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Abstract This research reveals the performance of Small hydropower plants(SHP) of  Central Electric Authority 

of India (CEA) using data envelopment analysis (DEA). Input-oriented DEA models are used for a choice of 

efficiency measurements. DEA models are solved.. The average technical efficiency of hydropower plants of 

CEA is found to be around 34 and 66% of hydropower plants fall under the category of distinctly inefficient 

plants with base technical efficiency scores below 90%. There are a few states like Uttarakhand and Bihar 

Hydroelectric that are found to be vigorously efficient with technical efficiency scores of 100% for most of the 

circumstances.  
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I. INTRODUCTION 

Electricity usages in developing countries are in the procedure of restructuring, with primary focus on 

efficiency upgrading in electricity generation, transmission, and distribution. As the speculation required in 

generation of electricity is enormous, even a small step up in production efficiency may result in significant 

benefits in India, many people from countryside area or remote area or where sharing of electricity is not 

possible are not receiving facility of electricity and we all know that how electricity is significant in our daily 

life. This has created rising interests in productive efficiency of electricity generation. Energy is a critical factor 

in developing countries for economic growth as well as for social development and human welfare.  

 

Hydropower is a renewable resource of energy, which is reasonable, non-polluting and environmentally 

gentle among all renewable sources of energy. For efficient process of hydropower plants, in order to meet the 

electricity claim, the hydro energy is stored either in reservoirs for dam based schemes or settling basins for run-

of-river schemes. These reservoirs or settling basins are packed with sediments over a period of time. About 26% 

of power is contributed by hydro power to India. For India, the total capacity is more than 2 Lakh MW and so 

holds the 5th place for electricity making in the world. According to the 2010 census of India planning 

commission, nearly 28.8% of Indian is below poverty line .India's per capita consumption is among the lowest 

in the world. In many villages domestic still don‟t have electricity facility. The government has planned for an 

increase in per capita ease of use to 1000 KWh from existing 600 KWh by the end of 11thfive year plan. To 

provide “Electricity for all” by 2012 is an attempt by the Indian government which was requiring an setting up 

of supplementary capacity of more than 100,000 MW. The major electricity assets plant are thermal, hydro, 

nuclear and other renewable energy resources which includes solar, wind, geothermal, tidal, etc. performance of 

the hydropower plants that must be able to contain the different type of inputs and outputs that is inherent in 

such systems simultaneously. While partial performance indicators can provide useful insights into particular 

areas of inefficiency, they cannot provide an overall picture of performance. 

 

In a hydro-dominated power system, it is essential to analyze the performance of apiece of the hydropower 

plants. The point of this article is to assess the performance of small hydropower plants owned by CEA using 

data envelopment analysis (DEA). 

II. REVIEW OF LITERATURE 

2.1 DEA Explained 

DEA was earliest projected by Charnes et al., [1] and is a non-parametric technique of efficiency analysis for 

comparing units relative to their finest peers (efficient frontier) relatively than typical performers, and to 

recognize benchmarks for inefficient units. It does not need any postulation on the form of the DMUs frontier 

surface and it makes instantaneous use of multiple inputs and multiple outputs. DEA defines the relative 

efficiency for each DMU (bank branches, hospitals, schools, power plants,..) by comparing the DMU‟s inputs 

and outputs to other DMUs data in the similar „„cultural or working‟‟ environment. The outcomes of a DEA 

study includes: i) A piecewise linear empirical envelopment frontier surface of the best practice , consisting of 

DMUs exhibiting the uppermost achievable outputs for their given level of inputs; ii) An efficiency metric 

(score) to signify the maximal performance measure for each DMU measured by its distance to the frontier 



International Journal of Mathematics Trends and Technology (IJMTT) – Special Issue  NCCFQET May 2018 

 

ISSN: 2231-5373                            http://www.ijmttjournal.org                                    Page 78 

 

surface; iii) Efficient projections onto the efficient frontier with detection of an efficient reference set consisting 

of the “close “ efficient DMUs for benchmarking and improving each inefficient unit; iv) a ranking of units 

from best to worst. 

