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The purpose of this research was to recognize the influence of electricity reliability problems such
as unplanned and planned outages, and load shedding on the future plans of the textile industries of
Punjab (India). An opinion on the mitigation measures to diminish the impact of power outages
was also obtained. The results presented here were got using the seven-point Likert item scale from
the 148 respondents which were the part of a randomly selected sample of 400 textile industries
from a total population of 1163 registered textile industries covering specifically the high concen-
tration districts throughout the Punjab. Both formal and informal interview methods including drop-
ping the questionnaire schedules at the industrial premises were employed to record the responses.
A syntax for Krippendorff’s Alpha was used in SPSS to estimate the inter-reliability of the different
sections. A non-parametric Mann-Whitney U and Friedman Q with post hoc tests were applied
using SPSS for independent samples and related sample designs, respectively, in order to know the
statistical significant differences among the variables and the pairs. Respondents were found highly
concerned towards the power system reliability issues than the quality issues. The effect of relia-
bility issues on the micro scale industries were found higher than the small scale industries. Based
on the one hour outage duration, unplanned power outage-1 hour scenario and dangerous advance
warning, planned power outage, were found highly disruptive. The growth or expansion of existing
unit, like to go for costly alternative energy sources, procurement of bank loans and moving indus-
tries to other state with good energy facilities, were the four key future plans and strategies that
were found highly important to the textile industries. Majority of the industries believed that almost
all the future plans and decisions were dominantly impacted by the unplanned outages followed by
the load shedding and planned outages. In order to diminish the impact of power outages, improved
system protection and improved local protection were found the preferred outage mitigation meth-
ods.

© 2019 by the authors; licensee Growing Science, Canada

1. Introduction

The success of any industry depends on the continuous availability of the production system but attribut-
able to the reasons such as power system reliability and quality issues, equipment failures due to the
different causes, preventive maintenance schedules, strikes etc. can cause a substantial amount of down-
time which ultimately reflects in the forms of lost revenues. Downtime as a consequence of electric power
outages can cost a substantial amount of money to an industry. Power outages can impact the bottom line
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and affect ongoing business operations. An industrial sector is the backbone of every nation, which con-
tributes a significant share towards the economy. In order to get the maximum returns, every industrialist
dreams of a 100 percent reliability of the production system which practically cannot be achieved. As far
as the power system reliability is concerned, there are broadly three major categories of reliability issues:
planned outages, unplanned outages and load shedding which are responsible for the downtime in the
industries. Some power outages are planned, as when maintenance and upgrades of the utility infrastruc-
ture are needed from time to time. But, at other times, any business possibly may face the outages of the
unplanned nature caused by the bad weather conditions, animals in the live electricity lines, vehicle ac-
cidents, equipment failures, spikes etc. Unplanned outages can lead to conditions from which it may be
hard to recover. Load shedding is a method to allocate demand for electricity across numerous power
sources. It is used to reduce the stress on a main energy source when demand for electricity is greater
than the main power source can supply which ultimately avert the disaster of the entire system. When
the demand strains the capacity of the system and crossed the supply limits, it is necessary to follow a
strategy that help to manage the way electricity is utilized in a business to condense this peak demand,
pointedly dipping monthly utility costs, which is called load shedding. Load shedding is used by the
utility during the peak usage periods of the electric power among different types of consumers. The
demand for power is increasing day by day however the power systems are not being upgraded at the
same pace resulting in an increase in probability of occurrence of power outages. A new and sophisticated
production systems of the industries are still dependent on the age old power systems and poses a danger
to the industries. Power reliability means availability of power and power quality related problems arise
whenever conventional alternating current electric power deviates momentarily or continuously from
established standards for voltage, frequency, and waveform (Schienbein & DeSteese, 2002).

Punjab is situated in the northern region of India and all the sectors such as residential, commercial,
industrial and agricultural are dependent on the electric power supply, which is being delivered by the
standalone public utility company Punjab State Power Corporation Limited (PSPCL). As the present
study is only concerned with the industrial sector, the aspects relevant to this sector are discussed here.
A considerable work has been carried out on the impact of power outages on different sectors throughout
the world. A majority of the studies adopted a customer survey approach as the primary method of con-
ducting a study which covered only the economic aspect while ignoring the social aspect. The present
study however used primarily an interview method to carry out a research and record the attitude of the
textile industries towards the aspects related to power system reliability problems and its effects. The
textile industry accounts for 19% of the total industrial production of Punjab and contributes about 38%
of the total exports from the State. Moreover, Punjab, Haryana and Rajasthan collectively produce over
52 lakh bales (1 bale =170 Kg) of cotton annually while consumption is less than 40 lakh bales
(Oppurtunities in Textiles in Punjab, 2018). In India, studies related to performance of power systems
and their effect on the different sectors are seldom. The research related to power system reliability issues
have been carrying in the developing and developed countries for many years, however, India has con-
tinuously been lacking in this field. For enhancing the situation of the power systems, the regional level
studies are needed to be carried out at the micro level focusing one industrial sector and its connected
power system rather than considering the broad scenarios at the national level which further help to plan
the specific targeted power systems. In the best of the authors’ opinion, the use of the national level data
for planning the power systems at the regional levels is not a good idea because some power systems are
already behaving well and would not need any enhancements and others may require major modifica-
tions. Lawton et al. (2003) found that the mean aggregated cost faced by an “average” consumer for one
hour summer afternoon outage was nearly $3 for residential sector, $1,200 for small-medium commercial
and industrial sectors, and $82,000 for large commercial and industrial sectors. SARI/Energy (2003)
observed that as high as the annual loss of US$ 81 million (0.65% of GDP) could occur with imposing
of 300 hours of planned power outages experienced in 2001. The influence due to unplanned power
outages could be as high as US$ 47 million (0.38% of GDP) in a typical year with100 hours of unplanned
power outages. This was found noteworthy economic loss specifically in contrast to the 4.5 % to 5%
average GDP growth that has occurred in Sri Lanka during the last few years. Wijayatunga and Jayalath
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(2004) observed that the overall planned outages in the industrial sector costs only about 60 percent of
that associated with the unplanned outages. In some cases, like in glass industry, a self-generation was
used for running the production and other regular operations and utility electric power is used as standby
power which lead to not only add costs to the industrial output but also amplified emissions. Adenikinju
(2005) identified the infrastructure as the main restraint to private sector development in Nigeria. As an
outcome of the power outages, industries lost an average of 792 working hours in 1998. Around 35
percent of the industries stated having to completely stop production at one time or the other in the year
as an effect of power outages. The industries experienced five to ten outages in a week, with each outage
lasting for more than one hour. Kivikko et al. (2007) concluded that in non-working time the planned
outages would in some cases be more harmful than unplanned outages as responded by the respondents
from the Finland. In general, the monetary harm for a planned interruption was found about 80% of the
harm of an unexpected interruption. Wijayatunga and Jayalath (2008) evaluated that 94% of the total
energy not served was due to unplanned power outages and only 6% can be attributable to planned power
outages. Nearby 13.6% of the industrial sector demand could not be met by the utilities due to these
outages which rendered into 11.54% of the industrial sector GDP or 1.72% of Bangladesh's gross do-
mestic product (GDP) in 2000-01. Baarsma and Hop (2009) measured the outage cost by using conjoint
analysis and found that the social cost of the current Dutch level of reliability was such that one outage
of two hours every four years was V2.80 on an average for every household and V33.10 on average for
every SME firm. The total costs to Dutch society were almost V50 million. Bhargava et al. (2012) con-
cluded that about 18.9% of the total cost of production was attributed to the energy cost among the inter-
viewed manufacturing industries in Tanzania. As a result of erratic electricity supply, the total production
was decreased and hence production costs were increased and only about 15% of the manufacturing
industries can afford to raise the prices of the products to handle with the challenges arising from the
sustained erratic power supply. Akinbola et al. (2017) concluded that electricity state which is a conse-
quence of present government policies employs a negative effect on the industrial output, in the long run,
affects the business viability. Carlsson et al. (2018) estimated the cost of power outages for micro, small,
and medium-sized enterprises in Addis Ababa, Ethiopia, using a stated preference survey. The assessed
willingness to pay for a decrease of one power outage attributed to increase in tariff rate by 16 percent.
The willingness to pay for decreasing the average duration of an electric power outage by one hour cor-
responds to an increase of 33 percent. The compensating variation for a zero-outage situation corresponds
to about three times the current electricity cost. The average total costs of electric power outages for the
industries” were 2,293 ETB (US$96) per month, which amounts to 3 percent of the firm’s monthly sales
and equates to about 61 percent of the average monthly cost from using backup generators. Oyeyemi et
al. (2018) observed that, irregular electric power had been a foremost problem to output growth in the
manufacturing sector of Nigeria. The unstable electricity supply has brought about the acquisition of
power backup supplies in the forms of generators or inverters, which adds to the existing costs and hence
makes the production more expensive. A review of literature revealed that the customer survey approach
was quite popular for conducting the studies related to power systems and hence authors used the same
with an exception that no mathematical calculation was performed, instead the questions with ordinal
scale were used to get the responses. This approach made the study easy and opened the other dimensions
related to the effects of power systems on the different decisions of the firms.

