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Abstract: As Vietnam continues to industrialize and modernize, such economic development and
high-tech will require a major electrical energy source to operate the electrical equipment; hence,
the hydropower plants are established and growing up to demand. Therefore, the purpose of this
study is to evaluate the business performance of Vietnamese hydropower suppliers by integrating
the LTS(A,A,A) model of the Additive Holt-winters method in Tableau and a super-slacks-based
measure (super-SBM) max model in data envelopment analysis (DEA). The LTS(A,A,A) model is
applied to forecast future valuation from 2022 to 2025 based on historical time series from 2012 to
2021. Next, with the actual and predicted data, the researcher uses the super-SBM max model to
calculate the business performance of these hydropower suppliers from past to future. The empirical
result reveals efficient and inefficient cases to explore which hydropower suppliers can achieve the
business performance in their operational process. The position of hydropower suppliers in Vietnam
from past to future time is determined particularly based on their scores every year. Further, the
empirical result recommends a solution to deal with inefficient cases by deducting the input excesses
and raising the output shortages based on the principle of the super-SBM Max model in DEA. The
finding results create an overview of the operational process with the continuing variations in each
period to equip hydropower suppliers in Vietnam which will determine their future and operational
orientation.

Keywords: hydropower supplier; LTS(A,A,A) model; tableau; super-SBM max model; data
envelopment analysis (DEA)

MSC: 62P20; 62-07; 91B99

1. Introduction

Hydropower energy is derived from water that falls from a high to a low position.
As the water is carried downhill through a turbine (flow), the vertical drop (head) creates
pressure at the bottom end of the pipeline. Therefore, it is generated by water and is a
renewable energy source and a clean energy source. Hydropower energy is a renewable
energy source [1], which is low in cost; thus, the development of various hydropower
plants all over the world is increasing to meet economic growth [2]. Some countries create
policies, objects, and directions to enhance different hydropower plants [3,4]. In Vietnam,
for example, the construction of hydropower plants has increased with a total capacity of
installed units of 15.999 MW in 2018. Thus, the electricity sector in Vietnam is expanding,
and hydropower plays a key role as an inevitable economic element [5]. The main task
of the electricity industry is to provide an energy source to operate electrical installations.
Carol and Leon (2013) [6] revealed that the first hydropower plant was built in 1878.
Additionally, hydropower energy is low-cost and available in nature [7]. Therefore, many
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hydropower plants of the small, medium, and large scale have been built and operated
around the world, such as in Valara, India [8]; sub-Saharan Africa [9]; China [10]; and so
on. In Vietnam, hydropower plants have been built to provide electricity to households
and factories. The first hydropower plant in Vietnam is the Suoi Vang hydropower plant,
being built in 1942 that’s located in Lam Dong province.

Accompanied by economic growth, the electricity industry in Vietnam has achieved
sustainable development to provide a large electrical energy source. The purpose of this
study is to compute the business efficiency scores of hydropower suppliers in Vietnam from
past to future based on the financial indicators via integration of the LTS(A,A,A) model
in the Tableau and super-SBM max model in DEA; it then recommends a solution to deal
with inefficient terms. Additionally, the theoretical concepts will provide an overview of
the hydropower plant and its sustainable development goals, reflecting the importance of
the environmental and social dimensions. The empirical result discovers an overall picture
of the electricity industry in Vietnam, whereas the LTS(A,A,A) model is used for predicting
future data because it can present a high prediction value based on the historical time series
and indicators such as alpha, beta, gamma, and mean absolute percentage error (MAPE).
Then the super-SBM max model is employed to conduct efficiency scores with maximum
and separate values [11] in efficient terms. Thus, based on these characteristics of the
super-SBM model, the study utilizes this model to measure the efficiency and determine the
position of Vietnamese hydropower suppliers every year during the period of 2012-2025.
The empirical results propose a meaningful value for Viethnamese hydropower suppliers to
have a direction in the future.

The remainder of this research comprises five sections. Section 1 discusses typical
hydropower energy and the current status of hydropower plants in Vietnam and offers an
overview of hydropower plants, along with significant characteristics of the LTS(A,A,A)
model and super-SBM max model. Section 2 gives the data source and sets up the mathe-
matical equations of the LTS(A,A,A) model and super-SBM model. Section 3 points out
the empirical result and discusses the key results. Section 4 discusses the findings and
implications for practice. Section 5 reviews the main contents and offers suggestions for
future research.

2. Materials and Methods
2.1. Theoretical Framework

Hydropower has an important role in achieving sustainable development to ensure
access to affordable, reliable, sustainable, and modern energy services; hence, it will en-
hance the investment in energy infrastructure and clean energy technology to increase
sustainable energy service. The fuel cost of hydropower plants is lower than fossil-fuel
plants. Hydropower plants provide renewable energy supply by immediately generating
power for the grid when replying to the water cycle and low-cost electricity and durability
than other energy sources. IEA [12] revealed that the technical potential for hydropower
development is growing up around the world, and some countries have the largest devel-
oped proportion of the hydropower potential, such as Switzerland at 88%, Mexico at 80%,
and Norway at 70%.

Much previous research has investigated the efficiency of hydropower. For example,
Wang et al. (2014) [13] evaluated the efficiency of hydropower generation in Canada by
using the technique for order preference via the similarity to the ideal solution method.
Chang et al. (2017) [3] demonstrated the efficiency of hydropower station operation in
the Yellow River based on the evaluation method of three indexes, including relative
water consumption rate, relative hydropower utilization rate, and relative hydropower
utilization increasing rate. In this research, to forecast the future and evaluate the business
performance of the operational process of hydropower plants in Vietnam, the study com-
bines the LTS(A,A,A) and super-SBM max models. A business efficiency will have a good
measurement result by calculating the financial indicators because the transformation of
labour, capital, etc. into services and products produces revenue. Therefore, the business
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performance of Vietnamese hydropower suppliers is calculated based on the historical time
series of factors, including assets, owner’s equity, employee, net revenue, and gross profit.