2.2 Applications in Power Plants Sector 

DEA applications are essential to assess the relative performance of the hydropower plants that should be 

required to be able to put up the different type of inputs and outputs that is intrinsic in such systems 

concurrently. Whereas partial performance indicators can afford useful insights into fussy areas of inefficiency, 

they cannot provide an overall picture of performance. Meibodi  [3] evaluated the performance of the electricity 

supply industries of 26 rising countries, including Nepal. on the other hand, his study includes only thermal 

power plants, which encompass only a little bit of the Nepalese ESI. Similarly, Pollit  [4]  analyzed the relative 

efficiency of publicly and privately owned power plants. Chitkara  [5] has analyzed the performance of the 

generating units owned by National Thermal Power Corporation (NTPC) of India in excess of a period 1991 to 

1995.  

 

As far as the evaluation of electricity/power generating systems, many researchers have applied DEA 

successfully. Pahwa et al.  [6] have analyzed electric distribution utilities based on their performances. He 

applied the DEA technique to establish the relative efficiencies of the fifty largest distribution utilities in the 

U.S. Golany et al.  [7] include an application of DEA for measuring and evaluating the operating efficiency of 

power plants in Israeli Electric Corporation. Likewise, the other earlier researches listed in the references  [8] 

and  [9]–[10]. [11]About 57,260 MW (21.2%) of total power generation is contributed by Renewable energy 

resources. India targeting 175 GW power generation from RES by 2022. Out of 175 GW, renewable energy 

sector of India targeted 5 GW from small hydro Power projects. [12] In a hydro-dominated power system, it is 

imperative to analyze the performance of each of the hydropower plants. [13]Olaturi & Dismukes [14] and Nag 

refer to the efficiency evaluation of power plants from the technical point of view. Finally, the works of Sarica 

& Or [15] and Barros [16] examine hydroelectric and renewable energy sources power plants. 

 

III. METHODOLOGY - DEA CCR MODEL. 

There are fundamentally two types of DEA models: Charnes et al. [1] introduced the Constant Returns to 

Scale (CRS) and Banker et al. [2] developed the variable returns-to-scale (VRS) model. DEA models are also 

classify as input-oriented, output-oriented or additive (both inputs and outputs are optimized in the best interest 

of the evaluated unit) based on the way of the projection of the inefficient unit onto the frontier shell. In this 

current study, DEA Output-oriented models are chosen because the from the minimum resources are available 

and capable to produce maximum output  was considered for a given SHPs operation. So the basic the Onput-

Oriented Charnes, Cooper, and Rhodes (CCR) model has been applied. General output maximization CCR DEA 

model can be represented as follows. 

 
Where, Em is the efficiency of the mth DMU, yjm is jth output of the mth DMU, vjm is the weight of that output, 
xim is ith input of the mth DMU, uim is the weight of that input, and yjn and xin are jth output and ith input, 

respectively, of the nth DMU, n = 1, 2, …, N. Note that here n includes m. The above model calculates the 

constant returns to scale (CRS) efficiency score, which gives the measure of overall efficiency of the plants. 

IV. DATA STRUCTURE  

The Data used in this study are secondary information from covering the period 2016-2017.We has 

considered all 28 states and Andaman & Nicobar Islands which contributes much to our Indian electric power 

generation. Hence the DEA is applied for the following DMUs. 

Here each state is considered as DMU and the same are scheduled below, Andhra Pradesh, Arunachal Pradesh , 

Assam, Bihar, Chhattisgarh, Goa, Gujrat, Haryana, Himachal Pradesh, Jammu & Kashmir, Jharkhand, 

Karnataka, Kerala, Madhya Pradesh, Maharashtra, Manipur, Meghalaya, Mizoram , Nagaland, Orissa , Punjab, 

Rajasthan, Sikkim, Tamil Nadu, Tripura, A & N Islands, Uttar Pradesh, Uttarakhand and West Bengal                        
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The possible inputs and outputs in DEA represent the activities and role of a SHPs For each DMU four inputs 

and a output with unit measurement viz., Inputs are 1)Run-of-River, 2)Dam-Toe Based, 3)Dam-Toe Based 

Canal fall Base are in actual number of units with 4)installed capacity (MW). Output is Total capacity 

Produced. When applying DEA, it is implicit that the inputs entirely represent all the used resources and the 

outputs portray all the produced activities by the DMUs. 

V. EMPIRICAL ANALYSIS 

DEA CCR can be done by free domain software which is accessible in World Wide Web. In this paper, we 

assume Constant Return to Scale (CRS). This model identifies the best and the worst SHPs in a relative sense, 

as well as the most stable and variable SHP in DEA scores. The overall efficiency for each DMU is calculated 

by using CCR model. The efficiency scores reported below are from cross sectional data analysis. The following 

table shows the Descriptive Statistics of Inputs and Output.  

