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Abstract: Electricity regarded as the most useful and clean 

source of energy. In modern era power demand is a serious 

issue. On analysis on energy resources, there are promising 

methods now through which energy can be harnessed. A 

small wind-hydro pumped electric system can be an 

adequate replacement. It can be an excellent method of 

harnessing renewable energy from small rivers, streams 

and also the wind breeze in that region. The small hybrid 

project is designed to be arun of river type, with small 

reservoir for pumped storage facility and to ensure 

sufficient water flow in order to power the turbine. The 

water flows through the turbine and back into the river or 

stream or else pumped to the main reservoir and if in excess 

it can be used for the other purposes like irrigation etc. 

Such a system is guaranteed to have minimal 

environmental impact on the local ecosystem. The paper 

depicts the analysis and design of a small hybrid wind-

hydro system in MatLab. A small control circuitry is being 

designed for the effective utilization of the resources.  
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I. INTRODUCTION 

The rise in fossil fuel price is on ago, hence renewable 

energy has attracted many minds. Renewable energy sources 

are considered to be important in improving the security of 

energy supplies by decreasing the dependence on fossil fuels 
and in reducing the green house gase missions [1]. The 

viability of using renewable energy sources in isolated 

systems depends largely on regulations and stimulation 

measures [1]. Renewable energy sources are in exhaustible in 

nature, for example, wind, solar, geothermal, biomass, and 

small hydro generation. Among them, small hydro and wind 

energy have the potential to complement each other. In 

allocation with enough average wind speed and a suitable 

area for wind turbines, wind pumped storage system is a 

good combination with a hydropower plant. If it seems 

profitable to use wind turbines to produce power for pumps 
to pump water to an upper reservoir, and to make it reusable 

for hydropower plants, the next step would be to design such 

a system and implement it. In the case of grid connected 

systems using renewable energy, the total useful power can 

be supplied to the grid. For stand alone system scattering 

local loads, if harnessed power is greater than the local loads 

and losses, the excess power from the wind turbine is 

required to be diverted to a dump load or stored in the 

battery. Moreover, if the power extracted is less, the deficit 

power needs to be supplied from a battery or any other 

storage element. A wind pumped storage system for a 

hydropower plant has some additional facilities [2]. It adds to 
the security for the level in the upper reservoir. It can be said  

 

that with a hybrid system of a wind pumped storage system 

and a hydro power plant, not all eggs are put in one basket. 

Combined pump and turbine as used in the Limberg II 
pumped storage hydro power plant [2], caused severely 

declined pumped productivity and electricity production, in 

case of a one pump turbine failure. The proposed system can 

beused to offer to isolated rural communities the benefits of 

electrification and the progress in association with it to 

improve the standard of life [2]. Having multiple advantages 

like low cost, decentralized, and reliable form of energy, 

small hydro is in the priority list of many developing 

countries to achieve energy self-sufficiency [3]. Several 

advantages can be achieved when a wind park is combined 

with a pumped storage system [3].The majority of wind 
parks combined with pumped storage systems are both 

connected to the electricity grid and generate electricity to 

pump water formal ower reservoir to an upper reservoir [3]. 

The electricity generated by the wind turbines, is used during 

low consumption hours to pump water to the upper reservoir. 

It is released again when there is the need to produce energy 

at peak times in the electricity network. At high demand 

time, when wind power is not available, the water stored in 

the upper reservoir is utilized [4]. At locations where 

variable tariff is applied, there is the possibility to achieve 

significant economic benefits by deciding on an optimal 

turbine and pumping schedule [4]. Hybrid wind-pumped 
storage power stations have been the subject of many 

publications in recent years and being considered for 

implementation, most of which function for the peak 

clipping, valley filling of the power demand of a grid, as well 

as for reducing the variability of the wind energy when they, 

as adjustable load, are connected to a grid together with wind 

turbines [4]. However, there are hardly any reports about the 

stand-alone operation of a system comprising of wind 

energy, large water flow pumps and hydro electricity power 

generation [5]. The ever increasing energy demands, 

dwindling sources of fossil fuels and concern about pollution 
levels in the environment has been the driving force behind 

electricity generation using renewable energy sources [6]. 