Tableau is data visualization software that analyzes large data through a visual inter-
face [14]. This software does not need to write code that connects directly to available data
in the cloud to create forecasts, trend analysis, regression, and correlation [15]. Whereas
the forecast function integrates exponential smoothing, the estimated data are predicted
based on historical time series and checked by an accurate prediction tool, including full
parameters and performance [16]. Further, exponential smoothing is a popular forecast
technique with weighted values of past series data for calculating the immediate future
for time series data [17]. Several previous papers have used exponential smoothing for
predicting future data, such as forecasted weather in the Aced Besar District [18], and
Lahore, Pakistan [19], Vietnamese port logistics [20]. Exponential smoothing is a predicted
method that presents various models; this research utilizes the LTS(A,A,A) model in the
Holt-Winters method with level, trend, and seasonality to forecast future hydropower
suppliers in Vietnam. When receiving all historical and future data, the study approaches
the super-SBM max model in DEA to evaluate the performance operation.

DEA is an analysis statistic program that approaches linear programming and non-
parametric to measure a comparable set in decision-making units (DMUs [21]. Charnes,
Cooper, and Rhodes introduced the first model of DEA in 1978, which presented a ratio of
input factors and output factors under the condition of constant return to scale [22]. Up to
now, the DEA method has developed and exhibited various models, such as a slacks-based
measure, resampling, etc., to measure performance and rank DMUs based on calculating
the ratio of input variables and output variables. Khodabakhshi and Aryavash (2012) [23]
used the DEA method to discover the minimum and maximum efficiency scores of each
DMU, and then determine the position of each DMU. Zanboori et al. (2014) [24] calculated
efficiency scores and ranged the units when applying the super efficiency. Le and Wang
(2018) [25] computed the future macroeconomic efficiency among developed countries and
Asian developing countries via the resampling model. Wu, Yao, and Zhang (2020) [26]
used the DEA method to indicate the efficiency of future research institutes in China. The
DEA approach calculated the managerial efficiency of 30 insurance companies in Saudi
Arabia. Mai, Nguyen, and Vu (2020) [27] applied the DEA method to evaluate the technical
efficiency of Vietnamese garment firms and discover productivity changes. Therefore, the
super-SBM max model is an excellent method to assess efficiency because it can present
different scores to distinguish the efficiency and position of each DMU. This model also
describes a maximum distance point for the best DMU and the minimum distance point on
the frontiers for an efficient DMU [28]. In contrast, other models, including CCR, Slacks-
Based Measure (SBM), etc. compute the highest score as 1; thus, they only figure out
efficient terms with the same score and cannot determine the best DMU. In professional
version 15 of DEA-Solver-PRO, the super-efficiency introduced a new approach with the
supermax efficiency that provides different values and maximum values to evaluate the
supper-efficiency of efficient DMUs.

2.2. Research Framework

The research process of forecasting and conducting the performance of hydropower
plants in Vietnam has four steps, as shown in Figure 1.

Step 1. The study defines objective research, input, and output variables. The historical
time series of input and output factors of hydropower plants in Vietnam from 2012 to 2021
were selected and gathered from Vietstock (2022) [29]. Next, the study introduces the
current status of hydropower in Vietnam and then gives an overview of theoretical research
of hydropower energy sources, i.e., LTS(A,A,A) in Tableau and the super-SBM max model
in DEA.

Step 2. When all historical time series are gathered, the LTS(A,A,A) model in Tableau
is applied to forecast the future time. All estimated values must ensure the condition
of parameters, including alpha, beta, and gamma. Moreover, these forecasting values
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must check the mean absolute percentage error (MAPE) to obtain high accuracy. The
appreciated values are used for the next steps, and the unsuitable values must be removed
and reselected as input and output factors.

Step 3. Before applying the super-SBM max model to calculate the performance of
hydropower from past to future, all data must test the Pearson correlation because the
input and output variables in DEA must ensure “isotonic”. The Pearson correlation must
be from —1 to +1, and the unsuitable input and output factors must be reselected if they do
not range from —1 to +1. Then, all appreciated values seek out the business efficiency and
position of each hydropower plant in Vietnam.

Step 4. Reviewing the findings of business performance and valuable methods. Some
implications for the practice of this paper are conducted.

Step 5. All significant forecasting results and conducting the performance of hy-
dropower plants in Vietnam from past to future time are recaptured. Some recommenda-
tions for inefficient cases are suggested to improve the efficiency score in the future time.

Determine the objective research and collect the
data of inputs and output &7 Step 1. Introducing the subject and variables and
l reviewing the background..

Theory of hydropower, LT5(A,A,A) model, and
super-SBM Max model

v

LTS(A,A,A) model

— v . Step 2. Predicting the future.
 TestMAPE '
} N
—
- Person correlation __::'::::-
i N Step 3. Calculating the performance and giving the
F position.
v
Super-SBM max model: + Efficiency

+ Ranking

!

Step 4. Comparing the empirical results, exhibiting the

Discussion
meaningful results.
Conclusion Step 5. Conducting the main results.

Figure 1. Proposal research.

2.3. Materials

From the rule of DEA and Tableau, the data comprise input variables and output
variables covering a long historical time series. The researcher selected and collected the
input and output data of nine hydropower suppliers from 2012 to 2021 to evaluate the
business performance of Vietnam’s hydropower suppliers through the financial statement
posted on Vietstock (2022) [29]. Names, abbreviate, and locations of the hydropower plants
are shown in Table 1. These nine hydropower plants have the essential information posted
on Vietstock to be suitable for LTS(A,A,A) and super-SBM Max models’ requirements.

The financial efficiency of an operation process is conducted via parameters of financial
reports, including assets, capitalization, owner’s equity, net revenue, and so on. Therefore,
the study chose three inputs, including assets, owner’s equity, and employee and two
outputs, including net revenue and gross profit.
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Input Factors:

Assets (AS): All tangible and intangible assets that the company manages and owns.

