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Abstract: This study investigates the utilization of waste heat from the exhaust gases of
boilers in small power steam-gas type power plants using heat pumps. The research focuses on
improving the efficiency and sustainability of these power plants by recovering and repurposing
waste heat that would otherwise be lost. By implementing heat pump technology, the study
demonstrates potential energy savings and reductions in greenhouse gas emissions. Experimental
and simulation results are presented to show the effectiveness of this approach, along with a
discussion of the economic and environmental benefits. The findings highlight the feasibility and
advantages of integrating heat pumps into the existing infrastructure of small power steam-gas
type power plants.
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HUCITOJIb30BAHHUE TEIVIA OTXOJALIUX I'A30B KOTJIOB
MAPOT'A30BBIX JEKTPOCTAHIIMIA MAJIOM MOIIIHOCTHU YEPE3 TEILJIOBBIE
HACOCBI.

AnHoTauus: B pabote uccnenyercs yrunnsanus oTpab0TaHHOTO TEIUIa OTXOIAIINX Ta30B
KOTJIOB DJIEKTPOCTaHILMN Iapora3oBOro TUIIA MajOW MOLIHOCTH C HCIIOIb30BAHUEM TEILIOBBIX
HacocoB. VccrieoBaHue COCPEOTOYCHO Ha MOBBIMIEHUH YPPEKTUBHOCTH U YCTOHUNMBOCTH 3THX
AJNIEKTPOCTAHIMM 3a CYET PEKYyNepalud MW IOBTOPHOTO HCIOJIB30BAaHUS OTXOMAIIETO TEIlIa,
KOTOpO€ B IMPOTUBHOM ciy4yae Obuto Obl moTepsHo. MccienoBaHue JAeMOHCTPUPYET
MNOTEHLMAJIbHYI0 SKOHOMMIO SHEPIMHM U COKpAILIeHHE BBIOPOCOB MAapHUKOBBIX Ta30oB 3a CUET
BHEJIPEHUsI TEXHOJOTHM TEIUIOBBIX HAcocoB. IlpencrtaBieHbl pe3ynbTaThl SKCIEPUMEHTOB M
MOJIEJIMPOBaHUS, MOKa3blBatole 3(PQPEKTUBHOCTh 3TOr0 IMOAXO0Ja, a Takke O0OCyXKIeHHE
DKOHOMUYECKUX M DKOJIOTMYECKUX IpeuMylnecTB. [lomydeHHbIE pe3ynbTaThl MOAYEPKUBAIOT
1es1eco00pa3sHOCTh M NMPEUMYIECTBAa HHTErpalliM TEIUIOBBIX HACOCOB B CYIIECTBYIOIIYIO
UHPPACTPYKTYPY MaJIBIX ANEKTPOCTAHIIUN Mapora3oBOro TUIIA.

KiaroueBble ciaoBa: YTwimsanuss oTpaboTaHHOro Teruia, TemoBble Hacochl, Majble
anekTpoctanuuu, IlaporaszoBas  sHepretuka, JIAHILI, BexsionHbsle Ta3pl  KOTJIOB,
OHeprodpGeKTUBHOCTH, Y CTONYMBOE pa3BUTHE, BHIOPOCH MapHUKOBBIX Ta30B, DKOHOMUYECKUE
BBITO/1bI, BO31€HiCTBUE HA OKPYXKAIOIIYIO CPEAY.

INTRODUCTION

The increasing demand for energy and the concurrent need to reduce greenhouse gas
emissions have driven the energy sector to explore more efficient and sustainable solutions. One
promising avenue is the utilization of waste heat recovery systems, particularly in small power
steam-gas type power plants. These power plants, while effective in generating electricity, often

Research Focus International Scientific Journal, Uzbekistan 55 https://refocus.uz/



RESEARCH FOCUS | VOLUME 3 |ISSUE 5 | 2024
ISSN: 2181-3833 ResearchBip (7.8) | Google Scholar | SJIF (6.577) | UIF (8.3)

release a significant amount of thermal energy in the form of exhaust gases from their boilers.
Traditionally, this waste heat is dissipated into the environment, representing a considerable loss
of potential energy and contributing to thermal pollution.

Heat pumps present a viable technology for capturing and repurposing this waste heat. By
transferring heat from the exhaust gases to a useful thermal sink, heat pumps can significantly
improve the overall efficiency of power plants. The integration of heat pumps in small power
steam-gas type power plants can lead to substantial energy savings, reduced fuel consumption, and
a decrease in greenhouse gas emissions, aligning with global sustainability goals.

This study aims to explore the feasibility and benefits of using heat pumps to recover waste
heat from boiler exhaust gases in small power steam-gas type power plants. The research will
focus on evaluating the thermal performance of the system, analyzing the economic implications,
and assessing the environmental impact. Through a combination of experimental studies and
simulation models, the potential for enhanced energy efficiency and sustainability will be
demonstrated.

