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This study measures the performance of power generation plants in Sylhet region of Bangladesh considering twenty-four-month
monthly dataset during 2013-14. To measure the performance of those plants, gross electricity generation was considered as
output for the stochastic frontier model, whereas fuel consumption, lube oil consumption, auxiliary consumption, cost, heat rate,
and hours of run were considered as input variables. Based on the log-likelihood hypothesis test, trans-log production model is
preferred over Cobb-Douglas (C-D) production model for this study. The average efficiency of the selected plants is above 90
percent, and there is Sylhet Combined Cycle Power Plant (CCPP) which has an efficiency of about 78.6 percent for truncated
normal distribution. In the time-variant inefficiency effects model, fuel consumption, cost, square product of lube oil con-
sumption, interaction between fuel consumption and lube oil consumption as well as auxiliary consumption, and hours of run
have a significant positive influence on power generation. On the other hand, some input variables such as hours of run and
interaction between cost and heat rate have a significant negative influence on power generation. The estimated values of the time-
varying inefficiency parameter # are positive for both the truncated and the half-normal distribution. This result indicates that

technical efficiency has declined over the reference period of the study.

1. Introduction

Electricity is the main source of power of a country, and
most of the economic activities depend on this power.
Bangladesh is the most densely populated country in the
world and also considered one of the most arousing energy
growth nations. The rapid increase of economic and pop-
ulation growth has resulted in increasing electricity demand
in Bangladesh [1, 2]. Although the number of power plants is
increased from 108 to 127, the demand for electricity could
not be mitigated. Moreover, the nation’s power generation
units have repeatedly become unable to meet system de-
mand over the past decade [2, 3]. Power generation has been
accelerated through different resources (solar, renewable
energy, etc.) in Bangladesh, but mass people could never
enjoy hundred percent electrification, and people are still

facing the problem of load shedding in urban and rural
areas.

There are many areas in Bangladesh where electricity
facilities do not exist properly even in this twentieth century.
In other words, more than a third of Bangladesh’s 166
million people still deprive from access to electricity, while
the country hardly can produce some of its 11,500 mega-
watts (MW). The installed capacity of power generation in
Bangladesh was 1,437 MW in 1986. More than 90% of the
nation’s power was generated by steam turbine, gas turbine,
or combined cycle power stations using domestically
available natural gas. The total installed capacity is
20,000 MW (combining solar power) as of September 2018.
The government of Bangladesh (GoB) has declared and
aimed to provide electricity for the people living in Ban-
gladesh by the year 2021 [4]. According to the Power System
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Master Plan, the government of Bangladesh has planned to
generate 11,450 MW power from domestic coal and
8,400 MW from import coal within 2030 [4]. Despite the fact
that there is showed many initiative, however another sig-
nificant obstacle is facing to deliver generated power effi-
ciency. It has been estimated that one-third of the total
generation are losses due to transmission and distribution.
In this case, we have to pay serious attention to combat
various difficulties in the energy sector whereas the Ban-
gladesh Government is interested to undertake various
projects to accommodate new policies. The rapidly growing
demand also can be mitigated by considering and imple-
menting the new innovative project in both residential and
industrial sectors. The advantage of energy resources may
play a vital role in economic development of sustainable
infrastructure development and finally can save insecurity in
any country. The performance or efficiency measure in the
power generation plants has not yet taken place in Ban-
gladesh. The energy efficiency of high energy-consuming
industries plays a contributing role in social sustainability,
economic performance, and environmental protection of
any nation [5]. Liu et al. [6] stated that power industry is the
basis of economy and society developments.

