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ABSTRACT  
Backgorund: Central Java has the only high-enthalpy Geothermal Power Plant complex located in Dieng. The 
geothermal reservoir stretches across Sileri in the northwest, Sikidang, and Pakuwaja in the southeast. The 
Dieng area possesses tremendous geothermal energy potential, However, only 10.3% or around 60 MW of its 
potential is utilized. At the moment, there is still a resource that has not been utilized, namely waste heat. Waste 
heat appears in the form of liquid-phase hydrothermal (brine) with a pH range of 6-7 and a temperature value 
of 180°C. The energy from the brine has the potential to be a source of water heating in hot spring facilities 
(balneology) with the help of heat exchanger technology. Methods: This study utilized a treatment process for 
geothermal brine involving coagulation with Poly Aluminum Chloride (PAC) at a concentration of 10 ppm and a 
pH adjustment to 8, combined with 1 ppm Polyamide flocculant. Then, the neutralized brine is used in the heat 
exchange system for balneology. The enthalpy of the geothermal working fluid is transferred to the heat pump 
working fluid (refrigerant) through the heat exchanger coil, causing the refrigerant to vaporize. Afterward, the 
refrigerant vapor is compressed to increase pressure and temperature. This high-temperature refrigerant is 
passed through the condenser pipe to warm the water in the balneology. Results: As a result, the hot water from 
the heat exchange process has a temperature of less than 40°C and can be for hot baths. Hot baths can have 
physiological effects on the human body by inducing significant improvements in macro and microvascular 
functions. The habit of taking a hot bath has a good impact on health, giving adequate sleep quality, lowering 
stress levels, and increasing happiness. The scheme of utilizing brine for balneological facilities can also enrich 
the tourism aspect of Dieng, open doors to economic activity, and improve social standards for the surrounding 
community. Conclusion: Utilizing waste heat from geothermal brine through treatment with PAC and 
polyamide flocculant for balneological hot springs is a promising method for harnessing geothermal energy 
while addressing crustal issues. This approach provides health benefits, supports tourism development, and 
opens up economic opportunities that improve community well-being. Novelty/Originality of this article: This 
method integrates geothermal energy utilization with health and tourism benefits, offering a multidisciplinary 
contribution to sustainable socio-economic development in geothermal areas. 
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1. Introduction  

 

Tourism is one of the sectors that affect the development and increase of a country's 
income. Tourism is one of the world's most significant and fastest-growing economic 
sectors (Yakup, 2019). Dieng Plateau is a highland tourism area in Central Java located in 
Banjarnegara Regency and Wonosobo Regency, which is one of the leading tourist areas that 
has attractions offered in the form of natural and artificial tourism (Priyanto, 2016). The 
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development of the tourism industry in this area is increasing, it can be seen from the 
increase in tourist attractions, in addition to natural tourism there is also artificial tourism 
or culinary tourism.  Tourism is one of the sectors that affect the development and increase 
of a country's income. Tourism is one of the world's most significant and fastest-growing 
economic sectors (Yakup, 2019). Dieng Plateau is a highland tourism area in Central Java 
located in Banjarnegara Regency and Wonosobo Regency, which is one of the leading tourist 
areas that has attractions offered in the form of natural and artificial tourism (Priyanto, 
2016). The development of the tourism industry in this area is increasing, it can be seen 
from the increase in tourist attractions, in addition to natural tourism there is also artificial 
tourism or culinary tourism.  Tourism is one of the sectors that affect the development and 
increase of a country's income. Tourism is one of the world's most significant and fastest-
growing economic sectors (Yakup, 2019).  

Dieng Plateau is a highland tourism area in Central Java located in Banjarnegara 
Regency and Wonosobo Regency, which is one of the leading tourist areas that has 
attractions offered in the form of natural and artificial tourism (Priyanto, 2016). The 
development of the tourism industry in this area is increasing, it can be seen from the 
increase in tourist attractions, in addition to natural tourism there is also artificial tourism 
or culinary tourism that can be seen from Figure 1. 

 

 
Fig 1. Dieng tourism region 

 

Hot springs or balneology is one type of tourism offered by Dieng. Currently, several 
places serve hot spring tourism in Dieng, including D'Qiano Hot Spring Waterpark, Toyabira, 
Sendang Sipandu, and Segar Asri (Aristyan, 2023). These hot springs come from the direct 
utilization of hot springs located around the tour, due to geothermal activity that occurs in 
the area. Dieng is an active volcanic area, whose heat from within the earth heats 
groundwater which then comes to the surface as hot springs. Direct utilization has the 
challenge that filtration needs to be done first so that the hot water used is safe and free 
from harmful substances (Herlambang, 2022). The location of hot springs is also influenced 
by geological factors, which are not available everywhere. 