2. Material and methods

A regional level survey was performed in which influence of the different power system reliability issues
on the crucial future decisions was measured using the questionnaire having seven-point Likert item
scale. This approach of conducting study at the regional level focusing the one particular industrial sector
i.e. textiles was found beneficial as it reflects the image of the utility from the consumer’s prospective,
hence reduces biasness. As the industries responded bearing in mind their connected power systems, the
more accurate results were obtained. In order to simplify the scenario for the respondents, instead of the
questions that demands calculations, the ordinal and nominal category type questions were used in the
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questionnaire. It was found that the questions related to the costs of the industries were not being an-
swered properly, therefore, decision was made to remove these type of questions from the questionnaire
schedule during the pilot testing phase. Over a period of two years from April 2015- April 2017, 148
completed responses were attained out of the 400 randomly selected industries from population list of
1163 registered textile industries. The conducted study aims at the mindset of the textile consumers of
Punjab (India) about the futuristic decisions and strategies effected by the major power system reliability
concerns such as planned outages, unplanned outages and load shedding/power rationing/rolling black-
outs.

3. Results and discussions

A SPSS and Microsoft Excel software were used to perform the statistical analysis and the visualization
of the data, respectively. A SPSS syntax was used to calculate the Krippendorftf’s alpha-interrater relia-
bility for the related samples designs and individual levels of the independent variable for the variables
under part B of the survey (Krippendorff, 2011) and (Hayes, 2007). An internal consistency-Cronbach’s
alpha was also calculated for the independent sample design (Part B). For the part B, a Wilcox-Mann
Whitney Test was applied to determine if there are differences between two groups on a seven point
Likert item scale ordinal dependent variable. Also, for the independent sample design, the effect sizes
were calculated using the Mann Whitney U Statistics. The zone with values of effect sizes from 0.060-
0.110 is known as the zone of intermediate effect and values higher than 0.140 displays the large effect
as per (Lenhard & Lenhard, 2016). Further, for the variables under the parts O, I, (Ii-lii-liii) and L, a
Friedman test- non-parametric one-way repeated measures ANOVA test was used to determine whether
or not there are any statistically significant differences between the distributions of three or more related
groups. The groups are related as they comprise the same cases (e.g., respondents) in each group and
each group characterizes a repeated measurement on the same dependent variable. As a post hoc test,
Dunn’s Bonferroni test was applied to know further the statistically significant difference between the
pairs formed by the different dependent variables. A Kendall’s W applied here ranges between 0 and 1
(depicting agreement level among the respondents).

Table 1
Interrater reliability and internal consistency assessment of the different sections of the survey.
Krippendorff's Alpha Krippendorff's Alpha Cronbach’s Alpha
. Section B Section O  SectionI SectionIi Sectionlii Sectionliii  PartL Part B
Micro Small
0.66 0.67 0.72 0.75 0.64 0.82 0.81 0.72 0.86
Krippendorff's Alpha
Ii-11i- 124126 13i-I3ii-  14i-14di-  154-I5ii-  16i-16ii-  17i-17ii-  18i-I8ii-  19i-19ii-  110i-I10ii-
I1iii 12iii 13iii 14iii 15iii 16iii 17iii 18iii 19iii 110iii
0.80 0.74 0.75 0.63 0.69 0.38 0.50 0.39 0.77 0.73

Section B: Respondents were asked about the level of concern on a seven-point Likert item scale towards
the type of power system reliability & quality issues mentioned below from B1to B9 on your business?

1 2 3 4 5 6 7
Not at all Slightly Somewhat Moderately Considerably Highly Extremely
concerned concerned concerned concerned concerned concerned concerned

Wilcox-Mann-Whitney Test (WMW)- Null-Hypothesis: The distribution of the dependent variables from
B1 to B9 is the same across the categories of an independent variable- size of the industry (categorization
by the national criteria on industrial size)

B1. System voltage fluctuations B2. System frequency fluctuations B3. System transient faults
B4. System switching/operating errors BS5. System protection/relaying problems B6. System transmission overloading
B7. System supply deficit (insufficient B8. Unplanned power outages B9. Planned power outages

generation) leads to load shedding
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Table 2
Wilcox-Mann Whitney Test Statistics with effect size and descriptive statistics— Level of concern to-
wards the power system reliability and quality issues based on the size of the industry.