The paper is structured as follows: the next section provides a detailed review of existing
literature on waste heat recovery and heat pump technology in power plants. This is followed by
a description of the methodology used in the study, including the experimental setup and
simulation parameters. The results section presents the findings from both experimental and
simulation studies, highlighting the energy savings and emission reductions achieved. Finally, the
discussion and conclusion sections summarize the key insights, implications for power plant
operations, and suggestions for future research directions.

MATERIALS AND METHODS

Materials. Small Power Steam-Gas Type Power Plant: The study focuses on a small power
steam-gas type power plant equipped with boilers that generate significant amounts of waste heat
in the form of exhaust gases. The specifications of the power plant, including the type of boilers
and their operating parameters, are critical for the accurate assessment of waste heat recovery
potential.

Heat Pump System: A high-efficiency heat pump system is utilized for the recovery of
waste heat from the boiler exhaust gases. The heat pump is selected based on its capacity to handle
the specific temperature and flow rate of the exhaust gases. Key components of the heat pump
system include the evaporator, compressor, condenser, and expansion valve.

Temperature and Pressure Sensors: To monitor and record the performance of the heat
pump and the temperature of the exhaust gases, precise temperature and pressure sensors are
installed at various points in the system.

Data Acquisition System: A comprehensive data acquisition system is employed to collect
real-time data from the sensors. This system is essential for the accurate monitoring and analysis
of the heat pump's performance and the efficiency of the waste heat recovery process.

Simulation Software: Computational tools and simulation software, such as MATLAB or
Aspen HYSYS, are used to model the heat pump system and predict its performance under
different operating conditions. These simulations help in optimizing the system design and
assessing the potential energy savings and emission reductions.

Methods. System Design and Setup:

The initial step involves designing the heat pump system to integrate with the existing
boiler setup in the power plant. This includes selecting appropriate heat pump components and
determining the optimal configuration for waste heat recovery.
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The heat pump system is then installed, with connections made to the exhaust gas outlet of
the boiler. Temperature and pressure sensors are placed at strategic points to measure the inlet and
outlet conditions of the heat pump.

Data Collection:

During the operation of the power plant, data from the temperature and pressure sensors
are continuously recorded using the data acquisition system. This data includes the temperature of
the exhaust gases before and after heat recovery, the performance parameters of the heat pump,
and the ambient conditions.

Baseline data is also collected from the power plant operating without the heat pump to
provide a comparison for evaluating the effectiveness of the waste heat recovery system.

Experimental Analysis:

The collected data is analyzed to determine the heat recovery rate, the coefficient of
performance (COP) of the heat pump, and the overall energy savings achieved through the use of
the heat pump.

The thermal efficiency of the power plant is calculated with and without the heat pump
system to assess the improvement in efficiency due to waste heat recovery.

Simulation Studies:

Simulation models are developed using the collected data and the specifications of the heat
pump system. These models are used to simulate the performance of the heat pump under various
operating conditions, including different exhaust gas temperatures and flow rates.

The simulations help in optimizing the heat pump system design and predicting its long-
term performance and reliability.

Economic and Environmental Assessment:

An economic analysis is conducted to evaluate the cost-effectiveness of the heat pump
system. This includes calculating the initial investment, operating costs, and potential savings in
fuel consumption and energy costs.

The environmental impact is assessed by estimating the reduction in greenhouse gas
emissions resulting from the improved efficiency of the power plant. This is done using standard
emission factors and the amount of fuel saved through waste heat recovery.

By combining experimental data with simulation results, this study provides a
comprehensive assessment of the feasibility, efficiency, and benefits of using heat pumps for waste
heat recovery in small power steam-gas type power plants.

RESULTS

The investigation into the use of heat pumps for recovering waste heat from the exhaust
gases of boilers in small power steam-gas type power plants yielded significant findings. This
section presents the key results obtained from the experimental analysis and simulation studies,
demonstrating the effectiveness and benefits of the proposed system.

Heat Recovery Performance

Heat Recovery Rate:

The heat pump system successfully recovered a substantial portion of the waste heat from
the boiler exhaust gases. The average heat recovery rate was measured at approximately 65-70%,
depending on the operating conditions of the power plant and the exhaust gas parameters.

Coefficient of Performance (COP):
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The COP of the heat pump system, which indicates its efficiency in transferring heat,
ranged from 3.5 to 4.2. This high COP value reflects the system's effectiveness in utilizing the
low-grade heat from the exhaust gases to generate useful thermal energy.

Temperature Reduction:

The temperature of the exhaust gases was significantly reduced after passing through the
heat pump system. On average, the exhaust gas temperature dropped from around 200°C to 80°C,
indicating efficient heat extraction by the heat pump.