Tapping the energy available from the renewable resources 

allows the attainment of notable reductions in the pollution 

levels and worrying climate changes [6]. On the other hand, 

the availability of energy from renewable sources like wind 

energy, solar energy, etc. is unpredictable and is affected by 

factors beyond human control. Therefore, such renewable 

energy systems should be backed up by conventional sources 

of energy or energy storage devices in order to ensure 

continuity of the energy supply. This leads us to the topic of 

hybrid generation units comprising conventional or 
unconventional sources of energy or both, where two or 
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more individual generation systems operate in parallel 

supplementing each other. The objective of this work is to 

create the Simulink model for individual sections of a 

pumped storage small hybrid power system. The design is 
done using simple mathematical formulae without using 

transfer function models. We can see that the power demand 

in our nation is fast rising. In order to keep pace with the 

soaring power demand efficient utilization of there source is 

a must. Hence this is small leap forward, to see how 

effectively your resources can be harnessed to meet the 

power demand. The following chapter briefs an idea on the 

existing pumped storage power station around the globe. 

Chapter3 details effectively on the design part of wind as 

well as hydro power plant. Chapter4 and chapter5 deals with 

the experimental studies, simulation results of the proposed 

system. And finally chapter6 concludes the entire work 
 

II. LITERATURE REVIEW 

With the wide increase in demand for electricity at peak 

hours it has resulted in greater need new methods like 

pumped storage systems. These pumped storage systems 

works on low cost electricity to pump water to an upper 

reservoir when demand for electricity is low [1]. During peak 

hours, the demand is high, therefore water is discharged to a 

lower reservoir through a turbine, thus generating power. 

Since now, society has managed to manipulate the use of 

water resource for their benefit, with examples throughout 
history listing from Roman aqueducts to Egyptian irrigation 

techniques [1]. Hydro power transforms kinetic and potential 

energy off lowing water into hydro power [1]. The industrial 

use of hydro power in the beginning to generate electricity 

happened in 1880, which led to the first U.S. hydro electric 

power station at the Fox River in Wisconsin in 1882 [2]. 

From the existing relevant data’s, the oldest pumped storage 

hydro power station exist in Schaffhausen, Switzerland 

(Douglas, 1990) [2]. Commissioned in 1909 and works fine 

even now. Another historical similar plant was commissioned 

in 1920 situated in Walkerburn, in Scotland. A pumped 
storage system is a child of the twentieth century [2]. The 

interest for the usage of pumped storage systems to load 

balance electricity for usage at peak times. In the near future 

when countries need to balance and ensure the stability of 

power production due to the increasing installation of 

unorthodox or uneven resources such as wind and solar 

power generation [3]. The complex system of energy 

production stations and transmission lines has led to little use 

of energy storage in the network, or roughly 2.6% [3]. 

Pumped storage power stations provide high value electricity 

power for peak hours to the electricity grid [3]. Of all the 

countries in the world, USA uses the most of pumped storage 
plants but other countries like Japan and Russia are 

developing it too. One of the biggest stations is an 1800 MW 

power station at Dinorwig, U.K [3]. It can supply about 1320 

MW in twelve seconds [4]. A small pumped storage plant can 

also be useful and one of the smallest one is in West 

Germany, with a capacity of about half a megawatt. At sites 

where there exist adequate storage reservoirs, a pumped 

storage station isapt because of a soaring demand for 

ensuring power balance at peak hours [4]. Pumped storage 

make use of low price electricity when the demand is less, to 

pump water from a lower storage space to the over head 

reservoir [4]. This one method to store power. Here energy is 
stored in the form of potential energy. When demand rises in 

grid, the water from overhead reservoir is released and 

collected at lower reservoir through a hydro turbine, hence 

generating power [5]. In synchronous power station this can 

be a very useful method [4]. This system guarantees control 

and safe operation in the grid. When energy fluctuates power 

integration is a must [5]. It’s a more mature and viable 

alternative. In India Ministry of New and Renewable Energy 

vest the responsibility in developing Small Hydro Power 

(SHP) projects up to 25 MW station capacities [6]. The 

expected power production from these is around 20,000 

MW. The potential in India lies in Himalayas, there we can 
develop river based projects and in other States on irrigation 

