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 This research presents a study on the use of a water vapor furnace to 

reduce fuel costs in boiler operations. Experimental data show that 

integrating water vapor into the combustion process significantly 

reduces fuel consumption and operation time. Using both waste oil 

and diesel (solar), the average fuel efficiency improvement reaches 

70% and 86% respectively. These findings indicate that water vapor 

furnaces can potentially reduce boiler operation costs by up to 77.5%, 

laying groundwork for future innovations in clean and efficient energy 

technology. 
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1. INTRODUCTION 

Boiler operations involve a complex set of activities that ensure efficiency, safety, and compliance 

with environmental regulations. The efficiency of conventional boilers is influenced by various operational 

and design factors, including fuel characteristics, combustion control, and maintenance practices (Siraj et al., 

2023)Siraj et al., 2024). In many developing countries, unsustainable operating practices lead to operational 

hazards and environmental liabilities, particularly within industries such as apparel manufacturing, where 

extensive boiler use is common (Siraj et al., 2023). 

Recent studies emphasize the importance of efficient combustion processes, with advancements in 

models and strategies aimed at optimizing performance while reducing emissions (Behera et al., 2022; Wang 

et al., 2023). Furthermore, automated monitoring systems have been introduced to enhance boiler management, 

focusing on real-time adjustments that improve operational stability and efficiency (Payel et al., 

2023)Chamorro et al., 2024). Understanding various operational parameters, including biomass ratios and 

combustion characteristics, is crucial for achieving optimal boiler performance under different load conditions 

(Gupta et al., 2023; Ruhiyat et al., 2024; Tong et al., 2023). Overall, integrating advanced technologies into 

boiler operations is essential for future sustainability in energy production (Payel et al., 2023). 

The operational costs of boilers are affected by various factors, including maintenance, efficiency, 

and the type of fuel used. Effective boiler maintenance can save significant costs, with studies indicating that 

maintenance expenses can account for 15-70% of total heat production costs in large facilities Yang et al. 

(2021). Efficient operation of boilers is crucial as improvements can lead to substantial cost reductions — for 

example, intelligent monitoring systems can decrease operating costs by an average of $92,843 per year 

(Chamorro et al., 2024). 
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Additionally, integrating energy efficiency technologies and practices can yield economic benefits by 

reducing fuel consumption and operational expenses. Research on low NOx combustors revealed that 

operational costs could be favorably influenced by switching technologies, potentially enhancing both cost-

effectiveness and environmental performance (Zuo et al., 2021). Furthermore, cost-benefit analyses indicate 

that optimizing heat recovery and combustion processes not only decreases operational costs but can also 

enhance boiler lifespan and reduce the likelihood of unplanned downtimes due to failures or leakage 

(Abdelsamee et al., 2022; Gusniar & Sandy, 2021; Filkoski et al., 2020). 

Together, these considerations emphasize the importance of leveraging technological innovations and 

scheduled maintenance to minimize operational costs effectively while ensuring the longevity of boiler 

systems. However, there is no previous attempt to reduce the fuel consumption of the boiler by using water 

vapor.  

 

2. METHOD  

2.1.  Water vapor furnace description and objective 

The water vapor furnace developed in this study was designed with an integrated approach to enhance the 

combustion process by introducing pressurized steam directly into the burner. The furnace consists of a 

hermetically sealed steel tank divided into two equal volumes: water and air. The heating process begins with 

the ignition of a primary fuel (either used oil or diesel) which supplies the energy required to vaporize the water 

inside the chamber. As the water boils, pressure builds up in the upper air section, forcing the steam through a 

reinforced high-temperature pipe that terminates in a directional nozzle aimed at the combustion zone. 

The fundamental hypothesis is that this injected steam, when mixed with hydrocarbon fuel, leads to micro-

explosive combustion characteristics. These effects are thought to intensify the flame temperature and promote 

more complete fuel oxidation, hence reducing unburnt hydrocarbons and increasing net thermal output. This 

phenomenon aligns with similar studies in internal combustion engines, where water injection has 

demonstrated enhancements in torque and combustion uniformity. 

See Fig 1 for the device. The device design enables the circulation of heat, the steam feedback loop, and 

the burner configuration. The design allows for modular adaptation and scaling for industrial boilers with 

varying combustion chambers and fuel delivery systems. 