Mean Sum of Percentiles
DV IV- Size Rank Ranks Mean Std Dev. 25th 50t_h 75th
(Median)
1. Micro Scale 9032 7406.50 373 1432 275 3.00 5.00
gy _2-Small Scale 5484 3619.50 2.48 0.864 2.00 3.00 3.00
. U W Z p P SE .
TestStatistics =1 460500  3619.500  -5.175 0.000 0.169 250,720  Significant
1. Micro Scale _ 83.12 6815.50 2.40 0.751 2.00 2.00 3.00
gy _2-SmallScale 6380 4210.50 2.03 0.784 1.00 2.00 3.00
. U W z p 2 SE .
TestStatistics 1559500 4210500 -2.930 0.003 0.05 241163 ignificant
1. Micro Scale _ 85.00 6970.00 2.93 0.782 2.00 3.00 3.00
g3 2 SmallScale 6145 4056.00 232 1.040 1.00 250 3.00
Test Statistics u i Z P 12 S.E Significant
1845000  4056.000  -3.538 0.000 0.075 243384 g
1. Micro Scale  89.64 7350.50 474 1.016 4.00 5.00 6.00
pq _2-SmallScale 5569 3675.50 3.83 0.904 3.00 4.00 5.00
. U W Z p 2 SE .
TestStatisties 404500 3675500  -4.974 0.000 0.155 249588 Significant
1. Micro Scale  94.12 7717.50 5.50 0.805 5.00 5.00 6.00
s 2-Small Seale  50.13 3308.50 436 0.955 4.00 4.00 5.00
. U W z p o SE .
TestStatistics 1507500 3308500  -6.513 0.000 026 246976 Significant
1. Micro Scale _ 89.91 7372.50 483 0.927 4.00 5.00 5.00
e _2-SmallScale 5536 3653.50 3.83 1131 3.00 4.00 5.00
. U W Z p 02 SE .
TestStatistics ) 500 3653.500  -5.062 0.000 0.161 249622 Significant
1. Micro Scale 8631 7077.50 630 0.661 6.00 6.00 7.00
gy 2-Small Seale 5983 3948 50 5.82 0.700 5.00 6.00 6.00
Test Statistics v i Z P 12 S.E Significant
1737500 3948500  -4.073 0.000 0.094 237.761 g
1. Micro Scale _ 82.18 6738.50 6.41 0.684 6.00 7.00 7.00
pg _2-SmallScale 6496 4287.50 6.08 0.810 6.00 6.00 7.00
. U W Z p 2 SE .
TestStatistics 100500 4287500 -2.644 0.008 0.04 238085 Significant
1. Micro Scale _ 84.76 6950.00 443 1207 4.00 4.00 5.00
o _2-Small Seale 6176 4076.00 3.77 1.187 3.00 4.00 425
. U W Z p o SE .
TestStatistics 1005000 4076000 -3.333 0.001 0.071 250318 Significant

A Mann-Whitney U test was run to determine if there were differences in level of concern score towards
the power system reliability and quality issues between micro and small scale textile industries. Distri-
butions of the level of concern for micro and small scale textile industries were not similar, as assessed
by visual inspection as shown in Fig. 1. Level of concern scores for micro scale textile industries were
statistically significantly higher than for small scale textile industries for all the variables from B1 to B9,
which is clearly evident from the Wilcox-Mann Whitney Test Statistics as shown in the Table 2. The
mean ranks and sum of ranks for micro-scale industries were found higher than the small scale textile
industries for all the variables. The effect sizes (I]?) using the Mann-Whitney U statistics were calculated
and were found in the zone of large effect for the variables B1, B4, BS and B6, however, the effect sizes
for the variables B3, B7 and B9 were seen in the area of intermediate effect, which are considered the
zones of desired effects. Only for the variables B2 and B8, the effect size were found in the zone of small
effect. The detailed descriptive statistics showing median, mean, standard deviation and percentiles are
shown in the Table 2. As shown in the Fig. 2 depicting the Frequency Distribution Visual, the high rating
on seven point Likert item scale towards the power system reliability issues “unplanned outages (BS)”



160

and “planned outages (B9)” than the power system quality issues (B1-B6), revealed that industries were
very highly concerned towards the electric power reliability problems than the quality issues. Also, the
variable “system supply deficit (insufficient generation) leads to load shedding (B7)” were rated consid-
erably higher on the scale which exposed that the industries were also not spared from the load shedding
during the past years. The whole analysis exposed that the micro scale industries have shown more con-
cern towards both the power system reliability and quality issues than the small scale industries, however,
the power quality issues were not rated that high on the level of concern scale as compared to the relia-
bility issues.
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Fig. 1. Frequency Distribution Visual- Level of concern towards the power system reliability and quality
issues based on the size of the industry

Section O: Respondents were asked about the level of disruptiveness on a seven-point Likert item scale
towards the occurrence of one hour outage due to the reliability issues of different nature mentioned
below from O1 to OS5 on your business.

1 2 3 4 5 6 7
Not at all Slightly Somewhat Moderately Considerably Highly Completely
disruptive disruptive disruptive disruptive disruptive disruptive disruptive

Friedman Test- Null-Hypothesis: The distributions of the variables from O1 to O5 are the same. The
same respondents were measured on a different variable, but using the same seven-point Likert item
disruptiveness scale, Friedman test was found suitable to determine any difference between their disrup-
tiveness levels.