In addition, the Dieng area has great geothermal energy potential, although until now 
it has only been utilized by 10.3% of its total reserves or around 60 MW of the total 
geothermal energy potential of 580 MW in the region (Nurrochim, 2021). Currently, the 
Dieng geothermal field is managed by PT Geo Dipa Energi (Persero) which was established 
in 2002 to manage the assets of Himpurna California Energy Ltd (consisting of 1 unit of 55 
MW geothermal power plant certified in 1998 and 27 wells) which were taken over by the 
government (Mazaya & Kurniawan, 2022). The Dieng geothermal field consists of 5 areas 
namely Sikidang area, Sileri area, Siglagah area, Sipandu area, and Bitingan area as can be 
seen in Figure 2. The Sikidang area manifestation has an estimated temperature of 90°C 
with a pH of 2-3, the Sileri area has an estimated temperature of 80°C with a pH of 6, the 
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Siglagah area has an estimated temperature of 70°C with a pH of 6-7, the Sipandu area has 
an estimated temperature of 80°C with a pH of 6-7, and the Bitingan area has an estimated 
temperature of 65°C with a pH of 6-7. In addition, Dieng geothermal also releases waste heat 
which is channeled through the separator outlet in the form of brine (Wisnu et al., 2020). 

 

 
Fig 2.  Location of Dieng geothermal field 

(Wisnu et al., 2020) 
 

1.1 Trends in balneology usage  
 
Balneology refers to the use of geothermal water for bathing and therapy. It is a long-

established tradition that has existed for thousands of years. The Romans were perhaps the 
first to practice balneology as they already differentiated bathing for leisure and 
establishments for healing purposes (balneology). In Xiaotangshan Sanitarium, China, 
balneology has existed as a means of muscular and skeletal therapy for more than five 
centuries (Saptadji, 2019). Balneology presents in many forms as depicted below.  

 

 
Fig 3. (a) Balneology for open-communal bathing, (b). Balneology as mud-bathing, (c) Balneo-based 

spa (balneology association of North America) 
 

Most balneology presents in the form of open-communal bathing and, on some 
occasions, is developed for spas. Mud/peat therapy commonly exists when geothermal 
water can mix with volcanic mud, creating a healing and mineral-rich source of 
balneotherapy (Smith & Puczkó, 2016). The Czech Republic classifies balneology as a 
central branch of rehabilitative treatment combined with a certain health regimen. Some 
other countries even include balneotherapy as an insurance-covered health service. 
However, there has been a shift in the intention of balneology site visitation due to the 
growing rate of tourism. In Hungary, the locals visit balneology sites for health and medical 
purposes. On the other hand, international tourists strive to visit the sites for pleasure and 
satisfaction. Germany, a place with strong-cultured balneology spas, has also changed the 
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labeling of “spa for health” to “spa for wellness”. In Indonesia, a glimpse of balneology can 
be seen in the picture below.  

Balneology may present as a medium to gain public acceptance of geothermal energy 
in Indonesia. Promoting a friendly and economically interesting way for the community to 
utilize the potential of geothermal energy (Shoedarto et al., 2016). 

 

 
Fig 4. (a) Communal bathing in Dieng, (b) Balneology-base waterpar 

 (Shoedarto et al., 2016) 
 

1.2 Balneology in terms of health  
 
The role of balneotherapy as a geothermal bathing area has various benefits to human 

health, especially for interconnected immune and psychological responses. The effects of 
hot baths on immunity are directly anti-inflammatory and immunosuppressive at the 
cellular level. In patients with induced atopic dermatitis, serum levels of pro-inflammatory 
cytokines such as IL-1β, IL-13 and TNF-α decreased significantly after treatment with high 
concentrations of spring water. Treated patients also experienced modulation of 
inflammatory cytokines through an increase in anti-inflammatory IGF-1, while serum levels 
of pro-inflammatory cytokines TNF-α and IL-1β decreased. Patients with rheumatic 
diseases experienced reduced concentrations of prostaglandin E2 and leukotriene B4, and 
C-reactive protein after balneotherapy. Sulfur-containing hot baths can increase the level of 
Foxp3+ Treg cells that play a role in immunosuppressive activity. In addition, balneotherapy 
gives a positive influence to the oxidant/antioxidant system by reducing the production of 
reactive oxygen (ROS) and nitrogen which then impacts immunosuppressive activity 
(Maccarone et al., 2020). 

