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Symmetric Effect of Financial Market Development, Government 

Transparency and Trade openness on Macroeconomic Stability: Cross-

country evidence 

Muhammad Hussain 

Xidian University, Shaanxi, China 

Abstract 

This paper investigates the effect of financial market development, government transparency, and trade 

openness on macroeconomic stability by utilizing a panel data of 75 countries over the period from 2007 to 2017. 

Quantile Regression method is applied for estimation, the findings reveal that financial market development is favorable 

for the macroeconomic stability. The results also shows that government transparency and trade openness is positively 

and significantly associated with the macroeconomic stability. Gross Domestic Product (GDP) is utilized as control 

variable which is also positive and significant with macroeconomic stability. Furthermore, for robustness, the main 

panel is divided into three sub-panel on the basis of country risk (low-risk, moderate-risk, and high-risk) and adopted 

same statistic technique. The results shows that independent variables of the study have a significant and positive 

association with macroeconomic stability at various quantiles. However, financial market development and government 

transparency are important factor than trade openness. It is recommended that optimal level of policies for financial 

development and government transparency should be designed and formulated for economic stability in the country. It 

is suggested for the future research to focus on financial openness for further study on macroeconomic stability. 

Keywords: Financial Market Development, Government Transparency, Trade openness, Macroeconomic Stability, 

Quantile Regression, Panel Data Analysis, Sub-Panel (country risk). 

Email: hussain.hed@gmail.com 

1. Introduction 

A sound financial system can reduce the market 

anomalies, reduce the cost of capital, and improve the 

overall economic performance (Adeoye & Isumaila, 

2022; Ahmed, 2013). In a globalized economy, trading 

activities are important and fundamental element for 

economic development (Touwen, 2021). These economic 

activities ignite the volume of investment through 

economic freedom and trade openness which is essential 

for a sound macroeconomic environment (Ehigiamusoe et 

al., 2020). Macroeconomic instability is curbing and 

restricting to develop their economies, especially the 

developing economies is seriously suffering locally and 

regionally. The governments of these economies are 

trying to deal and manage the related economic factors to 

improve their macroeconomic stability (Weller & 

Zulfiqar, 2013).  

Financial market development is very important factor to 

enhance the savings and investment which increase the 

overall firms’ productivity (Sever, 2019). Existing 

evidences are available that financial market development 

from the financial intermediation plays important role in 

mobilizing and redistribution of financial resources which 

contributes to the country’s economic growth (Brychko et 

al., 2021). A developed financial system is essential for 

macroeconomic stability by relaxing credit constraints on 
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firms and households (Nyalihama & Kamanzi, 2022). 

Trade openness is an approach where governments 

provide a free trade and less restrictions on trade of goods 

and services which is positively increase the economic 

growth Kaplan & Yaprakli, 2014). The macroeconomic 

stability indicators are very important factors for 

economic growth and development (Vasylieva et al., 

2018). So, it is also believed that governments can stable 

its macroeconomic indicators by less restricted economic 

activities which will not only boost up the income level 

of individual but also productivity in a country.  

Countries which have implemented sound transparency 

system, and easy business operating policies have 

achieved a better position globally. To eradicate the 

corruption element in a country, governments have to 

formulate and implement different strategic policies 

which will enhance the transparency. Government 

transparency build a confidence among investors. For 

example, foreign direct investment is basic need 

especially for the developing countries. Investors trust on 

government initiatives not on just announcements. The 

improving transparency and accountability have a 

positive influence on decision making for local and 

foreign investors (Schmaljohann, 2013). On the other 

hand, Şıklar and Kocaman (2018) has suggested that 

macroeconomic stability is important for foreign direct 

investment. Hence, it is believed that through financial 

market development, trade openness, and government 

transparency, the stability in macroeconomic indicators 

can be achieved. 

Existing literatures builds a positive link between 

financial development and economic growth (Eren et al., 

2019; Ibrahim & Alagidede, 2018). A very few 

contemporary existing literatures are available that tested 

the direct relationship between financial market 

development on macroeconomic stability. Previously, 

macroeconomic stability is tested with financial 

development of the West African Region by utilizing a 

panel data, this study confirms that there is a positive 

impact of macroeconomic stability on the financial 

market development. By applying cointegration analysis, 

VECM, and Granger Causality test, argued that to attract 

high volume of the foreign direct investment, the 

macroeconomic stability should be strengthened (Şıklar 

& Kocaman, 2018). However, Nyalihama and Kamanzi 

(2022) have argued that financial development has a 

positively and significantly impact on macroeconomic 

stability. Previously, transparency of central banks is 

investigated with financial stability by using a panel data 

of 110 countries over the period from 2000 to 2011, and 

found that too high transparency is not beneficial for the 

financial stability (Horváth & Vaško, 2016). Williams 

(2014) has documented that in democratic countries, the 

transparency has a positive and significant impact on 

macroeconomic stability. The impact of trade openness is 

investigated by Ma et al., (2022) using quarterly Chinese 

data over the period from 2005 to 2020, and found that 

the impact of trade openness on macroeconomic volatility 

is differ in different situation. 

Based on the above research arguments, we believed that 

financial market development, government transparency, 

and trade openness have a direct positive impact on 

macroeconomic stability. In prior studies, these variables 

are tested with different factors (Eren et al., 2019; Ibrahim 

& Alagidede, 2018; (Şıklar & Kocaman, 2018; Horváth 

& Vaško, 2016).  Similarly, Shaohua et al., (2021) have 

investigated these variables by considering the 

macroeconomic stability as independent variable. 

However, in this study, we have considering 

macroeconomic stability as dependent variable while 

financial market development, trade openness, 

government transparency as independent variable. 

Moreover, quantile regression will be a good contribution 

in existing literature on macroeconomic stability. 

Secondly, this panel data is further divided into three sub-
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panels based on country risk which is also previously 

overlooked, and will also provide a help for the 

policymakers in formulating different policies. 

2. Methodology 

In this research study, a panel data consisting 75 countries 

globally are utilized over the period from 2007 to 2017. 

Further, this panel data is divided into sub-panel based on 

country risk i.e low-risk, medium-risk, and high-risk to 

investigated the effect of financial market development, 

government transparency, and trade openness on 

macroeconomic stability. Secondary data is utilized 

which is collected from global competitiveness index 

(GCI). Macroeconomic stability is considered as 

dependent variable which is the third pillar of GCI, and 

measured with country credit rating, government debt, 

inflation, gross national savings, and government budget 

balance. Whereas financial market development is 

considered as independent variable which is eight pillar 

of GCI which is measured with legal rights, regulation of 

security exchanges, soundness of banks, venture capital 

availability, ease of access to banks, financing through 

local equity markets, affordability of financial services, 

and financial services meeting business needs. 

Government transparency is measured with degree of 

accessibility of information for business. Trade openness 

is measured with imports plus exports as percentage of 

gross domestic product. However, gross domestic product 

(GDP) is considered as control variable for this study. 

According to the linear regression, it explains that how 

much dependent variable changes with change in a 

particular variable. However, in quantile regression, it 

estimates the changes in various quantile. Thus, quantile 

regression methodology is utilized in this study. For this 

short panel data, it is assumed that data is stationary at 

level. Quantile regression is a non-linear parametric 

method which is widely used by the researchers when the 

data is not normally distributed. For this purpose, Jarque-

Bera (JB-test) is utilized to test the normality of the data. 

For robustness, the main panel data is divided into three 

sub-panels based on country risk which is a novel 

contribution in existing literature on macroeconomic 

stability. 

3. Results and Discussion 

Descriptive statistics of dependent variable and 

independent variable are shown in Table-1 as below. The 

average score of macroeconomic stability (MES) of the 

selected countries is 4.712. Burundi is showing the 

instable macroeconomic situation whereas Norway has 

shown the strong macroeconomic stability indicators 

among countries of this study. The mean value of 

financial market development is 4.212, and the maximum 

value is 6.40 and minimum value is 2.10. Gambia has the 

most developed financial market whereas Mauritania is 

the least developed country. On average, the transparency 

government is 4.288. Mauritania also has weak 

government transparency, and Singapore is the most 

transparency government among countries. The average 

value of trade openness is 87.484. Singapore has the less 

restricted economic policy and easy to operate economic 

activities whereas Norway has the strict policy towards 

trade openness.  

3.1 Descriptive Statistics 

The descriptive statistics is also showing that Jarque-Bera 

Test of all variables are significant which mean that the 

data is not normally distributed. For further analysis, a 

non-parametric test is applied. Hence, quantile regression 

is utilized which fulfill all its assumptions.

Table 1. Summary Statistics 

Variable Mean     S.D        Min         Max Skew: Kurtos: JB-test 
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MES 4.712 0.874 1.000 6.840 -0.397 3.677 37.454*** 

FMD 4.212 0.762 2.100 6.400 0.158 2.748 5.645*** 

TRANSP: 4.288 0.763 2.471 6.322 0.306 2.813 14.121*** 

TRDOPN: 87.484 60.611 20.722 437.326 2.616 11.451 3396199*** 

GDP 17643.96 22160.80 172.495 123514.2 1.955 7.345 1175.21*** 

Source: Authors

 

3.2. Quantile Regression Estimates 

Quantile regression methodology allows to understand 

the relationship between variables which are outside 

mean value. This method is helpful to test the non-linear 

relationship with predicator variables. The following 

Table presents the results of each variable for the full 

sample of countries.

