
          INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH IN ENGINEERING AND MANAGEMENT (IJSREM) 

        VOLUME: 08 ISSUE: 05 | MAY - 2024                         SJIF RATING: 8.448                                    ISSN: 2582-3930                                                                                                                                               

 

© 2024, IJSREM      | www.ijsrem.com                                 DOI:  10.55041/IJSREM35047                                             |        Page 1 

Maximizing Residential Energy Independence: An Integrated Approach 

Utilizing Wind, Solar, and Hydro Energy Sources 
 

 

            Prof. Poonam Dhole, 

Assistant Professor, 

Department: Electronic and communication Engg, 

Email Id: poonam.dhole@mituniversity.edu.in 

MIT ADT University, Loni Kalbhor (MH), India 

 

Kanaheya Babasaheb Jadhav, 

B.Tech Third Year,  

                                                            Electronic and Communication Engg, 

                                                    Specialization:  Electronic and Computer Engg, 

 Email Id: kanaheyajadhav2003@gmail.com 

MIT ADT University, Loni Kalbhor (MH), India 

 

Pratham Fatechand Jain, 

B.Tech Third Year,  

Electronic and communication Engg, 

Specialization:  Electronic and Computer Engg, 

Email Id: prathamjain2911@gmail.com 

MIT ADT University, Loni Kalbhor (MH), India 

Abstract—This paper explores the possibility of achieving 

residential energy independence by utilizing a combination of 

wind, solar, and hydro energy sources. The combination of these 

renewable technologies provides a comprehensive solution to 

maximize sustainability, reduce dependence on conventional 

energy grids, and promote environmentally friendly living at 

home. This article discusses the fundamental aspects and 

techniques of executing this multi-layered strategy, with an 

emphasis on the advantages of diversifying various renewable 

resources.  

Keywords— Energy transition, HRES (Hybrid Renewable 

Energy Systems), Solar, Wind, Renewable energy 

I. INTRODUCTION  

The fast-paced burning of all fossil fuels and the increasing 

worry about climate change have pushed the world towards a 

critical phase in energy transition. Among the many paradigm 

shifts, HRES, which are systems that incorporate both solar 

and wind power, have become significant solutions for 

energy sustainability. Both methods have been widely 

adopted in recent years. 

 

The increasing recognition of the importance of 

environmental sustainability and energy independence has 

led to a shift towards integrating diverse renewable energy 

sources in residential settings. The paper presents a holistic 

approach that incorporates wind, solar, and hydro energy to 

establish 'an independent sustainable energy system'. 

 

   Figure - 1.1 [4] 
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  II .  MULTI SOURCES ENERGY SYSTEM 

2.1 . Solar Photovoltaic (PV) Systems: 

The integration of solar panels on residential properties 

allows for the harnessing of sunlight to generate electricity. 

This section discusses the benefits of solar photovoltaic 

systems, the importance of proper system sizing, and the use 

of advanced battery storage solutions to store excess solar 

energy for periods of low sunlight. Solar energy, harnessed 

through photovoltaic panels, is another major contributor to 

green electricity. As technology advances, solar power 

becomes more accessible and efficient. It’s a key player in the 

transition toward cleaner energy sources. 

This section delves into the key aspects of Solar PV systems, 

exploring their functionality, advantages, challenges, and 

applications. 

 

Figure - 2.1.1  [5] 

2.1.1. FUNCTIONALITY:    

Solar PV systems operate on the principle of photovoltaic 

cells, which directly convert sunlight into electricity. These 

cells are typically made from semiconductor materials, such 

as silicon. When exposed to sunlight, the cells generate an 

electric current through the photovoltaic effect. This direct 

conversion of sunlight into electrical energy makes Solar PV 

systems an environmentally friendly alternative to traditional 

power sources. 

2.1.2. EQUATION RELATED TO SOLAR PHOTOVOLTAIC  

        SYSTEM: 

2.1.2.1 PHOTOVOLTAIC EFFECT EQUATION: 

The photovoltaic effect describes the generation of electric 

current when sunlight interacts with semiconductor material 

in the photovoltaic cell. The basic equation is given by: 

I = Iph - Idark (𝑒𝑥𝑝 (
𝑞𝑉

𝑘𝑇
) − 1) 

Where : 

   - I is the photocurrent, 

   - Iph is the photocurrent generated by incident light, 

   - Idark is the dark current (current in the absence of light), 

   - q is the charge of an electron, 

   - V is the voltage across the cell, 

   - k is Boltzmann's constant, and 

   - T is the absolute temperature. 