The power sector in Bangladesh was less developed than
that in other developing countries in Asia. Recently, Ban-
gladesh started construction of the 2.4-gigawatt Rooppur
Nuclear Power Plant expected to go into operation in 2023.
According to the Bangladesh Power Development Board
(BPDB) in July 2018, 90 percent of the population had access
to electricity [7]. However, the per capita energy con-
sumption in Bangladesh is considered low. Meanwhile, the
load shedding distracts economic growth which makes
economic activities slower. Fortunately, urban people are
pursuing greater convenience and comfort in their daily lives
for their location, but rural people are deprived from
modern facilities even from their compulsory farming ac-
tivities. The largest energy consumers in Bangladesh are
industries and the residential sector, followed by the com-
mercial and agricultural sectors. Agriculture is the main
source of income for the rural people of the country, and
there is a huge demand for electricity in dry season. Hassan
et al. [8] showed that in generating and distributing elec-
tricity, the failure to adequately manage the load leads to
extensive load shedding resulting in severe disruption in the
industrial production and other economic activities. For this
reason, many people in rural areas are migrating urban areas
for work. As a result, the urban areas have become denser.
The demand of electricity of capital increases more and more
at a significantly high rate. This demand is driven by the
continued growth in gross domestic production in recent
years. Islam and Khan [9] showed that Bangladesh is pro-
ducing more power generation with less energy compared to
some higher-income countries. So Bangladesh has the po-
tentiality to do better and achieve higher economic growth
by supplying electricity properly. Geller et al. [10] showed
the energy efliciency policies and programs adopted by
California. Their experience shows that well-designed pol-
icies can save substantial energy. If it is possible to know the
existing level of efficiency of electricity generation in

Bangladesh by using the techniques of efficiency, then
limited resources cannot create hindrance. In that case,
policy makers can be able to make a master plan to increase
the production level up to the maximum level and savings as
well.

A firm is efficient means this firm can produce the
maximum level of output for a given level of input on the
assumption that technology is fixed. Efficiency scores vary
across producers, and they can be related to firm’s char-
acteristics such as size, ownership, and location. Thus, one
can identify and remove sources of inefliciencies from the
process using the allocated resources properly. The common
characteristic of the technical efficiency estimation tech-
niques is that information is extracted from optimum ob-
servations from a body of data to determine the best practice
production frontier. The study of frontier begins with Farrell
[11] who suggested that efficiency could be attained by using
minimum level of input under certain production tech-
nology to produce maximum level of output. The stochastic
frontier analysis (SFA) depends on the model with com-
posed error terms; one kind of error is due to technical
inefficiency parameters and others due to random shocks.
The stochastic frontier analysis approach is based on the idea
that an economic unit may operate below its production
frontier level due to pure errors and some uncontrollable
factors. Some researchers had used parametric method SFA
and nonparametric method DEA to measure efficiency in
energy sector and recommended policy maker to eliminate
those difficulties. Lin and Long [12] adopted or applied the
stochastic frontier analysis to study the average efficiency
and energy-saving potentiality of the chemical industry.
Mardani et al. [13] showed data envelopment analysis (DEA)
is a good evaluative model which is a nonparametric effi-
ciency measuring tool for efficiency measurement. Otsuka
[14] used SFA to estimate the energy demand function and
analyze the levels and determinants of energy efficiency.
Another prominent researcher, Sueyoshi et al. [15], exam-
ined a recent research trend on DEA applications from 1980s
to 2010s on his meta-analysis.

2. Materials

The main input parameters that need to consider when
calculating the efficiency of a power plant are fuel calorific
value, steam tonnage, enthalpy change during expansion in
turbine, auxiliary consumptions of equipment, and effi-
ciency of major equipment such as turbines, generator, and
pumps. According to operational perspective, the efficiency
we calculated for this work is mainly combined cycle power
plant. A combined cycle power plant is operated by a gas
turbine as a topping cycle which is a ranking cycle where
exhaust heat of sufficiently high temperature is drawn to the
heat recovery steam generator. Heat recovery steam gen-
erator produces superheated steam which drives a steam
turbine. So basically it is a waste heat recovery plant which
yields higher efficiency than a conventional gas turbine or
steam turbine plant. So for calculating the efficiency, we only
take the fuel input for gas turbine and heat content for
combustion as an input. The output is taken from both the
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generators for gas turbine and steam turbine. Different
instruments are pointed on different equipment for a period
of interval to do this work.

The data on power generation plants were obtained
from each power station during 2013-2014. We had ob-
tained only 24-month monthly dataset during 2013-2014
due to lack of recording of data availability. We selected
Sylhet region purposively in Bangladesh for data collection.
We collected the recorded data from each power generation
plant. In Sylhet division, there are thirteen power gener-
ation plants and we had selected five power stations ran-
domly which were Sylhet Gas Turbine Power Station
(Sylhet GTPP, 150 MW), Fenchuganj Combined Cycle
Power Plant (Fenchuganj CCPP, 97 MW), Sylhet Com-
bined Cycle Power Plant (Sylhet CCPP, 150 MW), Shah-
jibazar Power Station (PS, 330 MW), and Desh Energy (DE,
10 MW). Four plants are governmental and one is private
power plant among five power generation plants in Sylhet
region. The description of power generation plants has
been given in Table 1.