Table 2: Quantile Regression Estimates (Full Sample)

Variables QR(Median) Q10 Q20 Q30 Q40 Q50 Q60 Q70 Q80 Q90 

FMD 0.089*** 
(0.034) 

0.141*** 
(0.071) 

0.162*** 
(0.049) 

0.110*** 
(0.040) 

0.073*** 
(0.035) 

0.089*** 
(0.034) 

0.062** 
(0.034) 

0.024 
(0.033) 

-0.016 
(0.039) 

-0.035 
(0.047) 

GTranp: 0.285*** 

(0.050) 

0.209** 

(0.122) 

0.204*** 

(0.058) 

0.268*** 

(0.048) 

0.275*** 

(0.046) 

0.285*** 

(0.050) 

0.214*** 

(0.054) 

0.257*** 

(0.049) 

0.261*** 

(0.049) 

0.342*** 

(0.073) 

TradeOp 0.001*** 

(0.000) 

0.002*** 

(0.004) 

0.002*** 

(0.004) 

0.002*** 

(0.003) 

0.001*** 

(0.004) 

0.001*** 

(0.004) 

0.001*** 

(0.004) 

0.001*** 

(0.004) 

0.000 

(0.000) 

-0.001 

(0.000) 

GDP 9.020*** 
(01.400) 

1.350*** 
(2.100) 

1.130*** 
(1.390) 

1.040*** 
(1.250) 

9.090*** 
(1.280) 

9.020*** 
(1.400) 

9.940*** 
(1.750) 

7.550*** 
(1.760) 

7.110*** 
(2.140) 

4.970*** 
(2.130) 

Intercept 2.838*** 

(0.222) 

1.770*** 

(0.355) 

2.163*** 

(0.242) 

2.414*** 

(0.2100) 

2.769*** 

(0.213) 

2.838*** 

(0.222) 

3.422*** 

(0.249) 

3.631*** 

(0.220) 

4.099*** 

(0.229) 

4.309*** 

(0.353) 

Observ: 825          

JB-test 66.983***          

R2 0.166          

Adj: R2 0.162          

Source: Author’s own explanation 

Note: Values in parenthesis are the robust standard errors. 

However, *, **, and *** indicate significance at the 10%, 

5%, and 1% levels, respectively. (FMD=Financial Market 

Development, GTransp=Government Transparency, 

TradeOp=Trade Openness, GDP=Gross Domestic 

Product) 

From the above results, it is found that according to 

QR(Median) all the independent variables have positive 

and significant impact on macroeconomic stability. 

According to this result, as financial market development 

increases in a particular country, this will bring a positive 

change to stable the economic indicators (beta=0.089, p-

value<0.05). Government transparency is also showing 

positive results on dependent variable of the study. It 

showing that 1% increase in implementation of 

government transparency, will bring 28% increase in 

macroeconomic stability which is a big change. So, it is 

important factor for an economy that facing instability in 

the economy indicators. However, as per the results of 

trade openness, it is shows that trade openness is not 

brining a big positive change in stability but a very slight 
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positive change on dependent variable. The co-efficient 

of beta of gross domestic product is showing a positive 

and significant change on macroeconomic stability. The 

full sample of panel data is consisting of 825 

observations. Jarque-Bera Test is showing significant 

results which is showing the quantile regression is 

meeting basic assumption. R-squared is 16.60% which is 

describing that overall impact of explanatory variables on 

dependent variable. However, Adjusted R-squared is 

16.20%.  

Furthermore, the table is also reporting the results of 

different quantiles i.e., 10, 20, 30, 40, 50, 60, 70, 80, and 

90 percent quantiles. It is found that financial market 

development is gradually increasing its impact on 

stability up to 50 percent quantile, after that its impact is 

insignificant. However, government transparency is 

resulting a good positive contribution for the soundness 

of macroeconomic indicators throughout the quantiles. 

Although, it is found that trade openness has a positive 

and significant impact at various quantiles but its impact 

on macroeconomic stability is too low (beta=0.002, p-

value<0.05). It is found that trade openness is not an 

effective factor to influence the macroeconomic stability. 

Gross domestic product is also contributing better on 

macroeconomic stability.  

3.3  Robustness Checks 

For robustness checks, the full sample panel is divided 

into three sub-panels i.e low-risk, medium-risk, and high-

risk. Based on this technique, find slightly different 

results based on country’s risk. Same methodology is 

adopted to find results.  

Table 3: Quantile Regression Estimates (Low-Risk) 

Variables Q10 Q20 Q30 Q40 Q50 Q60 Q70 Q80 Q90 

FMD 0.065 

(0.092) 

0.121* 

(0.077) 

0.133*** 

(0.077) 

0.167*** 

(0.068) 

0.180*** 

(0.062) 

0.124*** 

(0.061) 

0.164*** 

(0.061) 

0.205*** 

(0.073) 

0.152** 

(0.091) 

GTranp: 0.344*** 

(0.144) 

0.339*** 

(0.113) 

0.201*** 

(0.106) 

0.173*** 

(0.089) 

0.103 

(0.073) 

0.092 

(0.071) 

0.069 

(0.072) 

0.090 

(0.091) 

0.114 

(0.159) 

TradeOp 0.001 

(0.001) 

0.003*** 

(0.001) 

0.002* 

(0.003) 

0.001 

(0.001) 

0.001 

(0.004) 

-0.001 

(0.004) 

-0.001 

(0.004) 

-0.000 

(0.000) 

-0.001** 

(0.000) 

GDP 9.080*** 

(1.480) 

9.650*** 

(1.220) 

8.510*** 

(1.300) 

0.000*** 

(1.500) 

0.000*** 

(1.230) 

0.000*** 

(1.160) 

0.000*** 

(1.190) 

0.000*** 

(2.010) 

0.000*** 

(6.360) 

Intercept 1.546*** 

(0.601) 

1.439*** 

(0.510) 

2.299*** 

(0.496) 

2.564*** 

(0.446) 

2.936*** 

(0.398) 

3.468*** 

(0.405) 

3.526*** 

(0.408) 

3.493*** 

(0.529) 

3.980*** 

(0.787) 

Observ: 407         

JB-test 38.417***         

R2 0.109         

Adj: R2 0.100         

Source: Author’s own explanation 

Note: Values in parenthesis are the robust standard errors. 

However, *, **, and *** indicate significance at the 10%, 

5%, and 1% levels, respectively. (FMD=Financial Market 

Development, GTransp=Government Transparency, 
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TradeOp=Trade Openness, GDP=Gross Domestic 

Product) 

 

Table 4: Quantile Regression Estimates (Medium-Risk) 

Variable

s 

Q10 Q20 Q30 Q40 Q50 Q60 Q70 Q80 Q90 

FMD 0.327*** 

(0.102) 

0.236*** 

(0.093) 

0.136*** 

(0.068) 

0.099 

(0.077) 

0.020 

(0.073) 

-0.041 

(0.074) 

-0.089 

(0.071) 

-0.08*** 

(0.068) 

-0.094 

(0.103) 

GTranp: 0.215 

(0.223) 

0.151 

(0.111) 

0.153** 

(0.089) 

0.176*** 

(0.085) 

0.192*** 

(0.083) 

0.164*** 

(0.082) 

0.222*** 

(0.086) 

0.311*** 

(0.075) 

0.413*** 

(0.082) 

TradeOp 0.013*** 

(0.002) 

0.011*** 

(0.002) 

0.009*** 

(0.002) 

0.006*** 

(0.001) 

0.006*** 

(0.001) 

0.006*** 

(0.002) 

0.003 

(0.002) 

0.002 

(0.002) 

0.002 

(0.002) 

GDP 1.860*** 

(8.090) 

1.680*** 

(6.860) 

1.220*** 

(5.440) 

5.310 

(5.160) 

3.590 

(5.200) 

2.190 

(5.300) 

-4.220 

(6.210) 

-8.590 

(6.450) 

-1.440 

(6.070) 

Intercept -0.050 

(0.861) 

1.161** 

(0.626) 

2.116*** 

(0.527) 

2.708*** 

(0.498) 

3.167*** 

(0.499) 

3.731*** 

(0.472) 

4.241*** 

(0.444) 

4.699*** 

(0449) 

4.147*** 

(0.750) 

Observ: 198         

JB-test 6.649***         

R2 0.100         

Adj: R2 0.081         

Source: Author’s own explanation 

Note: Values in parenthesis are the robust standard errors. 

However, *, **, and *** indicate significance at the 10%, 

5%, and 1% levels, respectively. (FMD=Financial Market 

Development, GTransp=Government Transparency, 

TradeOp=Trade Openness, GDP=Gross Domestic 

Product).

