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Abstract 
 

Now a day's necessity of electrical energy is rising in today's 

world due to population and economic of growth. Today’s life 

without electricity is almost impossible. It has now become a 

part of our daily life and we cannot think of world without 

electricity. So, pump-as-turbine (PAT) one of the most 

interesting technology can be used to achieve power from 

fluid sources. This is one of the best technology to fulfill the 

needs of the electricity in village zone where the electricity 

cannot reach easily in some areas of village. Basically, In 

micro hydro power generation plant pump as turbine (PAT) 

technology is used as electromechanical system. Many 

countries are using this technique due to its low cost and also 

researching on it for developing new technology and easily 

available compared to traditionally available turbines. PATs 

uses simple technology by changing directional fluid motion 

and also reverse the operating condition. Currently, 

applications of pump as turbine used in irrigation systems, 

sewage systems, power recovery systems and as small pump 

storage power systems. 

Keywords: (PAT) system, small scale generation of power 

using PAT technology, renewable energy sources, reverse 

running pump operation 

 

Introduction 
 

In our life the needs for to produce electrical power it is most 

important issues for every human [1]. Millions of people are 

still living under darkness because of there do not provide 

electricity where they live such as rural areas in India. Overall 

world India has sixth no. Power generation country after 

Germany, Spain, Denmark and USA. Among them Indian 

state Maharashtra is the leading electricity consumer state due 

to economic and population growth. About 22% of electricity 

generated by hydroelectric power plants because of these 

power plants are more realisable, 3% by of nuclear plants, 

65% of the electricity generated by thermal power plants and 

remain 10% of power generated by other renewable sources 

like wind, solar etc. So lots of years, various types of 

advanced methods are being developed in order to the need of 

energy by the using of non polluting source of renewable 

energy. Among this sources fluid power is the most preferable 

and implemented technology. Water is used for production of 

energy with first time implemented technology due to easily 

and readily availability of source of water [2]. Electricity has 

many uses in our day to day life. It is essential of electricity to 

fulfil our needs such as to run industrial processes, domestic 

source of energy such as lightning and refrigeration, heating 

and cooling comfort and numerous others etc. A maximum 

amount of electricity generated by thermal power plants by 

using burning of fossils fuels such as coal, oil or gas etc. 

These fossil fuels burn carbon fuels and they produce large 

amount of carbon dioxide, which causes climate change and 

produce other pollutant because of this it increase the 

emission of polluting gases and particulates. Coal being the 

most abundant fossil fuel in India and scientists has also 

predicted that these  fossils fuels will not be lasting very long. 

So as basically, this technology can be used for to achieve 

power from water sources. There are natural waterfalls in 

some Indian areas and these have water flow continuously 

throughout the year [3]. Hydropower is a non conventional, 

non-pollutants and environment friendly. The ministry of non-

conventional energy resources, is mainly governed by the 

India founded numerous sites in north India, generally where 

the mountainous areas such as Himalaya range for the setting 

up micro hydro power plants. for example Jang waterfalls is 

one the source of electricity for the people which is mainly 

located in Arunachal Pradesh in India [4]. The fluid energy is 

converted into mechanical energy by transferring energy from 

rotor to fluid to generate electrical energy. The merits of this 

type of system it can be directly coupled to prime mover 

(electric motor) it is compact, small in size and also easily 

available in the market. Construction of this system also 

simple due to absence of flow control device. Generation of  

hydro electric power is the cheapest  method as compared to 

other power generating methods [3]. 

 

When pump running in reverse mode 
 

At Present, PAT technology has become famous. In fact, In 

this method the pump will work just like a turbine when the 

pump operated in reverse mode. So as many researchers 

searches on this technology and it is proved that pump can 

operated in turbine mode. The main demerits of PAT system 

that the overall information about pump when running in 

turbine mode is not usually provided with the pump  
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Following table1 shows why PAT system more effective than 

commercial available turbine. 

                              
PARAMETER 

             
TURBINE 

                                             
PAT 

 

 

    Advantages 

  Runner 

passage are 

relatively short 

which reduces 

friction losses   

                    

The investment 

cost is low  

                     

                         

It gives higher 

efficiency            

Easily Available 

Locally And 

Abroad. also 

spare parts are 

readily available 

  

Variable head 

and flow 

conditions and 

there is 

adjustable guide 

vanes  

  

              

Construction is 

usually simple 

due to absence of 

flow control 

device And Easy 

Maintenance 

            

 

       Dis-advantages 

  

 The investment 

cost is high 

Friction losses 

high through 

these long 

passages  

 

Local Suppliers 

Very Few 

 

  

It gives Lower 

Efficiency 

 

Cumbersome 

construction. It  

may Require 

Maintenance 

cost is high 

 

No Variable 

Guide Vanes For 

Varying Flow 

 

Table -1: comparison between Turbine and PAT 
 

So if the pump wants to work in the opposite direction then it 

is necessary to select the pump with appropriate specifications 

where is used in turbine mode for a initial set up of PAT. It is 

mainly required to choose correct category of pump for the 

actual setup of PAT and It also important to know whether 

pump work in turbine mode before its installing. Many 

scientists studied on this problem and proposed various 

relations for the selections of pump. Suitable pumps its based 

on discharge capacity Qt(m3/s) and location of head Ht(mm),  

initial investment cost, initial setup cost [4]. 

