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Abstract 

 

The study analyzes the performance of a solar-assisted 

heat pump for residential water heating, aiming to 

demonstrate its feasibility as a sustainable and energy-

efficient alternative while contributing to CO₂ emission 

reduction in step to the Sustainable Development Goals. 

The research combined hands-on experimentation with 

energy analysis, monitoring operational parameters, 

heating time, and calculating the coefficient of 

performance for 10 liters of water under varying solar 

radiation conditions. Additionally, the environmental 

impact of photovoltaic panels and battery storage was 

evaluated, alongside operating costs and estimated CO₂ 

emissions. The results revealed a maximum coefficient 

of performance of 6.2 and a minimum of 3.3, with 

heating times ranging from 30 to 35 minutes, indicating 

stable and efficient performance. The system consumes 

just 2.33 kW·h per year for active components, 

producing only 9.6 kg of CO₂, far below conventional 

electric or LPG heaters, whereas solar integration 

further lowers its carbon footprint. Overall, the findings 

highlight that this solar-assisted heat pump is 

technically effective, economically competitive, and 

environmentally responsible. 

Resumen 

 

La investigación evaluó la eficiencia energética y el 

rendimiento de una bomba de calor asistida por energía 

solar para el calentamiento de agua, validando su 

viabilidad como alternativa sostenible, que se alinea con 

los Objetivos de Desarrollo Sostenible. El estudio 

combinó experimentación práctica y análisis energético, 

midiendo parámetros operacionales, tiempo de 

calentamiento y calculando el coeficiente de 

rendimiento en un volumen de 10 litros de agua en 

diferentes condiciones de radiación solar, además de la 

estimación de emisiones de CO₂ y costos de operación, 

incluyendo la contribución ambiental de paneles 

fotovoltaicos y baterías de almacenamiento. El 

coeficiente de rendimiento máximo fue 6.2 y un mínimo 

de 3.3, con tiempos de calentamiento de 30 a 35 

minutos, con un rendimiento eficiente y estable. El 

sistema consume 2.33 kW·h anuales para sus 

componentes, generando 9.6 kg de CO₂, inferiores a 

alternativas eléctricas o a GLP, y reduce la huella de 

carbono mediante la integración de energía solar. Por lo 

que este sistema es una solución técnica, competitiva 

económicamente y ambientalmente responsable para la 

calefacción de agua residencial. 

Index terms— Solar-assisted heat pump, Energy 

efficiency, Renewable energy, Sustainable development 

goals, Carbon emissions. 

Palabras clave— Bomba de calor asistida por energía 

solar, Eficiencia energética, Objetivos de desarrollo 

sostenible, Energía renovable, Emisiones de carbono. 
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1. INTRODUCTION 

Ecuador still depends heavily on conventional energy 

sources, reflected in a per capita electricity consumption 

of approximately 1629 kW·h for 2024, with fossil fuels 

accounting for around 63 % of the country’s primary 

energy supply [1]. For the housing sector, electricity 

demand has increased over the past decade at annual rates 

of 4 to 6 %, reaching 6428 GW·h. This trend is influenced 

by regulated energy prices and substantial subsidies for 

fuels such as liquefied petroleum gas (LPG), which 

promote intensive fossil fuel use for domestic water 

heating and other household needs. Globally, the 

transition to renewable energy sources, such as solar, has 

proven critical for decarbonizing electricity systems [2], 

emphasizing the need for Ecuador to accelerate the 

adoption of cleaner and more efficient energy solutions 

in the residential sector. 

Despite a seemingly renewable energy matrix, with 

hydroelectric power providing 90% of electricity 

generation due to strategic investments in water 

resources [3], other renewables, such as solar, wind, and 

biomass, contribute only marginally, at 0.6, 0.7, and 1 to 

2 %, respectively [4]. Although solar potential is high 

across several regions, its exploitation remains limited by 

installation and storage costs. This highlights the 

necessity of integrating complementary renewable 

technologies to strengthen energy security and reduce 

CO₂ emissions. Residential energy consumption, 

particularly through LPG and electricity from fossil fuels, 

directly affects the national carbon footprint, with the 

energy sector responsible for up to 69% of total 

greenhouse gas emissions [5].  