canals [6]. Now these project are being privatized. All these 

projects economically viable and many private sector 

companies look forward with interest. The viability improves 

if project capacity rise. The Ministry aim is that at least 50% 

of the potential in the country is harnessed in the next 10 

years [6]. Thus by getting the anemometer data of the 

seregions we could effectively install wind powered pumped 

storage facility for these areas. There are three challenges to 

compose a grid connected wind hydro pumped storage 

station [7]: Stability of a grid connected system consisting of 
wind turbines and pumps. 

Proper allocation (capacity ratio) of wind turbine water pump 

reservoir and hydro electricity generator, and efficiency and 

economy of the system. Control and dispatch of the wind 

driven pumped storage hydrop ower plant when connected to 

the grid. In general, a PHPS system operates by using the 

excess power generation at times of low electrical demand to 

pump water to a reservoir at a higher elevation [7]. During a 

higher power demand, water is released into the lower 

reservoir through a hydraulic turbine to generate electricity 

which is run through the grid to meet the peak load demand 
[7]. The PHPS system consists of an upper and lower 

reservoir, generator motor set, pump turbine, and connecting 

lines. A pumped storage facility can switch from generation 

to pumping or from pumping to generation within 180-240 

seconds, thereby providing PHPS with the fastest charge and 

discharge rates and the capability to keep up with near real 

time fluctuations in wind speed [7]. The figure2.1 illustrates 

a small model of small wind hydro pumped system. 

 
Figure2.1: Pumped storage system with wind turbines 
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III. TOPOGRAPHY 

The choice for a suitable PHPS system site is dictated by 

topographical, geographical, and environmental 

considerations [8]. The PHPS system requires substantial 
capital and nearly a decade to build, the appropriate 

placement of a site is essential. The development of the 

reservoirs is possibly the most critical element of PHPS [8]. 

In United States, Germany, and Ukraine, large rivers are 

frequently utilized as lower reservoirs, gently used to adhere 

with water protection interest, irrigation, and wild life 

protection [9]. Many PHPS systems use existing lakes, often 

enlarged by dams, a supper and lower reservoirs. Most 

commonly, reservoirs are created by damming a river [9]. For 

economic as well as aesthetic purposes, soil or rock fill dams 

are preferred to concrete structures and usually lined with 

asphalt or concretes lab to insure the reservoir floor is 
watertight [9]. Reservoir leak age not only causes damage to 

the PHPS system and its equipment, rendering the entire 

system in effective, but may disrupt irrigation techniques and 

the surrounding vegetation [9]. The difference in elevation, 

or the head, of the paired reservoirs is also a critical decision, 

for it directly correlates to the energy output of the finished 

system [9]. A 4:1 ratio is the commonly used standard that 

should exist for the horizontal to vertical distance between 

the upper and lower reservoir [9]. A lower ratio would be 

optimal. There are several ways to acquire this elevation. In 

Ronkhausen, Germany, a hill top was level led and then the 
extracted soil used to create a dam to act as an upper 

reservoir [9]. Other feasible methods include utilizing the 

ocean as the lower reservoir and the elevated coast line as the 

upper reservoir [9].Currently existing PHPS system in 

Okinawa where the octagonal shapeup on seaside hills is 

utilized as the upper reservoir [9]. The intake and outtake 

valve uses a small jetty extending from the shore. A new 

conception in development during the last decade is the 

underground PHPS systems [9]. Implementation of lower 

reservoir below ground surrounded by hard rock, the head 

height could be relatively made unlimited and such a system 
can be placed closer to areas with greater load demand [9]. 