Balneotherapy using iron-rich hot water and sulfuric acid chloride is ideal at 38–40℃, 
especially for cardiovascular responses. The correlation between balneotherapy and the 
ideal temperature is closely related to the difference in the body's response during hot and 
cold seasons. Balneotherapy in summer is only needed for a short time so as not to increase 
heart pressure excessively, while in winter balneotherapy activities need to be considered 
for duration to prevent a significant decrease in blood pressure (Wang et al., 2023). 

The physiological effects on cardiovascular health were proven through case study-
based research on 98 patients with musculoskeletal diseases. The treatment given was 
physiotherapy referral with balneotherapy. The results of the application of the method 
showed that diastolic pressure decreased and pulse rate increased, leading to good changes 
such as decreased pulse pressure and cardiac stress, and increased vascular elasticity (Şaş 
et al., 2016). Thus, balneotherapy has the potential to reduce cardiac workload and increase 
vasodilation. However, the application of this therapy still requires attention to the risks 
that may be posed to certain body conditions. Individuals with potential chronic 
cardiovascular and lung diseases are recommended to perform balneotherapy in 1 cycle 
under 20 minutes (Wang et al., 2023).  
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1.3 Fluid characteristics in geothermal  
 

The production fluids in the Dieng geothermal field are different from those in other 
geothermal fields in Indonesia. In addition to mostly being water, the fluids in Dieng have a 
high concentration of silica, about ± 900 mg/L. The Dieng Geothermal Reservoir has an 
installed capacity of 60 MW, divided into the Sileri and Sikidang areas (Wahyudityo et al., 
2013). The Sileri area has neutral fluids, although there is a chance for magmatic fluids to 
mix in. Neutralization happens due to strong water-rock interactions within the reservoir. 
Temperatures here range from 283–338°C, with a chloride content of 69.22 mg/L. The fluid 
source is rainwater that has been heated, mixed with degassed magmatic fluids, boiled, and 
interacted with sedimentary or meta-sedimentary rocks (Kencana et al., 2024). The Sileri 
reservoir is characterized by high chloride content and a boron concentration of 3.84 mg/L, 
indicating interaction with sedimentary rock formations. Additionally, this reservoir has 
SiO2 and Fe concentrations of 41.09 mg/L and 0.12 mg/L, respectively. Other mineral 
contents include K at 21.3 mg/L, Ca at 13.69 mg/L, and Mg at 58.97 mg/L (Ramadhan et al., 
2013). Hydrothermal fluids in the Sileri reservoir move vertically to the upflow zones in 
Pagerkandang Crater and Merdada Crater. The Sileri area also has a steam cap zone, 
characterized by excess enthalpy, high non-condensable gas (NCG) content, and The 
Sikidang area has more acidic fluids with a pH of 3.88, influenced by the dominance of 
magmatic fluids. This reservoir has two phases, with most wells reaching the steam cap 
zone and some wells reaching the liquid zone. A boiling zone is estimated between the liquid 
and steam reservoirs. Fluid temperatures in this reservoir range from 260-324°C, with high 
non-condensable gas (NCG) content, between 2-21%. Fluid flow in the Sikidang area comes 
from upflow zones around Pangonan Crater, Sikidang, and Sibanteng manifestations. These 
upflow zones are linked to acidic fluid zones, indicating potential acidic fluids deep within 
the reservoir (Kencana et al., 2024). The Sikidang reservoir has lower chloride and boron 
contents compared to the Sileri reservoir, with concentrations of 27.48 mg/L and 0.69 
mg/L, respectively. Additionally, this reservoir contains SiO2 at 58.68 mg/L, Fe at 11.44 
mg/L, K at 51.6 mg/L, Ca at 43.5 mg/L, and Mg at 58.94 mg/L (Ramadhan et al., 2013). 

 

2. Methods 
 

The balneological process begins with the identification and utilization of mineral or 
hot water sources that have therapeutic potential. Once the source is found, the next stage 
is water extraction and processing. This process involves a series of methods to purify and 
optimize the mineral content of water, thereby maximizing its therapeutic benefits 
(Gianfaldoni et al., 2017). The treated water then enters the storage and distribution phases. 
This stage is crucial to ensuring water quality is maintained and consistently available for 
various therapeutic applications. 

 

 
Fig. 5. Balneology scheme 
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The therapeutic application of mineral water or hot water is divided into three main 
methods: soaking, inhalation, and hydrotherapy. Soaking involves immersing the body in 
mineral water, allowing the absorption of minerals through the skin, and providing a 
relaxing effect (Nasermoaddeli & Kagamimori, 2005). Inhalation uses mineral water vapor 
for respiratory therapy, potentially treating respiratory tract problems. Hydrotherapy 
includes a variety of techniques for using water for healing, including pressurized water 
massage and temperature contrast therapy. Each of these methods is designed to optimize 
the therapeutic benefits of mineral water, tailored to the specific needs of the patient or 
user. 