04. Long length load shedding (Weekly off days)-1 hour scenario
O5. Short length load shedding (Peak load days)-1 hour scenario

O1. Unplanned power outage-1 hour scenario

02. Dangerous advance warning, planned power out-
age-1 hour scenario

03. Safe advance warning, planned power outage- 1 hour scenario

Table 3

Friedman Q and descriptive statistics- Level of disruptiveness by 1 hour reliability issue scenarios
| Test Statistics- Friedman's Q | Chi-Square = 468.929 | | Kendal's W = 0.792 |
| Asymp. Sig. (p-Value) = 0.000 | | N= 148, Degree of Freedom = 04 |

1 2 3 4 5 6 7
Percentiles o o Bo 2o 2o o = o
Dependent Mean Mean Std. w2 =232 .§ zZ g2 Tz =2z ¢z
Variables Rank e Dev. &% 5% 8% 52 2% & g 5
50th 55 22 £2 BE B2 =& £32
25th . 75th zZ5 3 238 S8 5% = =

(Median) 2 = S o
01 4.55 6.00 6.00 7.00 6.35 0.479 0% 0% 0% 0% 0% 65%  35%
02 3.79 6.00 6.00 6.00 5.82 0.437 0% 0% 0% 0% 20%  78% 2%
03 3.18 5.00 5.00 6.00 5.47 0.527 0% 0% 0% 1% 50%  49% 0%
04 2.27 5.00 5.00 5.00 4.96 0.435 0% 0% 0% 11% 81% 7% 0%
05 1.22 4.00 4.00 4.00 4.14 0.543 0% 0% 9% 69%  22% 0% 0%
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Table 4
Bonferroni Dunn’s post hoc- Level of disruptiveness by 1 hour reliability issue scenarios
Samplel-Sample2 Test Statistic Std. Error Std. Test Statistic Sig. Adj. Sig.?

05-04 1.047 0.184 5.698 0.000 0.000
05-03 1.956 0.184 10.642 0.000 0.000
05-02 2.568 0.184 13.969 0.000 0.000
05-01 3.331 0.184 18.123 0.000 0.000
04-03 0.909 0.184 4.944 0.000 0.000
04-02 1.520 0.184 8.271 0.000 0.000
04-01 2.284 0.184 12.425 0.000 0.000
03-02 0.611 0.184 3.327 0.001 0.009
03-01 1.375 0.184 7.481 0.000 0.000
02-01 0.764 0.184 4.154 0.000 0.000

Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same.
Asymptotic significances (2-sided tests) are displayed. The significance level is .05.
a. Significance values have been adjusted by the Bonferroni correction for multiple tests.

Table 3 and Table 4 show the Friedman statistics including the major descriptive statistics, and Bonfer-
roni Dunn’s post hoc analysis statistics, respectively. The variables shown in Table 3 are arranged in the
descending order of their mean ranks obtained by running the Friedman test in SPSS. A Friedman test
was run to determine whether or not there were differences in disruptiveness scores among the different
variables from O1 to O5. Pairwise comparisons were performed (SPSS Statistics 24) with a Bonferroni
correction for multiple comparisons. Level of disruptiveness score was statistically significantly different
among the different variables, Friedman’s Q or y2(4) = 468.929, p = 0.000. Post hoc analysis revealed
statistically significant differences among the level of disruptiveness scores for all the possible pairwise
combinations formed by the dependent variables. If the significance level without Bonferroni adjustment
is used the significance level used here is 0.005, obtained by the original p-value of 0.05 divided by the
number of possible pairwise combinations which are ten (10) for the present scenario as shown in the
Table 4. However, for the easy reference to check the significance level, the last column shown in the
Table 4 here contains the adjusted p-values obtained after Bonferroni correction. The mean ranks for the
variables unplanned power outages- 1 hour scenario (O1) and dangerous advance warning (short period
advance warning), planned power outage-1 hour scenario (02) were found 4.55 and 3.79, which were
noticeably higher as compared to other variables, revealing that the level of disruptiveness was consid-
erably larger than the other 1 hour scenarios. The mean rank of 1.22 was obtained for a variable short
length load shedding (Peak load days)-1 hour scenario (O5), which showed that this variable was scored
substantially low on seven-point Likert item scale of level of disruptiveness, depicting that disruptiveness
was quite low as compared to other 1 hour scenarios. The mean ranks for the variables, safe advance
warning, planned power outage- 1 hour scenario (O3) and long length load shedding (Weekly off days)-
1 hour scenario (O4), were 3.18 and 2.27, respectively. The median values for the variables O1, 02, O3,
04 and OS5 were 6, 6, 5, 5 and 4, respectively. A fairly good level of agreement was seen as depicted by
the Kendal’s W value of 0.792, among the respondents.

Section I: Respondents were asked about the level of importance on a seven-point Likert item scale given
towards the company’s future plans and development mentioned below from I1 to 110.

1 2 3 4 5 6 7
Not at all Slightly Somewhat Moderately Considerably Highly Extremely
important important important important important important important

Friedman Test- Null-Hypothesis: The distributions of the variables from I1 to 110 are the same. As the
same respondents were measured on a different variable, but using the same seven-point Likert item
importance scale, Friedman test was found suitable to determine any difference between their importance
levels.

I1. Diversification 16. Venturing new markets

12. Growth or expansion of existing unit 17. Procurement of bank loans

I3. Moving industries to other state with good energy facilities 18. Change in process design based on low energy requirement
14. Outsourcing at high cost, change in policy (making to buy) 19. Like to go for costly alternative energy sources

I5. Supplier selection and material procurement plan 110. Enhancing the reserve and inventory level
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Table 5
Friedman Q and descriptive statistics- Level of importance towards the future plans and strategies

| Test Statistics- Friedman's Q | Chi-Square= 1035.016 | | Kendall's W= 0.777 |
| Asymp. Sig. (p-Value)= 0.000 | | N= 148, Degree of Freedom= 09 |
1 2 3 4 5 6 7

Percentiles - = 2 Be 2= %‘ = e e

Dependent Mean Mean Std. s § %E < 5 2 § s § 2,5 g g
Variables Rank o Dev. 25 ®E 585 5% :“-s; g ED 5 58

n ) ] = =

25t \fogiany 7O 28 2B §F ZE 5E TE 45

12 9.26 6.00 6.00 6.00 622 0429 0% 0% 0% 0% 1% 77% 22%

19 8.06 5.00 6.00 600 572 0569 0% 0% 0% 1% 32% 62% 5%

17 7.33 5.00 5.00 6.00 545 0538 0% 0% 0% 2% 51% 47% 0%

13 7.01 5.00 5.00 6.00 534 0531 0% 0% 0% 3% 60% 37% 0%

n 6.01 5.00 5.00 500 500 0559 0% 0% 0% 16% 69% 16% 0%

15 4.83 4.00 5.00 500 458 0547 0% 0% 0% 45% 53% 3% 0%

110 4.62 4.00 5.00 500 451 0633 0% 0% 5% 43% 50% 3% 0%

18 441 4.00 4.00 500 442 0595 0% 0% 4% 51% 43% 1% 0%

16 2.11 3.00 3.00 400 334 0544 0% 2% 63% 34% 1% 0% 0%

14 1.36 3.00 3.00 300 289 0406 0% 14% 82% 3% 0% 0% 0%

Table 6
Bonferroni Dunn’s post hoc- Level of importance towards the future plans and strategies