Table 5: Quantile Regression Estimates (High-Risk) 

Variables Q10 Q20 Q30 Q40 Q50 Q60 Q70 Q80 Q90 

FMD 0.479*** 

(0.144) 

0.327*** 

(0.071) 

0.284*** 

(0.070) 

0.242*** 

(0.063) 

0.172*** 

(0.050) 

0.183*** 

(0.047) 

0.148*** 

(0.048) 

0.048 

(0.055) 

0.106 

(0.090) 

GTranp: -0.211 

(0.142) 

-0.087 

(0.132) 

0.022 

(0.111) 

0.079 

(0.102) 

0.137* 

(0.085) 

0.169*** 

(0.080) 

0.126*** 

(0.077) 

0.151*** 

(0.076) 

-0.072 

(0.097) 

TradeOp 0.002*** 

(0.001) 

0.002*** 

(0.001) 

0.002*** 

(0.001) 

0.002*** 

(0.001) 

0.002*** 

(0.001) 

0.002*** 

(0.001) 

0.002*** 

(0.001) 

0.002*** 

(0.001) 

0.002 

(0.002) 

GDP 1.880*** 

(4.350) 

1..460*** 

(2.440) 

1.260*** 

(2.210) 

1.220*** 

(2.151) 

1.130*** 

(2.110) 

1.020*** 

(2.100) 

8.840*** 

(2.340) 

6.180*** 

(2.030) 

9.140 

(2.000) 

Intercept 2.234*** 

(1.036) 

2.718** 

(0.439) 

2.752*** 

(0.355) 

2.858*** 

(0.364) 

3.115*** 

(0.378) 

3.098*** 

(0.402) 

3.652*** 

(0.441) 

4.317*** 

(0.478) 

5.519*** 

(0.489) 

Observ: 208         

JB-test 12.907***         

R2 0.215         

Adj: R2 0.199         

Source: Author’s own explanation
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Note: Values in parenthesis are the robust standard errors. 

However, *, **, and *** indicate significance at the 10%, 

5%, and 1% levels, respectively. (FMD=Financial 

Market Development, GTransp=Government 

Transparency, TradeOp=Trade Openness, GDP=Gross 

Domestic Product). 

For low-risk countries, the impact of financial market 

development is significant and positive throughout the 

various quantiles which was not observed in the full 

sample panel. Similarly, government transparency is 

found positive up to 40th quantile, and later on 

insignificant impact on macroeconomic stability which is 

also inconsistent with the main panel. However, the 

results of trade openness are consistent with the main 

panel. However, the results of medium-risk panel data are 

consistent with the full sample panel. As per the results of 

high-risk countries, the impact of financial market 

development is found positive and significant up to 70 

percent quantile which is almost consistent with main 

panel. However, the government transparency is found 

inconsistent with the main panel, and also found inverse 

results with low-risk panel data. Interestingly, the trade 

openness factor is showing its silent features with on 

macroeconomic stability in the main global panel as well 

as in the sub-panels. 

4. Conclusion and Policy Implications 

The objective of this study is to assess the impact of 

financial market development, government transparency, 

and trade openness on macroeconomic stability. For this 

purpose, a panel data consisting of 75 countries of the 

world is utilized and quantile regression method is 

applied for estimates. For robustness checks, the main 

global panel is divided into three sub-panels based on 

country’s risk (low-risk, medium risk, and high-risk). The 

results of all the independent variables have found 

positive and significant relationship with macroeconomic 

stability by using full main panel data. However, the 

results of sub-panels are different from the main panel 

except medium-risk countries. Hence, the expansion in 

financial markets through provision of financial services 

may introduced and strengthen the macroeconomic 

stability. Similarly, the results also indicates that 

government transparency is contributing to stabilize the 

output in medium-risk countries. However, the features 

of trade openness towards macroeconomic stability are 

silent. Interestingly, the results of low-risk countries and 

high-risk countries are showing opposite results. The co-

efficient of beta of financial market development has 

positively and significantly increasing gradually with 

increasing quantiles for low-risk countries and vice versa 

in high-risk countries. The co-efficient beta of 

government transparency is decreasing positively and 

significantly on macroeconomic stability for low-risk 

countries whereas for high-risk countries, this impact is 

started negatively and gradually improving its impact 

significantly and positively on macroeconomic stability. 

However, trade openness has shown its silent impact. 

Based on the results it is concluded that for medium-risk 

level countries, financial market development and 

government transparency factors are important instead of 

trade openness to stable macroeconomic indicators. 

However, from the results of low-risk and high-risk 

countries, it is concluded that high-risk countries must 

revisit their policies towards government transparency. It 

is recommended for the researchers to test the impact of 

financial openness on macroeconomic stability.  
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1. Introduction 

The present study emphasizes to study the working 

capital practices of the Automobile, Chemical, Food, and 

pharmaceutical sectors of the economy and its 

contribution to the profitability of the same as well. 

Working capital management proved to be an important 

area of corporate finance in the last decades especially its 

importance recognized in the era of economic downturn 

2007-08. Because of its growing importance in the world 

of corporate finance, the CFO Magazine publishes reports 

on working capital management performance in many 

countries.  

Investment in working capital always remains one of the 

important decisions that was taken by the financial 

manager. Several theories help managers to resolve this 

puzzle successfully.  This decision is important as it has 

a direct impact on firm value. Haq et al. (2011) concluded 

that a firm’s profitability is affected by the working 

capital policy adopted by the financial manager. Working 

capital in the simplest way can be defined as the ability of 

the company to meet its day-to-day operations (Charitou, 

Elfani, & Lois, 2010). The efficient management of 

working capital ensures not only the continuity in the 

operation of the business but also ensures to pay short-

term debt and upcoming operational expenses. It consists 

of the management of inventories, accounts receivables, 

accounts payable, and cash. 

Numerous theories evolved to understand the relation 

between working capital and firm performance. One 

school of thought argued that investment in working 

capital has a positive impact on firm performance. This is 

mailto:soniahassan@isp.edu.pk
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because this will allow firms to increase sales as well as 

get discounts under early payments. Excess investment in 

stock also gives shelter against price fluctuations, reduces 

order cost, and the possibility of reduced sale due to stock 

out situation. On the other hand, overinvestment in stock 

increases financing costs. So eventually high-interest cost 

leads to bankruptcy. 

Corporate managers have three ways to deal with 

working capital namely Conservative, aggressive and 

moderate policy of working capital management. Each 

one has a unique effect on a firm’s profitability, liquidity, 

and risk. In the conservative approach, the firm makes 

excess investment in the current asset so this approach is 

less risky and less profitable as well. In an aggressive 

approach, the firm made less investment in the current 

asset. This approach increases the profitability and as well 

as risk as well. Moderate approaches manage the way 

between these two sides of the coin. In this approach, the 

firm tries to manage a permanent portion of the current 

portion with long-term funds while the rest of the portion 

of current assets with short-term financing. 

It is important to note that working capital policies vary 

from organization to organization keeping in view the 

nature of business. For instance, manufacturing industries 

have to maintain spare parts and equipment resultantly 

heavy investment in the current assets. While services 

need not make heavy investments in current assets. In this 

context, it is implied that working capital policy 

significantly impacts shareholders’ value. 

Financing constraints of an organization change the 

optimum level of working capital and its possible 

association with the profitability of the organization. This 

is not supported by the seminal work of Modigliani and 

Miller in which they claim that in a perfect capital market, 

firms are independent with financing and investment 

decisions regarding their value. After that extensive 

literature on capital market imperfection evolved. 

Researchers concluded that market imperfection 

increases the cost of external financing as compared to 

internally generated funds. Fazzari et al. (1988) argue that 

the number of financial factors like availability of 

retained earnings, access to the capital market, and cost 

of financing put the effect of firm’s investment in 

working capital. Fazzari and Petersen (1993) concluded 

that investment in working capital is more sensitive to 

financial constraints. To our knowledge, our paper is the 

first one to analyze the impact of financing constraints on 

this relationship. Based on findings we concluded that 

managers put concentration on other areas of finance to 

increase shareholder’s value as working capital has the 

least impact on a firm’s profitability. To the best of our 

knowledge, this is the first attempt to take the four diverse 

economic sectors simultaneously to analyze the possible 

impact of working capital management on a firm’s 

profitability. 

2. Literature Review 

Nadiri (1969) was among the pioneers who firstly study 

the role of working capital management on the 

profitability of the organizations. After that researcher 

evolve a number of approaches by using Nadiri’s model. 

There is extensive literature available on working capital 

approaches about risk and return of the same (Pinches, 

1991; Brigham and Ehrhardt, 2004; Gitman, 2005 and 

Moyer et al., 2005). Aggressive working capital policies 

associated with minimum investment in current assets. 

Resultantly characterized with high risk and high return 

characteristics. Conservative working capital policies are 

associated with huge investment in current assets as 

compared to aggressive policies hence, characteristics 

with low return and low risk (Van Horne and Wachowicz, 

2004). 



Asif et al. 

 

11 

Jose, Lancaster, and Stevens (1996) suggest that the cash 

conversion cycle is the most appropriate measure of 

working capital management. CCC measures the period 

between cash paid for acquiring inputs and cash received 

from regular sales (Knauer & Wohrmann, 2013). CCC is 

the period acquiring the inputs and then the collection of 

cash from the sale of goods (Charitou et al., 2010; Deloof, 

2003); Afza and Nazir (2009) claim that shorter the CCC 

leads to an increase in the profitability of the company.   