After therapeutic application, the balneological process continues with two important 
stages, namely quality monitoring and waste management. Quality monitoring is a vital step 
to ensure the consistent effectiveness and safety of the use of mineral water in therapy. This 
includes regular testing of mineral composition, pH, and other water quality parameters. 
The final stage, waste management, is a sustainable aspect of balneology. This process 
involves treating used water to minimize its environmental impact, including recycling or 
safe disposal. Thus, the balneological cycle not only focuses on health benefits but also pays 
attention to aspects of environmental sustainability, creating a holistic approach to the use 
of mineral water resources for health (Gutenbrunner et al., 2010). 

This research uses a descriptive research approach to provide an actual picture of the 
geothermal conditions, potentials, and challenges that will be researched and planned. 
According to Faridi et al. (2021) Descriptive research is research that aims to describe 
existing phenomena, namely natural phenomena or man-made phenomena, or which is 
used to analyze or describe the results of a subject, but is not intended to provide broader 
implications. The methods used in the preparation of this scientific work are literature 
studies from books, journals, and relevant articles. 

 

3. Results and Discussion 
 

3.1 Brine waste processing 
 
The process of flowing hot water from geothermal production wells to balneological 

facilities is carried out using pipes. The pipes used must be strong against corrosion, high 
pressure and temperature, and salinity. According to Nogara & Zarrouk (2018), several 
types of materials help prevent corrosion, such as carbon steel, stainless steel, and other 
corrosion-resistant alloys (CRA) which contain iron, nickel, chromium, and molybdenum in 
varying amounts. The salinity of geothermal hot water is very high which causes scaling to 
occur. Scaling in pipes occurs due to the formation of deposits which can hinder the water 
distribution process, besides that scaling reduces thermal conductivity and all heat transfer 
coefficients (Baba & Ármannsson, 2006). The common scaling is amorphous silica scale 
(SiO2) (Agustinus et al., 2018). Figure 6 is an example of an image of scaling occurring.  
 

 
Fig 6. Amorphous Silica Scale on Re-injection Pipes 

(PT. Geodipa Energi, 2009) 
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It is necessary to prevent scaling from occurring in order to reduce obstacles to the hot 
water flow process. There are 3 methods studied to prevent scaling in pipes, below is an 
explanation of each method. 
 
3.1.1 PAC (Poly Aluminium Chloride) 
 

Research from Syafri & Rosana (2018) on preventive techniques to minimize scaling in 
the Dieng geothermal area using PAC (Poly Aluminum Chloride) coagulant is considered 
effective. The optimum dose required is a PAC concentration of 10 ppm, pH conditions of 8, 
and the addition of a Polyamide flocculant concentration of 1 ppm. Mixing or stirring 
treatment can increase the effectiveness of preventing scaling because the added coagulants 
and flocculants can be homogeneous so they work optimally. Flocculant is polyelectrolyte 
such as Polyamide compounds which serves to accelerate the larger formation of the floc 
core. The floc-floc density becomes greater than the density of water so that the floc-floc 
will form a precipitate sludge. This method can be seen in Figure 7.  
 

 
Fig 7. Comparison of the effectiveness of coagulant types on precipitation 

(Agustinus et al., 2018) 
 

To maximize efficiency, a geothermal heat pump with a Coefficient of Performance 
(COP) of 4 is employed, amplifying the heat output to 16.4 MW. This system not only 
enhances energy utilization but also minimizes operational costs. However, the high 
mineral content in the brine poses a risk of scaling and corrosion in pipelines. To mitigate 
this, Poly Aluminium Chloride (PAC) is introduced at a dosage of 10 ppm, requiring 8.64 kg 
per day to maintain system integrity and prolong infrastructure lifespan. 
 

3.1.2 pH modification  
 

Concentrated H2SO4 is injected into the brine in Hatchobaru, Japan, and at pH 5-6, the 
silica scaling rate was reduced significantly (Kiyota & Uchiyama, 2011). Because most 
geothermal liquids have extremely large buffer capacity, even for a small decrease, a large 
amount of acid is required (Topçu et al., 2019). For the mitigation of amorphous silica and 
metal silicates, pH modification with concentrated sulphuric acid (H2SO4) has been used in 
the Mak-Ban (Bulalo, Philippines). To reduce the scaling rate, the pH was modified to 
slightly lower, but it was difficult to lower the pH in terms of corrosion problems of 
equipment. Corrosion is a serious issue, particularly in the elbow part of the pipeline, when 
such inorganic acids are dosed in the system. Apart from that, the hazards of sulfuric acid 
are also a factor in considering the use of this method. 
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Fig 8. Graph of the Relationship between pH with Solubility and Deposition  

(Agustinus et al., 2018) 
 

pH modification system has been adopted as an alternative scale prevention method 
since 2003. The purpose of this method is to reduce the silica-scaling rate by adjusting brine 
pH with sulfuric acid. This effect can be seen in Figure 8 and Figure 9. 