Samplel- Test Sta- Std. Std. Test ; Adj. | Samplel- TestSta- Std. Std. Test ; Adj.
Sample2 tistic Error Statistic & Sig.* | Sample2 tistic Error Statistic & Sig.?
14-16 -0.750 0352 -2.131 0.033 1.000 18-12 4.855 0.352 13.794 0.000 0.000

14-18 -3.044 0352  -8.649  0.000 0.000 110-15 0.213 0.352 0.605 0.545 1.000
14-110 -3.260 0352 -9.263  0.000 0.000 110-11 1.389 0.352 3.945 0.000 0.004
14-15 -3473 0352  -9.868  0.000 0.000 110-13 2.389 0.352 6.786 0.000  0.000
14-11 4.649 0.352 13.208 0.000 0.000 110-17 2.706 0.352 7.689 0.000  0.000
14-13 5.649 0.352  16.049  0.000 0.000 110-19 3.436 0.352 9.762 0.000  0.000

14-17 -5.966  0.352 -16.952 0.000 0.000 110-12 4639 0352 13.179 0.000 0.000
14-19 -6.696  0.352  -19.025 0.000 0.000 15-11 1.176 0352 3340  0.001 0.038
14-12 7.899 0352 22442  0.000 0.000 15-13 2176 0352  6.182  0.000 0.000
16-18 -2.294 0352 -6.518  0.000 0.000 15-17 -2.493  0.352  -7.084  0.000 0.000
16-110 -2.510  0.352  -7.132  0.000 0.000 15-19 -3.223 0352 -9.157  0.000 0.000
16-15 2723 0352  7.737  0.000 0.000 I5-12 4426 0352 12574  0.000 0.000
16-11 3.899 0352 11.077 0.000 0.000 11-13 -1.000 0.352  -2.841 0.004 0.202
16-13 4899 0352 13918 0.000 0.000 11-17 -1.318  0.352  -3.744  0.000 0.008
16-17 -5.216  0.352  -14.821 0.000 0.000 I1-19 -2.047  0.352  -5.817 0.000 0.000
16-19 -5.946 0352  -16.894 0.000 0.000 I1-12 -3.250  0.352  -9.234  0.000 0.000
16-12 7.149 0352 20311  0.000 0.000 13-17 -0.318  0.352  -0.902 0.367 1.000
18-110 -0.216 0352 -0.614  0.539 1.000 13-19 -1.047 0352 -2.976  0.003 0.132
18-15 0429 0352 1219 0.223 1.000 13-12 2250 0352 6393  0.000 0.000
18-11 1.605 0352 4559  0.000 0.000 17-19 -0.730  0.352  -2.073  0.038 1.000
18-13 2.605 0352  7.401  0.000 0.000 17-12 1.932 0352 5491 0.000  0.000
18-17 2922 0352 8303  0.000 0.000 19-12 1.203  0.352 3417  0.001 0.028
I8-19 -3.652 0352 -10.376  0.000  0.000 Rows in bold have insignificant p-values for pairs.

Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same.
Asymptotic significances (2-sided tests) are displayed. The significance level is .05.
a. Significance values have been adjusted by the Bonferroni correction for multiple tests.

Table 5 and Table 6 shown here are representing the test statistics of Friedman and Bonferroni Dunn’s
post hoc, respectively. The key descriptive statistics are also shown in the Table 5. A Friedman test was
applied to identify whether or not there were differences in level of importance scores among the different
variables from I1 to [10. A pairwise comparisons were performed with a Bonferroni correction for mul-
tiple comparisons. Level of importance score was statistically significantly different among the different
variables, Friedman’s Q or y2(4) = 1035.016, p = 0.000. Post hoc analysis revealed statistically signifi-
cant differences among the level of importance scores for the possible pairwise combinations formed by
the dependent variables. If the significance level without Bonferroni adjustment is used, the significance
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level of 0.001 is used here, obtained by the original p-value of 0.05 divided by the number of possible
pairwise combinations which are forty five (45) for the present scenario. Eight pairwise combinations
were found insignificant, which were 14-16, 110-15, 11-13, 13-17, 18-110, 13-19, I8-I5 and 17-19 as their p-
values were found higher than 0.001. The adjusted p-values in last column eliminates the use of this
method. These pairwise combinations have shown the non-significant results but a much high value of
Kendal’s W i.e. 0.777 revealed that the high level of agreement was found among the respondents while
scoring on seven-point Likert item scale, which can be clearly seen from the Table 5 in which the varia-
bles are arranged in the descending order based on their mean ranks. The very high mean ranks of 9.26,
8.06, 7.33 and 7.01 for the variables, growth or expansion of existing unit (12), like to go for costly
alternative energy sources (19), procurement of bank loans (I7) and moving industries to other state with
good energy facilities (I3), respectively, exposed that respondents shown very high level of importance
towards these future plans or decisions as compared to others. The median values for the 12, 19, I7 and
I3 were found 6, 6, 5 and 5, respectively. For the variables, outsourcing at high cost (I4) and venturing
new markets venturing new markets (16), very low means ranks of 1.36 and 2.11 portrayed the least
importance given by the respondents towards these variables. The median values for both the variables
14 and 16 were found three. The mean ranks for the variables, diversification (I1), supplier selection and
material procurement plan (I5), enhancing the reserve and inventory level (I10) and change in process
design based on low energy requirement (I8), rated intermediately on a seven-point Likert scale item
scale were 6.01, 4.83, 4.62 and 4.41, respectively. The median values for the variables I1, I5, 110 and I8
were found 5, 5, 5 and 4, respectively.

Section Ii-liii: Respondents were asked about the level of effect on a seven-point Likert item scale given
towards the company’s future plans and development due to three different type of reliability issues
mentioned below i.e. planned outages (i), load shedding (Iii) and unplanned outages (liii) for all the
variables, separately, from I1 to 110.

1 2 3 4 5 6 7
Not at all Slightly Somewhat Moderately Considerably Highly Extremely
effected effected effected effected effected effected effected

Friedman Test- Null-Hypothesis: The distributions of the variables formed by considering the three types
of reliability issues i.e. planned outages (Ii), load shedding (lii) and unplanned outages (liii) for all the
variables, separately, from I1 to 110 are the same. The same respondents were measured on a different
variable, but using the same seven-point Likert item effect scale, Friedman test was found suitable to
determine any difference between their effect levels.