Researchers claims that there is an inverted U-shaped 

relationship exists between firm performance and 

working capital management that means an optimal level 

of investment in current asset differ between firms 

according to the level of financial constraints they face. 

This U-shaped relationship exists because working 

capital is linked with profitability positively at the 

minimum level of working capital and inversely 

associated with the high level of working capital 

requirement.  

Modigliani and Miller (1958) claim that companies’ 

availability of external finance is not a problem especially 

in a frictionless world; hence investment does not depend 

on the availability of internal funds.  In an imperfect 

market, external funds prove to be costly as compared to 

internal resources. Fazzari et al., (1988) claim that firms' 

placement of funds in current assets depends upon 

various financial factors like availability of internal 

finance, cost of external funds, and access to the financial 

market. Filbeck and Krueger (2005) study the working 

capital management policies of 32 non-financial 

industries of the US to analyze the impact of the same on 

the profitability of the organization. They concluded that 

working capital policies significantly differ among 

industries over time. These policies also change from 

time to time among firms.  

Shin and Soenen (1998) collect the data of 58,985 firms 

from 1975 to 1994 to empirically test the possible 

association between net trade cycle and profitability of 

sample firms. They conclude that there exists a strong 

association between net trade cycle and profitability and 

suggested in order the increase profitability firm should 

reduce the net trade cycle. Rehan and Nasir (2007) 

analyze the possible association between working capital 

and profitability by using the data of 94 Pakistani firms. 

They use CCC as a working capital measure to measure 

the impact of the same on firms profitably. They 

concluded that CCC is negatively associated with 

profitably. 

Ghosh and Maji (2003) empirically test the working 

capital management performance of the comment 

industry by using the data of 1992-1993 and 2001-2002. 

They calculated the indices instead of traditional working 

capital measures to analyze the efficiency of targeted 

firms. They found Indian Cement industry performance 

not satisfactory during the studied period. Gill et al. 

(2010) analyzed the impact of working capital 

management on a firm’s profitability. They collect the 

data of 88 US firms from the period 2005 to 2007. They 

used a generalized least square regression model and 

concluded that there is a significant relationship between 

CCC and profitability.  

Mohammad (2011) analyzed the relationship between 

profitability and working capital management in Iranian 

firms by using the data from 2001 to 2006. The cash 

conversion cycle is used as a measure of working capital 

efficiency. He concluded that the average collection 

period is inversely associated with profitability and 

inventory Turnover days were found significantly 

associated with profitability. They suggested that the firm 

should decrease the CCC to increase the firm 

profitability. 
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Mona (2012) studied the working capital policies 

(conservative, Aggressive) of Jordanian firms from the 

period 2001 to 2009.  

Conservative working capital policy, as a relatively large 

investment in current assets, measuring current assets to 

total assets. He found by using a regressive method that 

conservative working capital policy is positively 

associated with profitability and the value of the firm. 

Aggressive working capital policy on the other land is 

negatively associated with firm profitability and value. 

Mosa et al., (2012) investigate the working capital 

management and profitability relationship of food 

companies of Tehran by collecting the data from 2006 to 

2011. They take debt rate and log sales as control 

variables and conclude that debt payment period. 

Inventory turnover and CCC are negatively associated 

with profitability. So, the manager should behave 

accordingly to enhance firms’ value. 

3. Methodology 

3.1. Sample 

This study uses data of non-financial firms listed on the 

Pakistan Stock Exchange. A firm must meet the following 

acceptance criteria in order to be a part of the study i.e. 

(Tables 1 & 2). 

• The firm does not discontinue its business in any way 

during the study period. 

• The firm should never delist during the study period. 

• The firm has complete data of study period. 

The data of sample firms were collected from their 

respective income statement and balance sheet. Finally, 

as per selection criteria 41 KSE listed firms were selected 

which comprises 11 firms from the Automobile sector, 7 

firms from the pharmaceutical sector, 15 firms from the 

chemical sector, and 8 firms from the food sector. We 

take financial statements of sample firms from their 

respective websites and data regarding the market price 

of shares collected from daily quotations of KSE. 

Table 3 describe descriptive statistics of 41 sample firms 

of the Automobile, Chemical, food, and pharmaceutical 

sector of Pakistan for the period from 2010 to 2015. In 

part A of the table, we present Industry-wise descriptive 

statistics. Results show that the cash conversion cycle of 

the chemical sector is about 14 days while the mean value 

of the cash conversion cycle of the automobile, food, and 

pharmaceutical sectors is 37 days, 35 days, and 61 days 

respectively.  

The net trade cycle of the chemical sector is 21 days 

which is the lowest as compared to other sectors. The net 

trade cycle of the automobile, food, and pharmaceutical 

sectors are 57 days, 30 days, and 76 days respectively.  

In the automobile sector, there is a difference between the 

net trade cycle and cash conversion cycle. Results show 

that the net trade cycle of the automobile sector is about 

20 days more as compared to the Cash conversion cycle. 

Other sectors have almost the same net trade cycle and 

cash conversion cycle. Hence based on descriptive results 

we conclude that the chemical sector manages its working 

capital more efficiently as compared to other sectors of 

study. 

The average return on assets of sample firms is 12.48 % 

and the mean value of return on equity is 27.22%. The 

average net trade cycle of studied firms is 42 days and the 

average cash conversion cycle is 32 days. 

3.2. Variables of Study 

3.2.1. Dependent Variables 

To quantify the role of working capital management on 

corporate profitability, we used Return on Equity (ROE), 

and Return on Asset (ROA) as dependent variables. 

Following Shin and Soenen, 1998; Afza and Nazir, 2008; 
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Nazir and Afza, 2009; Reheman et al., 2010 in their 

seminal work used ROE as a measure of corporate 

profitability.  

It depicts how efficiently shareholders’ investment is 

used to generate profit. On the other hand, there are 

several researchers like Jose et al., (1996); Wang, (2002); 

Garcia-Teruel & Martinez-Solano (2007) used return on 

asset (ROA) as a proxy to measure a firm’s profitability. 

3.2.2. Independent Variable 

Net Trade Cycle (NTC) and Cash Conversion Cycle 

(CCC) were used as a variable to judge the working 

capital management efficiency of the sample firms. CCC 

is a widely used proxy to measure working capital 

management (Deloof, 2003; Gill et al., 2010).  

It measures the time span between cash outflow in order 

to acquire the resources and then eventually cash inflow 

by way of sales.  Following Shin and Soenen NTC is an 

efficient proxy to measure the working capital 

management.  

So, we used both widely used working capital 

management proxies to testify the impact of both on 

profitability. Following previous literature Firm size, 

liquidity, firm's financial leverage, and growth 

opportunities were used as control variables in the present 

study (Table 4). 

Table 1. Variables and their measurements 
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Table 2. Descriptive Statistics 

 

Table 3. Correlation Matrix 
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3.3. Correlation Analysis 

Table 5 presents the correlation results among studied 

variables. Correlation measures that how variables are 

associated with each other. Results show cash conversion 

cycles are highly negatively correlated with return on 

equity and return on assets. Net Trade Cycle too 

negatively correlated with return on equity and return on 

equity. Firm size and Growth opportunities are positively 

associated with return on equity and return on assets. 

Liquidity and a Firm’s financial leverage are negatively 

associated with return on assets and return on equity. 

3.4.  Models 

OLS is a widely accepted technique used by the majority 

of researchers to empirically test the impact of working 

capital management policies on firms' profitability and 

shareholders' wealth maximization. (See for example; 

Deloof, 2003; Afza and Nazir (2009); and Lazaridis and 

Tryfonidis (2006). To analyze the impact of firm working 

capital policies on its profitability, we used the following 

model by applying panel data methodology.  

ROAit =  

β0+β1CCCit+β2FSQit+β3LEVit+β4LIQit+β5GROit+ei

…………………. (1)                                                                    

ROAit =  

β0+β1NTCit+β2FSQit+β3LEVit+β4LIQit+β5GROit+ei

………………… (2) 

ROEit  =  

β0+β1CCCit+β2FSQit+β3LEVit+β4LIQit+β5GROit+ei

………………… (3)                                                                  

ROEit = 

β0+β1NTCit+β2FSQit+β3LEVit+β4LIQit+β5GROit+ei

………………… (4)                                                                            

Where ROA represents Return on Asset, ROE represents 

Return on Equity, CCC represents Cash Conversion 

Cycle, NTC represents Net Trade Cycle, FS represents 

Firm Size, LEV represents firm’s financial leverage, LIQ 

represents Liquidity, and GRO represents Growth 

Opportunities. 

Table 4. Regression results on Return on assets as dependent variable and Net Trade Cycle as an independent 

variable along with control variables 
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Table 5. Regression results on Return on assets as independent variables while Cash conversion cycle used as 

an independent variable along with control variable 

 

Table 6. Regression results on return on equity as a dependent variable while NTC taken as independent 

variable along with control variable 

 

 

4. Results and Discussion 

This section describes the regression results to conclude 

the findings. We analyze the impact of working capital 

policies in two perspectives (I) impact on firm 

performance and II impacts on shareholder’s return. with 

two measures of profitability Return on Asset and Return 

on Equity. Working capital management to measure with 

two proxies i.e., Net trade cycle and Cash conversion 

cycle. Firm size, financial leverage, liquidity, and growth 

opportunities were used as control variables to conclude 

the findings. 