Owner’s equity (OE): Total tangible and intangible assets of a supplier minus liabilities.

Employee (EM): Total workers are working in a company hiring to perform the opera-
tional process of the enterprise.

Table 1. Name of hydropower supplier in Vietnam.

Number Abbreviate Name Location
1 VSH Song Hinh Hydropower JSC Binh Dinh
2 TMP Thac Mo Hydro Power JSC Binh Phuoc
3 TDB Dinh Binh Hydro Power JSC Binh Phuoc
4 TBC Thac Ba Hydropower JSC Yen Bai
5 S]D Candon HydroPower JSC Binh Phuoc
6 SHP Southern Hydropower JSC Lam Dong
7 HJS Nam Mu Hydropower JSC Ha Giang
8 GHC Gia Lai Hydropower JSC Gia Lai
9 DRL Hydro Power JSC Dak Nong

Source: Vietstock (2022) [29].

Output Factors:

Net revenue (NR): The income of a supplier is derived from selling electricity to cus-
tomers.

Gross profit (GP): Valued revenue conducts the cost of goods sold.

The above variables are important financial factors that describe the real business of
an enterprise. These factors are used to predict the business status in the future term and
compute the performance economics in the whole term.

With the above-collected names, their historical data were gathered from Vietstock
(2022) over the period of 2012-2021 and summarized, as shown in Table 2.

Table 2. Description of collected data.

Index Years MAS (DOE (DEM (O)NR (O)GP  Years (DAS (DOE (DEM  (O)NR (O)GP
Max 3,382,412 2,450,451 201 516,355 280,980 3,664,952 2,610,492 233 496,638 257,944
Min 2012 120,783 84,087 25 33,684 20,825 2013 122,778 91,225 25 44 504 26,140
Ave 1,176,735 717,684 114 220,117 127,600 1,262,151 762,614 118 215,821 125,384
SD 1,054,154 709,793 58 146,992 77,795 1,179,286 758,848 66 137,182 72,430
Max 3,639,548 2,962,608 275 687,319 396,570 5,049,385 2,791,351 248 594,685 337,172
Min 2013 117,296 86,790 25 44,884 24,775 2015 117,078 98,455 25 56,214 34,810
Ave 1,331,305 867,334 119 323,973 197,882 1,454,265 867,379 115 295,879 170,146
SD 1,179,286 758,848 66 137,182 72,430 1,522,153 800,712 66 200,192 115,276
Max 6,110,122 2,832,686 250 512,967 266,738 6,752,783 2,904,728 254 700,107 420,305
Min 2016 111,781 105,821 25 59,822 37,125 2017 95,542 89,963 25 63,102 36,145
Ave 1,493,455 856,411 121 269,328 142,044 1,558,390 890,018 122 353,117 205,634
SD 1,798,416 803,800 71 168,900 85,009 1,970,307 823,198 75 225,594 127,511
Max 7,960,421 2,994,609 281 886,530 598,453 9,048,823 3,149,171 268 672,861 453,026
Min 2018 89,634 83,364 26 55,730 32,469 2019 96,522 91,445 26 54,987 32,623
Ave 1,728,333 922,120 126 382,020 227916 1,965,606 984,061 127 331,140 189,079
SD 2,315,997 857,607 78 267,476 173,841 2,595,676 910,771 79 211,501 127,075
Max 9,676,165 3,330,257 269 533,011 333,412 10,016,6124,010,451 255 1,611,214 814,905
Min 2020 98,741 93,904 24 52,505 31,402 2021 98,612 90,665 25 64,118 39,758
Ave 2,047,032 1,034,990 130 301,249 151,033 2,110,648 1,161,619 125 507,071 280,589
SD 2,782,100 941,825 79 152,413 87,333 2,881,355 1,118,000 74 451,129 232,215

Note: Ave: Average; SD: Standard deviation; AS, OE, NR, and GP in Million Vietnam Dong, EM: number of
employees. Source: Vietstock (2022) [29].
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Table 2 recaptured the summarized actual data of nine Vietnamese hydropower sup-
pliers from 2012 to 2021. The maximum value of AS, OE, NR, and GP during the period of
2012-2021 was achieved as 10,016,612; 4,010,451; 1,611,214; and 814,905 (Million Vietnam
Dong), respectively, and the maximum value of EM during the period of 2012-2021 was 322
employees. The minimum value of AS, OE, NR, and GP during the period of 2012-2021 was
79,332; 72,551; 28,860; and 17,846 (Million Vietnam Dong), respectively, and the minimum
value of EM during the period of 2012-2021 was 24 employees. These actual data were
positive values so that all input and output variables were appreciated to be used for
forecasting the future data through LTS (A,A,A) model in Tableau and calculating efficiency
through the super-SBM Max model in DEA.

2.4. Methods
2.4.1. LTS(A,A,A) Model

The LTS model in Tableau focuses on the level, trend, and seasonal components;
it also approaches the historical time series to estimate future situations. Setting up
the units of hydropower suppliers in Vietnam is DMUj, which uses the initial time se-
ries (I, Ii11,... Iin(t = 0,1,2,...)) and the predicted time series (P, Pyy1,... Pryn(t =
0,1,2,...)), whereas t represents the time, and n is the number of periods in the forecast
lead-time. The model identifies with Holt’s linear method of simple exponential smoothing,
which is integrated into Tableau, the consequence of actual and predicted time begins at
point t equaling 0. Thus, the primary equation of exponential smoothing is given as follows.

Ip =Py 1)

Beverton and Holt (1957) [30] presented an extended method of simple exponential
smoothing. The point estimation of the additive component is equal to the median of the
forecast distribution because the median is equal to the mean. In the additive case, the
smoothing coefficient has a level as «, a trend as 3, seasonality as y, the number of seasons
as m, step ahead forecasts as d, number of complete years in the predicted period prior to
time (the integer part of h —1/m)as g. The state, slope component, and seasonal component
are I, by, s¢, respectively.