According to Yildiz et al. [6], globally, water heating 

accounts for roughly 26 % of building energy use. In 

Ecuador, conventional electric and LPG water heaters 

significantly contribute to emissions without optimizing 

efficiency. This situation exacerbates environmental 

impacts, such as climate change, and increases household 

energy costs and dependence on imported fuels. 

Consequently, there is a pressing need for alternative 

solutions that reduce carbon intensity while enhancing 

the efficiency and sustainability of domestic hot water 

services, particularly in urban and residential contexts 

where equitable energy access is important. 

Lu et al. [7] examined the energy performance of 

various solar-assisted heat pump (SAHP) configurations 

for water heating across 39 cities in China. The study 

compared parallel and series arrangements, incorporating 

auxiliary heat sources, such as air, water, or electric 

resistance, while accounting for solar irradiance, ambient 

temperature, and auxiliary system efficiency. The results 

showed that the parallel configuration, in which the solar 

collector and heat pump operate simultaneously, 

generally achieves better energy performance, especially 

with air-to-water heat pumps under irradiance above  

500 W/m². Conversely, the series configuration, where 

the solar collector preheats the water before the heat 

pump, performs more efficiently only in colder climates 

or when the auxiliary system reaches a coefficient of 

performance (COP) above 6.9 with supply temperatures 

exceeding 45 °C. These findings highlight the 

importance of adapting SAHP design to local climatic 

conditions, providing practical guidelines for integrating 

hybrid solar systems into residential buildings. 

SAHP systems combine solar thermal energy with the 

vapor compression cycle, using solar radiation as the 

primary heat for the evaporator. Over the past decade, 

research has highlighted their potential to replace electric 

and LPG water heaters in households. Hai et al. [8] 

demonstrated that an optimized SAHP system can 

significantly reduce electricity consumption, operational 

costs, and CO₂ emissions, making it a promising solution 

for urban areas with high hot water demand. Similarly, 

Abbasi et al. [9] reported that a dual-source solar/air 

SAHP system can achieve COP values between 2.4 and 

3.94, cut electricity use by 25%, and lower annual CO₂ 

emissions by 1,450 kg, offering a stable and efficient 

operation despite solar variability, though with a payback 

period of about 19 years. 

Meena et al. [10] directed an experimental study on 

the energy performance of SAHP systems aimed at water 

heating and improving building energy efficiency. Their 

setup featured a heat pump coupled with a single flat-

plate solar collector with a transparent cover and copper 

absorber, capable of heating 60 liters of water from 15 to 

45 °C in approximately 70 minutes under an average 

solar irradiance of 700 W/m², achieving a maximum 

COP of 6. The study showed that system efficiency 

scales with solar irradiance, reaching COP values above 

5.6 under optimal conditions and dropping to around 2 

when irradiance falls below 450 W/m². Energy 

consumption was only 0.3 to 0.4 kW·h, resulting in 

savings of up to 2.5 kW·h compared to conventional 

electric water heaters and estimated payback period of six 

years, four months. 

The Sustainable Development Goals (SDGs), 

recognized in 2015 by the United Nations 2030 Agenda, 

present a framework for global efforts to eradicate 

scarcity, protecting the environment, and indorse 

prosperity for all [11]. Yumnam et al. [12] highlighted 

that research on SDGs has grown exponentially, 

particularly in areas, as renewable energy, weather 

action, impartial access to resources, and sustainable 

urban development. While developed nations remain the 

primary contributors, emerging economies are 

increasingly producing impactful scientific research, 

reflecting the global and interdisciplinary nature of 

sustainability challenges. 