I1. Diversification 16. Venturing new markets

12. Growth or expansion of existing unit 17. Procurement of bank loans

I3. Moving industries to other state with good energy facil- I8. Change in process design based on low energy require-
ities ment

4. Outsourcing at high cost, change in policy (making to 19. Like to go for costly alternative energy sources

buy)

I5. Supplier selection and material procurement plan 110. Enhancing the reserve and inventory level

Table 7 and Table 8 given here are portraying the Friedman test statistics and descriptive statistics for
the variables 11 to 110 measured at three levels of power system reliability issues i.e. planned outages,
load shedding and unplanned outages. Actually, the effects of these three levels of reliability issues were
obtained on each variable from I1 to 10, showing the companies’ future plans and decisions or strategies
using a level of effect scale - a seven-point Likert item scale. A Friedman test was run to determine
whether or not there were differences in level of effect scores among three levels of power system relia-
bility issues i.e. planned outages, load shedding and unplanned outages. Pairwise comparisons were per-
formed with a Bonferroni correction for multiple comparisons. Level of effect score was statistically
significantly different among three levels of reliability issues, which is evident from the Friedman Q or
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x2(2) test statistics and p values for the each variable formed by considering the companies’ future plans
(I1 to 110) at three levels of reliability issues.

Table 7
Friedman Q statistics- Level of effect by different reliability issues on future plans and strategies
. F-Q Bonferroni Dunn's Post Hoc
I:f:rei:gfgt Type (l))fil?t;ltﬁ%‘eli/sReha- Median Mean Group Test Sta- Standard Test Std. p- Adj. p-

Rank  Pairs tistics Error  Statistics value  value

1- I1i Planned 3.00 1.02 1-2 -1.128 0.116 -9.707  0.000  0.000

1 2- 11ii Load Shedding 5.00 2.15 2-3 -0.693 0.116 -5.958  0.000  0.000
3- I1iii Unplanned 6.00 2.84 3-1 -1.821 0.116 -15.664  0.000  0.000
|p=0.000]Q=271.622,df=2| | Kendall's Coefficient of Concordance Stat., W=0.918 |

1- 121 Planned 4.00 1.16 1-2 -0.770 0.116 -6.626  0.000  0.000

2 2- 12ii Load Shedding 5.00 1.93 2-3 -0.983 0.116 -8.457  0.000  0.000
3- I2iii Unplanned 6.00 291 3-1 -1.753 0.116 -15.083  0.000  0.000
|p=0.000]Q=253.925,df=2| | Kendall's Coefficient of Concordance Stat., W= 0.858 |

1- 13i Planned 4.00 1.09 1-2 -0.963 0.116 -8.283  0.000  0.000

3 2- 13ii Load Shedding 5.00 2.06 2-3 -0.791 0.116 -6.800  0.000  0.000
3- 13iii Unplanned 6.00 2.85 3-1 -1.753 0.116 -15.083  0.000  0.000
|p=0.000]|Q=254.452,df=2| | Kendall's Coefficient of Concordance Stat., W= 0.860 |

1- 141 Planned 2.00 1.20 1-2 -0.831 0.116 -7.149  0.000  0.000

14 2- 14ii Load Shedding 3.00 2.03 2-3 -1.571 0.116 -13.514  0.000  0.000
3- I4iii Unplanned 4.00 2.77 3-1 -0.740 0.116 -6.365  0.000  0.000
|p=0.000]Q=224.552,df=2| | Kendall's Coefficient of Concordance Stat., W= 0.759 |

1- 151 Planned 4.00 1.41 1-2 -0.230 0.116 -1.976  0.048 0.144

15 2- 15ii Load Shedding 4.00 1.64 2-3 -1.324 0.116 -11.392  0.000 0.000
3- I5iii Unplanned 6.00 2.96 3-1 -1.554 0.116 -13.368  0.000  0.000
|p=0.000]Q=239.875,df=2| | Kendall's Coefficient of Concordance Stat., W= 0.810 |

1- 161 Planned 3.00 1.49 1-2 -0.419 0.116 -3.604  0.000 0.001

16 2- 16ii Load Shedding 3.00 1.91 2-3 -0.693 0.116 -5.958  0.000  0.000
3- 16iii Unplanned 4.00 2.60 3-1 -1.111 0.116 -9.561  0.000  0.000
|p=0.000]|Q=149.227 ,df=2| | Kendall's Coefficient of Concordance Stat., W= 0.504 |

1- 171 Planned 3.00 1.37 1-2 -0.524 0.116 -4.505  0.000  0.000

7 2- 17ii Load Shedding 3.00 1.90 2-3 -0.838 0.116 -7.207  0.000  0.000
3- I7iii Unplanned 4.00 2.73 3-1 -1.361 0.116 -11.712  0.000  0.000
|p=0.000]|Q=187.406,df=2| | Kendall's Coefficient of Concordance Stat., W= 0.633 |

1- 18i Planned 2.00 1.35 1-2 -0.753 0.116 -6.481  0.000  0.000

18 2- 18ii Load Shedding 3.00 2.10 2-3 -0.449 0.116 -3.865  0.000  0.000
3- I8iii Unplanned 3.00 2.55 3-1 -1.203 0.116 -10.346  0.000  0.000
|p=0.000]Q=157.083,df=2| | Kendall's Coefficient of Concordance Stat., W= 0.531 |

1- 19i Planned 4.00 1.05 1-2 -1.720 0.116 -14.793  0.000  0.000

9 2-19ii Load Shedding 6.00 2.77 2-3 0.601 0.116 5.173  0.000 0.000
3- 19iii Unplanned 5.00 2.17 3-1 -1.118 0.116 -9.619  0.000  0.000
|p=0.000] Q=260.121,df=2 | | Kendall's Coefficient of Concordance Stat., W= 0.879 |

1- 110i Planned 3.00 1.10 1-2 -0.970 0.116 -8.341  0.000  0.000

10 2- 110ii Load Shedding 4.00 2.07 2-3 -0.747 0.116 -6.423  0.000  0.000
3- I10iii Unplanned 5.00 2.82 3-1 -1.716 0.116 -14.763  0.000  0.000
|p=0.000|Q=250.983,df=2| | Kendall's Coefficient of Concordance Stat., W= 0.848 |

The Bonferroni Dunn’s post hoc analysis revealed statistically significant differences in level of effect
score from planned outages (Ii) load shedding (lii); load shedding (Iii) unplanned outages (liii) planned
outages (Ii) and unplanned outages (liii) except only one insignificant pair under 15 between planned
outages (I5) — load shedding (I5ii). A higher mean rank portrays that the variable is scored high on survey
scale and the effect of that specific reliability issue is higher on the companies’ future plans. Almost all
the companies’ future plans and decisions (I1 to 110) were found badly impacted by the unplanned out-
ages followed by the load shedding and the planned outages as evident from the mean ranks shown in
the Table 7. A Kendall’s W statistics was used to reveal the level of agreement among the respondents
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for each variable formed by the three levels of reliability issues. Except for the variables 16, 17 and 18
with Kendall’s W value of 0.504, 0.633 and 0.531, respectively, all the other variables had Kendall’s W
value more than 0.70 which indicated fairly good level of agreement among the survey raters.