 

 
 

Figure 1. Water Vapor Furnace Device 

 

 

2.2. Experimental process 

To evaluate the system's performance, a comparative experimental setup was established using two 

scenarios: 

• Condition A (Direct Combustion): Heating water using a conventional open-flame burner powered 

by the selected fuel. 

• Condition B (Water Vapor Furnace): Heating using the same burner augmented with the integrated 

steam injection system. 
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Each test involved boiling 1 liter of water in a standardized stainless steel pan from ambient temperature 

(25°C) to 100°C. A digital thermometer probe was placed consistently at the center of the pan to monitor the 

temperature in real time. 

The experiments were repeated three times for each fuel type (waste oil and diesel), under controlled 

atmospheric conditions. To eliminate bias, the initial water temperature, ambient air temperature, and 

equipment calibration were standardized before each test. Time to boiling point was recorded with second-

level precision. 

The outcome measure—boiling time—is considered a surrogate marker for thermal efficiency, under the 

assumption that shorter heating duration corresponds to higher heat output and therefore better fuel utilization. 

 

3. RESULTS AND DISCUSSION  

3.1.  Result 

The experimental findings are summarized in Table 1. The integration of water vapor significantly 

reduced the time required to reach boiling point under both fuel types. On average, the reduction for waste oil 

was approximately 70%, while for diesel, the reduction reached 86%. 

 

Table 1. The duration comparison 

 

Fuel Type 
Experiment 1 Experiment 2 Experiment 3 Avg 

Saving Direct Furnace Saving Direct Furnace Saving Direct Furnace Saving 

Waste Oil 5:32 1:48 67% 4:41 1:40 64% 6:22 1:25 78% 70% 

Diesel 7:32 1:00 87% 6:23 0:48 87% 5:30 0:57 83% 86% 

 

These numbers suggest that the presence of steam not only accelerates combustion but also enhances 

the flame's thermal effectiveness. It is reasonable to infer that this is due to the micro-explosive behavior of 

steam droplets when injected into a high-temperature fuel-rich environment. 

 

 
Figure 2. Duration Comparison of Direct and Furnace Boiling using Waste Oil and Diesel as Fuel 

 

3.2.  Discussion 

3.2.1. Economic Impact 

Given that fuel costs contribute approximately 90% to the total operational expense of boilers, the 

integration of this furnace system may yield remarkable cost-saving potential: 

• For waste oil: 90% × 70% = 63% total cost reduction 

• For diesel: 90% × 86% = 77.4% total cost reduction 

These figures translate into not just marginal improvements, but transformational operational 

economics for factories, hotels, food processors, and other industries dependent on thermal processes. 

 

3.2.2. Technical and Environmental Impact  

By achieving faster heating with less fuel, this method inherently lowers emissions per thermal unit 

generated. Reduced fuel input also decreases the load on air intake systems, potentially enhancing the lifespan 

of combustion components and reducing ash or soot formation. Moreover, with fewer operational hours 
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required for the same thermal output, the system indirectly supports increased equipment availability and 

maintenance efficiency. 

 

3.3. Limitation  

While boiling time provides a tangible and repeatable benchmark, it lacks the granularity of actual 

calorific analysis. Future iterations of this study should employ bomb calorimetry or integrated flow 

calorimeters to quantify energy input/output more rigorously. 

Additionally, expansion to include alternative fuels such as biomass or gasified waste, and testing 

across different burner geometries, would improve the generalizability of these results 

 

4. CONCLUSION  

This study demonstrates that a water vapor furnace system, when integrated into a conventional 

combustion setup, significantly improves fuel efficiency. The dual effects of thermal enhancement and fuel 

saving, as measured by reduced water boiling times, are both substantial and consistent. Average savings of 

70% (waste oil) and 86% (diesel) indicate that the method is not only effective but scalable across fuel types. 

Beyond mere operational benefit, this approach offers a meaningful step toward more sustainable 

energy use in industrial settings. The simplicity of its mechanical design, combined with its potential for high 

impact, positions it as an attractive candidate for immediate field trials and commercialization. 

Further research should investigate the long-term thermal stress on burner materials due to steam 

injection, explore automated control systems for steam flow rate, and simulate the technology at scale within 

actual boiler facilities to validate its utility beyond laboratory conditions. 
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