2.1. Gross Electricity Generation (Y). Electricity generation
is the process of generating electric power from other
sources of primary energy. Gross generation or gross
electric output is the total generation of electricity pro-
duced by an electric power plant. It is measured at the
plant terminal prior to the point at which the power leaves
the station and is measured in kilowatt hours (kWh) or
megawatt hours (MWh).

2.1.1. Input Variables for SFA

(1) Fuel Cost (FC). In electrical power generation, the dis-
tinct ways of generating electricity incur significantly dif-
ferent costs. Calculations of these costs at the point of
connection to a load or to the electricity grid can be made.
The cost is typically given per kilowatt hour or megawatt
hour. It includes the initial capital, discount rate, and the costs
of continuous operation, fuel, and maintenance.

(2) Fuel Consumption (FCS). Natural gas is the main fuel for
power generation plants. Natural gas (also called fossil gas) is
a naturally occurring hydrocarbon gas mixture consisting
primarily of methane, but commonly including varying
amounts of other higher alkanes and sometimes a small
percentage of carbon dioxide, nitrogen, hydrogen sulfide, or
helium. According to the type of fuel and working fluid, the
power plants are classified as steam turbine power plant, gas
turbine power plant, coal-fired power plant, or combined
cycle power plant, etc. All plants use the energy extracted
from expanding gas, either steam or combustion gases.
There are also small captive power plant assemblies that are
present such as diesel engine plants or gas engine plants. All
power plants work on the same principle, driven by the
prime mover of the turbine. If the pressurized steam is
expanded to the turbine, then it is called a steam turbine
plant, and if combustible flue gas is expanded in the turbine,
then it is called a gas turbine.

(3) Lube Oil Consumption (LOC). Lube oil or lubricating oil
is used to reduce friction and wear, remove heat generated
by friction, and prevent corrosion. A perfect lubricant has
high viscosity index, thermal stability, hydraulic stability,
and high resistance to oxidation. Its basic functions within
an engine include reducing friction, cooling, cleaning, and
serving as protection for moving parts. So without this
lubricating oil, power generation will be interrupted.

(4) Auxiliary Consumption (AC). In power plants, auxiliaries
circulate steam-water cycle safely, and it returns thermo-
dynamic starting point. The starting point for most ther-
modynamic considerations is the laws of thermodynamics,
which postulate that energy can be exchanged between
physical systems as heat or work. There are a lot of auxiliary
systems present to aid proper water to steam conversion and
to maintain cycle efficiency. The auxiliary consumption plays
a major role in enriching the energy efficiency of the thermal
power plant. Coal quality can have a significant impact on
auxiliary consumption [16].

The technology or energy management can be applied to
reduce auxiliary consumption in thermal power plants.
There are a lot of pumps, compressors, valves, and metering
stations present in a power plant facility to keep the cycle
operational. These auxiliaries are commonly termed as
balance of plant. Without these auxiliary systems, the steam-
water cycle would suffer either an immediate collapse or a
dangerous and nonsustainable expansion.

Auxiliary consumption of thermal power plant is be-
tween 8 and 10% of the total power produced. For instance,
for thermal power plant having 10 MW capacity, auxiliary
consumption is around 850 to 1000 kW.

(5) Heat Rate (HR). Heat rate measures the efficiency of
electrical generators/power plants that convert a fuel into
heat and into electricity for per unit generation. The heat rate
is the amount of energy used by an electrical generator/
power plant to generate one kilowatt hour (kWh) of elec-
tricity. According to the US Energy Information Admin-
istration, the Bangladesh Power Development Board also
expresses heat rates in British thermal units (Btu) per net
kWh generated. The heat rate measures the combined
performance of the gas turbine cycle, the steam turbine cycle,
and any other associated auxiliaries.

(6) Hours Run (HOR). Hours run or hours work in a power
generation plant means how much time it works in a dayora
month or in a year. If all instruments run so good, then
power plants can work maximum hours and give a maxi-
mum output of power generation. Table 2 describes the data
for this study.

3. Methodology

3.1. Stochastic Frontier Model. To estimate the efficiency of
power generation, a transcendental logarithmic functional
form is selected. This study uses the trans-log stochastic
frontier model developed by Aigner et al. [17]. Later,
Meeusen and Van den Broeck [18] have developed the
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TaBLE 1: Description of power generation plants.