 

2.1.2.2 Power output of a solar cell: 

The power output P of a solar cell is given by the product of 

voltage V and current I: 

  P = I.V 

 

2.1.2.3  Maximum Power point (MPP) Tracking: 

For optimal power output, Solar PV systems use Maximum 

Power Point Tracking (MPPT). The equation for power at the 

maximum power point (Pmpp) is: 

  Pmpp = Impp × Vmpp 

where Vmpp is the voltage at the maximum power point and 

Impp is  the corresponding current. 

2.2. WIND TURBINES: 

 Small-scale wind turbines can be strategically integrated 

into residential areas with consistent wind patterns. The paper 

explores the synergy between wind power and solar energy, 

emphasizing the need for a combined approach to ensure a 

reliable and consistent energy supply.[2] 

Wind turbines are pivotal in the quest for sustainable and 

renewable energy. Harnessing the kinetic energy of the wind, 

these devices convert rotational motion into electricity.  
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2.2.1.  EQUATION RELATED TO WIND TURBINE SYSTEM  

2.2.1.1. Equations for Wind Power: 

The power captured by a wind turbine (𝑃𝑤𝑖𝑛𝑑) is determined 

by the following equation: 

    𝑃𝑤𝑖𝑛𝑑 = 
1

2
 . 𝜌. 𝐴 . 𝑣3. 𝐶𝑝   

where: 

-  𝜌 is the air density, 

-   𝐴 is the swept area of the rotor, 

-   𝑣 is the wind speed, and 

-   𝐶𝑝 is the power coefficient, representing the 

efficiency of the turbine in converting wind power 

to mechanical power. 

 

2.2.1.2. Betz Limit: 

The Betz limit (𝐶𝑝,max) is a theoretical limit on the power 

coefficient, indicating the maximum efficiency a wind 

turbine can achieve. It is given by: 

𝐶𝑝,max = 
16

27
 

This limit implies that no wind turbine can capture more than 

59.3% of the kinetic energy in the wind. 

2.2.1.2. TIP SPEED RATIO (TSR): 

The Tip Speed Ratio (TSR) is a critical parameter affecting 

the efficiency of a wind turbine. It is defined as the ratio of 

the speed of the tip of the rotor blade to the wind speed: 

    TSR = 
𝑇𝑖𝑝 𝑆𝑝𝑒𝑒𝑑 

𝑊𝑖𝑛𝑑 𝑆𝑝𝑒𝑒𝑑
 

   An optimal TSR is required for efficient energy extraction. 

 

 

Figure - 2.2.1  [6] 

 

2.3. Hydropower System: 

In regions with access to water sources such as 

streams or rivers, micro-hydropower systems can further 

diversify the renewable energy portfolio. The installation of 

water turbines allows homeowners to harness electricity from 

flowing water, contributing to the overall energy 

independence of the residence. 

This is achieved by converting the gravitational 

potential or kinetic energy of a water source to produce 

power. Hydropower is a method of sustainable 

energy production. Hydropower is now used principally 

for hydroelectric power generation, and is also applied as one 

half of an energy storage system known as pumped-storage 

hydroelectricity. [3] 

2.3.1. Equation related to Hydropower system  

2.3.1.1. Calculating the amount available power 

The power available from falling water can be 

calculated from the flow rate and density of water, the height 

of fall, and the local acceleration due to gravity: 

 

 

 

- Ẇout (work flow rate out) is the useful power output 

 (SI unit: watts) 

- Ṁ  is the mass flow rate (SI unit: kilograms per second) 

- ŋ ("eta") is the efficiency of the turbine (dimensionless) 
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- Ṽ  is the volumetric flow rate (SI unit: cubic metres per 

second) 

is the acceleration due to gravity (SI unit: metres per second 

 per second) 

- 𝜌  ("rho") is the density of water (SI unit: kilograms 

 per cubic metre) 

- Δh  ("Delta h") is the difference in height between the 

 outlet and inlet (SI unit: metres) 

 

2.3.1.2.EQUATION FOR HYDROPOWER: 

The power output (Phydro) of a hydropower system can be 

calculated using the following equation: 

 

  Phydro = 𝜂 . 𝜌 . 𝑔 . 𝑄 . 𝐻 

 -η is the efficiency of the hydropower system, 

 -ρ is the density of water, 

 -g is the acceleration due to gravity, 

 -Q is the volumetric flow rate of water, and 

 -H is the hydraulic head, representing the potential 

 energy of water. 