Olabi et al. [13] review recent progress in solar 

thermal systems and their potential as sustainable 

alternatives for water heating, emphasizing goals beyond 

simple energy efficiency. The study examines different 

solar collector types, including flat-plate, evacuated tube, 

and photovoltaic-thermal (PV/T) hybrid systems, and 
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evaluates their performance under changing climatic 

conditions. It also identifies practical applications for 

residential, industrial, and agricultural contexts, such as 

zero-energy buildings, greenhouses, water pumping, and 

solar cooling. By effectively harnessing solar radiation 

and integrating thermal storage, these systems can 

provide a continuous hot water supply, enhance energy 

self-sufficiency, support environmental sustainability, 

and generate social and financial benefits, including job 

conception and reduced dependance on fossil fuels. 

Prolonged dependence on unrenewable energy 

sources, as fossil-fuel electricity and LPG, leads to 

significant environmental and economic impacts, 

including higher CO₂ emissions, fuel import dependence, 

and vulnerability to market fluctuations [14]. As 

highlighted by Singh et al. [15], this situation relates 

directly to SDG 7, ensuring admittance to reasonably 

priced, unfailing, sustainable, and modern energy, and 

SDG 13, which emphasizes urgent climate action. 

Furthermore, adopting clean and efficient technologies 

boosts responsible consumption and sustainable 

production in line with SDG 12, optimizing energy use 

while reducing environmental impact. In this context, 

hybrid solar-based systems emerge as key strategies to 

improve energy efficiency, mitigate climate change, and 

foster sustainability in residential and urban settings, 

supporting global sustainability commitments. 

Mercedes-Garcia et al. [16] investigate the 

enhancement of energy efficiency and the incorporation 

of renewable technologies in water heating systems to 

promote sustainability and advance the SDGs. The study 

evaluates 61 optimized water pumping and distribution 

systems that incorporate clean energy and energy 

recovery strategies, assessed through energy, economic, 

and environmental indicators. Findings show that more 

than 70 % of the systems achieved significant efficiency 

gains, with solar energy integration notably reducing 

fossil fuel consumption and greenhouse gas emissions. 

These improvements contribute to SDG 7, reasonable 

and clean energy, and support other SDGs, considering 

scarcity reduction, hunger, economic growth, and 

responsible consumption. 

The present study aims to assess the performance of 

the SAHP system for water heating, validating its 

feasibility as a sustainable and energy-efficient solution. 

By optimizing energy use and integrating renewable 

sources, the work addresses SDGs related to clean 

energy, water sustainability, and emission reduction. The 

paper is organized as follows: the Methodology section 

details the SAHP system and the mathematical models 

used for analytical evaluation. The Results section 

presents comparative figures representing experimental 

and analytical outcomes. The Discussion section 

contrasts these results with existing literature to validate 

the findings and highlight potential innovations. Finally, 

the Conclusions summarize the key contributions and 

insights obtained from the study. 

2. METHODOLOGY 

2.1  SAHP System   

A heat pump works on a thermodynamic refrigeration 

cycle, which transfers heat from a low-temperature 

source to a higher-temperature sink [17]. In this process, 

the evaporator absorbs heat either from the surrounding 

environment or from a solar collector, causing the 

refrigerant to vaporize. The vapor is subsequently 

compressed by the compressor, raising its pressure and 

temperature, then the stored energy is released to water 

in the condenser as the refrigerant condenses. The 

expansion valve drops the pressure of the liquid 

refrigerant, completing the cycle and allowing 

continuous operation. The SAHP system integrates these 

four main components: compressor, condenser, 

expansion valve, evaporator, into a coordinated system 

designed for efficient water heating. To monitor 

performance, pressure gauges (P) and thermocouples (T) 

are installed at the inlet of each component. Fig. 1 

presents a schematic of the SAHP system and its 

instrumentation setup. 

