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ABSTRACT 
Background/Objectives: In global scenario energy plays an important role in almost all the areas of human and commercial 

activities and provides a major impact to the society. The production of electrical power is necessary to elevate the country’s 

economic infrastructure. Power production through the non-renewable energy resource is relatively common. In India power 

generation through hydraulic energy contributes roughly around 16% of total GDP. Hydropower is a non-conventional, non-

polluting and natural source of energy. Renewable energy is measured as the important input for economically developing 

countries. Methods/Statistical analysis:  Pump-as-turbine (PAT) is one of the most exceptional alternatives for satisfying the 

demands of energy and providing the electrical energy in rural and remote areas. In this research paper, the Annual life cycle cost 

(ALCC) method was used to calculate commercial benefits of PAT and Francis turbine having different life time period and 

same operation. Findings:  The maximum overall efficiency of PAT was found to be 32% which is lower than that of Francis 

turbine 85%. The cost of electricity generated per unit between PAT and Francis turbine were found to be Rs.1.70/- and Rs.3.70/- 

respectively. The main finding in electricity generated by Francis turbine was found to be 54% higher than PAT. 

Applications/Improvements: The present research will be useful for selection of proper centrifugal pump working in Turbine 

Mode Operation for Pico Hydropower Plants. 
 

KEYWORDS: Power Optimization, Picohydro power plants, Renewable technique, Centrifugal Pump as turbine. 
 

INTRODUCTION 
 

The growth of any nation can be influenced by the accessibility of electrical energy and its per capita 
consumption of energy, which is observed as an index of nation-wide standard of living in the current 
development. Consequently, energy is measured as the input for those countries that are developing from 
economic point of view [1]. India is blessed with huge amount of hydro energy potential. The present installed 
capacity as of now is 41,997 MW which is 15 % of total power generation. Most of the hills are located in 
Himalayan and Western Ghats region, which covers more than 6000 water streams [2]. The water streams in that 
region serve as natural penstock for the power production [3]. 

A number of thermal power plants are functioning  all over the world for electrical energy generation but 
the rapid depleting atmosphere and increasing prices of gasoline products (coal, oil, gas, etc.) are most 
significant problem in fulfilling the power demands from these sources[4]. The global electrical power 
generation is about  20,053 TWh, in which the hydro power contributes almost 16 % approximately [5]. 
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Commercial improvement through sustainable energy and renewable energy segment create more 
employment, which leads to social growth of the nation. One of the most exceptional non-conventional energy 
that can be used for power generating in this scenario is hydro energy technology. Hydropower is a non-
conventional, non-polluting and environmental friendly. The Government of India, Ministry of Non-
Conventional Energy Resources, identified several resource sites in North India particularly in the Himalayan 
Range. The streams flowing from a height of 30 m to 50m with comparatively low discharge were considered 
suitable for power generation in the range of 15kW to 50 kW [6]. 

In addition to this, the non-renewable sources of energy are not convenient from ecological point of view. 
They are accountable for producing various gases especially CO2 which is a main greenhouse gas (GHG) and 
stimulates global warming. Other problems like toxic wastes, acid rain are also related with the use of non-
renewable sources of energy. These impairments forced to look for other clean and cheap sources for energy 
generation [4]. 

The distributed cost of power produced by thermal power plants in isolated areas located in the range of 
5-25 Km is found to vary from Rs. 3 per kWh to Rs. 231 per kWh depending on load factor and peak electrical 
load [7]. 
 
2. Renewable energy technique: 

Installing Centrifugal Pump-as-turbine (PAT) is one of the most exceptional Renewable energy techniques 
for satisfying the energy demands and providing the electrical energy in remote and rural areas [2]. In recent 
years, numerous publications emphasize the importance of using simple turbine in order to reduce the cost of 
electrical energy generated. We considered the idea of using pump as hydraulic turbine as an attractive and 
important alternative [8]. One of the attractive and cheap replacements in small water power resources is using 
pumps in reverse mode. Pumps are easy to maintain, relatively simple machines, and readily available in most 
developing countries. The research on consuming pump-as-turbine was started in 1930. With growing energy 
demands, it will be more reasonable to exploit such energy sources in the future. Experiments have shown that 
in relatively pumps with high technological standards and low power outputs, in reverse operation can compete 
with conventional turbines with respect to maximum efficiency [9]. 