Power plant station Gross power generation  Activity Types of fuel
Sylhet Gas Turbine Power Station 150 MW (1 x 150) Since 2012 Natural gas
Fenchuganj Combined Cycle Power Plant 90 MW (1 x90) Since 2016 Gas
Sylhet Combined Cycle Power Plant 90 MW (1 x 150) Since 1995 Natural gas
Shahjibazar Power Station 330 MW (1 x330) Since 2009 Natural gas
o . Gas as its primary fuel through a 15-year gas
Desh Energy Limited/Desh Cambridge 11.70MW (1 x11.70)  Since 2005 supply agreements with JalalabadGas Transmission

Kumargaon Power Company Limited

and Distribution Company

Owner: Bangladesh Power Development Board (BPDB). Shareholders: Government of Bangladesh (GoB).

TaBLE 2: Descriptive statistics.

Description of variables Notation Mean Standard deviation (STD)
Gross generation (kWh) Y 39066490.89 31423506.05

Fuel and other costs (TK) FC 33443433.89 21534089.12

Fuel consumption (M?, 1 M?=35.31 cft) FCS 11181823.90 8408057.816

Lube oil consumption (L) LOC 825.90 895.8637
Auxiliary consumption (kWh) AC 537555.90 614019.81

Heat rate (Btu/kWh) HR 21245.37 17451.29

Hours run (monthly) HOR 599.84 158.123

stochastic frontier production function to measure the
technical efficiency of production. The stochastic frontier
production function is more appropriate for measuring
efficiency because this production function overcomes the
inadequate characteristics of the conventional error term in
production functions which have limitations on statistical
inference of the parameters.

According to stochastic frontier production function,
the estimation of the technical efficiency of power plants had
been done using stochastic frontier production function
model within three phases.

Step 1. :Stochastic frontier production model is estimated
using the following model with two composed error terms:

Y,=exp(X;f+V;,-Uy); i=12...,mt=12,...,T.
(1)

where Y, is the total generation in logarithm form of ith
power plantsi = 1,2,...,m;X;, (1 x T) is a matrix of inputs in
logarithm form; f3, is a vector (1X T) of unknown param-
eters; and V, are random variables which are assumed to be
independently identically distributed, i.e., N(0,0%) and
Uj,are nonnegative random variables which are assumed to
be an identically independently distributed N (0, 62).

According to Jondrow et al. [19], the relative efficiency of
a firm can be estimated by means of the ratio, A = (o, /0,). If
the efficiency factor, which is under the control of man-
agement, dominates the random factor, which is beyond the
control of management, thel attains large value [20].

The parameters in equation (1) include the variance
parameters 0 = 02 + 02 and y = (d%/d%) [21], where ¢ is
the sum of the error variance and y has a value between zero
and one, which measures the total variation of output from
the frontier that attributed to the existence of random noise
or inefficiency.

Step 2. Time behavior inefficiency effects model.

Battese and Coelli [20] proposed a simple model that can
be used to estimate the time behavior inefficiencies followed
by Kumbhakar [22], which are assumed to be distributed as
truncated normal and half-normal distribution:

u, = —nu; =u;exp(—nlt =T]), te1(i), (2)
where u;, is an independently identically distributed non-
negative error term following a truncated normal distri-
bution N (¢, 02), 7 is an unknown scalar parameter to be
estimated, which determines whether inefficiencies are time-
varying or time-invariant.

This unknown parameter # represents the rate of
change in technical inefficiency andu;’s, where
i=1,2,...nis the nonnegative random variable, which is
the technical inefficiency effect for the ith plants. That is,
the technical inefficiency effects in the earlier periods are a
deterministic exponential function of the inefficiency ef-
fects for the corresponding plants in the final period (i.e.,
u;, = u;, given that the data for the ith industries are
available in period T).

7(i) € [1,2,...,T] is the set of T, time periods for which
observations for the ith plants are obtained. If 7 is positive,
then -5 (t-T)=n(T—t) is positive for t<T and so
exp[n(t —T)]>1, which implies that the technical ineffi-
ciencies of industries decline over time. However, if 7 is
negative, then —7 (¢t — T) <0, and thus, the technical ineffi-
ciencies increase over time.