 

 



Asif et al. 

 

17 

4.1. Working Capital Policies and Firm’s Performance 

Table 5 and 6 presents the regression results, in which net 

trade cycle and cash conversion cycle are used 

respectively as working capital management proxies to 

analyze the possible impact of the same on a firm’s 

performance. Firstly, we conclude the findings by taking 

variable data as a whole and after that industry-wise 

analysis is conducted. Results show that the net trade 

cycle has a negative impact on a firm’s profitability but 

this impact is insignificant.  

We can predict that by squeezing the net trade cycle firm 

can increase their profitability. While in industry-wise 

analysis all the sectors have not on one page. In Food and 

Pharma sector, the net trade cycle is insignificantly 

negatively associated with a firm’s performance and the 

automobile and chemical sector net trade cycle found 

irrelevant regarding the firm’s performance point of view.  

A firm’s size and financial leverage are too negatively 

associated with corporate profitability. As the firms grow 

and insert more debt into their capital structure, firm 

performance will move downward. These findings quite 

match with the second equation in which the cash 

conversion cycle is used as a working capital 

management proxy. 

As per findings, the cash conversion cycle was found to 

be irrelevant regarding the firm’s performance. Whatever 

policy regarding managing the cash conversion cycle 

adopted by the organization, has not any impact on the 

firm’s profitability.  

In industry-wise analysis, cash conversion cycle too 

found irrelevant except automobile sector in which CCC 

found insignificant negative relationship with firm’s 

performance. These findings quite mismatch with earlier 

conclusions made by different researchers. (Ben 

Ukaegbu, 2014; Kieschnice et al. 2013) concluded in his 

study that the cash conversion cycle put a negative impact 

on profitability. 

They argued that to increase investment in working 

capital, firms need additional financing that ultimately 

has a certain cost and increases the probability of 

bankruptcy as well. Hence lowering the profitability of 

the organizations. Control variables too, interact 

differently on a firm’s profitability as per findings. A 

firm’s size, financial leverage is found to be negatively 

associated while liquidity and growth opportunities were 

found to be positively associated with the firm’s earnings. 

4.2. Working capital policies and shareholders wealth 

maximization 

Tables 6 and 7 presents the regression results, in which 

working capital management proxies are used to analyze 

the possible impact of the same on shareholders' wealth 

maximization. Findings are concluded in different steps 

as at first take data of entire variable as a whole to see the 

impact and then industry-wise results compiled to further 

narrow down our conclusions. It has been found that 

working capital policies act differently on shareholders' 

wealth maximization as compared to its impact on a 

firm’s performance. Results show that the net trade cycle 

has a negative impact on a firm’s profitability but this 

impact is very minimal.  

A financial manager can improve shareholders' earnings 

after designing a carefully working capital management 

policy. Cash conversion cycle to have the same direction 

as net trade cycle has regarding the impact on return on 

equity. In industry-wise analysis too result is not much 

surprising as sector-wise too both working capital 

management proxies are negatively associated with 

shareholders’ wealth maximization.  

Literature too proves that the cash conversion cycle is 

negatively associated with profitability (Deloof (2003), 
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Wang (2002), Lazaridis and Try fonidis (2006), Gil et al 

(2010) in their studies prove a negative relationship of 

cash conversion cycle towards profitability. Firm size, 

financial leverage, and liquidity are negatively associated 

with return on equity. 

Surprisingly, liquidity is negatively associated with return 

on equity but the same was not the case regarding a firm’s 

performance as liquidity positively linked with the firm’s 

return on assets. Growth opportunities as earlier findings 

negatively associated with shareholders’ wealth 

maximization. 

Table 7. Regression results on Return on equity as a dependent variable and CCC is the main independent 

variable along with control variables 

 
 

5. Conclusion 

The present study aims to study the role of working 

capital policies in the perspective of a firm’s performance 

and shareholder’s return by keeping studying different 

industrial sectors namely the automobile sector, chemical 

sector, food sector, and pharmaceutical sector of 

Pakistan. 

Sample data of 41 firms from four different industrial 

sectors have been collected for the period of six years 

ranging from 2010 to 2015. Working capital policies are 

measured through two proxies i.e., Net Trade Cycle and 

Cash Conversion Cycle. 

The impact of working capital policies can be analyzed in 

two perspectives i.e., regarding firm performance and 

shareholder’s wealth maximization.  

Firm size, liquidity, financial leverage, and growth 

opportunities are taken as control variables. It has been 

found that working capital policies impact differently on 

a firm’s performance and shareholder’s wealth 

maximization. 

Results suggested that working capital policies have no 

impact on a firm’s performance as a whole and in 

industry-wise analysis too. This means firm's 

performance is irrelevant with the policies of working 
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capital adopted by the management. On the other hand, 

working capital policies are negatively associated with 

return on equity.  

There is an inverse relationship between working capital 

and shareholder’s return. Lower the trade cycle and cash 

conversion cycle higher will be the return to the 

shareholders. Firm size, financial leverage, and liquidity 

too have an inverse relationship with return on equity. 

Overall results are not matched with earlier findings of 

different researchers. This may be because of the 

inconsistent and volatile economic conditions of the 

country. There may be a need to further explore the 

reasons in future research. 
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1. Introduction 

Learning a foreign or second language formally is a 

highly complex and sensitive enterprise that requires all 

the relevant elements to be in place appropriately to 

obtain positive results at an optimal level. The elements 

per se include an ideal sociolinguistic milieu e.g., the 

language classroom fitted with all the modern gadgets to 

teach the language with all the relevant audio-visual aids; 

(2) teacher trained in the teaching of foreign language 

efficiently but the most important of all in the entire 

enterprise is the selection of teaching material to be used 

as a syllabus for the teaching of the foreign language. 

The present study which of course is a pilot work was 

carried out at ISP with a selected number of students to 

gain initial information on learning English as a foreign 

language at the BS level via literature. The study as such 

involved 40 students. The data from collected through 

structured interviews using the qualitative method for the 

study. 

2. Scope of the Study 

The study as such is perceived as highly useful in the 

sense that students are expected to find this approach 

useful because they are already familiar with the study of 

literature in previous stages of learning. Learning a 

language from a new perspective can be more exciting for 

the students and relatively easier for the teacher to handle 

the intricacies of the language. Learnability of the 

mailto:aamirzahoorisp@gmail.com
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students can further be facilitated by using literature. 

They will become familiar with content and context. 

3. Objectives of the Study 

The current pilot study has the following objectives: 

• To examine the beliefs and opinions of the 

university students about the usefulness of literature 

to learn the English language. 

• To interpret the beliefs and opinions of the 

university students about the application of literary 

texts to learn the English language at the BS level. 

 

4. Literature Review 

Studies of this kind have already been undertaken in 

countries like India, and Malaysia with useful results even 

in Pakistan. This pilot study as such showed an 

appreciable potential for extrapolation into a full-fledged 

study which of course will require an increase in statistics 

regarding data on student responses as well as that of 

teachers. 

According to Obediat (1997), literature aids students to 

obtain a native-like aptitude in English, expressing their 

thoughts in a good way, acquiring the features of updated 

and valid English rules, learning how language structure 

is done for communication, perceiving how colloquial 

expressions can be used, speaks clearly, exactly and 

briefly, and turn out to be more skillful in the target 

language, as well as turn out to be inventive, critical, and 

logical learners. 

Literature encompasses the whole life. In English 

language teaching literature plays a pivotal role in 

inculcating students with different spheres of life. 

Teaching English through literature is teaching students 

the whole culture of English speaking and in some cases 

the colonial world. The teaching of literature is essentially 

the way of transmitting the ample treasure of the culture 

of antiquity. 

It is also a source of students' overall awareness about 

culture, economy, language, religion, and more 

importantly life itself. Literature carries the emotive and 

aesthetic aspects to appeal to its audience. Literature 

appeals to the intellect and emotions of people through its 

imaginative power. Literature is an art that used words 

and captivates readers to judge and appreciate the beauty 

of language. Literature molds the perspectives of people 

through its aesthetic dimension to look into their matters 

with a literary and aesthetic lens. 

Kelly (1995) described enjoyment, information, 

cognition, understanding, imagination, and language 

itself as the core values of literature. The choice of text 

for the course is of vital importance because it can arise 

something in students to relate it with their life and kindle 

their interest in the course. It can also be helpful to lead 

students to healthy discussions on various aspects of their 

interests.  

The process of learning seeks motivation to get itself 

completed. Literature is an essential source to develop a 

sense of motivation and involvement among students as 

literature is capable to bewitch its reader. Literature in this 

way strengthens both learners and the learning process.  

Literature also develops an emotional attachment and 

pleasure among learners. According to Hill (1988), 

literature constructs an apparatus for instructors to 

involve pupils in education by monitoring and regulating 

their emotions. 

Literature gives us a language teaching model. It plays a 

model role in language teaching. In the thinking process, 

cognition and language are interrelated.  

