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PREFACE

The 13'ITB International Geothermal Workshop 2024 was an event organized by the ITB Geothermal
Master Program. The main event of the workshop was held on Juhk, 2024, at Aula Timur, Institut
Teknologi Bandung.

Attended by more than 300 participants of geothermal community across the world, such as academia,
LQGXVWULHYVY DQG JRYHUQ P H QaptimizingKGadth&hal UtivzatwhKidaP H LV 3
Supporting Energy Transition and Carbon Reduction” 7KH WKHPH IRFXVHV RQ RSW
geothermal through innovative technology and collaboration to support energy transition.

The academia participants include participants from Institut Teknologi Bandung, UPN Veteran
Yogyakarta, Politeknik Negeri Bandung, Institut Teknologi Sepuluh Nopember Surabaya, Kyoto
University and King Fahd University of Petroleum and Mineral. Particgpiiom industries include

PT. Geo Dipa Energi, Ormat Technologies, Medco Cahaya Geothermal, PT. Sumbawa Timur Mining,
PT. Pertamina Geothermal Energy, Star Energy Geothermal, Rigsis Energi Indonesia, Sarulla
Operation, PT. Schlumberger Indonesia, Ecolab, Rurita Indonesia, West Japan Engineering
Consultant, Thermochem Indonesia, PT. Toshiba Asia Pacific Indonesia, National Oilwell Valco, Arka
Data Primatama, Green Chemical, Sorik Marapi Geothermal, PT. Solenis Technologies Indonesia,
Enterind Bumi Mandir Inpex Corporation, PT OPAC Barata, PT. KSB Indonesia, PT. Tripatra
Engineers and Constructors, and PT. Perusahaan Listrik Negara. Government Representatives are
BRIN, Ministry of Energy and Mineral Resources, and New Zealand Trade and Enterprisd,agss wel
public participants.

We want to give many thanks for all the support that has been given for this event, from the Geothermal
Engineering Magister Program Staff to all Chairman, authors, presenters, paper reviewers, and all the
sponsors for assistance and cooperation in supptris event.

Sincerely

Dr. Eng. Suryantini, S.T., Dipl. Geothermal En. Tech., M.Sc.
Chairperson of the 3TB International Geothermal Workshop (IIGW) 2024

Vii
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WORKSHOP EVENTS

The ITB International Geothermal Workshop (IIGW) 2024 featured a diverse range of activities,
including three specialized courses, a-f&ay main seminar and pagmesentation, a field camp, and

D ILHOG WULS 7KLV \HDUTV FRXUVHV LQFOXGHG 6FDOLQJ 3UH
Geothermal by Seequent, and Volsung Software for Geothermal by Seequent.

The first day of the main seminar comprised three sessions:

X Innovative Geothermal Technologies to Optimize Geothermal Utilization
x CrossSector Collaboration to Support Energy Transition and Carbon Reduction
x Updates from Geothermal Companies in Indonesia

These sessions featured expert speakersdemthermal companies and government organizations.

The second day focused on technical paper presentations, with 21 out of 23 accepted papers presented
orally and the remaining two presented as posters. This session also included invited 3peakers
renowned experts from academia, government, and consufiaftg/representing Indonesia, Japan,

and Italy2 who engaged patrticipants in discussions on various geothermal topics.

The field camp provided participants with hasws experience in geothermal systems in Indonesia,
data collection, and collaborative discussions. This year, the field camp was held at Mount Tangkuban
Perahu. The field trip offered insights into geotherp@ker plant operations and took place at Geo
'LSD (QHUJLYV 3*( 3DWXKD $UHD

IIGW 2024 attracted over 300 participants from various countries across all its activities, including:

X 45 participants for the Scaling Prevention course by Solenis
x 31 participants for the Leapfrog Software course by Seequent
X 40 participants for the Volsung Software course by Seequent
X 28 participants for the Field Camp

X 40 participants for the Field Trip

Over 200 participants for the Main Seminar

Location of organizers: 13th ITB Geothermal Workshop 2024 Website
Geothermal Engineering Master Program, https://workshop.geothermal.itb.ac.id/2024/
Gedung Energi, Lt. 2

Fakultas TeknikPertambangan dan Perminyakan [IGW 2024 Events on YouTube Playlist
(FTTM) https://bit.ly/YoutubePlaylistiGW2024

Institut Teknologi Bandung (ITB)

Jalan Ganesa 10, Bandung 40132, Indonesia

Contact person:

Dr. Eng. Suryantini

ninik_suryantini@yahoo.consuryantini@itb.ac.id


mailto:ninik_suryantini@yahoo.com
mailto:suryantini@itb.ac.id
https://workshop.geothermal.itb.ac.id/2024/
https://bit.ly/YoutubePlaylistIIGW2024
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GEOSCIENCES

Hydrothermal Characterization
of the Jazan Geothermal System, Saudi Arabia

Daffa Arrofi, Israa S. AbtMahfouz, and John D. Humphrey

Geoscience Department, College of Petroleum and Geosciences,
King Fahd University of Petroleum; and Minerals (KFUPM), Dhahran 31261, Saudi Arabia

Email: g202114270@kfupm.edu.sa
https://orcid.org/0009000:01392518

Al Ardah region in Southwestern Saudi Arabia is known for its hot springs, indicating an active
geothermal system. Howevehere is no established conceptual model to explain how this system
works. Therefore, the main objective of this study is to understand the hydrothermal characteristics of
the area and develop a conceptual model by integrating hydrochemical analysegohitiicgl
information. To achieve this, water samples were collected from the hot springs and analyzed in the
laboratory using geochemical techniques. This analysis allowed us to characterize hydrothermal system
and estimate the geothermal reservoir tepee. In addition, outcrop observations were collected

near the hot springs and possible recharge areas to investigate fractures and potential pathways for fluid
flow based on the orientation of open fractures (joints). Our findings indicate that timaltweaters

are characterized by Nal water, suggesting that the water is discharged from a significant depth of
the reservoir. The estimated reservoir temperature ranges from 1400C to 1800C. The high levels of Li
and Sr imply a strong interaction betwetre thermal water and the granitic rock. Furthermore,
precipitation is found to be the primary source of recharge for this system. Based on our analysis of
various elements, we believe the thermal water flows from the east to the west through jointksand fa
indicating the recharge zone is in the eastern part of the hot spring area. This study greatly enhances the
understanding of the Al Ardah geothermal system in Jazan by integrating hydrochemical analysis and
structural geology observatians

Available at:https://iopscience.iop.org/article/10.1088/17E815/1456/1/012001

Improving Reservoir Temperature Estimation of Medium-Temperature Geothermal
System by Incorporating Mineral Equilibria Conditions into Geothermometric
Approaches: A Case Study in the Kiejo Mbaka Field, Southwest Tanzania

Nyora Donald Kobare, Koki Kashiwaya, and Katsuaki Koike

Department of Urban Management, Graduate School of Engineering,
Kyoto University, Katsura, Kyoto, Japan
2Department of Geosciences, School of Mines and Geosciences,
University of Dar es Salaam 16103, Tanzania

Email: nyorad@gmail.com
https://orcid.org/000@00202349690

The geothermometric characiiion of medium to lowiemperature geothermal fields plays a crucial

role in geothermal resource assessment by providing estimates of subsurface temperatures based on the
chemical compositions of thermal fluids. However, these methods are frequentingballe mineral

equilibria and secondary processes that occur at low temperatures as geothermal reservoir fluids rise to
the surface. This study explores the intricacies of saturation indices as valuable indicators of mineral
equilibrium, aiming to achieve a comprehensive understanding for accurately estimating geothermal


g202114270@kfupm.edu.sa
https://orcid.org/0009-0000-0139-2518
https://iopscience.iop.org/article/10.1088/1755-1315/1456/1/012001
nyorad@gmail.com
https://orcid.org/0000-0002-0234-9690
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reservoir reactions in a N&-HCOs-type water system in the Kiepjdbaka prospectA total of 11
samples from thermal springs were collected for analytical analysis of the prospect, displaying
temperatures ranging from 30 (low) to 64°C (high) and exhibiting partial to immature equilibration.

The reservoir temperature is estimated to range fi®% °C to >300 °C using classical
geothermometry, suggesting the ramuilibrium state of the water samples. Simulation using
PHREEQC in the temperature rang®5fC to175°C indicates that saturation indices models quantify

the degree of mineral equilibration with chalcedony, quartz, and chrysotile. Under these conditions, the
reservoir temperature needs to be estimated through a chalcedony or quartz geothermometry.
Thermodynamic uncertainties reveal oversaturation of calcite, aragonitedcdomite minerals.