Thus, in the above model, time-varying efficiency is
assumed to follow an exponential function of time, involving
only one parameter to be estimated. Technical inefficiency
either increases at a decreasing rate, when 7 is greater than
zero, or decreases at an increasing rate when # is less than
zero. If 1 is equal to zero, then the time-invariant model is
obtained.
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The most important advantage of a stochastic frontier
production function is that it enables one to estimate in-
efficiency which is time-dependent.

Step 3. The technical efficiency of power plant for the ith
firm at the tth observation is defined as follows:

TE; = exp (_Uit)' (3)

These stochastic frontier production model in (1),
time-varying inefficiency models in (2), and technical
efficiency model in (3) were estimated altogether by using
maximum-likelihood estimation through software
Frontier 4.1.

3.2. Hypothesis Tests. Hypothesis test for maximum-likeli-
hood method can be written as follows:

A= =2{In[L(H,)/L(H))]} = -2{In[L(Ho)] - In[L(H})]}
(4)

where L(H,)and L(H,)are the values of the likelihood
function under the null and alternative hypothesis (note
that this statistic has a mixed chi-square distribution). The
null hypothesis is rejected when Az >x% To test the
hypothesis, a tested hypothesis is performed to determine
whether the Cobb-Douglas (C-D) specification is an
adequate representation of the frontier production
function or not. This test uses the log-likelihood ratio test
and has been given in Table 3. The null hypothesis
H,: B;; = 0 specifies that C-D stochastic frontier model is
more preferable than trans-log stochastic frontier model.
From the result, it is observed that the null hypothesis is
rejected so the trans-log model is more preferable than the
C-D. The null hypothesis H,: y = 0, which specifies no
technical inefficiency effects, is strongly rejected for all
power plants. This shows that trans-log production
function is not equivalent to the traditional average re-
sponse function. Then, the frontier model could not be
reduced to a mean response production function (OLS
estimation) to represent the data precisely. Given the
specification of the stochastic frontier with time-varying
inefficiency effects, the null hypotheses Hy:n=0
andH,: y = 0, which also explore that the technical in-
efficiency effects are time-invariant and half-normal
distribution, are rejected, indicating that technical inef-
ficiency effect varies significantly over time and that
truncated normal distribution is preferable to the half-
normal distribution for inefficiency effect.

4. Results and Discussions

The results of time-invariant maximum-likelihood estima-
tion (MLE) of the trans-log production frontier model as-
suming a half-normal and truncated normal distribution for
the electricity supply plant in Bangladesh are presented in
Table 4. The coefficient of fuel cost is highly statistically
significant for both half-normal distribution and truncated
normal distribution. The parameter estimates for fuel are
highly significant for both half-normal and truncated

TaBLE 3: Likelihood ratio test.

Null Log- Test Critical Decision
hypothesis likelihood  statistic value

Hy: By; = ~75.49 93.65 514  Reject H,
Hy:y=0 -92.54 78.32 38.30 Reject H,
Hy:pu=0 -67.23 10.78 384  Reject H,
Hy:n=0 —-61.76 7.09 3.84 Reject H,,

Notes: all critical values are at the 5% level of significance. The critical values
are obtained from table of Kodde and Palm (1986).

normal distribution. Another two input variables are lube oil
consumption and heat rate and lube oil consumption is
statistically significant at 10% for half-normal distribution
and heat rate is significant at 1% level for truncated normal
distribution. Other input variables are insignificant for both
normal distribution and truncated normal distribution.
Therefore, we conclude that fuel is more positively correlated
with input than the other inputs in the production process
for power generation plant.

The interaction between fuel consumption and lube oil
consumption is highly significant at the 1% level. Fuel and
lube oil are the two most essential elements of the electricity
supply industry. The coeflicient of interaction between
auxiliary consumption and heat rate is negative, but sig-
nificant at the 5% level of significance for half-normal
distribution. Again, the parameter of the coefficient of the
square of fuel cost is significant at the 1% level for truncated
normal. Interaction between lube oil consumption and heat
rate is significant for truncated normal distribution. All
other squares of the input variables and interaction between
them are insignificant for half-normal and truncated normal
distribution.

The results of MLE of the trans-log production frontier
model assuming a half-normal distribution and truncated
normal distribution with time-varying inefficiency effects
model for power generation plants are given in Table 5. The
value of coeflicient for half-normal and truncated normal of
fuel cost is 0.294 and 0.275, respectively, which is significant
at the 5% level of significance.