The state is calculated:

lh=a(Pr—Si—m)+ A —a)j_1+b;—1)/(0<a <1) ()
The slope component is determined:
by =Bl —1i—1) + (1= B)b—1/(0< B <1) ®3)
The seasonal component is given:
Se=9Pr =l —br = 1)+ (1= 7)S-m/(0 <y <1) 4)
Finally, the forecasted valuation is calculated:
Pi = It +dbr + Sp_ g (g41) ©)

Besides, the forecasted values must be retested to ensure accuracy through the mean
absolute percentage error (MAPE) indicator as below:

n
MAPE = 100

t—1

P —1I
Py

(6)

According to Lewis (1982) [31], the predicted values will be accepted when the MAPE
is under 50%, and they are unappreciated when the MAPE is higher than 50%. The data
or model needs reelection if the future data receives an unacceptable MAPE. Hence, the
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estimated method in Tableau checks quality metrics and smoothing coefficients [32] to
measure the accuracy level.

2.4.2. Super Slacked-Based Measure Max Model

Tone (2002) [33] exhibited the super-efficiency to assess the performance of an efficient
DMU referring to the nearest point. Then, the author modified and combined the SBM
max model and super-SBM model, which formed the super-SBM max model to express the
nearest frontier point. DMU is set up in Section 2.3; each DMU has ¢ inputs and s outputs.

The input vector is xj = (x1j, X2j, . . . Xej) T and the output vector is bj = (byj, baj, . . ., bsj) T
All data must be positioned; the metrics A and B are defined below.

A= (Ll1,a2,. . .,Lln) € Rexn (7)
B = (by,by,...,by) € R

The production possibility set is determined by:
P = {a,b} ®)

Whereas
n n
a> 2].:1 /\ja]-,O <b< 2].:1 /\jb]',A >0
The equation of the super SBM max model is built up as below steps.

Step 1. Calculate the SBM min efficiency.

1 S

1 10
pl(’)nln = )\I? s+ 41 Zl i (9)
T sla=15,

Subject to
aip =Yg aihj+s; (i=1,..e);
by = Z br])\] sf(r=1,...,s);
Aj > 0(\7]) > 0(\71) 55> O(Vr).

Step 2. The efficient DMUSs are called (aif f b;f f Ve (a;f f bflf f ). The set R°/f of all
efficient DMUs. is determined:

RS = {j ’pmm: j=1n (10)
Step 3. The inefficient DMU defines the local reference set R/ by:
Réocal — { ]

Step 4. The pseudo min score of the inefficient DMU is estimated:

/\;f>0,j:1,...,n}. 11)

1 Sio.
[Pseudo — 1])pF™ = maxilluij (12)
1+ {5

Step 5. Set the optimal slacks, the Pseudo min score is counted:

_lye o Sp
i=1 ”1075;*

¥

14+ Liys 5
+ sZr:] hru+S:r*

(13)

[Pseudo — 2]py = min
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Subject to
a,—s *= Y ajc.ff/\j%-S*;
j=Reff
bot+st = ¥ b7A st
jERSSf
s7,sT,A>0.

Step 6. Set the optimal slacks, and the pseudo-max score is calculated:

—x% — %k
1— lz? Sip 155
pseudomax e ~i=1 ajo

[Pseudo — Max]pj = (14)

+*+sr**

1ys S
1+1ys =

Step 7. In the inefficient case, the distance between (ay, by) is defined:

o

i — %o

by’ — bio

bio

S

15
L (15)

Step 8. The slacks are found out when the score of the inefficient DMU is solved by:

of
e |4y —a ‘ s bih _bio
dy =) (16)
izzl Aio i=1 bio
The program is infeasible when o>, = —10.
The optimal objective value is 1 and p;, = —1, the DMU expresses a non-negative

combination of DMU.

If the optimal objective value is smaller than 1, the variables (A,57,s") need to deal
with again.

Step 9. The max-score of inefficient DMU is determined:

AdjustedRadial seudomax
o = max{ pg' " ob P51 Piess b (17)
where p?d] ustedRadial genotes that the max-score is comprised by the radial model.

Step 10. Combining the super efficiency and SBM max model, the mathematics of the
super SBM max model is given by:

1+ 1ye &

. i=1 g,
6" = min Ao (18)
Asmst] —Lys s
s =r=1 by,

Subject to
Ao = Y1 j20 @A — S~
b, = 27:1,]‘;&0 b])\] + S+;
A>0,5s">0,st>0.

Tone (2017) [28] introduced the super-SBM max model. The final results present the
inefficient DMU with scores under one and the efficient DMU with above one. Moreover,
each efficient case will have a separate efficiency; it is also convenient to range DMUs. For
inefficient cases, a feasible solution is to increase outputs and decrease inputs, which will
help inefficient DMUs to improve their performance.

3. Results
3.1. Estimated Valuation

The integration of the LTS(A,A,A) model in Tableau and the super-SBM Max model in
DEA measures the business efficiency of Vietnamese hydropower suppliers from past to
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future. The data of nine Vietnamese hydropower suppliers from 2012 to 2021 in Table 2
estimate future values from 2022 to 2025 using the LTS(A,A,A) model in Tableau. Each
exponential smoothing model in Tableau presents forecasts under controlling parameter
space [34] and testing accuracy levels [31]. This study approaches the LTS(A,A,A) model
of the Holt-Winters additive method in Tableau to predict the financial indicators of hy-
dropower suppliers based on the historical time series within ten past years. As a result,
their forecasting values from 2022 to 2025 are calculated, computed, and described in
Table Al.

The estimated values must check parameter space, including alpha, beta, and gamma,
to ensure accuracy levels, these parameter values of inputs and outputs are calculated
in Table 3. The parameter space condition of the estimated value is from 0 to 1. Table 3
denotes that all parameters of alpha, beta, and gamma to nine hydropower suppliers are
from 0 to 0.5 so that they are appreciated within the space scope. However, the forecasted
values must check the MAPE index to measure accuracy levels, as shown in Table 3.