Finally, a reservoir temperature d31+20°C was obtained from the multineral saturation indices
models. This estimate remains consistent until itied £xploratory temperature gradient drilling test,
ensuring the coherence of the findings for practical applications

Available at:https://iopscience.iop.org/article/10.1088/17E815/1456/1/012002

Enhancing Environmental Sustainability and SocieEconomic Prosperity: The
Feasibility of the AMIS Methodology in Mitigating H2S Impacts in Ulumbu
Geothermal Working Area

D.M Ahmad and D.Akhlaqul
Geophysics Study Program, Faculty of Mathematics and Natural Science, Universitas Indonesia

Email: mufiddh107 @gmail.com
https://orcid.org/000900961864295

Geothermal energy is one of Indonesia's national strategic programs to reduce the country's dependence
on fossil fuels. Geothermal energy also plays an important role in improving the economic conditions
of communities in the surrounding area. Howeves étionomic growth has also been accompanied by
negative impacts on the environment. The dispersion of hydrogen sidfifegas has been a major
concern in the Ulumbu Geothermal Working Area (WKP), Manggarai Regency, East Nusa Tenggara
(NTT) since it devidped in 2012. This research aims to explore the feasibility of AMIS (Abbattimento
Mercurio ed Idrogeno Solforato) methodology to mitigate the impadt.& The research also
emphasizes the importance of careful planning by project developers and local government to achieve
a balanced approach between methodological advancement and environmental preparedness. By
combining methodological refinement with cargblanning, this study highlights the good potential of

the AMIS methodology in mitigatingl.S impacts. This convergence of approaches not only promotes
environmental sustainability but also revitalizes agricultural and plantation activities and advances the
socioeconomic welfare of the Ulumbu area community

Available at:https://iopscience.iop.org/article/10.1088/1768.5/1456/1/012003
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ENGINEERING

1,000 HP Rig for Indonesia Geothermal Drilling

Yudi Hartond, Roni Chandrg Sahat Sae Simangunséng
Abilati MonikhaWulandart, Charlotte Tiffany Mandagi Redha Bhawika Putta
Sentanu Wisnuwardhana Reksalegofshadt, and Subur Arianto

Jakarta Drilling Society (JDS), JI. Yado | G No.7, Kebayoran Baru, Jakarta, Indonesia.
“Directorate of Geothermal, Ministry of Energy and Mineral Resource,
JI. Pegangsaan Timur, No.1, Central Jakarta

Email: yhartono.67 @gmail.com
https://orcid.org/00090053106786X

Rig rental and service cost accounts fodd9%6 of the drilling costithe largest drilling cost component.

Choosing the right rig size will potentially reduce wellcostd QKDQFLQJ D JHRWKHUPDO SU|
economic value. Despite rig manufactur@mviding maximum rated drilling depth capabilities,

drilling team often opt for larger than necessary rig sizes based on past experiences. Statistical data for
geothermal drilling in Indonesia with depths between 1-2@80 mMD indicates common usage of
1,5032,000 HP rigs, which was found to be excessive. The study in this paper shows that a 1,000 HP

rig is sufficient to drill a geothermal well in Indonesia down to 3,300 mMD. This will potentially enable
significant drilling cost savings of around USD,280/day

Available at:https://iopscience.iop.org/article/10.1088/17E8.5/14561/012004

Optimization of Organic Biopolymer as Green Inhibitor
for Silica Treatment in Geothermal Field

Andhika Putera UtamalGN. Widiantard, Abdul Hari$, Fernando Setiawdnand RM. Arbimsah

IPT. Geo Dipa Energi Unit Dieng, Indonesia
2LEMIGAS QOil and GasTesting Center, Indonesia
SNational Research and Innovation Agency, Indonesia

Email: andhika.utama@geodipa.co.id
https://orcid.org/00090033901-5250

This paper explores the challenges posed by silica scale, a solid deposit that forms in geothermal water
due totemperature, pressure, or pH changéwe silica scale formatiorcan lead to pipe blockages,
reduced flow rates, and increased operational costs. The research fochisg®lymer's potentishs

a solution to prevent silica scale in geothermal energy systems. Biopolymers, which are natural
polymers derived from sources like plants, animals, or microorganisms, present several advantages over
syntletic polymers. These include biodegradability, biocompatibility, and renewability, making them
ecofriendly and coseffective inhibitors for silica scale prevention. The current investigation entailed

a meticulous evaluation of supplementary inhibitor poonds sourced from bioil and
phytochemicals This assessment was conducted within a controlled laboratory setting, utilizing a
pressure reactor and a brine sample. These new formulation organic inhibitors demonstrated
considerable potential in mitigatnscale deposition. It also alters the morphology and size of silica
particles, reducing their ability to precipitate and form scale. Lastly, the paper outlines various methods
to assess the effectiveness of a silica antiscalant agent, taking into abeotypte of agent, system
conditions, and the desired outcome. This comprehensive study provides valuable insights into the use
of biopolymers as a potential solution for silica scale prevention in geothermal energy systems