 

 
Fig 9. Effect of pH modification on the scaling rate 

(Kiyota & Uchiyama, 2011) 
 

3.1.3 Carbon dioxide (CO2) Injection  
 

Moreover, CO2 injection is another approach to prevent metal silicate scaling. Topçu et 
al. (2019) injected CO2 gas into the TGPP with various flow rates, and the results emphasized 
that 20.6 m3 /s CO2 injections showed a better performance than 55 ppm formic acid 
injection, and less corrosion is observed in CO2 gas injection (Topçu et al., 2019). In this way, 
a sustainable route can be achieved in geothermal systems by capturing the released CO2 

from the system and injecting it through the wells. As a new perspective on the pH 
modification and antiscalant application in geothermal systems, there is a patent 
application for the usage of CO2 as an antiscalant (Baba et al., 2020). The need for high 
capital and complex machine systems are challenges in implementing CO2 injection. This 
method can be seen in Figure 10. 
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Fig 10. Scheme of the system CO2 injection 

(Topcu et al., 2019) 
 

Each method has its own advantages and disadvantages, so it needs to be considered 
in terms of economics, sustainability, and level of hazards. Table 1 is a table of comparison 
levels between parameters and scaling prevention methods. 

 
Table 1. Comparison levels between parameters and scaling prevention methods 

Parameter Methods of scaling prevention 
PAC pH Modification CO2 Injection 

Complexity Medium Low High 
Corrosion Tendency Low High Low 
Environmental Hazard Low High Low 
Investment Medium Low High 
Sustainability Medium Medium High 

 

From the three methods, taking into account the existing aspects, the recommended 
method to use is PAC coagulant, because it is seen from the side effects and costs required. 
As for the optimum conditions dose required is a PAC concentration of 10 ppm, pH 
conditions of 8, and the addition of a Polyamide flocculant concentration of 1 ppm.  

 

3.2 Balneology scheme of brine waste  
 

From Figure 11 can be seen that the brine temperature from the separator's outlet in 
Dieng geothermal reaches 180°C (Wisnu et al., 2020). In this temperature range, Dieng 
geothermal can be utilized through direct geothermal use, such as space heating or domestic 
hot water supply, as shown in the Lindal diagram (Chiasson, 2016). Therefore, the 
geothermal utilization of Dieng can be done by using a Geothermal Heat Pump (GHP) 
system. 
 

 
Fig 11. Lindal diagram 

(Climo et al., 2015) 
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The heat exchange process in the Geothermal Heat Pump starts by transferring 
enthalpy from the Dieng geothermal working fluid to the heat exchanger working fluid in 
the evaporator that can bee seen in Figure 12.   

 

 
Fig 12. Geothermal heat pump (GHP) system in geothermal Dieng 

(Modified from Lund et al., 2004) 
 

The aluminum-finned copper tubes of the refrigerant heat exchanger in Figure 13 act 
as a medium for heat exchange between the geothermal working fluid and the refrigerant 
(Chiasson, 2016). 
 

 

 
Fig 13. Displacement arrow of aluminum-finned copper tubes coil 

 

Proper refrigerant selection in aluminum-finned copper tube coils is critical to ensure 
optimal performance and heat exchange efficiency in heat exchangers (Greco et al., 1997). 
Factors considered in refrigerant selection include thermal efficiency, chemical stability, 
environmental impact, and safety. Table 2 shows refrigerant that can be used for aluminum-
finned copper tube coils. 

 
Table 2. Characteristics of refrigerant types R410A & R407C 

Refrigerant Type Key Properties Physical 
Properties 

(GWP*) Source 

R410 (R32 and R125 
hydrofluorocarbon 
(HFC) mixtures) 

-Non flammable  
-Non-toxic 
-Used in home 
air conditioning 
systems  

-Critical Pressure: 
4.92 MPa (713 psi) 
-Critical 
Temperature: 72.8 
℃ (163.0 ℉) 
-Liquid Density: 
1.21 kg/L 

2.088 Lee et al. 
(2012) 

https://doi.org/10.61511/jimese.v3i1.2025.2108


Assariy & Pratama (2025)    50 
 

 
JIMESE. 2025, VOLUME 3, ISSUE 1                                                                               https://doi.org/10.61511/jimese.v3i1.2025.2108 

R407C  -Non flammable 
-Non-toxic 
-Used in home 
air conditioning 
systems 

-Critical Pressure: 
4.62 MPa (669 psi) 
-Critical 
Temperature: 
87.3℃ (189.1℉) 
-Liquid Density : 
1.16 kg/L 

1.774 Greco et al. 
(1997) 

*GWP (Global Warming Potential) is a number that measures the impact of these gases on global 
warming compared to CO2 over a given period.  
 

