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INTRODUCTION

Bangladesh is a developing country with a poputatibover 160 million, which marked it as one oét
densely populated country in the world, where temand of electricity energy remained high sincdilitsration
and still the requirement continues to be increpsivery year. An important catalyst of this incirggdemand has
been identified as the recent years’ sustained trafvgross domestic product (Islam & Khan, 20INymerous
projects have been undertaken by the governmeatdear to meet these increasing needs along withiryaof
new policies as well. The government has estaldishestainable and Renewable Energy Developmentofitith
(SREDA) as a dedicated national nodal authoritgrimote, facilitate and propagate a sustainableggreegenda
for energy efficiency, energy conservation and watde energy in the country (Hossain,2018).

It is noted that the electric power consumption maEpita was reported at 310kWhin 20
(IEA, 2018)which was one of the lowest in the worRfesently around half of the population got asces
consume electricity, properly due to inadequate wmeliable supply. Some steps the government etlyreaking
include managing supply-side resources such asmuolasts and demand-side resources such as erféiggney
programs. In this context, it is a practical angamant research issue to study how to improveoterational

performance or resource utilization efficiency rfséing power plants.

For this purpose, the current study applies Dateelepment Analysis (DEA) models to measure a|
evaluate the operational efficiency of electric powplants.DEA is a non-parametric and determini
methodology that uses linear programming technidoedetermining the relative efficiencies of a sétlecision
making units (DMUs)with multiple inputs and mulépbutputs(So et al., 2007).In this study, two bd3iA
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models, namely the CCR model which assumes ConRafturns to Scale (CRS) and the BCC model whiclhirass
Variable Returns to Scale (VRS) are used to evaltethnical, pure technical and scale efficienolepower plants. In

addition, the super-efficiency model is used farking the relative performance of power plants.

The rest of this paper is structured as followssthi, DEA models including CCR, BCC and superaéicy
models are briefly described. Subsequently, tha dsgd in the study are presented and the reilined are discussed,

and finally the conclusions and future researchations are given.

RESEARCH METHODOLOGY AND STUDY DESIGN

Data Envelopment Analysis

In this study, the input-oriented CCR and BCC mededm the DEA methodology are used to analyse tow
improve efficiency by minimizing the inputs requdréo produce the desired level of output. A brigplanation of the
CCR Model (Charnes et al., 1978) is as follows.

Assume that there are DMUs, where each DMU produces outputs by utilizingminputs. For thé™ DMU
these are represented by the column vecigrand y; respectively. Them X n input matrix, X, and thes X n output
matrix, Y, represent the data for all DMUs. Then, the relative efficiency of ti@ DMU can be found by solving the

following fractional programming problem:
max,, (W'y;/v'x), st uy/v'y<1 j=12,-,n uv=0 Q)

whereu is as x 1 vector of output weights and is am x 1 vector of input weights (the prime denotes a
transposedvector). This fractional programming fEobcan be easily transformed into the followingiigglent linear

programming problem:
max,, (u'y;) s.tvx=1 uy-vx<0 j=12,-,n uv=0 (2)

Alternatively, the same solution can be obtainedstblying the dual problem of the formula (2). Theabto the

above multiplier form is the envelopment form, whis shown below:
min g; 6, s.t. —y;+Y1=0, 60x;—XA=0, 1=0 3)

where 6 is a scalar representing the efficiency scoretei™ DMU and 1 is an x 1 vector of constants.The

efficiency scores range between 0 and 1, with agkeilly efficient.

The BCC model (Banker et al., 1984) is formulatgdatdding a convexity constra&ifl = 1 to the equation (3).

It is expressed as follows:
min g; 6, s.t.—y;+YA=0, 6x;,—XA=0, e'A=1 A1=20 (4)

where e is the n x 1 unit vector. The efficiency calculated from the @odel is pure technical efficiency,
whereas the one from the CCR model is the aggregassure of technical and scale efficiency. Theesfecale efficiency
can be defined as the ratio of CCR efficiency ®€cC efficiency §E; = 8F¢R/6E¢C). SE = 1 indicates scale efficiency

and SE < lindicates scale inefficiency.

According to the efficiency scores obtained frora tBCR and BCC models, DMUs can be classified into t

categories namely efficient and inefficient DMUsowkver, the above DEA models cannot distinguistiedifces
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between efficient DMUs because all efficient DMUsvh equal scores of 1. To overcome this limitatidngderson and
Peterson(1993) proposed a super-efficiency modetdioking among efficient units. Figure 1 providesinput-oriented
illustration of the super-efficiency model. Theig#nt frontier consists of the line segments cating DMUs A, B and C.
If DMU B is excluded from the reference set, théef is to construct a new frontier consisting bé tbroken line
segments connecting DMU A and C. The super-effgjesf DMU B becomes OB*/OB > 100%. This impliestidMU B

could increase both inputs and still remain effitié hrough this method, we could get the valusugfer-efficiency for A
and B, and the higher the value, the higher thk.r@m the while, in the case of inefficient DMUkgtvalue of efficiency