2.3.1.3. EQUATION FOR HYDROPOWER: 

The volumetric flow rate of water (Q) is a critical parameter 

in hydropower calculations and is given by: 

Q = A.V 

A is the cross-sectional area of the water passage, and v is the 

velocity of the water. 

  Figure - 2.3.1 [7] 

  III  ENERGY STORAGE SOLUTION 

Energy storage solutions play a crucial role in ensuring a 

reliable and continuous power supply from renewable 

sources such as wind, solar, and hydropower. These 

technologies help overcome the intermittent nature of these 

renewable sources by storing excess energy generated during 

periods of high availability and releasing it when demand is 

high or generation is low. Here are some common energy 

storage solutions for wind, solar, and hydropower systems 

3.1. BATTERY STORAGE SYSTEMS: 

Battery storage is one of the most versatile and widely used 

solutions. It involves storing electrical energy in rechargeable 

batteries during times of surplus generation. 

 

Types: Lithium-ion batteries are commonly used for their 

high energy density, long cycle life, and rapid response times. 

Other types include lead-acid batteries, flow batteries, and 

sodium-ion batteries. 

Equation: The state of charge (SOC) of a battery, representing 

the amount of energy stored, is given by the ratio of the stored 

energy to the maximum capacity: 

  

 𝑆𝑂𝐶 =  
𝑆𝑡𝑜𝑟𝑒𝑑 𝐸𝑛𝑒𝑟𝑔𝑦

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦
 

3.2.  PUMPED HYDRO STORAGE: 

 Pumped hydro storage is a form of gravitational 

potential energy storage. During times of excess energy, 

water is pumped from a lower reservoir to an upper reservoir. 

When energy is needed, water is released from the upper 

reservoir to the lower reservoir, passing through turbines to 

generate electricity. 

Equation:The gravitational potential energy (Egravity) stored 

in a water reservoir is given by: 

Egravity  = m . g . h 

Where:  

-m is mass of water 

-g is acceleration due to gravity 
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-h is the height difference between the upper and lower 

reservoir 

3.3. COMPRESSED AIR ENERGY STORAGE (CAES): 

CAES involves compressing air using excess energy and 

storing it in underground caverns. During high-demand 

periods, the compressed air is released and expanded through 

turbines to generate electricity. 

Equation: The efficiency ( 𝜂𝐶𝐴𝐸𝑆 ) of a compressed air 

energy storage system is given by the ratio of the useful 

energy output to the energy input: 

 

ηCAES =  
useful Energy output

Energy Input
 

 

3.4. THERMAL ENERGY STORAGE:   

Thermal energy storage systems store excess energy 

in the form of heat. This can be achieved using materials with 

high heat capacity or through phase-change materials that 

absorb and release energy during phase transitions.  

Equation: The amount of thermal energy stored (Q) is given 

by the specific heat capacity (Cp) of the material, its mass 

(m), and the temperature change (ΔT):   

Q = m . Cp . ΔT 

These energy storage solutions contribute to grid stability, 

enable a more reliable energy supply, and facilitate the 

integration of renewable energy sources into the electricity 

grid. The choice of storage technology depends on factors 

such as scale, location, and specific system requirements. 

   IV.  RESULT  

The results of this research demonstrate that an integrated 

energy system consisting of wind, solar, and hydro sources 

can meet the daily energy requirements of a typical 

household. The key findings include:  

1) Achieving energy independence: By effectively 

harnessing these renewable sources and implementing energy 

storage solutions, households can significantly reduce 

reliance on conventional energy sources.  

2) Cost-effectiveness: Over the long term, the initial 

investment in renewable energy systems is offset by reduced 

energy bills and potential government incentives.  

3) Environmental benefits: A shift to renewable energy 

sources reduces greenhouse gas emissions and contributes to 

a more sustainable future. 

   V.  DISCUSSION 

This research provides valuable insights into the feasibility of 

utilizing wind, solar, and hydro energy sources in synergy to 

achieve residential energy independence. It highlights the 

importance of resource assessment, efficient energy system 

integration, and energy storage solutions. Moreover, the 

study emphasizes the potential economic and environmental 

advantages of adopting such an integrated approach. 
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