Excavation, tunneling costs, time and resources to discover 

suitable rock formations are the main constraints; however, 

as above ground siting opportunities are relatively exhausted, 

it stands as aviable option [9]. The figure 2.2 is an aerial view 

of a pumped storage system in senecca 

 
Figure2.2:Pumpedstoragesysteminsenecca 

IV. STUDY ON WIND AND HYDRO SYSTEMS 

The pumped storage or hydroelectric storage is a system of 

electricity generation, in which the electricity is generated 

during hours of peak demand by utilizing water that has been 
pumped into an elevated reservoir during the low 

consumption hours [10]. This kind of a system is used by 

some power plants for load balancing [10]. Now the 

proposed hybrid wind-hydro system utilizes wind power to 

pump water and remaining power from wind is fed to the 

grid. 

 

A. Wind 

Wind power, a clean and renewable energy source, is one of 

the most rapidly growing markets, growing its presence 

worldwide [10]. Wind power assurances to be a significant 

contender in the near future, yet the basic problem lies in 
variability in wind speed, and therefore the in ability to 

control the amount of energy generated [10]. Harnessing 

wind as energy began over 3000 years ago with the invention 

of the wind mill, which at the time, was used mainly in 

agricultural functions such as grinding grain and water 

pumping [10]. Wind mills have functioned as electric power 

source from the early 19th century when PoulLaCour, of 

Denmark, constructed the first wind turbine [10]. However 

the popularity of cheap fossil-fuels, particularly coal, has 

hindered wind energy development during the early 20th 

century [10]. Wind energy generation remained in rural a 
reasproduced by small, functional house hold turbines, and 

technological developments stalled on utility-scale turbines 

both in and outside the U.S. until the 1970s [10]. 

 

B. Wind system modelling 

The wind generator consists of a wind turbine coupled with a 

permanent magnet synchronous generator (PMSG) [9]. 

There ctifierisa three phased ioderectifier for converting 

three phase AC voltage to DC voltage. The buck converter is 

a DC-DC converter that the voltage input-output ratio is 

controlled by a PWM (Pulse width modulation) signal from 
the MPPT controller [9]. The figure3.1 shows a 

configuration of wind energy system. The MPPT controller 

read the voltage and current of the wind generator output to 

determine the PWM signal. 

 
Figure 3.1: Wind system configuration 
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C. Wind Generator model 

Wind energy systems convert the kinetic energy of the wind 

into the electrical energy. The kinetic energy produced by a 

moving objectis expressed as 
Ekin= 1/2mv2 

In this case, m is the mass of air and v is the wind velo city. 

The mass m could be derived from 

m=ρ(Ad) 

where 

ρ is the air density 

A is the swept area of the rotor blade 

d is the distance travelled by the wind 

The mechanical power of the wind turbine Pw is defined is the 

kinetic energy over the time (t), thus Pw is expressed as 

P w =Ekin/t = (1/2 ρAdv2)/t = 1/2 ρAv3 

The power expressed by Eq. (3.3) is the ideal power captured 

by the wind turbine. The actual power of the wind turbine 

depends on the efficiency of the turbine represented by Cp 

(λ,β) which is the function of the tip speed ratio (λ) and pit 

change (β). The tip speed ratio (λ) is defined to be the ratio 

between the turbine speed and the wind speed, and is given 

by 

(λ) =wR/v 

Where is the turbine angular speed, and R is the radius of the 
turbine. Therefore, the actual power captured by the wind 

turbine is given by 

P=1/2Cp(λ,β)ρAv3 

Then, the torque of the wind turbine could be expressed as 

T=Pω 
The electrical power is given by: 

Pe=η.P 

Figure3.2showstheCp-λ character is tics for the different values 

of β. From the figure, we may observe that for a fixed pit 

changle, a maximum Cp is achieved when the tip speed ratio is 

at the optimal value (λopt). Recall Eq. (3.4), for a given wind 

speed (v), to achieve the maximum Cp, then the rotor speed 

should be maintained to the optimal speed (ωopt). When the 

wind speed changes, the rotor speed and the power captured by 

the wind turbine will change. According to 

 
Figure 3.2: The Cp - λ characteristics 

Eqs. (3.4), (3.5),(3.7),for a certain wind speed, the power will 

be varied with respect to the rotor speed (ω), and there is a 

point when the power is maximum, i.e. at the optimal rotor 

speed (ωopt). It is known that for the different power curves, 

the maximum powers are achieved at the different rotor 

speeds. Therefore, the rotor speed should be operated at the 

optimum speed. 