 

Figure 1: Schematic Representation of the SAHP System [18] 

2.2 Thermodynamic Analysis 

The thermodynamic cycle of the SAHP system was 

quantitatively analyzed using the heat transfer equation, 

which allows estimation of the thermal energy delivered 

to the water (Qwater) during the heating process. This 

analysis accounts for variations in the operating 

conditions of the working fluid, particularly the 

temperature difference between its initial and final states 

(ΔT ) [19]. Following the first law of thermodynamics, 

which asserts energy conservation in a system according 

to equation (1), the energy absorbed or released by the 

refrigerant at each stage of the cycle can be expressed as: 

𝑄𝑤𝑎𝑡𝑒𝑟 = 𝑚𝑤𝑎𝑡𝑒𝑟 · 𝑐𝑝 · ∆°𝑇, (1) 

where mwater represents the water mass, assumed 

constant during operation, and cp is the water specific 

heat water. The rate of heat transfer from a system 

component to the surrounding medium (𝑄̇𝑟𝑒𝑓) can be 

considered as the product of the working fluid’s mass 

flow rate (𝑚̇𝑟𝑒𝑓) and the enthalpy difference between 

inlet and outlet (Δh) [20]. This formulation is useful for 

processes where energy changes cannot be described 

solely by temperature differences, incorporating both 

internal energy variations and flow work. Equation (2), 
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therefore, provides a practical representation of the 

system’s real energy behavior and allows for the precise 

calculation of heat transfer at each stage of the cycle: 

𝑄̇𝑟𝑒𝑓 = 𝑚̇𝑟𝑒𝑓 · ∆ℎ (2) 

The electrical power supplied to the compressor 

(𝑊̇𝑐𝑜𝑚𝑝) represents the effective energy input to the 

system, which is converted into mechanical work to 

compress the working fluid. This can be calculated using 

equation (3), accounting for the applied voltage (V ), 

current (I ), and motor efficiency (η) [21]: 

𝑊̇𝑐𝑜𝑚𝑝 = 𝑉 · 𝐼 · 𝜂 (3) 

The coefficient of performance (COP) is an important 

parameter for evaluating the energy efficiency of a heat 

pump, as it relates the useful thermal energy delivered to 

the fluid (𝑄̇𝑜𝑢𝑡) to the electrical power consumed [22]. A 

higher COP indicates a more efficient system, 

transferring more thermal energy per unit of electricity. 

In solar-assisted heat pumps, COP can be notably 

enhanced because solar input preheats the refrigerant in 

the evaporator, reducing the compression work required. 

Equation (4) provides the calculation of this parameter: 

𝐶𝑂𝑃 =
𝑄̇𝑜𝑢𝑡

𝑊̇𝑐𝑜𝑚𝑝

 (4) 

2.3 Energy Analysis 

The thermal energy released by LPG combustion 

(ELPG) is calculated using equation (5), by considering the 

lower heating value (LHVLPG), which represents the 

energy available from complete combustion without 

including the latent heat of water vapor in exhaust gases, 

with a LHV of 11860 kcal/kg for LPG [23]: 

𝐸𝐿𝑃𝐺 = 𝑚𝐿𝑃𝐺 · 𝐿𝐻𝑉𝐿𝑃𝐺 , (5) 

where mGLP is the mass of fuel consumed. The 

associated CO₂ emissions (Eemission) are estimated with 

equation (6), using the emission factor (EFLPG), which 

reflects both the fuel composition and combustion 

efficiency, and for LPG, has a value of 2.96 kg CO₂  

per kg fuel [24]: 

𝐸𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 = 𝑚𝐿𝑃𝐺 · 𝐸𝐹𝐿𝑃𝐺  (6) 