Therefore, cost is an important factor for the power
generation plant or the electricity supply industry. The
coeflicient of fuel is significant for half-normal distribution,
but it is insignificant for truncated normal distribution. The
parameter of the coefficient hours’ runs is negative but
significant for half-normal distribution. The coeflicient of
lube oil consumption is significant for truncated normal,
but square of this coefficient is highly significant. The in-
teraction between fuel consumption and lube oil con-
sumption is highly significant at the 1% level of significance
for half-normal and truncated normal distribution.
Therefore, it has been showed that fuel and lube oil are the
two most important elements of the electricity supply
industry.

The coefficient of the interaction between total cost and
heat rate for half-normal and truncated normal distribution
is negative but significant at the 1% level. The interaction
between auxiliary consumption and hours run is significant
for half-normal distribution. Again, the coeflicient of the
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TABLE 4: Maximum-likelihood estimation with time-invariant
inefficiency model.

Truncated Half-normal
. distribution distribution

Variable (time-invariant) (time-invariant)

Coefficient STD Coeflicient STD
Constant -0.916* 0.987 0.945°¢ 0.100
FC 0.282 0.829 0.253% 0.838
FCS 0.393% 0.856 0.314% 0.832
LOC 0.146 0.982 0.273° 0.107
AC 0.194 0.920 0.145 0.968
HR 0.340* 0.928 0.280 0.999
HOR 0.899 0.978 0.521 0.998
FC? 0.257° 0.787 -0.183 0.765
FCS? -0.121 0.826 —-0.146 0.739
LOC? 0.132% 0.959 0.132 0.176
AC? 0.854 0.895 0.801 0.531
HR? -0.271 0.925 —0.238 0.611
HOR? 0.389°¢ 0.979 0.332 0.527
FC x FCS 0.764 0.669 0.663 0.648
FCxLOC -0.139 0.775 0.123 0.498
FCxAC -0.440* 0.719 -0.640 0.440
FCxHR 0.663 0.756 -0.704 0.574
FCxHOR -0.219 0.790 -0.294 0.744
FCSxLOC 0.348% 0.818 0.357% 0.590
FCSx AC —-0.988 0.746 0.975 0.433
FCS xHR 0.170 0.774 0.273 0.603
FCS xHOR -0.350 0.815 -0.359 0.808
LOCxAC 0.810 0.849 0.876 0.211
LOC xHR 0.619° 0.918 0.723 0.272
LOCxHOR 0.145 0.947 0.149 0.357
ACxHR 0.700 0.838 —0.639° 0.282
ACxHOR 0.376 0.870 0.380 0.582
HR xHOR 0.342 0.900 0.417 0.418
Sigma 0.837% 0.056 0.083* 0.011
Gamma 0.510% 0.837 0.092% 0.020
Mu -0.183% 0.342 0 0
Eta 0 0.578 0 0
Log-likelihood 71.584 84.638
Mean efficiency 0.930 0.905

“Significance at the 1% level; "significance at the 5% level; “significance at the
10% level.

interaction between auxiliary consumption and heat rate is
significant for truncated normal distribution. All other
squares of input variables and interaction between them are
insignificant for half-normal and truncated normal distri-
bution of the trans-log production model.

Mugabe et al. [23] showed that state-level elasticity of
substitution between natural gas and coal has a positive
effect on technical efficiency and a negative effect on CO,
emissions using state-level data. See and Coelli [24] showed
ownership, plant size, and fuel type have a significant in-
fluence on technical efficiency levels. They also showed gas-
fired power plants tend to be more technically efficient than
other power plants. They showed plant age has no statis-
tically significant influence on the technical efficiencies of
Malaysian thermal power plants. The analysis of energy
efficiency can yield significant insights into the performance
of energy units and their potential for increasing produc-
tivity and improving resource use [24].

4.1. Technical Efficiency. Technical efficiency (TE) can be
defined as minimum sets of input required to produce a
given level of output under certain production technology.
Efficiency values range from 0 to 1. Plant efficiencies range
from 0 to 1 whereas 0 means nonefficient plant and 1 means
efficient plant. A plant is technically efficient if it uses the
minimal level of inputs or the input mix to produce the
maximal level of output [25]. Our one hypothesis was “the
model is time-invariant over time-variant model”. The
hypothesis was rejected that is why we have added time-
varying model efficiencies only in the results. Plant-specific
mean technical efficiencies according to half-normal and
truncated normal distribution model estimated over the
reference periods are presented in Figures 1(a) and 1(b),
respectively.