The pump can be selected as turbine it is depends on location 

of head and discharge capacity as shown in fig 1, In 

multistage radial pumps are suitable for location of head is 

high and flow of discharge capacity is low and in the axial 

pumps are suitable for location of head is low and discharge 

capacity is high where in the case of double flow pumps, 

radial pump and mixed flow pumps are about the same range.   

Speed, pressure, head, operating range this parameters 

influences to select the pump requirements. If increasing the 

range of head decrease the cost per KW[4]. 

 

                       

Figure 1. Different pumps suitable as turbines [4] 

Fig shows the following diagram shows the  schematic view 

of hydraulic arrangement on the selected pump. The main 

components used in this arrangement are control valves, 

pump, PAT equipment, water tank, pressure gauge and flow 

meter.[5] 

        

                  
 

Figure 2. Schematic view of the hydraulic test rig [5] 

 

This setup diagram will actual look inside the pump house  

follows in figure3 

                 
Figure 3. Setup inside the pump house 

 

Where in the above figure it consists of basically two pumps:-

1.green pump working as turbine mode (PAT) and 2. Blue 

pump working in  pump mode. 

The setup shows the inside of the pump house green and blue 
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pumps are connected to each other by the shaft. The first of all 

water fed in the pump through the green pipe which is known 

as PAT component that transfer energy from rotor to fluid by 

dynamic action then the PAT component will give mechanical 

energy and the water flows out through the pipe of green 

pump and flows towards the hydraulic sources. Thus, 

generated mechanical energy from the output shaft of PAT is 

used to power of centrifugal pump. After generating 

mechanical power blue pump takes water from hydraulic 

source and pumps the water. 

 

Literature Review 
 

In this paper, literature review related (PAT) technology pump 

operating as turbine  mode is presented and also about present 

status of PAT technology analyzed, Theoretical, numerical 

and Experimental investigations carried out worldwide by 

various researchers for pump selection, performance 

enhancement of pat etc. Are summarized. Based on the 

literature review  research gaps are identified and objectives 

of the present study are framed 

 

1) Moserossi and massimilioano renzi they have concluded 

the performance of PATs using  analytically methods and  

predict that models for evaluating pumps-as-turbines 

(PATs) performance also in this paper it is analyzed the 

performance of  different range of PATs. In laboratory 

test performed on 32 PATs to collect the data and the 

characteristics of the machine were evaluated. Data 

related the various physical parameter are involved in this 

test of PATs  such as specific speed, rotating speed, head 

flow rate, impeller diameter and efficiency The cfd 

analysis of pump are to be tested and also laboratory test 

are done for selection of centrifugal pump for connecting 

to turbine for cfd analysis NUMECA® software. In non 

dimensional analysis power, efficiency and flow 

coefficient vs efficiency curves of the 32 tested PATs 

were also developed. [1] 

 

2) Mose Rossi, Maurizio Righetti and massimiliano Renzi 

they have done experiment for evaluating the 

performance characteristics of PATs and its potential 

energy used in application for rotating pump in turbine 

mode. To investigate its performance in reverse mode a 

centrifugal pump was selected. It is resulted that in 

reverse mode it gives non dimensional characteristics 

curves. It  is also resulted that maximum efficiency can 

be achieved in both mode at same specific speed. They  

studied on pump-as-turbine for energy recovery 

applications were in this paper a real case study of an 

aqueduct was performed. In this case study by using 

pressure regulation valves are installed in water 

distribution grid of PAT for getting much amount of 

energy .[2]  

 

3) Ihteaz Muhaimeen Hossain, S.M.Ferdous, SaydusSaleinn, 

Ahmed MortuzaSaleque And Taskin Jamalare worked out 

a comparative analysis for generation of hydropower. 

This paper shows that the comparison between two 

different method proposed by Sharma and chapallaz. The 

aim of this paper to solve the problem of performance 

characteristics of pump when operating in turbine mode. 

Because of manufacturers do not provide pump behaviour 

data in turbine mode and it creates more problem. So as 

in this paper to find the characteristics curve done the 

experiment on 4 hp pump.[3] 

 

4) P. Vasanthkumar, A. Arumurugu, R. Vinoth Kumar, R. 