2.4 Cost Analysis 

Data from the National Institute of Statistics and 

Censuses (INEC) [25] indicate that the average 

electricity consumption in urban areas of Ecuador is 

approximately 155 kW·h per month, with an average 

monthly cost of USD 18.52 in Quito, one of the cities 

with the highest electricity tariffs in the country. From 

these values, the unit electricity cost can be estimated at 

USD 0.0904 per kW·h. For a typical 5 kW electric 

shower used 20 minutes per day, the monthly energy 

consumption reaches roughly 55 kW·h, corresponding to 

an energy cost of about USD 17. When additional 

charges, such as distribution, public lighting, fire 

services, and waste collection, are included, the total 

monthly cost rises to USD 30, resulting in an effective 

cost (ckW·h) of USD 0.33 per kW·h consumed. The 

operational price of the SAHP system (Cost) is calculated 

applying equation (7), which evaluates the economic 

feasibility of the prototype in comparison with 

conventional water heating systems relative to the energy 

consumed (Econsume) [26]: 

𝐶𝑜𝑠𝑡 = 𝐸𝑐𝑜𝑛𝑠𝑢𝑚𝑒 · 𝑐𝑘𝑊·ℎ (7) 

LPG represents another common energy source for 

Ecuadorian households, with prices heavily subsidized 

by the government. The market cost of a 15 kg cylinder 

is USD 12. However, due to a 650 % subsidy, the 

consumer price is reduced to just USD 1.60 [27]. 

Considering the lower heating value of 11860 kcal/kg, 

the actual cost per unit of energy is approximately USD 

1.05 × 10⁻⁴ per kcal, equivalent to USD 0.0906 per kW·h. 

Without subsidies, LPG is comparable in cost to 

electricity, but the subsidized rate makes it a far more 

economical option for domestic water heating. 

3. RESULTS 

The analyzed SAHP system incorporates a solar 

collector that functions directly as the evaporator. In 

addition, a photovoltaic power source supplies 12 V of 

direct current to operate the digital display meters and the 

variable-speed compressor. The compressor’s estimated 

monthly energy consumption is approximately  

2.33 kW·h, which is fully provided by solar energy. Fig. 

2 illustrates the experimental SAHP prototype, where a 

flat-plate aluminum collector serves as the evaporator, 

and a copper coil submerged in the storage tank 

performances as the condenser. 

 

Figure 2: SAHP System Prototype 

The experimental data, shown in Fig. 3, present the 

variation in the system’s COP as a function of water 

temperature during the heating process. As the water 

temperature increases from its initial range of 16 to 17 

°C, a gradual decline in COP is observed. This behavior 

results from the higher workload imposed on the 

compressor and the reduced thermal gradient between the 

evaporator and the condenser. To meet domestic hot 
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water requirements of approximately 30 °C, the 

thermostat was adjusted to automatically switch off the 

system once the water temperature reached 45 °C, taking 

into account thermal losses along the distribution pipes 

before reaching the point of use. 

 

Figure 3: COP Analysis of the SAHP System 

Under favorable solar conditions, with irradiance 

levels exceeding 700 W/m², the system achieved peak 

COP values of around 5.5, reflecting a strong energy 

performance due to the additional thermal input from the 

solar collector. This efficiency notably surpasses that of 

conventional heat pump systems, which typically operate 

with average COP values near 3. Conversely, when solar 

radiation dropped below 500 W/m², the COP ranged 

between 3.6 and 6.2, highlighting the direct influence of 

solar availability on system performance. Overall, these 

findings confirm that integrating solar energy with heat 

pump technology is a real-world and effective solution 

for domestic water heating, enabling significant 

reductions in electrical energy consumption. 

Domestic water heating accounts for approximately 

60 to 70 % of total household energy use in urban areas, 

equivalent to about 17.40 m³ of water per month from an 

average total consumption of 26 m³. Considering that 

heating 1 m³ of water requires 41.84 kW·h, the monthly 

cost of heating this volume is roughly USD 3.80 using 

LPG and USD 3.20 using electricity, excluding subsidies. 

With government subsidies applied to LPG, however, the 

monthly cost drops dramatically to USD 5.50, compared 

to USD 66.03 without subsidies. While the intrinsic 

energy costs of LPG and electricity are comparable, 

subsidies distort their real competitiveness, underscoring 

the need to explore sustainable alternatives, such as solar-

assisted or hybrid systems, which can reduce both costs 

and emissions while minimizing reliance on government 

support. 