Table 8
Descriptive statistics- Level of effect by different reliability issues on future plans and strategies

1 2 3 4 5 6 7

Percentiles — 2 2 = >
Dependent Type of Outages/ Mean Std. 53 273 5 T 28 £ 2B T
Variables Reliability Issues Dev. 53 538 28 53 3 53 53
50th SE =8 B8 2L & K& Zg
25th - 75th Zo®ne 2o 2o go "o Ho

(Median) O

1- 111 Planned 3.00 3.00 4.00 3.49 0.589 0% 3% 48% 47% 2% 0% 0%
n 2-11ii Load Shedding 5.00 5.00 6.00 522 0581 0% 0% 0% 8% 61% 30% 0%
3- Iliii Unplanned 6.00  6.00 6.00 6.03 0368 0% 0% 0% 0% 5% 86% 8%
1- 12i Planned 4.00 4.00 500 427 0.516 0% 0% 3% 66% 30% 0% 0%
12 2- 12ii Load Shedding 5.00 5.00 500 5.11 0536 0% 0% 0% 9% 70% 20% 0%
3- 12iii Unplanned 6.00  6.00 6.00 622 0460 0% 0% 0% 0% 2% 74% 24%
1- 131 Planned 3.00 4.00 400 3.74 0.523 0% 0% 30% 66% 4% 0% 0%
I3 2- 13ii Load Shedding 5.00 5.00 500 493 0.618 0% 0% 0% 23% 61% 16% 0%
3- 13iii Unplanned 6.00  6.00 6.00 593 0482 0% 0% 0% 0% 16% 76% 8%
1- 14i Planned 2.00 2.00 200 220 0436 1% 77% 22% 0% 0% 0% 0%
14 2- 14ii Load Shedding 3.00 3.00 3.00 299 0466 0% 11% 78% 10% 0% 0% 0%
3- I4iii Unplanned 300 400 4.00 373 0.567 0% 0% 33% 61% 6% 0% 0%
1- 151 Planned 4.00 4.00 4.00 394 0.620 0% 0% 22% 61% 16% 0% 0%
IS5 2- 15ii Load Shedding 4.00 4.00 500 420 0.521 0% 0% 5% 69% 26% 0% 0%
3- I5iii Unplanned 6.00  6.00 6.00 587 0512 0% 0% 0% 0% 20% 72% 7%
1- H6i Planned 3.00 3.00 3.00 2.80 0.403 0% 20% 80% 0% 0% 0% 0%
I6 2- Hé6ii Load Shedding  3.00  3.00 3.00 3.13 0471 0% 5% 76% 18% 0% 0% 0%
3- Hé6iii Unplanned 300 4.00 4.00 3.68 0.537 0% 0% 36% 61% 3% 0% 0%
1- 171 Planned 3.00 3.00 3.00 299 0369 0% 7% 86% 6% 0% 0% 0%
17 2-17ii Load Shedding 300 3.00 4.00 339 0541 0% 3% 56% 41% 0% 0% 0%
3- 17iii Unplanned 4.00 4.00 500 4.18 0.595 0% 0% 10% 61% 28% 0% 0%
1- 181 Planned 2.00 2.00 3.00 239 0488 0% 61% 39% 0% 0% 0% 0%
I8 2- 18ii Load Shedding 3.00 3.00 3.00 295 0426 0% 11% 8% 7% 0% 0% 0%
3- I8iii Unplanned 300 300 400 333 0.539 0% 3% 60% 36% 0% 0% 0%
1- 191 Planned 4.00 400 4.00 396 0582 0% 0% 19% 66% 15% 0% 0%
19 2- 19ii Load Shedding 6.00 6.00 6.00 6.16 0.437 0% 0% 0% 0% 3% 78% 19%
3- I9iii Unplanned 5.00 5.00 6.00 547 0527 0% 0% 0% 1% 53% 46% 1%
1- 1101 Planned 3.00 3.00 4.00 327 0503 0% 3% 68% 30% 0% 0% 0%
110 2-110ii Load Shedding  4.00  4.00 500 445 0587 0% 0% 3% 52% 43% 2% 0%
3- 110iii Unplanned 5.00 5.00 6.00 535 0545 0% 0% 0% 3% 60% 36% 1%

Section L: Respondents were asked about the level of preference on a seven-point Likert item scale given
towards the outage mitigation methods mentioned below from L1 to L6.

1 2 3 4 5 6 7
Not at all Slightly Somewhat Moderately Considerably Highly Extremely
preferred preferred preferred preferred preferred preferred preferred

Friedman Test- Null-Hypothesis: The distributions of the variables from L1 to L6 are the same. As the
same respondents were measured on a different variable, but using the same seven-point Likert item
preference scale, Friedman test was found suitable to determine any difference between their preference
levels.

L1. Improved system protection L4. Building solar power backup generation
L2. Improved local protection (at your firm) L5. Building biogas power backup generation
L3. Building local (at your firm) backup generation L6. Building cogeneration power backup generation
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Table 9
Friedman Q and descriptive statistics- Level of preference towards the outage mitigation methods