Available at:https://iopscience.iop.org/article/10.1088/17E8.5/14561/012005



yhartono.67@gmail.com
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The Application of Physicsinformed Neural Networks (PINNS)
for Geothermal Well Thermal Recovery Postinjection
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This study explores the application of Phyditrmed Neural Networks (PINN) to simulate thermal
recovery in geothermal wells following injectivity tests. The primary objective is to implement PINN

to model well thermal recovery. Real well data from lttexature, encompassing parameters such as
circulation time, injectate temperature, heatingsurveys, and wellbore radius measurements, are
gathered for analysis. Subsequently, governing equations and initial and boundary conditions for PINN
modeling ae established. The Ascencio and Horner analytical methods are employed to formulate
boundary conditions for PINN. The application involves predicting natural state temperatures and
temperature profiles across varying radii from the wellbore to the maxiaulios of interest. However,

it is crucial to acknowledge certain limitations. The iterative nature of PINN requires considerable
computational resources, similar to numerical models. Furthermore, assuming vertical parameter
independence may oversimplifyeservoir behavior. In conclusion, despite limitations, PINN
demonstrates the potential to aid thermal recovery simulations. Refining natural state temperature
extrapolation is deemed essential, considering a tendency to overestimate values. Validatidgitbe
accuracy involves refining physical parameters through backpropagation. Additionally, it is imperative
to establish the model's credibility through a rigorous comparative analysis of outcomes with those
obtained from established commercial software

Available at:https://iopscience.iop.org/article/10.1088/17E8.5/14561/012006

Enhancing Geothermal Drilling Efficiency
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Intensive geothermal drilling effort is essential to reach the Indonesian government's target of 3,355
MWe by 2030. To reduce the overall risk of stuck pipe, a significant risk in drilling geothermal wells,
innovation such as Stuck Pipe Machine Learnin(8 ZDV GHYHORSHG WR VXSSRUW H
to reduce potential problems during drilling and optimize the overall drilling operatidasature

studies were conducteblefore developing the application, followed by data collection from 80
geothermalwells in Indonesia Ten drilling parameters were selected, cleaned, normalized, and
prepared to model the Artificial Neural Network algorithm, which has the highest accuracy compared
to other models. The algorithm was then trained and tested on 12 geothermal offsetheeds;@%6

of the data was used for training and the rest for testing. Then it was also tested using historical data
(blind test) for three geothermal offset wells. After confirming the accuracy, the application was tested
on readtime drilling, successfully identifying prstuck or anomaly conditions. Although the overall
accuracy of the algorithm cannot be determined due to the absence of a stuck pipe, the machine learning
model shows its effectiveness in detecting anomalies in the oocared stuck pipe incidents in
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geothermal drilling operations. The SPML application continues to be developed to optimize
geothermal drilling in Indonesia

Available at:https://iopscience.iop.org/article/10.1088/17E8.5/14561/012007

Pressure Prediction in TwePhase Geothermal Well Flow
Using Physics Informed Neural Network (PINN)

Agung Aji Nugroho, SutopandAli Ashat
Geothermal Master Program, Faculty of Mining and Petroleum Engine€FiBg,

Email: agungajinl9@gmail.com
https://orcid.org/0009001-9756-:3082

To ensure optimal production from geothermal wells, it is essential to simulate fluid behavior accurately
in the reservoir and wellbore. Wellbore simulation uses mathematical models to predict the pressure
drop in fluid flow from the bottom hole to the Wead. However, it is essential to understand that using
numerical simulators still has limitations due to inappropriate empirical equations and unrealistic
assumptions. Artificial Neural Network (ANN) can learn the correlation between input (wellbore
geormetry, temperature, pressure, and mass flow rate) and output variables (pressure drop) well. ANN
is very promising for solving problems in the field of science that involve processes that are not fully
understood or that require complex computational pessedHowever, the application of ANN in the
science domain has limitations because it requires extensive data, the inability to produce physically
consistent predictions, and the lack of generalization to scenarios outside the training data. Physics
Informed Neural Network (PINN) integrates ANN and scientific knowledge to overcome inconsistent
physical parameters with training data that is not fully representative. We will discuss the physics loss
function used to produce the PINN model with the best wedlsimulation. Overall, the PINN model

with physics loss functions corrected by temperature can provide more accurate pressure predictions in
the wellbore and fewer errors than the ANN model. The total error produced by the PINN model for
five wells is MAE 2.780 and RSME 3.151. However, the PINN model that has been developed is not
suitable for use in the ofEhase water zone

Available at:https://iopscience.iop.org/article/10.1088/17E8.5/14561/012008
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