does not change in the calculation of super-efiicye
Input 2 E

o

\\\B*

0 Input 1

Figure 1: Super-Efficiency Evaluation of DMU B
Sample and Variables

For the case study, power plants that are opefafedshuganj Power Station Company Limited (APSCd),
wholly government-owned enterprise in Bangladesds taken as the sample for analysis. Electriciheggted by APSCL
is supplied to the national grid and distributedhite consumers throughout the whole country. AP8lals an important
role in the national economic development by geimegaabout 11% of the country’s total electricisogduction. There are
different types of power plants in APSCL such asitial power plant, gas turbine power plant and dnetbcycle power
plant. Considering the data availability, this stddcuses on Combined Cycle Power Plants (CCPLEhwig known to be
more efficient and cost-effective than other powtants. APSCL has three CCPL currently up and mmnhamely
Ashuganj CCPP North, Ashuganj CCPP South, AshugaiP 225MW.

The selection of the input and output variablestlis study has been determined based on the dailalde for
analysing the efficiency with DEA models, where thgut variables include total manpower, cost oflfueffective
operating hours (EOH) and available capacity aedothtput variable includes net generation of eanskep plant over the
latest financial year period. Details of the inguid output variables have been adopted from the piatvided in the
annual report 2016-2017 of the company (APSCL, 20The data obtained were analysed using the MaRA BB 6

software for calculating the various forms of géfitcy.

EMPIRICAL RESULTS

The results obtained by CCR, BCC and Super-effeyianodels are presented in Table 1.As shown, CC&EhN
is technically an inefficient power plant with teeore of 0.652in the CCR model, while the other @oplants are efficient
with perfect score of 1. This implies that a techtliy inefficient power plant over-uses all the itpby 14.8 % compared
to the efficient power plants. On the other handhe case of the BCC model, all the power plantduding CCPP North

show the pure technical efficiency score of 1.
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From the results above it is concluded that thegrgulant of Ashuganj CCPP North which is ineffidiém the
CCR model, but efficient in the BCC model has beperating efficiently but less efficient productiscale. This indicates
that the cause of the overall inefficiency is maidue to the scale inefficiency rather than theeprechnical inefficiency.
Moreover, Ashuganj CCPP North exhibits Increasieguis to Scale (IRS) indicating that increasisgjperational scale
would lead to greater efficiency improvements. Mehite, Ashuganj CCPP South and CCPP 225MW are ifichfully
efficient in both the CCR and BCC models. Henceséhtwo power plants are operating at the MostiRtogk Scale Size
(MPSS) which corresponds to Constant Returns teFERS).

The ranking results generated by the super - efficmodel are also provided in Table 1. The suffatiency
allows the ranking of efficient power plants and ttetermination of the best performing power plastindicated in the
table, Ashuganj CCPP 225MWis ranked as the leapavger plant, as it has the highest super-efficiesmyre with 2.105
followed in accordance of their ranking by CCPPt8@nd CCPP North.

The potential improvements listed in Table 1 inthchy how much and in what areas an inefficient groptant
needs to reduce its inputs in order to becomeiefficFor Ashuganj CCPP North the table shows iiteieded to decrease
its current number of manpower by 81.6%, fuel dnsB4.8%, EOH by 62.8% and capacity by 84.2%whikntaining

the same level of outputs.

Table 1: Efficiency Scores and Potential Improvemets for Power Plants

Potential Improvements in
DMU TE pTE | SE RTS S_u_per Input Variables (%)
Efficiency | Man Fuel EOH | Capacity
Power | Cost
CCPP North 0.652 1 0.652 IRS 0.652 -81.6% -34.8 .862 -84.2
CCPP South 1 1 1 CRS 1.409 0 @ ( 0
CCPP 225MW 1 1 1 CRS 2.105 0 0 0 0

Note: TE = Technical Efficiency, PTE = Pure Technicdii&éncy, SE = Scale Efficiency, RTS = Returns talg,
IRS = Increasing Returns to Scale, CRS = ConstehirRs to Scale

CONCLUSIONS

The recent rapid economic growth of Bangladeshbwss driving the increasing demand for energy. Whith
growing imbalance between electricity demand anmbluin the country, many new power plant developtyojects are
being planned or constructed. However, from themeperspective of energy policy in general, itngre economically
and environmentally beneficial to reduce or manefgetricity demand through efficiency efforts, mththan simply

increasing supply through more power plants (Rie2i&l0).

In this perspective the present study has analffsedperational efficiency of existing combined leypower
plants in Bangladesh and identified potential afeasoverall efficiency improvement. Through the mrical research,
efficient and inefficient power plants were detared and ranked based on three variants of DEA raosleich are CCR,
BCC and Super-efficiency. It was also revealed thate existed considerable waste in the produgiiogess of power
plant and the main source of inefficiency was latti¢d to the inadequate operating scale. Accorttintpe results the
suggestions for improving efficiency were providedhe study. The insights gained from the study edgntribute to the
planning of energy efficiency policies required fmwer plants. This study, however, has a limitatid data availability.

Hence, further study involving big data and timeesemodels is required in detalil.
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