Fig. 4 illustrates the cost of heating one cubic meter 

of water using different technologies. The analysis 

highlights the economic advantage of the SAHP system 

compared to conventional methods. Electric showers 

incur an average cost of USD 0.90 per m³, while LPG 

heaters cost USD 3.80 per m³ without subsidy, and  

USD 0.24 per m³ with subsidy. By contrast, the proposed 

SAHP system significantly lowers operational expenses 

by leveraging both photovoltaic and thermal solar 

energy, demonstrating its potential as a cost-effective 

solution. 

 

Figure 4: Comparative Cost of Heating per m3 of Water 

Fig. 5 presents a comparative evaluation of energy 

consumption, monthly costs, and annual CO₂ emissions 

across different water-heating systems, emphasizing 

their environmental and economic impacts. Conventional 

systems, such as electric showers and LPG heaters, 

exhibit the highest energy consumption and emissions, 

55 kW·h/month and 226.55 kg CO₂/year for electric 

showers, and up to 1,065.6 kg CO₂/year for LPG systems. 

Although LPG subsidies reduce monthly costs, from 

USD 66.03 to USD 5.50, emissions remain significant.  

 

Figure 5: CO₂ Emissions and Energy Consumption for Different 

Water-Heating Systems 

Conversely, the SAHP system, both in its standalone 

configuration and when assisted by photovoltaic panels 

and batteries, eliminates direct electricity use and reduces 

CO₂ emissions dramatically to only 9.6 and 110 kg/year, 

99



Edición No. 22, Issue II, Enero 2026 

 

respectively, confirming the system’s efficiency, 

sustainability, and economic viability for residential 

water heating. 

While the solar heat pump generates no direct 

operational emissions, the manufacturing of photovoltaic 

panels and energy storage components contributes 

indirectly to its carbon footprint. Solar panel production 

typically releases 30 g CO₂ per kW·h generated over a 

25-year lifespan, whereas gel batteries emit 

approximately 170 kg CO₂ per unit, with a 6-year 

lifespan. Distributed across their operational life, this 

results in an annual contribution of around 43.8 kg CO₂ 

from the panels and 56.7 kg CO₂ from the batteries, 

substantially lower than the emissions from conventional 

water-heating technologies. 

4. DISCUSSION 

Quitiaquez et al. [28] provided an important 

experimental foundation for understanding the thermal 

behavior of SAHP systems, emphasizing how the tilt 

angle influences the heat transfer coefficient (HTC) of an 

aluminum flat-plate collector/evaporator using R600a as 

the working fluid. Building on this principle, the present 

study also harnesses solar radiation as the primary 

thermal energy source for refrigerant evaporation, 

enhancing overall energy efficiency through improved 

COP. Unlike the earlier work, which focused on 

statistical analysis and two-phase flow transitions based 

on collector inclination, this research evaluates the 

practical performance of a photovoltaic-assisted SAHP 

system for sustainable water heating. Moreover, it 

incorporates a more integrated perspective by connecting 

thermal performance with environmental and economic 

outcomes, quantifying reductions in energy consumption 

and CO₂ emissions. 

Similarly, Yi et al. [29] reviewed technological 

developments in SAHP systems, highlighting gains in 

energy efficiency and limitations at low temperatures. In 

line with these findings, this study implements a 

photovoltaic-assisted SAHP that enhances COP and 

reduces electrical dependence through the combined use 

of solar thermal and photovoltaic energy. Distinct from 

primarily theoretical studies, this work integrates 

experimental and multidisciplinary analysis in the 

Ecuadorian context, evaluating system performance, 

operational costs, and emissions under real conditions. 

The results confirm the technical, environmental, and 

economic feasibility of the system as a sustainable 

alternative for residential hot water, supporting SDGs 7 

and 13 while aligning with global trends in energy 

transition and decarbonization. 

