. (2021). Pemanfaatan Teknologi
Biogas untuk Pengelolaan Sampah Organik. JATEKK, 2(1), 45-49.

Kasperczyk, N., & Knickel, K. (2022). The Analytic Hierarchy Process (AHP).
International Institute for Environment and Development. Retrieved
from htWPS://www.iied.org/20781¢g



https://www.iied.org/20781g

vii

Kementerian Lingkungan Hidup dan Kehutanan. (2025). Sistem Informasi
Pengelolaan  Sampah  Nasional (SIPSN). Retrieved from
htWPS://sipsn.menlhk.go.id/

Knoerl, J. J. (1991). Mapping history using geographic information systems.
The Public Historian, 13(3), 97-108.

Kuntaryo, A. M., Purwaningrum, P., Minarti, A., & Ashardiono, F. (2023).
The recycling potential of solid waste in Jatinegara sub-district, East
Jakarta. Indonesian Journal of Urban and Environmental Technology,
100-113.

Kusumaningsari, D. (2019). Pemanfaatan dan Pengolahan Sampah Organik
dan Non-Organik. In.

Linggi, R. A., & Pawarangan, 1. (2018). Pengaruh Sampah Rumah Tangga
Organik dan Non Organik Terhadap Lingkungan. Prosiding
Semkaristek, 1(1).

Lolo, E. U., Gunawan, R. L., Krismani, A. Y., Pambudi, Y. S., Sudaryantingsih,
C., & Widianto, R. (2023). Processing of organic waste using biopori
infiltration holes (Case Study: Organic waste at Christian University of
Technology Solo). East Asian J. Multidiscip. Res, 2(4), 1675-1688.

Nurhidayati, N., & Sholihah, A. (2022). Effects Of Combination Of
Vermicompos and Cow Urine Solution On Hydroganic Growth Of
Melon (Cucumis Melo L.). AGRONISMA, 10(1).

Ofoefule, A. U., Nwankwo, J. 1., & Ibeto, C. N. (2010). Biogas production from
paper waste and its blend with cow dung. Advances in applied science
Research, 1(2), 1-8.

Ouma, Y. O., & Tateishi, R. (2014). Urban flood vulnerability and risk
mapping using integrated multi-parametric AHP and GIS:
methodological overview and case study assessment. Water, 6(6), 1515-
1545.

Peris Serrano, R. (2010). Biogas process simulation using Aspen Plus.

Priyono, C. B., & Pramesetyawati, T. N. (2024). Optimalisasi Pengelolaan
Sampah di WPS 3R Peganden Dan WPS 3R Betoyoguci, Kecamatan
Manyar, Kabupaten Gresik: Indonesia. Envirotek: Jurnal Ilmiah
Teknik Lingkungan, 16(1).

Rachmawati, N., Susilawati, S., & Prihatiningtyas, E. (2019). Pengolahan
sampah organik menjadi kompos untuk mendukung kampung pro
iklim. Jurnal Pengabdian Al-Ikhlas Universitas Islam Kalimantan
Muhammad Arsyad Al Banjary, 4(2).

Rahman, A. (2023). Ekonomi demografi dan kependudukan: Nas Media
Pustaka.

Rana, R., Ganguly, R., & Gupta, A. K. (2018). Physico-chemical
characterization of municipal solid waste from Tricity region of
Northern India: a case study. Journal of Material Cycles and Waste
Management, 20, 678-689.

Rios, R., & Duarte, S. (2021). Selection of ideal sites for the development of
large-scale solar photovoltaic projects through Analytical Hierarchical



https://sipsn.menlhk.go.id/

viii

Process—Geographic information systems (AHP-GIS) in Peru.
Renewable and Sustainable Energy Reviews, 149, 111310.

Riquelme del Rio, B., Sepulveda-Jauregui, A., Salas-Rabaza, J. A., Mackenzie,
R., & Thalasso, F. (2024). Fine-scale spatial variability of greenhouse
gas emissions from a Subantarctic peatland bog. Environmental Science
& Technology, 58(17), 7393-7402.

Roy, A. D., Prakash, O., Kumar, A., Kaviti, A., & Pandey, A. (2018). Design
and Selection Criteria of Biogas Digester. Low Carbon Energy Supply:
Trends, Technology, Management, 91-112.

Saaty, T. L. (1977). A scaling method for priorities in hierarchical structures.
Journal of mathematical psychology, 15(3), 234-281.

Saaty, T. L. (1990). How to make a decision: the analytic hierarchy process.
European journal of operational research, 48(1), 9-26.

Saaty, T. L. (2006). Rank from comparisons and from ratings in the analytic
hierarchy/network processes. European journal of operational research,
168(2), 557-570.

Saaty, T. L. (2008). Decision making with the analytic hierarchy process.
International journal of services sciences, 1(1), 83-98.

Saoutro, W. (2016). Pengelolahan Limbah Atau Sampah Organik. Vol 2 Nol
Univ Lampung: Lampung.

Sasse, L. (1988). Biogas plants. German Appropriate Technology Exchange
(GATE), 1-66.

Sekarsari, R. W., Halifah, N., Rahman, T. H., Farida, A. J., Kandi, M. L. A.,
Nurfadilla, E. A., . . . Arifaldi, D. F. (2020). Pemanfaatan Sampah
Organik Untuk Pengolahan Kompos. Jurnal Pembelajaran
Pemberdayaan Masyarakat (JP2M), 1(3), 200-206.

Semarang Regency Regulation Number 6 of 2023 concerning the Spatial Plan
for the Semarang Regency for 2023-2043, LD.2023/NOMOR.6 C.F.R.
(2023).

Sharma, K. D., & Jain, S. (2020). Municipal solid waste generation,
composition, and management: the global scenario. Social responsibility
journal, 16(6), 917-948.

Shofi, N. C., Auvaria, S. W., Nengse, S., & Karami, A. A. (2023). Analisis aspek
teknis pengelolaan sampah di WPS 3r desa janti kecamatan waru
sidoarjo. Jurnal Teknik Sipil Dan Lingkungan, 8(1), 1-8.

Simamora, L., Zebua, D. D. N., & Handayani, W. (2022). The Drivers of Food
Loss at the Farm Level: A Study of Farmers in Salatiga, Central Java,
Indonesia. Paper presented at the IOP Conference Series: Earth and
Environmental Science.

Striauber, H., Schroder, M., & Kleinsteuber, S. (2012). Metabolic and
microbial community dynamics during the hydrolytic and acidogenic
fermentation in a leach-bed process. Energy, Sustainability and Society,
2, 1-10.

Syaifullah, 1. A., & Ardelia, S. P. (2023). PERENCANAAN DAN STUDI
KELAYAKAN PENEMPATAN FASILITAS BIODIGESTER SAMPAH



ix

ORGANIK DI KABUPATEN DEMAK. (Undergraduate Thesis).
Universitas Diponegoro, Semarang.

Tchobanoglous, G., Theisen, H., & Vigil, S. (1993). Integrated solid waste
management: engineering principles and management issues.

Vogeli, Y., Lohri, C. R., Gallardo, A., Diener, S., & Zurbriigg, C. (2014).
Anaerobic digestion of biowaste in developing countries. Swiss Federal
Institute of Aquatic Science and Technology, 137,137.