This is a determined kind of language that is exposed to 

learners. Comparatively to the conversation as an author, 
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literature seldom finishes a richer model of language. It is 

frequently used to elaborate sentences and sumptuous 

words as well. At the same time speakers focus on 

employing the same words over and over in conversation. 

5. Research Gap and the Rational of the Study 

The current research highlights the role of literature in 

language teaching in Pakistan. In Pakistan, literature is 

used as a tool for language teaching. Apart from O-Levels 

and A-Levels teaching systems, literature is being used as 

a core tool to teach the language from grade one to higher 

secondary level. English till the higher secondary level is 

taught as a subject.  

The students are familiar with language learning through 

literature. Literary texts of different genres like poems, 

short stories and novellas are incorporated into the 

syllabus of English subjects. These genres are used to 

make students familiar with the main components of the 

language.  

These components include grammar rules i.e., tense rules, 

parts of speech, punctuation, translation from English to 

Urdu, use of articles etc. The teaching of English through 

literature till the higher secondary level mainly focuses on 

the development of reading and writing skills only; it does 

not train students to have a good command of listening 

and speaking. As the students are very well aware of the 

use of literature to learn the language, the same strategy 

can be used at the BS level to enhance second language 

learning. 

The syllabus of BS programs includes different literary 

genres which can enable the students to learn a language 

effectively. The current study is aimed to highlight the 

importance and usefulness of literature in Pakistani 

classrooms to teach language at the BS level at the 

Institute of Southern Punjab, Multan.  

This study is intended to describe the beliefs and opinions 

of the university students about the current syllabus 

having particular literary texts to learn the different 

components of language in Pakistani classrooms. 

6. Methodology 

The current study is a pilot work that is intended to 

examine the beliefs and opinions of university students 

about the usefulness of literature to learn the English 

language at the Institute of Southern Punjab, Multan. It is 

a small-scale quantitative study. The researcher himself 

is an instructor at the Institute of Southern Punjab, 

Multan. It was convenient for the researcher to collect 

data from his institute.   

Therefore, a convenient sampling technique was used to 

obtain the data. The population for this study comprises 

the respondents from the researcher’s institute. 

Specifically, the data is collected from the 20 students in 

the BS English program studying in the final semester. 

The structured interviews were conducted to collect data. 

Close-ended questions were developed to obtain views 

and opinions of the university students about the 

effectiveness of using literature to teach the different 

segments of language. 

7. Findings and Discussion 

In analysis, findings are attained through close-ended 

questions. The question first was Is literature beneficial 

for English language learning?  

Results drawn through responses indicate a higher 

frequency (90 %) of those who think that literature is 

useful in English language teaching while only 4 students 

hold contrary views.  

It highly indicates that plenty of participants recognized 

the importance of teaching literature in English language 

teaching. 
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Table 1. Q No. 1 Is literature beneficial for English 

language learning? 

Response Frequency Percentage 

Agreed 36 90 % 

Not Agreed 4 10 % 

Total 40 100 

If we talk about the second closed-ended question which 

tries to explore the use of literature in English language 

teaching classes, most of the participants talk about the 

texts they used to analyze in their class. Here look at the 

comment made by a respondent: Classics, as well as 

modern texts prepared for the level of students 

accordingly, will draw the attention of the audience. 

Some participants also shared their views that short 

stories and poems also could be used for the said purpose. 

Read the following remarks of a participant:  Poems with 

rhymes and short stories with interesting themes are 

interesting to read and easy to learn a language. 

Drama activities are also proved useful in an 

extraordinary way to captivate the audience's attention. It 

made the course easy and interesting. After evaluating the 

responses of participants it’s highly assumed that cultural 

aspects must be taken into account to make students more 

aware of the cultural aspects of a language. 

Table 2. Q No. 2 How literature can be used for English language learning? 

Parameters Frequency Percentage 

Reading and analyzing literary texts i.e., Drama and Novel 13 32.5 % 

Extracting information about the renowned literary figures 09 22.5 % 

By adding poems and short stories in the classroom 10 25 % 

By promoting cultural awareness 08 20 % 

Total 40 100 

Table 3 illustrated the reaction to the third close-ended 

query which asked whether the candidates get help from 

literature in learning. 

A profuse of partaker (67.5 %) states that they get help 

from literature in English language learning which is to a 

greatly extended in the line with the reaction to the first 

closed-ended query. 

Table 3. Q No.3 Does literature help in your English 

language learning? 

- Frequency Percentage 

Agreed 67 67.5 % 

Not agreed 13 32.5 % 

Total 40 100 

 

The fourth close-ended query was asked to see whether 

the partaker work educational Background work has 

affected their basic use of “literature subjects in English 

language learning”. 

Table no 4, brought out that the education system level of 

the candidate has been a greatly significant effect on their 

fondness for using “literature subjects in English 

language learning”. 

Table 4. Q No. 4 Are the literature subjects included in B.S English degree very effective for language learning? 

- Frequency Percentage 

Effective 22 55 % 
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Modest 07 17.5 % 

A bit 08 20 % 

Not at all 03 7.5 % 

Total 40 100 

The fifth close-ended query was asked to see the proper 

ways of literature used by the teachers. According to 

Table 5, 16 participants states that their teachers used a 

few types of “literary texts” accurately to improve their 

proficiency level. 17 students said that their teachers use 

literature to improve their learning i.e., novels, short 

stories and poems.  

Five participants illustrated movies adapted from literary 

works as resources used by their teachers. Participants 

stated that novels, short stories and poems are used by 

teachers to emphasize the fact that these literary devices 

used in these genres enhance the learning in the 

classrooms as they make the lesson more interesting and 

effective.  

Only 2 students stated that their teachers do not use any 

text in class for improving English language proficiency.  

Table 5. Q No. 5 Do your teachers use literary texts for 

your language learning specifically? 

- Frequency Percentage 

Use of literary texts by teachers 16 40 % 

Use of novels, shorts stories 

and poems by teachers 
17 42.5 % 

Use of movies 05 12.5 % 

No use at all 02 05 % 

Total 40 100 

 

The result in the last close-ended question about the 

possible contribution of literature regarding English 

language learning indicates that 25 respondents stated 

that literature helps to improve their skills of language 

like reading, grammar, writing, and vocabulary.  

It is also derived from the 07 respondents that through the 

literature students become aware of gaining cultural 

awareness and target culture.  

Five of the respondents also responded that the literature 

enables students to gain the ability to analyze, think, and 

evaluate thereby making imagination. 

Table 6. Q No. 6 On what level, do literature contributes to your English language learning? 

- Frequency Percentage 

Literature helps to improve all skills. 25 62.5 % 

Only helps in vocabulary and reading 03 7.5 % 

Only gives cultural awareness. 07 17.5 % 

Helps in critical thinking. 05 12.5 % 

Total 40 100 

 

In crux, the study and its overall results said that the 

overwhelming number of respondents believe that the use 

of literature in language learning has positive impacts. 

They further believe that the literature would be benefited 

language teaching literature. 

Based on the remarks of respondents, using poems, 

novels, and short stories in the classes of language can 
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contribute more to enhancing the language proficiency of 

students.  

It increases the ability to increase the grip over 

vocabulary learning, and the accuracy of grammar. 

Furthermore, it always contributes more to broadening 

the horizon of students and making them more intelligent.  

It increases awareness about the target culture. In the 

same way, a few numbers of respondents argued that 

literature does not affect students’ language proficiency. 

There are many negative perceptions rising day by day 

and these negative perceptions have arisen from several 

reasons likewise, including the dearth of the adequate 

educational record of mentors, instructors, trainers, and 

teachers on how to use literature for teaching language.  

The content that is used by teachers and trainers is the 

perceptions of their students toward literature and 

language teaching. 

8. Conclusions 

The current study highlights the exertion of literature to 

teach language effectively at the BS level at the Institute 

of Southern Punjab, Multan.  

This particular pilot study was being conducted to get 

insights into the views of students concerning the roles of 

literary texts in English language learning. 

The results of the present research demonstrate that the 

majority of the participants strongly agree that literature 

must be a component of English language learning and 

most of them said their teacher utilizes literature in the 

teaching of the English language. 

The majority of them also agree that the literature subjects 

included in their B.S degree have a positive impact on 

their learning and they consider the role of literature as 

good for language learning purposes.  

It is clear from the results of this research, that the 

majority of participants think about literature use helpful 

in different ways like improving vocabulary knowledge, 

increasing cultural consciousness, and building the 

language abilities of learners, especially in writing and 

reading.  

Additionally, they have different views on how you can 

make use of literature within English language learning 

like examining classical literature works, using stories 

and poems that are short and presenting information 

regarding the key figures in the literature. 

Collectively, the results of the current analysis seem to be 

a bit of proof that most of the students belonging to the 

present research have good perceptions of the usage of 

literature for the teaching of the English language 

reasons.  

Nevertheless, the results of the present research should be 

interpreted with extreme caution because they just reveal 

the participants' good perceptions of the usage of 

literature wearing English language learning.  

Almost two-thirds of the individuals highlight the 

advantages of genuine works and texts of classical 

literature. 