Table 3. Parameter space of inputs and outputs.

AS OE EM NR GP

DMUs
B Y o B Y ot B Y ot B Y o B Y
VSH  0.500 0.000 0.500 0.038 0463 0.000 0.020 0.000 0.077 0.024 0.481 0.000 0.000 0.048 0.000
TMP  0.077 0.000 0.000 0500 0.000 0.025 0.500 0.000 0.000 0.166 0.500 0.000 0.143 0500 0.000
TDB 0500 0.000 0.154 0.500 0.000 0.000 0.192 0.070 0.000 0.500 0.000 0.465 0.000 0.043 0.000
TBC 0500 0.000 0.032 0.000 0.040 0.000 0500 0.000 0.000 0.000 0.048 0.124 0.000 0.249 0.150
SID 0.500 0.000 0475 0.500 0.500 0.500 0.000 0.035 0.125 0.054 0500 0.000 0.028 0.478 0.000
SHP 0500 0.500 0.500 0.500 0500 0.000 0.000 0.042 0.000 0.024 0.489 0.000 0.000 0.247 0.000
HJS 0.500 0.000 0.284 0.347 0.000 0.217 0.000 0.042 0.000 0.000 0.043 0.000 0.073 0.000 0.000
GHC 0500 0.500 0.500 0.000 0.039 0.000 0500 0.000 0.000 0.001 0.036 0.000 0.000 0.044 0.000
DRL  0.000 0.041 0.000 0.018 0451 0.000 0500 0.000 0.000 0.031 0479 0.012 0.018 0.260 0.067

According to Lewis (1982) [31], the MAPE of each hydropower supplier is accepted
when each valuation is less than 50%. All forecasted values need to remove and test other
methods when their MAPEs are higher than 50%. Table 4 shows that the parameters
of each factor to each hydropower supplier are from 0.90% to 46.60%, and the average
MAPE is 13.51%. As a result, the predicted data of hydropower suppliers in the future
period of 2022-2025 are satisfied with space conditions and MAPE indication. Thus, all
historical values in Table 2 and forecasted values in Table A1 are positive and meaningful
data; they are absolutely appropriate for using the next step of measuring the efficiency
score. Therefore, the business performance and position of nine hydropower suppliers in
Vietnam during the period of 2012-2025 are computed and determined by the super-SBM
max model in DEA.

Table 4. Classification of MAPE indication.

DMUs AS OE EM NR GP
VSH 12.20% 3.20% 12.50% 19.90% 32.30%
T™MP 7.40% 7.60% 1.60% 23.90% 40.00%
TDB 9.90% 7.30% 1.70% 10.10% 11.00%
TBC 11.30% 8.40% 6.40% 18.60% 23.70%
SJD 6.40% 10.70% 10.70% 14.00% 12.90%
SHP 12.10% 6.80% 2.10% 40.20% 46.60%
HJS 5.70% 8.50% 5.10% 8.00% 9.70%
GHC 19.10% 21.10% 11.40% 24.30% 23.20%
DRL 5.00% 8.00% 0.90% 10.70% 15.80%

Average 13.51%
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3.2. Efficiency and Position

The actual and predicted data of nine hydropower suppliers in Vietnam during the
time period of 2012-2025 are positive values; thus, they are suitable for applying to the
super-SBM max model in DEA. Before putting these data into calculating the scores, these
data must check the correlation between input and input, output and output, and input
and output to ensure an isotonic relationship. The two variables do not have a linear
relationship when the correlation coefficient equals zero; they also have a perfect linear
relationship when the correlation coefficient is closer to 1. The factors relate directly to a
positive number, and the factors relate inversely to a negative number [35]. The Pearson
correlations of Vietnamese hydropower providers from 2012 to 2025 show a correlation
coefficient of variables, and these values range from 0.13878 to 1, as shown in Table A2.
Consequently, the correlation between variables has a strong linear relationship and gets a
standard qualification.

After checking the correlation coefficients among inputs and inputs, outputs and
outputs, and inputs and outputs, all appreciate the data utilized to escalate the scores in
every term by applying the super-SBM Max model in DEA. The ratio between outputs
and inputs calculates the scores that point out the business efficiency of each hydropower
supplier in Vietnam from past to future, as shown in Table 5.

Table 5. Efficiency of hydropower suppliers from past to future.

DMU 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
DRL 11755 11074 1.1384 1.0150 0.9673 1.2208 1.0868 1.4312 15668 1.3249 1.5862 1.5441 1.6828 1.5584
GHC 14366 1.6389 09761 0.9932 1.0744 0.8809 0.8778 1.0722 1.0797 0.9908 0.8549 0.8368 0.8677 0.8631
HJS 06370 0.6740 1.0588 1.0346 1.0692 0.6976 0.7173 0.7368 1.1209 0.7278 1.0890 1.0886 1.1599 1.1764
SHP 0.9887 09839 1.0380 1.0370 1.5975 0.9993 0.9867 1.0448 0.9645 0.9517 3.8508 24788 3.4242 2.7563
SJID  0.8725 0.7858 0.7650 0.7998 1.1673 0.7957 0.7213 0.7362 09811 0.7630 0.7636 0.7335 0.7388 0.7123
TBC 0.7522 0.7720 0.9987 0.8746 09372 0.8397 0.8496 09348 1.1785 0.8207 0.8709 0.9003 0.8816 0.8433
TDB 13228 1.1647 1.2248 1.1898 1.2530 1.4965 14430 1.2903 1.4528 1.3580 1.3261 13471 1.3297 1.3523
T™MP 1.0144 12378 13991 1.2470 1.2568 1.3288 29139 1.0788 1.0492 1.5552 3.3467 3.2034 3.5764 2.2463
VSH 0559 09972 1.0000 0.6333 1.0000 0.3758 0.4037 0.3761 0.4016 1.0000 0.9996 1.0000 1.0000 1.0000