Obura et al. [30] emphasize the importance of 

renewable energy technologies to improve water 

resource management and decrease reliance on 

conventional energy sources. This research addresses 

similar challenges, aligning with multiple SDGs. 

Specifically, it supports SDG 7 – Affordable and Clean 

Energy by demonstrating a solar-assisted heat pump that 

reduces conventional electricity and LPG consumption 

while promoting efficient renewable sources. It 

contributes to SDG 13 – Climate Action by showing that 

hybrid renewable systems can significantly lower CO₂ 

emissions from domestic energy use. Additionally, it 

addresses SDG 6 – Clean Water and Sanitation by 

improving heating processes and reducing energy waste 

associated with water usage, and SDG 12 – Responsible 

Consumption and Production by encouraging the 

adoption of sustainable, low-impact technologies that 

integrate efficiency, economic viability, and 

environmental responsibility. Fig. 6 illustrates the 

sequential relevance and overall feasibility of 

implementing clean energy-based solutions, positioning 

the proposed system as a practical contribution toward 

the SDGs of the 2030 Agenda. 

 

Figure 6: Relationship and Significance of the SDGs with the 

Proposed SAHP System 

Manesh and Liu [31] highlight the importance of a 

multidisciplinary approach for advancing innovative 

energy technologies that consider technical, economic, 

and environmental dimensions. This research 

demonstrates that SAHP systems improve thermal 

performance through higher COP and solar efficiency, 

improving electricity consumption and reducing CO₂ 

emissions. Fig. 7 depicts the integrated approach, 

combining Mechanical Engineering, Renewable Energy, 

Environmental Engineering, and Economics to empower 

a comprehensive evaluation of the SAHP system. 

Thermodynamic analysis guided the design and 

assessment of thermal performance, while environmental 

evaluation addressed life-cycle impacts and emission 

reductions. Economic and energy assessments 

determined financial feasibility and operational 

efficiency. Collectively, these findings show that the 

proposed solution is technically sound, environmentally 

responsible, and economically viable, reinforcing its 

scientific relevance and alignment with the SDGs. 
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Figure 7: Multidisciplinary Framework for Evaluating the SAHP 

System 

5. CONCLUSIONS 

The solar-assisted heat pump revealed adequate 

thermal performance, achieving a maximum coefficient 

of performance (COP) of 6.2 and a minimum of 3.3 for 

heating 10 liters of water from 17 °C to 45 °C under 

varying solar radiation conditions. The integration of an 

aluminum flat-plate solar collector as the evaporator 

helped raise the refrigerant’s evaporation temperature, 

improving heat transfer and ensuring stable operation 

across a solar irradiance range of 500 to 700 W/m². These 

findings confirm the technical feasibility of the system 

and highlight its economic advantage, as it reduces 

operating time and enhances energy efficiency compared 

to conventional water heating methods. 

Energy consumption analysis exposed that the solar 

heat pump system requires only about 2.33 kW·h per year 

to power the compressor and digital components, 

resulting in 9.6 kg of CO₂ emissions annually. In 

comparison, a conventional electric shower emits 

226.55 kg/year, and an LPG water heater emits 

1,065.6 kg/year. Considering the lifecycle emissions of 

photovoltaic panels and batteries, indirect CO₂ emissions 

range from 43.8 to 56.7 kg/year, demonstrating a 

substantial reduction in household carbon footprint. 

These results establish the SAHP system as an 

environmentally sustainable option capable of 

significantly lowering greenhouse gas emissions while 

reducing residential electricity consumption. 

The adoption of the SAHP system aligns with the 

SDGs, supporting reasonable and clean energy (SDG 7), 

climate action (SDG 13), sustainable water management 

(SDG 6), and responsible consumption and production 

(SDG 12). The verified reductions in energy use and CO₂ 

emissions illustrate that such hybrid renewable systems 

can be effectively integrated into local sustainability 

strategies, promoting cleaner energy transitions and 

contributing to climate change mitigation in line with the 

2030 Agenda. 
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