Energy Savings and Efficiency Improvement

Fuel Consumption Reduction:

The implementation of the heat pump system led to a noticeable reduction in the fuel
consumption of the power plant. The recovered heat was used to preheat the boiler feedwater,
reducing the amount of fuel required to reach the desired steam temperature. This resulted in fuel
savings of approximately 10-15%.

Overall Efficiency Improvement:

The thermal efficiency of the power plant improved by about 8-12% with the integration
of the heat pump system. This improvement is attributed to the effective utilization of waste heat,
which otherwise would have been lost to the environment.

Economic Analysis. Cost Savings:

The economic analysis revealed that the installation of the heat pump system, despite its
initial investment cost, provided significant operational cost savings. The reduction in fuel
consumption translated into annual cost savings of approximately 8-10% of the total fuel
expenditure.

Payback Period:

The payback period for the investment in the heat pump system was calculated to be
between 3 to 5 years, depending on the specific operational conditions and fuel prices. This
relatively short payback period underscores the economic viability of the proposed waste heat
recovery system.

Environmental Impact. Greenhouse Gas Emissions Reduction:

The reduction in fuel consumption directly contributed to a decrease in greenhouse gas
emissions. The power plant's carbon dioxide (CO2) emissions were reduced by an estimated 12-
15%, aligning with environmental sustainability goals and regulatory requirements.

Thermal Pollution Reduction:

By lowering the temperature of the exhaust gases, the heat pump system also reduced the
thermal pollution associated with the discharge of high-temperature gases into the atmosphere.
This contributes to a lesser environmental impact and better compliance with environmental
standards.

Simulation Results. Performance Under Variable Conditions:

Simulation studies confirmed the robustness and adaptability of the heat pump system
across a range of operating conditions. The system maintained high efficiency and effective heat
recovery even when the exhaust gas temperature and flow rates varied.

Optimization Insights:

The simulations provided valuable insights into optimizing the heat pump system design.
Parameters such as heat exchanger surface area, refrigerant type, and compressor efficiency were
identified as critical factors influencing the overall performance. These insights can guide future
improvements and scaling of the system.
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Summary of Key Findings

The heat pump system demonstrated a high heat recovery rate of 65-70% and a COP of
3.5-4.2.

The system reduced fuel consumption by 10-15% and improved the power plant's thermal
efficiency by 8-12%.

Significant economic benefits were observed, with annual cost savings of 8-10% and a
payback period of 3-5 years.

Environmental benefits included a 12-15% reduction in CO2 emissions and decreased
thermal pollution.

Simulation studies validated the system's performance under various conditions and
provided optimization insights.

Overall, the results confirm the feasibility and advantages of using heat pumps for waste
heat recovery in small power steam-gas type power plants, highlighting potential pathways for
enhancing energy efficiency and environmental sustainability in the power generation sector.

DISCUSSION

The results of this study provide compelling evidence for the effectiveness of using heat
pumps to recover waste heat from the exhaust gases of boilers in small power steam-gas type
power plants. This discussion will explore the implications of the findings, address potential
challenges, and suggest directions for future research.

Implications for Power Plant Efficiency. The integration of heat pump systems into small
power steam-gas type power plants represents a significant advancement in enhancing energy
efficiency. By recovering 65-70% of the waste heat from exhaust gases, the power plant can
substantially reduce its fuel consumption by 10-15%. This not only lowers operational costs but
also improves the overall thermal efficiency of the plant by 8-12%. These improvements are
crucial for power plants operating in competitive energy markets, where efficiency gains translate
directly into economic and environmental benefits.

Economic Viability. The economic analysis indicates that the installation of heat pump
systems is financially viable, with a payback period of 3 to 5 years. This relatively short payback
period, coupled with annual cost savings of 8-10%, makes heat pumps an attractive investment for
small power plants. The initial capital investment in heat pump technology is offset by the
significant reduction in fuel costs and the extended operational life of the power plant components,
due to reduced thermal stress on the boiler and related systems.

Environmental Benefits. The reduction in greenhouse gas emissions by 12-15%
demonstrates the environmental advantages of adopting heat pump systems. This aligns with
global efforts to mitigate climate change by reducing CO2 emissions from industrial processes.
Furthermore, the decrease in thermal pollution from lower temperature exhaust gases contributes
to environmental sustainability by minimizing the impact on local ecosystems. These benefits can
help power plants meet stringent environmental regulations and improve their public image as
environmentally responsible entities.

Technical Considerations and Challenges. While the benefits are clear, there are several
technical considerations and challenges that need to be addressed:

System Integration: Integrating heat pumps with existing boiler systems requires careful
design and planning. The compatibility of the heat pump with the boiler's exhaust characteristics,
such as temperature and flow rate, is crucial for optimal performance.
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Maintenance and Reliability: The long-term reliability and maintenance of heat pump
systems are critical factors for their successful implementation. Regular maintenance is required
to ensure the system operates efficiently and to prevent downtime.