One of the reasons for the micro hydro left undeveloped is because of economic constraints. The running 
cost for micro hydro power projects are low, the initial capital cost are high particularly the turbines cost [10]. 
Using pump–as-turbine (PAT) is an attractive and significant alternative. Nowadays, PAT applications have 
been established in farms, villages, irrigation systems, pump storage power stations and as pressure dropping 
valves. The main challenge, since 1930 in usage of PAT was the selection of a proper PAT for a small hydro-
site. The field of applications for conventional turbines such as Pelton, Kaplan and Francis are identified 
according to their specific speeds and heads. Due to deficient experimental data for pump working as turbine, 
the field applications of these machines are not well-defined. However, the field of application for single or 
multistage centrifugal and axial pumps can be compared with Francis, Kaplan and Pelton turbines respectively 
[11]. 

In recent years, the application of pumps as turbines (PATs) performed as an sustainable and alternative 
solution to produce energy or to control network pressure. In district of Naples water distribution network PATs 
were used to control pressure, showing huge potential incomes and an attractive capital payback period [12]. 

The electro-mechanical components cost in large hydro is 20% but in micro hydro it is relatively high and 
varies from 35-40% of the total project cost. Hence, main difficulty in applying such hydropower projects is 
high initial capital cost of conventional hydro turbines. The cost of hydro power plants can be brought down by 
PAT in context of several advantages related with the pumps viz, less complexity, mass production, low cost, 
availability for a wide range of flows and heads, ease of spare parts availability, short delivery time, easy 
installation, availability in a large number of standard sizes etc., [1]. 

The efficiency of pump in turbine mode was generally lower than conventional hydro turbines [13] [14]. 
But, the efficiency of such machine is not the standard primary selection of PAT. Moreover, up to 100 kW 
power plants capacity, the use of PAT may be reasonable because, though the efficiency of PAT is lower; its use 
lead to significant reduction in the initial capital cost of the hydro power plant, of the order of 10 to 1 or even 
more. In this range, the investment cost for hydro conventional turbines is high and the payback period can be as 
high as 12-15 years which can be reduced to 2-3 years by PAT. If PAT are used in the range of 1 to 500 kW, the 
payback periods can be further reduced to 2 years or less which is significantly less than conventional hydro 
power turbine [1]. 

The hydropower projects are being measured as cost-effective and desired electricity source, the hydro 
power energy share in India has been decreasing since 1963. The hydro share has decreased from 45-50% in 
1963 to 20-26% in 2005, which has been further reduced to about 16-18% in 2013 [15]. Micro-hydro power can 
be one of the most valuable answers for isolated rural communities for electrification and to improve the quality 
of life. It is one of the most cost-effective energy technologies for electrification in rural and less developed 
countries [16]. 
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Small hydro project (SHP) became striking after crisis of oil price in the 70s and again in recent years. In 
India, there is a massive network of irrigation canals on which numbers of falls are exist, where energy
unused in the formation of hydraulic energy jumps 
dam toe in addition to natural falls available 

 
3. Implementation of pico hydropower plant

 

1. Service pump Motor 2. Service Pump 3. Flange Coupling 4. Gate Valve 5. Pressure gauge 6. Pump as turbine 
(PAT) 7. Bearing Block8. Coupling Rod 9. D.C.Generator 10. Mounting Bed
 
Fig. 1: Schematic Diagram of PAT 

 
The experimental test rig shown in Figure 2 contains PAT, service pump, flow meter (for discharge 

measurement), vacuum and pressure gauges (for head measurement), D. 
system. The centrifugal pump of 9 m head, 14.4 lps of discharge was tested in turbine mode. The pump 
functioning in turbine mode was experimented at the speed of 1500 rpm. 
experimental setup is shown in the Figure  1.

 

 
Fig. 2: PAT Experimental test rig 
 
4. Cost study of 1.5 kW capacity pico

The maximum efficiency of 
conventional (Francis turbine) hy
hydropower plants, annual life cycle
 
4.1 Factors measured in the cost an
4.1.1. Initial cost of scheme (Co) 
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Small hydro project (SHP) became striking after crisis of oil price in the 70s and again in recent years. In 
India, there is a massive network of irrigation canals on which numbers of falls are exist, where energy
unused in the formation of hydraulic energy jumps [18]. SHP stations can be mounted at canal falls as well as at 
dam toe in addition to natural falls available [11]. 