After the refrigerant working fluid undergoes vaporization in the evaporator, the 
resulting vapor enters the compressor to be increased in pressure and temperature. The 
compressor is responsible for increasing the pressure and temperature of the refrigerant to 
increase the heat exchange efficiency in the condenser. The high temperature of the 
compressed refrigerant is then flowed to the desuperheater to absorb excess heat from the 
refrigerant which is in a superheat condition after passing through the compressor (Hengel 
et al., 2016). Desuperheaters are effectively used as a heat source in domestic hot water 
supply by transferring excess heat from the refrigerant into domestic water. The hot water 
produced is around 50.43°C (Chahartaghi et al., 2019), which is utilized for hot springs or 
balneology. 

Next, the refrigerant will enter the expansion valve. Inside the expansion valve, the 
temperature and pressure of the refrigerant will be lowered significantly. This process 
causes the refrigerant to experience a drastic drop in temperature and pressure, preparing 
it to return to the evaporator. After passing through the expansion valve, the refrigerant 
which is now in its initial low-pressure and low-temperature state, will then enter the 
evaporator to absorb heat from the geothermal fluid again. This process will continue to 
repeat in the cycle and this process can be seen in Figure 14. 

 

 
Fig 14. Heat transfer from desuperheater 

 

The development of a balneology facility powered by geothermal brine waste offers a 
sustainable solution for energy recovery, economic growth, and community development. 
This analysis examines the project’s technical, social, and financial aspects, providing a 
detailed assessment of its feasibility and long-term viability. 

The geothermal brine, discharged at 180°C, contains substantial residual heat that can 
be harnessed for balneology purposes. With a mass flow rate of 10 kg/s and a specific heat 
capacity of 4.18 kJ/kg°C, the recoverable thermal energy amounts to 5.85 MW. Factoring in 
a 70% system efficiency, the usable energy reduces to 4.1 MW, which is sufficient to heat 
approximately 2,827.7 cubic meters of water daily, raising its temperature from 25°C to 
40°C. This capacity ensures a consistent supply of warm water for therapeutic and 
recreational use. 
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3.3 Biological analysis 
 

Warm bath therapy through balneotherapy can cause dilation vessels blood, reducing 
viscosity blood and reduces tension resulting muscle improve blood circulation, so that can 
help lower blood pressure. This is also the best way  and hassle-free side effects after use so 
it can be used as an alternative for reducing blood pressure (Fembi et al., 2019). The effects 
of balneotherapy generally appear as thermal, mechanical or chemical effects. 
Balneotherapy can be an alternative treatment method for treating health problems such as 
respiratory, cardiovascular, endocrine and neurological problems (Galvez et al., 2018). The 
thermal effect produced by the body is in the temperature range of 35-40 degrees Celsius. 
In this temperature range, blood flow in the body will increase, causing increased blood flow 
to the heart, lungs and brain (An et al., 2019). Hot water therapy in this temperature range 
can cause the body's rectal temperature to increase, namely to 38 degrees Celsius, and also 
cause the pulse rate to increase to 127 ± 18 beats/minute (Brunt et al., 2016).  

Balneotherapy, the therapeutic use of warm baths, has been recognized for its potential 
benefits in improving cardiovascular health, particularly in reducing blood pressure. The 
mechanism behind this effect involves vasodilation, reduced blood viscosity, and enhanced 
muscle relaxation, which collectively improve circulation (Fembi et al., 2019). The absence 
of significant side effects further supports its use as a non-pharmacological intervention for 
hypertension (Galvez et al., 2018). This analysis explores the physiological effects of 
balneotherapy, its clinical implications, and its role as an adjunct therapy for cardiovascular 
and metabolic conditions. 

The therapeutic effects of balneotherapy are attributed to thermal, mechanical, and 
chemical mechanisms. Immersion in warm water (35–40°C) induces peripheral 
vasodilation, which reduces systemic vascular resistance and enhances blood flow (An et 
al., 2019). This thermal effect increases cardiac output and circulation to vital organs, 
including the heart, lungs, and brain, while simultaneously lowering blood pressure (Brunt 
et al., 2016). The rise in core body temperature (up to 38°C) and elevated heart rate (127 ± 
18 bpm) indicate an adaptive cardiovascular response, suggesting improved hemodynamic 
efficiency (Brunt et al., 2016). Additionally, the reduction in blood viscosity facilitates 
smoother circulation, decreasing the workload on the heart (Fembi et al., 2019). 