The empirical efficiency scores in Table 5 reveal the efficiency of hydropower suppliers
from past to future that most suppliers have sharp fluctuating scores. TMP and TDB
are the best excellent suppliers that implement smooth changes to achieve performance,
with a score above one from 2012 to 2025. HJS and SHP presented the action of up and
down efficiency in the whole term, whereas their actual values owned both efficient and
inefficient terms over the time period of 2012-2021, and their forecasted values denote
that they will grow and achieve performance during the future time. The scores of VSH
express a dramatic picture of augmenting and decrease; further, VSH had not achieved
efficiency within four continual years, its score was down 0.3758 in 2017, and the highest
score for both previous and future term only attains 1. Although DRL dropped its efficiency
in 2016 when its” score was down 0.9673; however, its’ forecasted valuation will increase
and obtain the efficiency in future time. SJD and TBC had a similar situation because their
past terms had both efficient and inefficient terms in one term, and they will not approach
performance in the future. Similarly, GHC also received both efficient and inefficient terms
in the past and without efficiency scores in future terms; however, it attained the efficiency
score in five terms, including 2012, 2013, 2016, 2019, and 2020. Although the COVID-19
pandemic has impacted the business process of enterprises from 2020, these score reveals
a slight impact on the business and manufacturing process of Vietnamese hydropower
suppliers, and most hydropower suppliers extended the efficiency score in 2020, excluding
SHP and TMP.

Based on the efficiency score of DMUSs, the final analysis determines the position of
each hydropower supplier every year, as shown in Figure 2.
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Figure 2. Position of hydropower suppliers from past to future.

Figure 2 reveals that the positions of each hydropower supplier change continually.
With a long period of 14 years, including ten previous years and four future years, none of
the suppliers holds the first rank in the whole term; moreover, HJS, SJD, TBC, and VSH do
not approach the first position at any time. HJS, SJD, and VSH range from the fourth to
ninth positions. HJS ranked from the fourth to ninth position in the historical time and is
expected to hold the fifth position in the next four future years. SJD and VSH had one year
at the fourth position; however, VSH is expected to hold the sixth position in future terms;
on the contrary, SJD will be down the final position in future terms. TBC only stayed at the
third position in 2020 and ranks from sixth to ninth position in the remaining years. TMP is
the best supplier and achieves the first rank within six terms in the whole term; other terms
rank from the second to sixth position. SHP ranges in the first rank within three terms; its
position was down to the eighth position in 2022. GHC achieved the first position within
two terms in 2012 and 2013; its position from 2022 to 2025 will rank the low position. DRL
attained the first rank in two continual terms from 2019 to 2020; however, it was down the
eighth position in 2016. TDB only approached the first rank in 2018; the remaining terms
are from the second to fourth position. As a result, the position of hydropower suppliers
every year changes when their classes are determined based on the individual scores. The
development of hydropower plants depends on the demand for electric energy.

Electricity demand was growing faster before the COVID-19 pandemic occurred
worldwide. Due to the impacts of the COVID-19 pandemic, global electricity demand was
felt by about 1% [36]. Power demand continuously increased from 2013 to 2020 [37] in
Vietnam, as shown in Figure 3.

Figure 3 revealed that power demand in Vietnam increased not only before the COVID-
19 pandemic but also in 2020. Therefore, economic development was a foundation to
foster the development of the electricity industry. In 2020, the COVID-19 pandemic had
strong impacts on the economy, such as postponement in the supply chain, interruption
in production, and shortage of human resources, so many enterprises were lost from
suspension. The electricity industry also suffered impacts from the COVID-19 pandemic.
Power demand increased by more than 14 billion kilowatt-hours per year from 2013 to 2019;
however, it only increased by 7 billion kilowatt-hours in 2020. Here was the main reason
which led to deduct the business performance of many electricity suppliers in Vietham
in 2020.
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Power demand (in billion Kilowatt-hours)

Figure 3. Vietnamese power demand from 2013 to 2020 (Source: Statistics (2020)) [37].

In this study, the above analysis indicates the efficiency and position of hydropower
suppliers in Vietnam during the time period of 2012-2025. The research reveals forecasted
values and then combines actual and predicted data to apply to the super-SBM max model
and define the efficient terms, inefficient terms, and position. The empirical results reveal
that their scores and ranks of previous and future time periods always have a consecutive
variation. TMP is the best supplier when its” scores always hold the efficiency excluding
2020, and it ranks the high position in the whole term as well. On the contrary, HJS, TBC,
SJD, and VSH are the worst suppliers, as shown by low scores, and do not attain high
positions in the whole term. In addition, the empirical result recommends a development
direction toward efficient terms and a solution to reduce inefficient terms. Inefficient
terms should reduce valuable input variables to eliminate excess and increase useful
output variables to reduce shortages. Hence, hydropower suppliers should apply high-tech
equipment to improve the quality of management and operation process. Energy storage
devices should establish to demand extension of electricity energy resources to ensure the
standard operation. Technical should maintain and check frequently to avoid unintended
incidents and increase the customer’s reliability. Technicians should have training sessions
to upgrade their knowledge to catch up with technological innovation.

The DEA method is an excellent tool that is used to evaluate decision-making
units [38,39]. Each model in the DEA method has a particular characteristic, whereas
the super-SBM model is a good model for calculating the efficiency with separate scores
and being easy to identify ranking [20]; however, it cannot conduct the maximum score.
This study uses the super-SBM Max model with the integration of the super efficiency
and SBM max model for calculating the performance of hydropower suppliers in Vietnam
from the past to the future. Additionally, DMUs’ separate scores in the same term support
determining their position.