 

Table I 

Descriptive Statistics Inputs and Output 

 IP&OP IP1 IP2 IP3 IP4 OP 

Mean 157.7586 12.5517 78.6207 681.4828 731.2297 

Std. Deviation 244.42552 22.39991 113.90422 879.79529 954.39289 

Minimum 0.00 0.00 0.00 8.00 4.70 

Maximum 1049.00 109.00 437.00 4141.00 3726.49 

 

The following table reveals the Technical efficiency of the SHP plants operating in the Indian for the time 

period 2017 were evaluated from Data Envelopment Analysis and the evaluated peer count were summarized 

below. 

Table II  

Peer Count Summary and Summary of Peer Weights 

 

Based on the above Peer Count Summary and Summary of Peer Weights we can rank the efficient DMU ( i.e. 

scored 1). The following represents the ranking of DMUs based on their technical efficiency. 

 

Table III 

 Ranking of DMU’s 
DMU Peer Count Rank DMU Peer Count Rank 

Arunachal  Pradesh 2 5 Himachal  Pradesh 4 4 

Bihar 10 1 Jammu & Kashmir 6 2 

Chhattisgarh 5 3 Karnataka 1 6 

Goa 1 6 Uttarakhand 10 1 

Haryana 6 2 West Bengal 2 5 

DMU PEERS Count DMU PEERS Count 

Andhra Pradesh 0.231(4) 3.632(8) 
 

0 Manipur 0.048(2) 
  

0 

Arunachal  

Pradesh 
1 

  
2 Meghalaya 0.061(9) 0.011(10) 

 
0 

Assam 0.028(8) 0.059(10) 0.056(28) 0 Mizoram 0.044(9) 0.009(10) 
 

0 

Bihar 1 
  

10 Nagaland 0.017(2) 0.042(9) 
 

0 

Chhattisgarh 1 
  

5 Orissa 0.386(4) 0.046(29) 0.015(28) 0 

Goa 1 
  

1 Punjab 0.966(4) 0.134(29) 0.01(28) 0 

Gujrat 0.209(28) 0.021(4) 0.275(8) 0 Rajasthan 0.481(8) 
  

0 

Haryana 1 
  

6 Sikkim 0.03(9) 0.092(10) 
 

0 

Himachal  

Pradesh 
1 

  
4 Tamil Nadu 0.194(4) 0.056(28) 0.372(5) 0 

Jammu & 

Kashmir 
1 

  
6 Tripura 0.023(4) 0.002(28) 0.028(5) 0 

Jharkhand 0.081(8) 0.281,0.081(28,12) 0.005(10) 0 A & N Island 0.004(10) 
  

0 

Karnataka 1 
  

1 Uttar Prades 1.48(8) 1.982(6) 0.555(4) 0 

Kerala 0.135(10) 0.118(5) 0.193(28) 0 Uttarakhand 1(28) 
  

10 

Madhya Pradesh 0.054(4) 0.342(5) 0.502(29) 0 West Bengal 1(29) 
  

2 

Maharashtra 0.606(4) 0.039(28) 0.366(5) 0 - - - -  
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VI. SUMMARY AND CONCLUSIONS 

 

In the application of CCR model, 10 States are Efficient whose teta value equal to  1 ( = 1).  

 It is identified that the remaining 19 states s of the set of 29 States are Inefficient relatively  

 The reference DMU i.e. the set of peers for the Inefficient state is constructed 

 The Peer weight of the reference DMU will fix the input and output target for the Inefficient state  For 

example: The efficient banks Viz., 

 The Jammu & Kashmir,Haryana and Uttarakhand is the Peers to the Inefficient state Assam 

 Uttarakhand and Bihar stood first rank, Haryana and Jammu & Kashmir gets second and Chhattisgarh      

holds third rank re, Himachal  Pradesh receives fourth rank. West Bengal and Arunachal  Pradesh 

secured Fifth rank. Finally  Goa and Karnataka in sixth position. 

From our research results, we can find out that the Uttarakhand and Bihar have the excellent performance and 

are relatively stable.  Therefore the future research should include the productivity changes using the Malmquist 

index approach to check the technical change and productivity change of SHPs. 
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