Several studies highlight balneotherapy’s efficacy in managing hypertension. Fembi et 
al. (2019) observed significant blood pressure reductions in patients undergoing regular 
warm bath therapy, attributing the effect to decreased sympathetic nervous activity and 
enhanced endothelial function. Galvez et al. (2018) further noted that balneotherapy could 
serve as an alternative treatment for cardiovascular disorders due to its ability to modulate 
autonomic nervous system activity. The absence of adverse effects makes it particularly 
suitable for elderly patients or those with medication sensitivities (An et al., 2019). 

Unlike pharmacological treatments, balneotherapy presents minimal risks, making it a 
viable complementary therapy. While antihypertensive drugs may cause side effects such 
as electrolyte imbalances or fatigue, warm water immersion offers a non-invasive approach 
with comparable benefits (Galvez et al., 2018). However, its efficacy may vary based on 
individual factors such as baseline blood pressure, immersion duration, and water 
temperature. Optimal results are typically observed with consistent therapy sessions in 
controlled thermal conditions (Brunt et al., 2016). 

Beyond cardiovascular benefits, balneotherapy has demonstrated positive effects on 
endocrine and neurological health. The thermal stress from warm water immersion 
activates heat shock proteins (HSPs), which play a role in reducing inflammation and 
improving insulin sensitivity (An et al., 2019). This mechanism suggests potential 
applications in metabolic syndrome and type 2 diabetes management. Additionally, the 
relaxation response induced by balneotherapy may alleviate stress-related neurological 
conditions, including anxiety and mild depression (Galvez et al., 2018). 

Despite its advantages, balneotherapy is not universally accessible, and its long-term 
efficacy requires further investigation. Most studies have short-term follow-ups, 
necessitating longitudinal research to assess sustained benefits (Fembi et al., 2019). 
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Additionally, variations in water composition (e.g., mineral-rich vs. plain water) may 
influence outcomes, warranting comparative studies (An et al., 2019). 

 

3.4 Socio-economic analysis  
 

The application of brine waste in balneology in the Dieng area has complex social 
impacts, especially given the characteristics of the area as a tourist destination and 
geothermal site. One of the main problems that arises is the tension between the use of 
geothermal resources for electricity generation and their potential for balneological 
development. Local communities that have long relied on tourism as a source of income may 
feel threatened by changes in the economic landscape brought about by large-scale 
geothermal projects (Sukhyar et al., 2016). The problem that needs to be resolved concerns 
the use of brine waste for balneology in order to bridge this gap, create new jobs in the 
health and tourism sectors, and still utilize the potential of geothermal energy. 

Another social aspect that needs to be considered is changes in land use patterns and 
community access to natural resources. The development of balneological facilities that 
utilize brine waste changes the dynamics of land ownership and management around 
geothermal sources. This problem has the potential to cause conflict if not managed well, 
especially if there is a perception that local communities are marginalized in the 
development process. A concrete case can be seen in complex negotiations between 
geothermal companies, regional governments, and local communities regarding land use 
rights and the sharing of economic benefits from balneological projects. 

Social acceptance of geothermal projects is a key factor. Experience in various regions 
of Indonesia shows that community acceptance of geothermal projects often depends on 
perceptions regarding the direct benefits that can be felt by local communities (Nugroho, 
2019). In Dieng, the integration of balneology in geothermal utilization could be a catalyst 
for increasing social acceptance. By demonstrating that brine waste can be used to create 
health and tourism facilities that benefit local communities, geothermal projects have the 
potential to gain wider support. However, the success of implementing brine waste-based 
balneology depends on transparent communication, involving the community in decision-
making, and implementing a fair and sustainable benefit sharing program. If managed well, 
the development of brine waste-based balneology in Dieng can become a model for 
harmonization between the interests of the energy industry, tourism, health, and the 
aspirations of local communities (Oktavia et al., 2021). 

A balneological review from an economic aspect in the Dieng area needs to consider 
the existence of several operating hot springs, such as D'Qiano Hot Spring Waterpark, 
Tegalsari, Sendang Sipandu, Legok Munggang, and Segar Asri. These facilities have become 
an integral part of Dieng's tourism landscape, attracting local visitors as well as tourists 
from outside the area. The existence of hot springs shows that there is a market being 
formed for balneological services in the region, which is a positive indicator for the potential 
development of brine waste-based balneology (Oktavia et al., 2021). 