4. Discussion

In this paper, two models, namely LTS (A,A,A) model in Tableau and Super-SBM Max
model in the DEA method, were used to develop and conduct the empirical results in the
paper. First, the LTS (A,A,A) model is implemented to calculate Vietnamese hydropower
providers’ future values based on the historical data. Second, the Super-SBM Max model
in the DEA method is applied to measure the efficiency from past to future. The ratio
between outputs and inputs calculates the efficiency score. The empirical results exhibit
the performance and position of Vietnamese hydropower providers from past to future
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terms. These findings will help Vietnamese hydropower providers to have an orientation
in advance and improve their business performance in the future.

The super-SBM Max model recommends a feasible solution for inefficient cases by
increasing the output shortage and reducing the input excesses. By the way, for ineffi-
cient cases, the input variables, including AS, OE, and EM should deduct and the output
variables, including NR and GP, should extend.

SenGupta et al. (2020) [40] used Barndorff-Nielsen and Shephard model to analyze
the financial indicator of crude oil price from 2009 to 2019, while our paper utilizes the
LTS(A,A,A) model in Tableau and the super-SBM Max model in DEA to explore the
economic indicators and observe future time. The findings not only conduct the business
performance but also suggest input excess and output shortfall for efficiency score in
inefficient cases.

Moreover, the hydropower suppliers can improve their efficiency scores through the
new technology. Ye et al. (2022) [41] pointed out the profit of digital technologies to achieve
better supply chain performance in the Covid-19 crisis. Barykin et al. (2021) [42] indicated
a physical distribution digital development in managing trade network activities. Hence,
the hydropower suppliers in Vietnam should apply the digital transformation, especially
when the COVID-19 pandemic and technological innovation impact sharply. The digital
transformation in the hydropower industry will be an internal element for development,
including planning, design, construction, operation, and maintenance.

5. Conclusions

The scientific novelty of the research, including theory, methods, and data, is presented
and described to explore hydropower energy and the business performance of hydropower
plants in Vietnam. Electric energy contributes to successful Vietnamese innovation from an
agricultural to an industrial economy. Hydropower plants were built to generate the electric
source for serving life and manufacturing activities. An overall picture of hydropower
suppliers from the past to the future time period is presented by combining the LTS(A,A,A)
model in Tableau and the super-SBM model in DEA. The calculated efficiencies indicate
that the development rate of hydropower suppliers is quick and robust to demand the
requirement of electrical energy sources.

The LTS(A,A,A) model of additive Holt-Winters method in Tableau with the full
parameters of coefficient smoothing and MAPE index escalates the high predicted accuracy
values under the standard qualification indicators. The predicted data of TS, OE, EM, NR,
and GP of Vietnamese hydropower suppliers from 2021 to 2025 are escalated via previous
data; their parameters with the values from 0 to 0.5 and Mapes under 46.60% obtain an
expected result. The forecasted valuations are estimated based on the actual data without
experts’ opinions, and they recommend a foresight of key financial factors.

After acquiring future and historical data, they are applied to measure the efficiency
and give the position of hydropower suppliers in every term via the super-SBM max model
in DEA. The empirical analysis determines efficient, inefficient terms and positions. The
empirical result indicates that TMP is the best hydropower supplier and VSH is the worst
hydropower supplier in Vietnam. The final result draws a picture of the development
process of hydropower suppliers from the past to the future. In addition, the results help
these hydropower suppliers to identify their operational efficiencies and make a better plan
for the future.

The empirical result is a reference for the reader to acknowledge the Vietnamese
electricity industry and the integration skill between the LTS(A,A,A) model and the super-
SBM Max model. The study describes valuable characteristics of the super-SBM Max model
of maximum score and identification in ranking. The integration among LTS(A,A,A) model
and the super-SBM Max model exhibits a future observation and recommends an overall
future picture. Additionally, feasible solutions for inefficient cases suggest increasing the
efficiency score based on the variables’ slacks for each DMU.
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Although the study estimates the future values and computes the performance of
publishing firms, it still has some limitations. Firstly, an analysis result does not offer
profound observation when the total input and output variables are not various; the
following study should expand elements to approach a deep observation. Secondly, the
number of suppliers is limited; further research should also consider more DMUs. Thirdly,
this study only implements the forecasting values via the LTS(A,A,A) model; future work
can apply more models, such as GM(1,1) model, ARIMA models, etc., to have a comparative
analysis and choose the best-predicted estimation.
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Appendix A

Table Al. Forecasted values of hydropower suppliers from 2022 to 2025.

DMUs  Years (DAS (DOE (DEM (O)NR (O)GP  Years (DAS ()OE (DEM  (O)NR (O)GP
DRL 142,888 123,254 34 104,772 71,728 138,988 119,258 34 104,745 73,088
GHC 1,611,368 672,876 80 311,122 179,054 1,838,025 676,374 81 337,530 189,587
HJS 309,913 355,432 114 202,032 71,449 284,203 380,584 105 197,343 78,996
SHP 1,739,658 1,228,694 116 726,513 292,493 1,761,483 1,371,916 114 785,239 383,536
SJD 2022 1,405,499 951,722 287 427,637 227,272 2023 1,464,632 1,027,288 304 444,296 235,145
TBC 1,666,997 1,300,004 159 502,782 318,095 1,802,655 1,365,716 156 506,888 323,799
TDB 103,390 99,685 25 61,208 38,654 93,477 99,850 25 69,115 41,016
T™P 2,094,291 1,596,351 105 676,554 426,068 2,081,332 1,673,320 102 692,389 418,192
VSH 10,926,6523,669,958 265 713,166 368,481 11,516,2173,651,580 258 875,512 421,409
DRL 142,990 122,625 35 112,998 78,088 139,091 118,629 35 112,971 79,448
GHC 1,828,614 761,950 86 349,249 197,468 2,055,270 765,447 86 375,657 208,001
HJS 247,688 387,569 99 216418 73,189 221,978 412,722 90 211,729 80,736
SHP 1,668,626 1,280,202 114 818,989 325,653 1,690451 1,423,424 112 877,715 416,697
SJD 2024 1,487,655 1,028,746 305 443,199 229,542 2025 1,546,788 1,104,312 322 459,858 237,415
TBC 1,852,422 1,387,255 163 552,711 352,025 1,988,080 1,452,967 160 556,816 357,729
TDB 102,047 103,232 25 66,826 41,823 92,134 103,397 25 74,734 44,186
T™P 2,221,016 1,759,290 98 707,003 453,866 2,208,058 1,836,259 95 722,838 445,991
VSH 12,426,2583,880,485 287 864,443 423,713 13,015,8233,862,108 280 1,026,789 476,641

Note: EM: Employee; AS, OE, NR, and GP: Million Dong in Vietnam. Source: Tableau.
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Table A2. Pearson Correlation from 2012 to 2025.