For the half-normal distribution, there is a very small
variation in the technical efficiencies among the different
power generation plants, and it ranges from a low efficiency
from 0.784 to a high efficiency of 0.975 in Figure 1(a) for
Sylhet CCPP and Fenchuganj CCPP plants, respectively.
This result suggests that there is potentiality for increasing
power generation in Sylhet of Bangladesh through existing
technology.

Meanwhile, the same scenarios exist for truncated
normal distribution, and the efficiency ranges from 0.786 to
0.979 in Figure 1(b) for Sylhet CCPP and Fenchuganj CCPP
plants, respectively.

Among all other power plants, the technical efficiency of
Sylhet CCPP is 0.784 which is little bit less than others. It
happened because producers or the plants could not utilize
their input variables in a significant manner. Producers can
also improve their power generation using their set of input
bundles as other power plants. About our results, we can say
that the power plant Sylhet CCPP had that opportunity to
produce the maximum level of output like others using the
best combination of input. The concept of efficiency works
based on using minimal set of input to produce maximum
set of output.

The value of gamma coefficient is 0.469 and 0.210 for
truncated and half-normal distribution, respectively, and
both are significant at the 1% level of significance (Table 5).
This shows that the output variations among the power
plants are dominated by technical inefficiency rather than
random shocks. The predicted technical efficiencies of all
plants range from 0.784 to 0.975 for half-normal and 0.786 to
0.979 for the truncated distributed production model. The
overall mean technical efficiency was 0.9271 and 0.9027 for
time-varying truncated and half-normally distributed pro-
duction model, respectively (Table 5). That means the mean
technical efficiencies for the plants are found to be 92.70%
for truncated normally distributed production model. This
result shows that plants can produce about 92.70% and
90.28% maximum attainable outputs using sets of input for
the truncated and half-normally distributed production
model. These results indicate that if those plants use their
existing level of inputs in an efficient manner, output on
average can be increased by 10% or 8%, respectively.

Figures 2(a) and 2(b) show monthwise average technical
efficiency followed by time-varying half-normal and
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TaBLE 5: Maximume-likelihood estimation with time-variant inefficiency model.

Variab] Truncated distribution (time-varying) Half-normal distribution (time-varying)
arable Coeflicient Standard error Coeflicient Standard error
Constant —-0.892° 0.987 0.912% 0.100
FC 0.275° 0.829 0.294° 0.158
FCS 0.287 0.856 0.389" 0.188
LOC 0.152° 0.982 0.137 0.176
AC 0.209 0.920 0.188 0.333
HR 0.349 0.928 0.329 0.665
HOR 0.775 0.978 -0.378% 0.804
FC? —-0.359 0.787 0.335 0.610
FCS? -0.224 0.826 -0.112 0.463
LOC? 0.139 0.959 0.151% 0.223
AC? 0.861 0.895 0.924 0.633
HR? -0.236 0.925 —0.255 0.183
HOR? 0.337 0.979 0.608 0.646
FC x FCS 0.825% 0.669 0.790 0.349
FCx LOC -0.237 0.775 -0.123 0.145
FCxAC -0.470 0.719 —0.422 0.127
FCx HR —-0.646% 0.756 —-0.655% 0.358
FC x HOR -0.314 0.790 -0.187 0.414
FCSxLOC 0.719° 0.818 0.480% 0.150
FCSx AC —0.489 0.746 -0.119 0.109
FCS xHR 0.574 0.774 0.163 0.385
FCS x HOR —-0.393 0.815 —0.387 0.434
LOCxAC 0.814 0.849 0.783 0.262
LOC xHR 0.374 0.918 0.583 0.381
LOCxHOR 0.149 0.947 0.148 0.496
ACxHR 0.742° 0.838 0.737 0.310
ACxHOR 0.325 0.870 0.386" 0.945
HR xHOR 0.359 0.900 0.350 0.147
Sigma 0.772 0.056 0.108 0.049
Gamma 0.469* 0.837 0.210% 0.313
Mu 0.398°¢ 0.342 0 0
Eta 0.030* 0.578 0.300* 0.214
Log-likelihood 75.025 68.483
Mean efficiency 0.9271 0.9028

“Significance at the 1% level, "significance at the 5% level, “significance at the 10% level,

0.975

0.95- .