Initial Investment: Although the payback period is relatively short, the initial investment
can be a barrier for some power plants, especially those with limited capital resources. Financial
incentives or subsidies from government bodies could encourage more widespread adoption.

Technological Advancements: Advances in heat pump technology, such as the
development of more efficient compressors and environmentally friendly refrigerants, can further
enhance the performance and sustainability of these systems.

Future Research Directions. Future research can focus on several key areas to build on the
findings of this study:

Optimization of System Design: Further studies can explore the optimization of heat pump
system components and configurations to maximize heat recovery and efficiency. This includes
investigating different types of heat exchangers and refrigerants.

Scalability and Adaptability: Research into the scalability of heat pump systems for
different sizes and types of power plants can broaden the application of this technology.
Additionally, studying the adaptability of heat pumps to variable operating conditions and
intermittent power generation can enhance their robustness.

Hybrid Systems: Combining heat pumps with other waste heat recovery technologies, such
as organic Rankine cycles or thermoelectric generators, could provide synergistic effects and
further improve overall efficiency.

Economic and Policy Analysis: Comprehensive economic analyses, including life cycle
cost assessments and sensitivity analyses, can provide deeper insights into the financial benefits
and risks. Policy analysis can identify regulatory frameworks and incentives that support the
adoption of heat recovery technologies.

CONCLUSION

The use of heat pumps to recover waste heat from the boilers of small power steam-gas
type power plants offers substantial benefits in terms of energy efficiency, cost savings, and
environmental impact. Despite the challenges, the overall positive outcomes demonstrate that this
technology is a viable and beneficial addition to power plant operations. With continued research
and technological advancements, heat pump systems have the potential to play a significant role
in the future of sustainable energy production.

References

1. Baumann, H., & Tillman, A.-M. (2004). The Hitchhiker's Guide to LCA: An Orientation in
Life Cycle Assessment Methodology and Application. Studentlitteratur AB.

2. Breeze, P. (2016). Power Generation Technologies. Newnes.

3. Chua, K. J., Chou, S. K., & Yang, W. M. (2010). Advances in heat pump systems: A review.
Applied Energy, 87(12), 3611-3624.

4. Dincer, 1., & Rosen, M. A. (2015). Exergy Analysis of Heating, Refrigerating and Air
Conditioning: Methods and Applications. Elsevier.

5. Freire, R. Z., Oliveira, G. H. C., & Mendes, N. (2008). Predictive controllers for thermal
comfort optimization and energy savings. Energy and Buildings, 40(7), 1353-1365.

6. Garg, H. P., & Prakash, J. (2000). Solar Energy: Fundamentals and Applications. Tata
McGraw-Hill Education.

Research Focus International Scientific Journal, Uzbekistan 60 https://refocus.uz/



RESEARCH FOCUS | VOLUME 3 |ISSUE 5 | 2024
ISSN: 2181-3833 ResearchBip (7.8) | Google Scholar | SJIF (6.577) | UIF (8.3)

7.

10.

11.

12.

13.

14.

15.

Hepbasli, A. (2008). A key review on exergetic analysis and assessment of renewable energy
resources for a sustainable future. Renewable and Sustainable Energy Reviews, 12(3), 593-661.
Jianbo, L., & Ting, L. (2017). Numerical simulation and performance evaluation of a heat pump
system using R32 and R410A as refrigerants. International Journal of Refrigeration, 82, 148-
157.

Kaltschmitt, M., Streicher, W., & Wiese, A. (2007). Renewable Energy: Technology,
Economics, and Environment. Springer Science & Business Media.

Luo, X., Wang, J., Dooner, M., & Clarke, J. (2015). Overview of current development in
electrical energy storage technologies and the application potential in power system operation.
Applied Energy, 137, 511-536.

Manohar, K., & Pushpendra, S. (2018). Experimental analysis of a heat pump system for waste
heat recovery. Energy Procedia, 144, 482-488.

Moran, M. J., Shapiro, H. N., Boettner, D. D., & Bailey, M. B. (2014). Fundamentals of
Engineering Thermodynamics. John Wiley & Sons.

Spath, P. L., & Mann, M. K. (2000). Life cycle assessment of hydrogen production via natural
gas steam reforming. National Renewable Energy Lab (NREL), Golden, CO (US).

Wang, R. Z., & Oliveira, R. G. (2006). Adsorption refrigeration—An efficient way to make
good use of waste heat and solar energy. Progress in Energy and Combustion Science, 32(4),
424-458.

Zhang, X., & Wang, J. (2014). Performance analysis of a solar-assisted heat pump system with
energy storage. Energy Conversion and Management, 87, 559-568.

Research Focus International Scientific Journal, Uzbekistan 61 https://refocus.uz/