Factors Year (DAS (DOE (EM (OONR (O)GP Year (DAS (I)OE (EM (O)NR (O)GP
(DAS 1.0000 0.9366 0.5326 0.5184 0.5005 1.0000 0.9188 0.3500 0.4479 0.4410
(DOE 0.9366 1.0000 0.4847 0.5769 0.5440 0.9188 1.0000 0.3552 0.5425 0.5234
(EM 2012 0.5326 0.4847 1.0000 0.5564 0.5479 2013 0.3500 0.3552 1.0000 0.5831 0.6330

(ONR 0.5184 0.5769 0.5564 1.0000 0.9951 0.4479 0.5425 0.5831 1.0000 0.9887
(OGP 0.5005 0.5440 0.5479 0.9951 1.0000 0.4410 0.5234 0.6330 0.9887 1.0000
(DAS 1.0000 0.9005 0.3380 0.8309 0.9018 1.0000 0.9715 0.3362 0.7490 0.8203
(I)OE 0.9005 1.0000 0.3687 0.7323 0.8211 0.9715 1.0000 0.4364 0.7341 0.8118
(I)EM 2014 0.3380 0.3687 1.0000 0.4813 0.4413 2015 0.3362 0.4364 1.0000 0.5418 0.5405

(O)NR 0.8309 0.7323 0.4813 1.0000 0.9871 0.7490 0.7341 0.5418 1.0000 0.9889
(O)GP 0.9018 0.8211 0.4413 0.9871 1.0000 0.8203 0.8118 0.5405 0.9889 1.0000
(DAS 1.0000 0.9766 0.5145 0.7068 0.8040 1.0000 0.9743 0.6149 0.5637 0.5593
(I)OE 0.9766 1.0000 0.6244 0.7633 0.8695 0.9743 1.0000 0.7170 0.6940 0.7013
(DEM 2016 0.5145 0.6244 1.0000 0.6725 0.7489 2017 0.6149 0.7170 1.0000 0.6375 0.6212

(ONR 0.7068 0.7633 0.6725 1.0000 0.9636 0.5637 0.6940 0.6375 1.0000 0.9891
(O)GP 0.8040 0.8695 0.7489 0.9636 1.0000 0.5593 0.7013 0.6212 0.9891 1.0000
(IAS 1.0000 0.9656 0.5416 0.4966 0.4738 1.0000 0.9440 0.6193 0.3489 0.2473
(DOE 0.9656 1.0000 0.6162 0.6942 0.6761 0.9440 1.0000 0.6759 0.5959 0.5187
(EM 2018 0.5416 0.6162 1.0000 0.5311 0.4492 2019 0.6193 0.6759 1.0000 0.4431 0.3504

(ONR 0.4966 0.6942 0.5311 1.0000 0.9793 0.3489 0.5959 0.4431 1.0000 0.9734
(OGP 0.4738 0.6761 0.4492 0.9793 1.0000 0.2473 0.5187 0.3504 0.9734 1.0000
(DAS 1.0000 0.9548 0.5704 0.3165 0.1388 1.0000 0.9774 0.5750 0.9515 0.9182
(DOE 0.9548 1.0000 0.6343 0.5560 0.3747 0.9774 1.0000 0.6373 0.9873 0.9722
(I)EM 2020 0.5704 0.6343 1.0000 0.5195 0.4028 2021 0.5750 0.6373 1.0000 0.6273 0.6112

(O)NR 0.3165 0.5560 0.5195 1.0000 0.9038 0.9515 0.9873 0.6273 1.0000 0.9926
(O)GP 0.1388 0.3747 0.4028 0.9038 1.0000 0.9182 0.9722 0.6112 0.9926 1.0000
(DAS 1.0000 0.9555 0.6188 0.6057 0.5765 1.0000 0.9389 0.5783 0.6967 0.6143
(I)OE 0.9555 1.0000 0.6790 0.7951 0.7834 0.9389 1.0000 0.6478 0.8818 0.8369
(DEM 2022 0.6188 0.6790 1.0000 0.5733 0.5377 2023 0.5783 0.6478 1.0000 0.5723 0.5225

(ONR 0.6057 0.7951 0.5733 1.0000 0.9433 0.6967 0.8818 0.5723 1.0000 0.9755
(O)GP 0.5765 0.7834 0.5377 0.9433 1.0000 0.6143 0.8369 0.5225 0.9755 1.0000
(DAS 1.0000 0.9473 0.6375 0.6559 0.6049 1.0000 0.9309 0.5994 0.7249 0.6318
(DOE 0.9473 1.0000 0.6876 0.8401 0.8200 0.9309 1.0000 0.6566 0.9019 0.8583
(DEM 2024 0.6375 0.6876 1.0000 0.5725 0.5249 2025 0.5994 0.6566 1.0000 0.5663 0.5069

(O)NR 0.6559 0.8401 0.5725 1.0000 0.9367 0.7249 0.9019 0.5663 1.0000 0.9675
(OGP 0.6049 0.8200 0.5249 0.9367 1.0000 0.6318 0.8583 0.5069 0.9675 1.0000

Source: DEA-Solver-Pro15.
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