 
D. HYDRO 

Hydro power systems use the energy in flowing water top 

roduce electricity or mechanical energy. Although there are 

several ways to harness the moving water to produce energy, 

run of the-river systems, which donot require large storage 

reservoirs, are often used for micro hydro, and sometimes for 

small scale hydro, projects. For run of the-river hydro 

projects, a portion of a river’s water is diverted to a channel, 

pipeline, or pressurized pipeline (penstock) that deliver sit to 

a water wheel or turbine. The moving water rotates the wheel 

or turbine, which spins a shaft. The motion of the shaft can be 

used for mechanical p r o c e s s e s , such as pumping water, or it 
can be used to power an alternator or generator to generate 

electricity. Most small hydrop ower sites are categorized a s  

lowor high head. The higher the head the better because you 

will need less water to produce a given amount of power, and 

you can use smaller, less expensive equipment. Low head refers 

to a change in elevation of less than 10 feet (3meters). A 

vertical drop of less than 2 feet (0.6meters) will probably 

make a small scale hydro electric system unfeasible. 

 

E. Hydro system modelling 

There are many design considering that need to be taken into 
account for the design of small hydro electric power plant 

 

F. Weir and open channel 

In case of low discharge rivers (lessthan4m3 /s), it may be 

possible to build a Weir. It is a low wall or dama cross the 

stream to be gauged with a notch through which all the water 

may be channeled. The flow rate through it can be given as: 

Q =A.V=1.8(w−0.2h)∗h1.5(m3/s) 

where wand hare the weir width and height respectively. Open 

channel area is given by; 

Ach=(W∗h) 

 
G. Penstock design 

Penstocks are used to conveying water from the intake to the 

power house. They can be installed over or under the ground, 

depending on factors such as the nature of the ground itself, 

the penstock materials, the ambient temperature and the 

environmental requirements. 

 

H. Head Measurement 

The gross head Hg  is the vertical distance between the water 

surface level at the intake and at the tailrace for the reaction 

turbines (such as Francis and Kaplan turbines) and the nozzle 
level for the impulse turbines (such as Pelton, Turgo and 

cross-flow turbines).  The net head of the power plant from 

the following relation: 

Hn =Hg–Hloss 

 
I. Turbine power 

All hydro electric generation depends on falling water. 
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Stream flow is the fuel of a hydro-power plant and without it 

generation ceases. Regardless of the water path through an 

open channel or pen stock, the power generate dinaturbine is 

given by: 

Pt=ρ∗g∗Hn ∗Q∗ηt 

Where Pt  = power in watt generated in the turbine shaft. 

ρ= water density (1000 Kg/m3). 

Hn  = net head (m) Q = water flow rate (m3/s) 

g = gravity acceleration constant (9.8 m/s2) 

ηt= turbine efficiency (normally 80-90 % ) The  electrical 

power is given by 

Pe=ηgen∗Pt 

 

V. EXPERIMENTAL WORK 
For conducting the quantitative analysis for the proposed 

work a Simulink model was developed in MatLab for wind 

as well as hydro system. And a control circuitry was as also 

designed for the operation of the system in various modes. 

 

A. Wind Simulink model 

The above mentioned design equation sand parameters were 

used for the simulation of wind system and the equivalent 

system is shown in figure 4.1. The input parameters to the 

system are: 

•Rotor radius 

•Pitch angle 
•Wind speed 

•Generator speed 
 
Here the generator speed was considered as the variable 

parameter. The Simulink model is shown below. 

 
Figure 4.1: Wind Turbine Simulink model 

The subsystem for the model includes: 

• Subsystem 1 Figure 4.2 

• Subsystem 2 Figure 4.3 

• Subsystem 3 Figure 4.4 

 
Figure 4.2: Subsystem 1 

 
Figure 4.3: Subsystem 2 

 
Figure 4.4: Subsystem 3 

 

B. Hydro Simulink model 

The design procedure involves the following steps: Preparing 

the input data and parameters of the hydro electric power 

plant to the Simulink model. The parameter input for 
calculating the turbine shaft power was flowrate (Q) and 

Head (H). These parameters were not directly substituted 

instead the loss in the system was also taken into account. 