0.7 - - - - 0.7
Sylhet  Fenchuganj  Sylhet  Shahjibazar =~ Desh Sylhet  Fenchuganj  Sylhet  Shahjibazar =~ Desh
GTPP CCPP CCPP PS energy GTPP CCPP CCPP PS energy
—— Technical efficiency —— Technical efficiency
—— Linear (technical efficiency) —— Linear (technical efficiency)

(a) (b)

FIGURE 1: (a) Plantwise mean efficiency of time-varying half-normal stochastic frontier model. (b) Plantwise mean efficiency of time-varying
truncated normal stochastic frontier model.
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FIGURE 2: (a) Monthwise technical efficiency of half-normally distributed stochastic frontier model. (b) Monthwise technical efficiency of

truncated normally distributed stochastic frontier model.

truncated normally distributed production model for 24-
month dataset in the years 2013-2014, respectively. It has
been shown that the monthwise efficiency was decreasing
from January 2013 to December 2014 in case of both pro-
duction models.

The monthwise mean technical efficiency of the power
generation plants in Sylhet region of Bangladesh during the
periods 2013-2014 for the half-normally distributed pro-
duction model is found to be 90.28% which is presented in
Table 5. This implies that 90.28 percent of potential output is
being realized by the power generation plants in Sylhet
region of Bangladesh according to the half-normal distri-
bution model. This value indicates that plants can improve
their output level by 9.72 (i.e., 1-90.28) percent by the same
set of given inputs and technology.

In the 1* month of 2013, the mean efficiency was 90.70%
whereas the mean efficiency was 90.27% in the 1** month of
2014 which was decreasing. According to the other monthly
data, the mean efficiency was decreasing. So, the highest
mean technically efficient month is January 2013 with the
value of 90.70% and the lowest mean efficient month was
December 2014 which was 89.87%.

The average technical efficiency was assumed by trun-
cated normally distributed production model for 24 months
in the years 2013-2014. The mean technical efficiency of the
power generation plants in Sylhet region of Bangladesh
during the periods 2013-2014 of the truncated normal
distribution is found to be 92.71%. This implies that 92.71
percent of potential output is being realized by the power
generation plants in Sylhet region of Bangladesh according
to the truncated normal distribution. This value indicates
that plants can improve their output level by 7.29 percent by
using the same set of given inputs and technology. In the
month of January 2013, the mean efficiency was 92.92%
whereas the mean efficiency was 92.70% in the month of
January 2014 which was decreasing by 0.22% in one year.
According to the other monthly data, the mean efficiency
was decreasing. So, the lowest mean technical efficiency was
92.49 in December 2014 and the higher mean technical
efficiency was 92.92 percent in January 2013. Ghosh and

kathuria [26] showed the mean technical efliciency of
thermal power plants was 76.7% which indicates there is
wide scope for efficiency improvement for power plants in
India. The limitation of this study is that this study is based
on Sylhet region that is why we could not get the whole
scenario of the country. Bangladesh has much room or
opportunity to improve power generation in the power
sector of the country.

5. Conclusion

We have analyzed the trans-log stochastic frontier pro-
duction model with two distributional assumptions, and we
observed that the estimated values of the time-varying in-
efficiency parameters are positive for both the truncated and
the half-normal distribution. These results indicate that the
technical efficiency has declined over the reference period.
Tests for different null hypotheses showed that the presence
of one-sided error component was justified by the LR test
individually, which was recorded significant for these
models. We found that the trans-log stochastic frontier
production model is more preferable than the C-D sto-
chastic frontier production model. The variation in the
observed level of output is not just due to random shocks but
also can be explained by the differences in the levels of
technical efficiency in the power plants. The truncated (at
zero) normal distribution is preferable to the half-normal
distribution for the technical inefficiency effects. The tech-
nical inefficiency effect varies significantly over time. It is
observed that the monthwise and plantwise truncated
normal distribution gives higher mean technical efficiency
estimates than the half-normal distribution. From the results
of the study, it is highly recommended to monitor power
distribution companies to excel their efficiency and combat
the sufferings for mass people. With regard to plant oper-
ation and maintenance, there is a need for the BPDB to make
turther improvements to the technical level of its employees
by providing training and so forth. In addition, restructuring
is currently underway at BPDB in line with government
reforms of the power sector, and thus, careful monitoring of
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the situation is necessary. The study covered only one district
in Bangladesh. Similar studies in different geographical
locations in Bangladesh would provide more detail and
comprehensive information on the level of technical effi-
ciency in power generation plants in Bangladesh.
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