Producing cultural awareness is extremely uncommon. 

Getting knowledge regarding literary texts is also seen to 

become very rare. Almost three-fourths highlight the 

effective consequences of their responses that belong to 

their background of formal education.  

The researcher is of the view that integrating literature 

can contribute to the development of the particular 

language of the learners of the English language, but this 

is challenging and demands serious things to consider of 

a selection of elements coming directly into play if the 

likely advantages in the addition of literature to their 

lessons are to become accomplished within the process. 
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These elements include thorough planning consistent 

with the training goals, well-chosen literature depending 

on the requirements, passions, and language level of the 

learners, and well-designed activities. 

Without considering these kinds of aspects in the 

beginning, literature usage for language teaching might 

risk time as well as energy spent and also fall short of 

reaching anticipated and desired final result regardless of 

the positive perceptions of instructors and language 

teachers towards using literature in their language classes. 

A paradigm shift is essential to accomplish it effectively. 
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on logic and effort for designing anthropomorphic symbols. On the other hand, at the macro level geographical 

dimension and positioning of the semantic space division; e.g., navigational instinctive system of moving forward or 
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emphasized the policy discussion to cater to the issues of such interconnections with land use and morphological 

interventions. 
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1. Introduction 

The objective of the research is to develop a methodology 

for making quasi-block-chain analysis from city Planning 

heritage especially the fringes of monuments using 

morphology policy applicable internationally. The author 

aims to simulate the planning, monuments, and nodes 

from City. This section covered the overall background 

and description of the study, narrow down to research 

objectives of finding the roots for the planning of city 

Planning, motivation of the topic which is the symbols, 

importance, and significance of the semantic written 

language pattern and impact on the planning of Central 

Mooltan of Pakistan city Planning. The process is 

deciphering the linkages between the symbols of Indus 

Script and its alignment with the fringes and planning 

bases for the urban plan by applying the Markov model 

along with the Agent-based Model. One of sequential 

analysis of emerging, which can be defined as "the whole 

which is considered as the grid for the urban planning to 

be greater than the sum of its parts which could refer here 

as the symbols from the ancient Indus script as a 

metaphor". In other words, spider pattern grid and 

winding roads higher-level system properties emerge 

from the interactions of lower-level subsystems modeled 

here as the Indus script symbols. Or, macro-scale state 

changes emerge from micro-scale agent behaviors of the 

earlier script. Or, simple behaviors (meaning rules 
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followed by agents) generate complex behaviors 

(meaning state changes at the whole system level of the 

semantic space). 

2. Literature Review 

This section critically describes the use of grid and its 

roots been simulated Baran, et al., (2008) and Biagi and 

Cremaschi, (1991) by the symbols and evaluate literature 

relevant to research problem stated, by Bignami, (2014) 

described in the territorial and historical framework of 

city Planning which described Mooltan Planning as a  

prosperous land of the era from prehistory and he argued 

that the inspiring heritage of the grid presented as a past 

leading to new progress of urban planning as a 

Sustainable Social ground for the grid along with the 

economic and evolution of the grid could be traced back 

to the environmental revitalization in Mooltan Planning 

city grid. This section establishes context, as presented by 

Hussain et al., (2020) who studied the land covered and 

comparison with the land use along with the temporal 

changes and applied the GIS mapping strategies as a case 

for Mooltan Planning described as a district in Pakistan 

considering the environment as a precedence for the grid 

plan and monitoring and assessing the evolution of the 

grid planning Bokil (2009), Brass (2004), Burton (2000), 

Burns (1976), Brown (2001). They compared and 

contrasted the most recent developments in the history of 

Mooltan Planning from literature and planning trends. In 

this section we Searched gaps as Faiz (2021) described 

the building language after concentrating building 

province on thought leaders’ work of civil society and 

ethnic nationalism and linking the research with relevant 

theories in Pakistan.  

Kepaptsoglou et al., (2020) compared grid as a system to 

be evidence-based design from Mooltan city Planning, 

they said that the Grid origin is before gridiron 

phenomena, the aim here for this paper is to trace the 

semantic space based on symbols and script features as a 

prototype and origin of the grid which is been 

hypothetically argued in the paper for the grid philosophy 

in Planning. Duany (2000), Childe (1950), Corbusier, 

(1929), Conzen (2004), Drennan (2010), De Vorsey, 

Luis. (2012), Fairservis (1971) Fox (2000). This has 

occurred as early as cave dwellings flanking the Indus 

Civilization in the region of Mooltan Planning which is 

the midpoint of Mohen-jo-Daro and Harappa civilization. 

The City Planning spiderweb grid made more than a few 

unintentional comebacks, the inherent grid history 

complexed the traditionally narrated phenomena of the 

grid, reinforced current modernist trends to materialize 

the present grid, and re-own the history of the grid plan.  

There is a vacuum in the investigation and examination 

of the function of the grid following the river as a 

topographical restraint; from the time when the spider 

grid was used in City Planning. The spider grid facilitated 

the variety of spacious agricultural and industrial spaces 

for all the classes or congregational meetings in the 

historical era as Del-Bo (2014) introduced this approach 

of the grid as sharing culture and knowledge of the Core 

as Indus script of City Planning. The literature review 

suggests that there is a vacuum in the temporal models as 

stated by Stanslawski (1994) which deciphered the grid 

plan up to Mohenjo Daro (2500 B.C.). The analysis of 

(Gangal et al., 2010) on City Planning (7000 B.C.) for 

tracing the Indus urbanization consider the prototypes 

which existed earlier than Multan, thus this research 

further expands earlier providing evidence for the grid 

patterns from pre-historic times as the Indus Script 

symbols. Annexure 1,2.  

The origin of the motivation behind this paper is to 

retrogressively trace the motives of the prototypical grid 

form. It is inferred that the spider grid originated before 

Oglethorpe’s Utopian intelligently grided Savannah’s 

plan an American planned city, earlier of Hippodamus of 

Miletus, 498- 408 BC before this era Indus Valley 2600–
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1900 BC had planned on-grid form, which had 

precedence of Çatalhöyük 7500 BC to 5700 BC as mature 

operational grid Pateman (1987), Fait (2021), Ahearn 

(2021), Martinich (2009) Mair (2021), Pettersson (2016) 

and Luo et al., (2021). 

3. Experimental Program Simulation Procedure 

The methodology follows a sequence of activities to 

achieve the desired objectives. At first, the Mooltan 

planning simulated were designed, and then quasi- block-

chain tests were performed on it, Annexure 3 and 4 (Table 

1). 

Table 1. Comparative analysis of Mooltan planning 

 

Writing and language evaluation and its alignment with 

the grid formation for urban planning is the intellectual 

creativity of civilization at Multan. This analysis reveals 

that people who designed the Indus script were 

intellectually creative and considerable time and effort 

went into designing the cities from the micro level to 

macro level, Annexure 2 and 4. 

4. Section title: Symbols from Mooltan 

The micro-level phenomenology for the grid is driven 

from the human and ergonomic instinctive constraint of 

nature as a human being anthropologically direction-

finding of forward and backward and right and left 

navigation orientation. The understanding is applied for 

the mapping and reading along with the route planner on 

syntax and axial move, eye connecting tool for grid 

design, and communication ease. The understanding and 

simply Mooltan of the grid as a place. The gird 

universality is marked by its easy to occupy, rent, 

demarcate, and premises limits. Fox (2000) defined the 

grid as geography shaping our brain and converting 

terrain into the territory, the geometric shape patterns are 

manmade. The human brain is continuously been trained 

to measure, by images of lines and human vision, when 

human visits a new place he wants to know his current 

GPRS and position, according to the two-dimensional 

mapping derived in the mind, he would unconsciously 

measure in his surrounding concerning another side of his 

vision. Therefore, is in the innate human psyche to use the 

grid from simple signs in Table 2 as a beginning of a 

settlement. 

Table 2. Analysis of the Written Symbols 

 

The second instinct of expandability is the primary grid 

motivation when compared to other towns e.g., circular 

plan of Baghdad (al- Mansur AD 762-7) and Multan 

which does not allow orthogonal spread out but rather a 

winding road pattern or spider pattern grid and serpentine 

style plot size which wedge shape as the early writing 

suggested from Mesopotamia.  Spaces wrapped around 

the central bazaar with limit the opportunity for 

expandability. Brick was a unit for the orthogonal 

planning and other constructional constraints also 

defining out the division for grid planning. Hillier (1996), 

Gangal (2010), Grant (2001), Gnisci (2011), and Higgins 

(2009). 

a. Blockchain Analysis 

In Fig. 3 the Indus script in the above figure presents a 

logo-syllabic shape, it mainly constitutes a system of 

graphemes which are single-valued and syllabic scripts, 

which could be cracked as artificial intelligence. 

Individual signs may be interpreted one by one as an 

agent-based model which is a semantic grid study of the 
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semantic module in Multan urban history. Many of the 

graphemes may remain eternal mysteries, though its 

evolution from the Indus script pictorial forms a Semantic 

sequential for the Geographical Dimensions of Multan 

Bazar compared with the Spatial Framework of Sufi 

Shrines could be deciphered in the upcoming research. 