In the context of balneological development using a brine waste system, economic 
analysis is crucial for assessing the feasibility and sustainability of the project. The initial 
investment costs to implement a brine waste processing system in balneological facilities 
can be quite substantial, including water treatment infrastructure, the construction of 
bathing facilities, and the development of supporting amenities (Lund, 2006). Utilizing brine 
waste, which is a by-product of geothermal power plants, can produce long-term cost 
efficiencies compared to conventional hot springs, which require natural hot water sources 
or artificial heating. 

The project’s implementation influences land-use patterns and resource accessibility, 
potentially leading to conflicts if not managed properly. Local communities must be actively 
engaged in negotiations regarding land rights and economic benefits to prevent 
marginalization. Transparent governance and equitable profit-sharing mechanisms are 
essential to fostering trust and ensuring long-term cooperation. 
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Environmental sustainability is another critical consideration. The facility must 
incorporate water conservation strategies to avoid depleting local resources. Additionally, 
proper treatment of waste brine is necessary to prevent ecological harm. By adopting 
responsible practices, the project can align with broader environmental goals while 
supporting regional tourism and wellness industries. 

To assess the economic feasibility of this project, several economic indicators need to 
be considered. Break Even Point (BEP) is achieved within 3-5 years, depending on the scale 
of investment and level of tourist visits (Shortall et al., 2015). Levelized Cost of Energy 
(LCOE), to calculate the cost per visitor or per balneology session by considering the total 
cost over the life of the project divided by the number of visitors served (Yasukawa et al., 
2018). The payback period is estimated to be between 5-7 years, considering the existing 
market potential and added value from the use of brine waste (Lund & Boyd, 2016). The 
project's internal rate of return (IRR) reaches 15-20%, making it attractive for investors 
(Lund, 2006). The benefit-cost ratio (BCR) is expected to be greater than 1, around 1.3–1.5, 
indicating that the economic benefits exceed the costs (Shortall et al., 2015). Based on 
calculations made by researchers, this project has a payback period of 4.39 years and an 
internal rate of return (IRR) of 29%, making it attractive to investors. The benefit-cost ratio 
(BCR) is expected to be greater than 1, at 1.44, indicating that the economic benefits exceed 
the costs incurred. Assuming a 12% discount rate, the net present value (NPV) is calculated 
to be IDR 614,013,482.00. The initial capital investment for the facility totals IDR 
330,727,333, covering infrastructure, utilities, and amenities. Key expenditures include 
heat exchangers (IDR 29,844,000), VIP bathing chambers (IDR 18,000,000), and 
administrative buildings (IDR 51,000,000). Operational costs, such as electricity (IDR 
2,461,090/month) and labor (IDR 14,000,000/month), are offset by revenue streams from 
ticket sales. 

The facility generates daily income through two ticket tiers: standard (IDR 8,000) and 
VIP (IDR 35,000). With an estimated 60 standard and 8 VIP visitors per day, daily revenue 
reaches IDR 760,000, accumulating to IDR 273,600,000 annually in the first year. Over a 
nine-year period, revenue growth is projected to reach IDR 674,226,898, driven by 
increasing visitor numbers and potential expansions. 

Financial metrics confirm the project’s profitability. The Return on Investment (ROI) 
stands at 43.78%, while the Benefit-Cost Ratio (B/C) of 1.44 indicates that revenues 
significantly exceed expenditures. The payback period is achieved in 4.39 years, with a Net 
Present Value (NPV) of IDR 614,013,482 at an 8% discount rate, underscoring the venture’s 
strong financial foundation. 

The application of the brine waste system in balneology in Dieng not only has the 
potential to create long-term operational cost efficiencies, but the application of the brine 
waste system in balneology can open up opportunities for product differentiation. 
Balneological facilities that utilize brine waste can promote themselves as eco-friendly 
destinations, attracting market segments that care about the environment and health. 
Through this balneology, economic value will be increased through premium pricing and 
increased occupancy. In addition, integration with the geothermal energy sector can create 
economic synergies, where waste processing costs from power plants can be offset by 
income from balneological facilities. This holistic approach has the potential to create a 
business model that is more sustainable and resilient to fluctuations in the conventional 
tourism market (Oktavia et al., 2021). 

 

4. Conclusions 
 

The integration of geothermal heat pump technology with Dieng's geothermal energy 
source not only provides a clean and efficient solution for hot springs (balneology), but also 
has the potential to improve the overall health of Dieng communities and tourists and 
support sustainable tourism growth. With the active involvement of the younger generation 
in encouraging the utilization of clean and sustainable energy, Dieng can become a pioneer 
in maintaining a balance between economic growth and environmental preservation. By 
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taking concrete action in utilizing Dieng's geothermal energy as a source of hot springs 
(balneology), we can realize easy access to clean energy to support sustainable tourism. 
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