 

C. Test data 

Theoretical head loss and available power were calculated at 

several representative flow rates: 0.9, 1.5, 2.0, 2.5, 2.5, 3.3, 

4.7, and 6.2 cubic feet per second. Flow of 2.5 f t3/s was 

used in calculations to estimate the maximum legal power 

available. 

Table 4.1: Input data 

d=0.4064 f=0.027 

µ=1.002*10−3Pa.s L=4572m 

ρ=998Kg/m3 g=9.81m/s2 

C=64 H=144.2m 

The Simulink model for hydro power plant is: 

 
Figure 4.5: Simulink model for computing shaft Power 
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The shaft Power was computed using the Eq (4.1). The sub 

system for the above model is shown in figure4.6. 

Pt=ρ∗g∗Hn ∗Q∗ηt 
Where Pt=power in watt generated in the turbine shaft. 

ρ=water density (1000Kg/m3). 

Hn =net head (m)Q=water flow rate(m3/s) 

g=gravity acceleration constant (9.8m/s2) 

ηt=turbine efficiency(normally80-90%) 

 
Figure4.6:Subsystem Simulink model for computing shaft 

Power 

 
Figure 4.7: Subsystem Simulink model for Hydro Power 

 

D. Mode of operation 

A simple control circuit was designed for the various modes 

of operation of the power plant. The modes of operation 

include: 

• Mode 1: Normal operation both hydro and wind operating 

to supply load demand 

• Mode 2: Hydro alone meet the load demand 

• Mode 3: During off peak hours wind acts as pumped 
storage system 

The subsystem for the above model is: 

 
Figure 4.8: Simulink model of control circuit 

VI. EXPERIMENTAL RESULTS 

A. Observations: Hydro 

The following were the simulation result for shaft power v/s 

flow rate for differen thead: 
Table 5.1: Input data for computing power output of turbine 

 
The above results were used for the plotting graph of flow 

rate v/s shaft power and the plot obtained is as in figure 5.1 

 
Figure 5.1: Plot of shaft power V/s Flow rate 

There is an increasing divergence between small head and 

high head at higher flow rates. This trend is due to the 

importance of flow velo city in friction and minor head loss. 

Head loss is as a result of fittings, called minor loss, and the 

important one is the miniscule minor loss exhibited by the 

long, fitting-less section of pipeline 

 

Table 5.2: Head Loss data for different length of pipe 
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Figure 5.2: Chart of Head loss V/s Flow rate for different 

length of pipe 

 

B. Wind 

 

 

 

 

 

 

 

 

 

 

Figure5.3:(a) PlotofCp V/s λ. (b)PlotofPowerV/s λ. 

 
VII. CONCLUSION 

Among the renewable energy sources, hydro and wind 

energy have the capability to complement each other in a grid 

connected power system. The grid connected system of wind 

turbines and pumps ensure the stable operation of the system. 

The proposed pumped small hydropower storage system as a 

mature technology, with no operationale missions, a virtually 

free and domestic power source, with the operational 

efficiency and agility of mere seconds, as the right fit to aid 

in the growth and expansion of generating capacity around 

the country and to meet the soar power demand. A wind 

pumped storage system can be used to secure the water level 
in a reservoir made for hydropower plants. If the water level 

in a hydropower plant reservoir is secured, the electricity 

supply from the plant is also secured. In locations where 

electricity sale price is higher, it can probably be used with a 

profit to pump water into a reservoir for electricity 

production with hydro electric turbines. It is also possible to 

use it to pump leakage water from a reservoir, where the head 

is just about 10m to 25m high. The topography of Himachal 

Pradesh is well suited for this kind of a development. 

 

VIII. FUTURE SCOPE 
The vision of our ministry is to keep pace with rise in power 

demand by increasing the generation capacity by setting up 

small hydro projects. The development is going on to achieve 

a target of added 2000 MW generation by this method. If 

these projects are complimented with wind to form small 

wind- hydro hybrid system the capacity can further be 

increased as well. 
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