3. Implementation of pico hydropower plant: 

1. Service pump Motor 2. Service Pump 3. Flange Coupling 4. Gate Valve 5. Pressure gauge 6. Pump as turbine 
Block8. Coupling Rod 9. D.C.Generator 10. Mounting Bed 

 

The experimental test rig shown in Figure 2 contains PAT, service pump, flow meter (for discharge 
measurement), vacuum and pressure gauges (for head measurement), D. C. Generator, draft tube, and piping 

The centrifugal pump of 9 m head, 14.4 lps of discharge was tested in turbine mode. The pump 
functioning in turbine mode was experimented at the speed of 1500 rpm. The schematic diagram of the 

is shown in the Figure  1. 

pico hydropower plant: 
 PAT was found to be 32 % which is low in c
ydro turbine which was 85 %. To validate the usage

cle cost analysis of 1.5 kW of PAT was compared with Francis

analysis [17] 
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1. Service pump Motor 2. Service Pump 3. Flange Coupling 4. Gate Valve 5. Pressure gauge 6. Pump as turbine 

The experimental test rig shown in Figure 2 contains PAT, service pump, flow meter (for discharge 
C. Generator, draft tube, and piping 

The centrifugal pump of 9 m head, 14.4 lps of discharge was tested in turbine mode. The pump 
The schematic diagram of the 
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Initial cost of the scheme includes the civil erection, machine cost and miscellaneous things. In the current 
study, civil erection, machine cost and miscellaneous things were not considered, assuming that these costs 
remain same. Hence, only initial cost of machine was measured for the study. 
 
4.1.2. Capital recovery factor (CRF): 

The capital recovery factor was determined by using the formulae.  

��� =
�(���)


(���)
��
  L-Life of the equipment; d-Discount rate 

 
4.1.3. Annual cost (Ac): 

The annua l  cos t  inc ludes labour  cost ,  ma intenance  cos t  and operat ion cost .  In the  
present  ana lys is  maintenance cost as 10 % of initial cost and operation cost as 5 % of initial cost were 
considered as annual cost.  
 
4.1.4. Discount rate (d): 

The discount rate of 12 % was considered as annual discount rate, higher than the bank interest rate for 
PAT and Francis turbine. 

 
4.1.5. Annual life cycle cost (ALCC): 

The Annual life cycle cost was calculated by using simple equation  
ALCC = (Co * CRF) + Ac 
The annual overheads included the maintenance, energy, labour and other costs. Usually, ALCC is used for 

two case with different life time period and same operation. 
 

4.1.6. Annual energy (Ae): 
The Annual energy generated was determined by 
Ae = Equipment Capacity * Overall Efficiency * No of Hours/ day * No of Days/ Year 
 

4.1.7. Cost of electricity generated per unit (C): 
Cost of electricity generated per unit was worked out using  
C = ALCC/ Ae 
 

4.2. ALCC study for Pico hydropower plant: 
The Annual life cycle cost method was used to calculate commercial benefits of PAT and Francis turbine 

having different life time period and same operation. Several data includes life, efficiency, discount rate, 
operation and maintenance was considered to this study in consultation with a leading hydro machinery 
manufacturer. The assumptions of various parameters for PAT and Francis turbine are given in Table 1. Based 
on these parameters, the ALCC was calculated as shown in Table 2. 
 
Table 1: Parameter for PAT and Francis turbine 
Parameter PAT Francis turbine 
Capacity (kW) 1.5 kW 1.5 kW 
Overall Efficiency (%) 32 % 85 % 
Initial cost (Co) in Rs. 12000/- 80000/- 
Life (L)  in years 10 20 
Discount rate (d) in % 12 12 
Hours of energy generation = No. of hrs/ day * No. of days/ year 24 * 200 24 * 200 

 
Table 2: ALCC for PAT and Francis turbine 
Parameter Equation PAT  

 
Francis Turbine 

CRF CRF = {d(1+d)L} / { (1+d)L – 1} 0.1769 0.1338 

Annual Expenses Rs Operation Cost @ 5% + Maintenance 
Cost @ 10% 

600 +1200 
= Rs.1800/- 

4000+8000 
=Rs.12000/- 

ALCC ALCC= (CO * CRF) + Ac Rs 3922/- Rs 22704/- 
Annual Energy Generation
(KWh/Yr) 

Capacity * Overall Efficiency * No of 
Hrs/ day * No of Days/ Yr 

1.5*0.32*24*200 
=2304 
 

1.5*0.85*24*200 
=6120 
 

Cost of Electricity Generation ALCC/Annual Energy Generation Rs 1.70/- Rs 3.70/- 

 
Conclusions:  

The current analysis provides complete details about 1.5 kW capacity pico hydro test rig for rural 
electrification. This research paper compares the electric energy generated by PAT and Francis turbine. The 
Annual life cycle cost (ALCC) was evaluated the two different life span and same operation mode. The 
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maximum overall efficiency of PAT was found to be 32% which is lower than that of Francis turbine 85%. Cost 
of pump as turbine may be 6 to 7 times less than conventional Francis turbine. The cost of electricity generated 
per unit between PAT and Francis turbine were found to be Rs.1.70/- and Rs.3.70/- respectively, which was 
54% higher than PAT. The future scope for the present research will be useful for selection of proper 
centrifugal type rotodynamic working in Turbine Mode Operation for Pico Hydropower Plants. 
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