| Test Statistics- Friedman's Q | Chi-Square= 576.478 | | Kendal's W= 0.779 |
| Asymp. Sig. (p-Value)= 0.000 | | N= 148, Degree of Freedom= 05 |
1 2 3 4 5 6 7
Percentiles -5 o Eo 2o B T
Dependent Mean Mean Std. = S z¢g $E 8¢ EE =2 gE
Variables Rank Dev. 88 58 28 5§88 B8 &S 55
50th 3L EE EE B EE EE ZB
25th (Median) 75th ) s S S
L1 548 6.00 6.00 7.00 630 049 0% 0% 0% 0% 1% 67% 32%
L2 475  6.00 6.00 6.00 584 0416 0% 0% 0% 0% 18% 80% 2%
L4 3.99 5.00 5.00 6.00 547 0501 0% 0% 0% 0% 53% 47% 0%
L5 3.11 5.00 5.00 500 503 0501 0% 0% 0% 11% 75% 14% 0%
L6 223 4.00 5.00 500 457 0524 0% 0% 1% 43% 56% 1% 0%
L3 1.44  4.00 4.00 400 410 0416 0% 0% 4% 82% 14% 0% 0%
Table 10
Bonferroni Dunn’s post hoc- Level of preference towards the outage mitigation methods
Samplel- Test Std. Std. Test Si Adj. Samplel- Test Std. Std. Test Si Adj.
Sample2 Statistic Error Statistic & Sig.? Sample2  Statistic Error Statistic & Sig.*
L3-L6 -0.794 0.217 -3.651 0.000 0.004 L6-L1 3247 0217 14.928 0.000 0.000
L3-L5 -1.669 0217 -7.674 0.000 0.000 L5-L4 0.885 0.217 4.070 0.000 0.001
L3-L4 -2.554 0.217 -11.744 0.000 0.000 L5-L2 1.639 0.217 7.534 0.000 0.000
L3-L2 3307 0.217 15208 0.000 0.000 L5-L1 2372  0.217 10.905 0.000 0.000
L3-L1 4.041 0217 18579 0.000 0.000 L4-L2 0.753 0217 3.464 0.001 0.008
L6-L5 0875 0217 4.023 0.000 0.001 L4-L1 1.486 0.217 6.835 0.000 0.000
L6-L4 1.760 0.217 8.093  0.000 0.000 L2-L1 0.733 0217 3371 0.001 0.011
L6-1.2 2514 0217 11.557 0.000 0.000

Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same.
Asymptotic significances (2-sided tests) are displayed. The significance level is .05.
a. Significance values have been adjusted by the Bonferroni correction for multiple tests.

Table 9 and Table 10 show the Friedman statistics along with the key descriptive statistics, and Bonfer-
roni Dunn’s post hoc statistics for the variables from L1 to L6, depicting the outage mitigation methods,
respectively. The variables shown in Table 9 are arranged in the descending order of their mean ranks
attained by applying the Friedman test in SPSS 24. A Friedman test was run to determine whether or not
there were differences in preference scores among the different variables from L1 to L6. Pairwise com-
parisons were made with a Bonferroni correction for multiple comparisons. Level of preference score
was statistically significantly different among the different variables, Friedman’s Q or ¥2(5) = 576.478,
p = 0.000. The Bonferroni Dunn’s post hoc analysis exposed statistically significant differences among
the level of preference scores for all the possible pairwise combinations formed by the dependent varia-
bles except for the pairs L3-L6, L4-L2 and L2-L1 as shown in the Table 10. The significance level used
here is 0.003, obtained by the original p-value of 0.05 divided by the number of possible pairwise com-
binations which are ten (15) for the present scenario. None of the pairwise comparison showed insignif-
icant result as all the p-values were found below 0.003. The adjusted p-values in the last column revealed
that none of the value fall below a significance level of 0.05 and hence showing the significant results.
The higher mean ranks of 5.48 and 4.75, for the variables, improved system protection (L1) and improved
local protection- at your firm (L2), portrayed that the respondents highly preferred the improvement of
the power system and local protection as compared other outage mitigation methods. Further, the mean
ranks of 2.23 and 1.44 were obtained for the variables building cogeneration power backup generation
(L6) and building local (at your firm) backup generation (L3), which presented that these variables were
scored markedly low on a seven-point survey scale of level of preference, representing that preference
for these outage mitigation methods was quite low as compared to other mitigation methods to reduce
the impact of power outages. The median values for the variables L1, L2, L3, L4, L5 and L6 were 6, 6,
5,5, 5 and 4, respectively. A considerably good level of agreement was found as shown by the Kendal’s
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W value of 0.779, among the survey raters. A Tableau 2018.1 software was used to visualize the data of
the categorical seven-point Likert item scale for all the sections which is clearly shown in the Fig. 2.

B1  System voltage fluctuations

B2  System frequency fluctuations

B3  System transient faults

B4  System switchingloperating errors
B5 System protection/relaying problems
B6  System transmission overloading

B7  System supply deficit

B8  Unplanned power outages

B9  Planned power outages

o

Unplanned power outages-1 hour scenario

02 Dangerous advance warning planned power outages-1 hour scenario

Q3 Safe advance wamning planned power outages-1 hour scenario

04 Long length load shedding (Weekly off days)-1 hour scenario

Q5  Short length load shedding (Peak load days)-1 hour scenario

"1 Diversification

12 Growth or expansion of existing unit

I3 Moving industries to other state with good energy facilities
14 Qutsourcing at high cost, change in policy (making to buy)
15 Supplier selection and material procurement plan

16 Venturing new markets

IT  Procurement of bank loans

18 Change in process design based on low energy requirement
19  Like to go for costly alternative energy sources

110 Enhancing the reserve and inventory level

L1 Improved system protection

L2 Improved local protection (at your firm)
L3 Building local (at your firm) backup generation
L4 Building solar power backup generation

L5 Building biogas power backup generation

L6 Building cogeneration power backup generation

Not at all concerned
Slightly concerned Slightly important
Somewhat concerned Somewhat disruptive Somewhat important Somewhat preferred
[ Moderately concerned I Moderately disruptive M Moderately important W Moderately preferred
Considerably concerned Considerably disruptive Considerably imp Considerably preferred
Highly concerned Highly disruptive Highly important Highly preferred
[ Extremely concerned [ Completely disruptive [ Extremely important M Extremely preferred

Fig. 2. Data visualization of the categorical seven-point Likert item scale for all the sections considered
4. Conclusions

The statistical analysis of the different variables under separate sections were performed. The section-B
revealed that the power system reliability issues were the major concern as per the responses of the textile
industries as compared to the power system quality issues. The results of this section exposed that the
power systems of the utility company connected to the industries under study were not reliable. Moreo-
ver, the micro scale industries were found more oriented towards the reliability problems as compared
with the small scale textile industries. While seeing the results of Section-O, it was found that the one
hour unplanned outage followed by the one hour dangerous advance warning, planned power outage
were more disruptive than the other type of one outage scenarios. Further, the Section-I revealed that,
growth or expansion of existing unit, like to go for costly alternative energy sources, procurement of
bank loans and moving industries to other state with good energy facilities, were the four most important
future plans and decisions which can be highly effected due to the occurrence of different types of relia-
bility problems. Referring to the statistics of the Section I considering the three categories of the reliabil-
ity issues i.e. li-lii-liii, almost all the future plans and strategies were found dominantly effected by the
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unplanned outages followed by the load shedding and the planned outages as per the opinion of the textile
industries. The results of the different sections of the survey revealed that the reliability issues were
significantly effecting the future plans and strategies of the textile industries.
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