Gowtham Kumar, S. Kumaresan And V. Prasath are  

provided complete information of micro hydro plants and 

its also gives details about how to select proper pump for 

the commercial installation of PAT. Because of pump 

will operate in reverse running mode with high flow of 

discharge capacity and high head for micro-hydropower 

plants and the pump  performance will completely 

changed when pump will operate like turbine. In 

development of PATs technology the performance will 

increase drastically which ultimately lowers the cost 

which will give it more demand.[4] 

 

5) W. K.  Muzammil, M. Rahman, M.W. K. Ibrahim, M. A. 

Ismail and S. Misranare as per the conducted experiment 

were experimentally determined the performance of a end 

suction centrifugal pump running in reverse mode with 

the help of hydraulic test setup for the PAT test. In this 

analysis They have used electrical instrument for 

calculating the actual and accurate measurements. The 

results showed that the turbine behaviour can be predicted 

with desirable conditions centrifugal pump can work in 

turbine mode with its working condition. By using the 

operating condition such as speed, pressure and torque 

they have derived by using various sensors and to some 

extent from the pump behaviour and the performance 

curves were also obtained for PAT working at same 

rotational speed vs flow rate pressure and torque. From 

the obtained data it can be observed that if increasing the 

value of rotational speed decrease the flow rate. Same as 

at the same rotational speed decrease the values of 

pressure head and torque automatically. It means at lower 

rotational speed it generate the higher torque. From this 

observed data were mechanical power, hydraulic power 

and efficiency are determined and Finally it can be 

proved that the end suction centrifugal pump was able to 

run in turbine mode successfully. [5] 

 

6) Martin Polakstudiedon “centrifugal pump innovation-
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pump-as-turbine”Polak modify centrifugal pump into 

radial centrifugal pump to increase the efficiency of 4 to 6 

%. Optimized pump modifications are designed based on 

existing research and hydraulic calculations. They 

designed primarily to increase the efficiency of turbine 

pump operation. Innovations have been experimentally 

tested on single-stage centrifugal pumps. The increase in 

the power parameters of the innovated pump operated in 

the turbine mode is evident from fig.1 influence of the 

innovation on pump operation is evident fig.2[6] 

 

 
 

Figure 5. Results Of Turbine Performance Tests [6] 

 

 

 

Figure 6. Results Of Pumps Performance Tests [6] 

 

7) Mauro Venturini, Stefano Alvisi Silvio Simani And 

Lucrezia Manservigi In this paper potential energy is 

measured for PATs for expression of hydraulic energy. In 

this paper the experiment has been carried out by 

changing the flow rate and available head in these water 

distribution network and audit of producing electrical 

power also the efficiency of changing energy from 

hydraulic to electric energy. It is also estimated that 

maximum efficiency has been got from also the 

consideration of WDN also taken. It is also research work 

has been carries out for produces more electrical energy 

various experiment and obtain higher efficiency.[7] 

 
 

   Result and Discussion 
 

This paper estimate the electrical power generation from 

PATs by using hydraulic power through use of pump. The 

maximum efficiency can be found by using varying the 

parameter or operating condition. In many experimental, 

theoretical and numerical investigation the results showed that 

the manufacturers characteristics curve and performance of 

pump in reverse mode usually is not provided. So as it creates 

more problem to know whether the pump operate in reverse 

mode or work will like a turbine mode. In many experimental, 

study presented the graph it shows how to select proper 

category of pump for the installation of PAT. Suitable 

category of pump it mainly depends on location of head and 

flow of discharge capacity for ex. Multistage radial flow PAT 

are appropriate for location of high head and low flow of 

discharge. The advantages of this system the initial cost is low 

because of pump available in low cost to buy when compared 

to commercial turbine and it also easily available in the 

market. Suitable pump like end suction centrifugal pump was 

able to run in reverse mode because of the centrifugal pump is 

a reverse of an inward radial flow reaction turbine. It means 

,for centrifugal pump the flow is in radial outward direction. 

 

Conclusion 
 

So in this paper we concluded of the overall study of the 

(PAT) technology. Review shows that pump can be operate in 

turbine mode and it also shows this system effectively using 

to generating electric power for installation of micro 

hydropower plants. The little demerits that system gives lower 

efficiency. Aim of this paper for generation of hydroelectric 

power we have to use PAT technology because it can be cost 

effective as compared to traditional turbine. In this paper 

provide complete details for select proper category of pump to 

operating in reverse mode for micro hydro plants. This is 

resulted that economically a PAT system is so feasible it have 

much less cost required to work it as well as we can use water 

as primary sources which is easily available and various 

testing leads to conclusion that it is very beneficial technology 

of hydraulics. 
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