Multan has undergone a radical transformation and 

aesthetic growth. The Mythologies of the Grid, this paper 

documents the downtown providence plan of Multan, 

secondly it creates an accurate plan of Mooltan center by 

modifying an AutoCAD base map interpretive analysis 

on micro-level with that of the Indus Script. The 

Collected Lime from Multan Fertilizer is brought to the 

site and plant of the Sothern University of Punjab. The 

Lime from Multan Fertilizer, fly ash from Sanawa power 

plant and pumice from Chaghi (Baluchistan) are taken in 

proportion by weight and Fly Ash is added and mixed 

thoroughly using rod and trowel before it hardens. 

i. Fly Ash 

The mixture is then homogeneously poured into the 

cylindrical mold and then is compacted with the aid of a 

steel rod and the surface is finished using the trowel. 

Before pouring the mix into the mold, the walls of the 

mold are oiled for smooth removal afterward, Gupta 

(2021), as shown in Table 3. The urban morphology for 

early man depended upon his way of vocation earlier then 

agriculture native was making tools to symbols, this is the 

pivotal point in history where he has the tool to construct 

therefore, he planned dwelling towns according to the 

symbols based on the river pattern Lambrick, (1973); Hall 

(2002); Jacobs (1993); Kenoyer (2001); Johnson (2001); 

Kostof (2009); Levinson (2005); Lynch (1984); Mackay 

(1938). These towns were based on well-calculated 

orientation and the understanding of Homo for 

geometrical and ergonomically proportional features 

represents the intellect and precision of urban 

morphological decisions. Moreover, the 1:2 rectangular 

proportions for the grid and the 45-degree angle 

overlapped shift which is parallel to north qualifies Homo 

as an urban designer for this earliest city. He also 

understood the spider web pattern and serpentine growth, 

Annexure 1 to 4. 

 

Table 3. Model Output Training Data for the 

Comparative Analysis of Five P-theory 

5. Conclusions 

The goal of triggering a historical core of an ancient city: 

Multan the oldest city of central southerly Asia. A 

comprehensive territorial condition of human community 

growth. To study the multilayered site of Multan, 

technical actions were devised based on the cultural 

identity. This section described the statistical techniques 

applied to the collected grid data sets with the explanation 

of the construction of hypotheses that the symbols of 

Indus Script and the river fringe is been used as semantic 

and syntactic equations for the statistical tool and 

justification for the grid in this case, quantitative analysis 

for the map of Multan while for qualitative analysis of the 

typo-morphology of the phonics and symbols, 

methodology of the research based on Markov Model is 

mentioned. A list of variables of symbols of Indus script 

is described in this part of the section.  
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1. The section covered in-depth interpretation through 

applying higher-order thinking skill input data in the 

program sequences of languages: ancient Indus script, 

then we gave it samples of four non-spoken 

communication systems: node, street sequences, and an 

artificial language. The program calculated the level of 

order present in each language. Urban planning fringes as 

the orientation of the language fell in the middle of 

analysis and the research developed a novel argument 

which is based on the significance of statistics relations 

of grid to symbol. Establish interconnections pattern-

analyzing software of space syntax at the micro-level, and 

GIS running what’s known as an SVM (Support Vector 

Machine) Hidden Markov model, a computational tool 

used to map system among and within variables. Testing 

hypotheses and comparing with the literature of part two. 

The program was seeded with fragments of Indus script, 

it returned with geometrical rules based on patterns of 

symbol arrangement. These proved to be moderately 

ordered, similar to the spider web pattern grid of current 

Multan in 2022 grid coded language. Theoretically, the 

argument fills the vacuum between the retrogressive 

spatial-temporal models by presenting the model for 

agricultural society at Multan preceded by nomadic 

settlements. Morphologically this paper bridged the gap 

of the grid form which is bee traced to the grid plan. 

While our research expands further the original prototype 

by suggesting urban morphologies earlier than Multan. 

Case studies of evidence-based grid planed morphologies 

are presented up to hundred years. We have conducted 

field surveys to infer urban grid patterns in the vicinity of 

Multan. 

Annexure 1. Research on the City Planning from the Material 
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Annexure 2. The City Planning and the Micro-level Block 
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Annexure 3. The Figure for City Planning 
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Annexure 4. City Planning and its History 
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Abstract 

A sample of vanadium ore has been characterized by X-ray diffractometry (XRD), scanning electron microscopy 

coupled with dispersive energy spectrometry (SEM-EDS) and thermogravimetric analysis (TG). The mineral 

composition was determined by the Rietveld method and the results showed that the major mineral constituents are 

maghemite (52.32%) and magnetite (15.73%). The SEM-EDS images showed that the vanadium is diffused over the 

crystal structure of almost all the minerals. Hydrogen reduction was assessed by thermogravimetry (TG), where three 

thermal events has been identified in the TG curves. The first event was probably related to two chemical reactions: (i) 

the oxidation of the mineral ulvospinel by different vanadium oxides, followed by the reduction of the products of this 

redox reaction by the hydrogen, and (ii) the reduction of the mineral magnesioferrite by the hydrogen. The other two 

events were attributed to the dehydroxylation of the phyllosilicates (greenalite, cronstedtite and sudoite) and the 

reduction of maghemite, magnetite, titanium oxides and vanadium oxides. Finally, the integration isoconversional 

method was used to determine the apparent activation energy (Ea), which ranged from 44.28kJ.mol-1 to 82.47 kJ.mol-1 

for the Kissinger-Akahira-Sunose method (KAS), and from 33.44kJ.mol-1 to 65.54kJ.mol-1 for the Ozawa-Flynn-Wall 

method (OFW). These values imply that the reduction is controlled by mixed process for low conversion values 

(diffusion and chemical reaction are the controlling steps) and by chemical reaction for high conversion values.  

Keyword: Isoconversional method; vanadium ore; reduction by hydrogen; kinetics 

*Corresponding author: victor@ufop.edu.br 

 

1. Introduction 

The main application of vanadium is as an alloying 

additive to the steel-making process and the 

consumption of this element by this metallurgical sector 

corresponds to 85% of the worldwide production 

(Zhang et al., 2019; Gilligan and Nikoloski, 2020; 

Gasik, 2013; Moskalyk and Alfantazi, 2003). Minor 

amounts of vanadium (0.05-0.2%) reduces the particle 

grain size, increases hardenability, and improve the 

overall wear resistance. In addition, this element is also 

an important stabilizer for titanium and other special 

alloys (Zhang et al., 2019; Gilligan and Nikoloski, 

2020; Gasik, 2013). 

Vanadium is mostly commercially available as oxide (> 

98% V2O5) (Zhang et a., 2019) or in ferrovanadium 

mailto:victor@ufop.edu.
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alloys (40%, 60% or 80% of vanadium) (Moskalyk and 

Alfantazi, 2003). The primary sources of vanadium 

have a complex mineralogy (Liu et al., 2014; Sui et al., 

2017) and substantial amounts of other metallic 

elements (e.g., Ti, Cr and Fe). It is worth to point out 

that a high chromium content in the ore leads to 

environmental and economical disadvantages, 

considering the fact that the presence of this element in 

the metallurgical waste increases the cost and restricts 

the possibilities of waste disposal (Peng, 2019; Wang et 

al., 2017). On the other hand, chromium and titanium 

can be recovered through the metallurgical process, to 

be sold as a by-product (Wang et al., 2017). Therefore, 

becomes imperative the development of alternatives for 

the vanadium extraction process aimed at the recovery 

of vanadium and other metallic elements.  

Among many sources, it can be distinguished the 

vanadium titanomagnetite (VTM) as the primary 

source, metallurgical slags (containing 12-24 wt.% of 

V2O5) (Xiang et al, 2018; Wang et al., 2018; Zhang et 

al., 2019) and petroleum residues (Zhang et al., 2019; 

Xio et al., 2010). Most of the vanadium is now produced 

from the steel slag and many studies deals with the 

extraction of this element using direct leaching 

procedures, carbothermic reduction followed by 

magnetic separation and pyrometallurgical operations 

such as reduction, calcination and roasting followed by 

leaching with different chemical solutions (Wang et al., 

2018). 

Primary vanadium sources usually are submitted to a 

pyrometallurgical reduction step. The reduction of 

VTM concentrate is an essential step for the Blast 

Furnace (BF) process, reduction roasting magnetic 

separation and pre-reduction electric furnace melting 

process (Liu et al., 2014; Sui et al., 2017). Thus, the 

understanding of the reduction kinetics and reduction 

mechanisms of these ores is essential for developing 

new processes and techniques that promote a better use 

of these mineral resources. 

In this research, the reduction of a vanadium ore sample 

was performed under low temperature (< 950 °C) in 

order to convert oxidized iron mineral phases into 

elemental iron (Feo), as a preparation for the subsequent 

hydrometallurgical acid leaching procedure. It is well 

known that the Fe0 leaching is greatly faster and 

involves less aggressive conditions than those used for 

oxidized minerals iron phase.  

2. Material And Methods 

The vanadium ore sample has 100% particle size less 

than 75µm, and was oven dried for 24h at 105°C before 

being submitted to the experimental procedures. The 

sample was provided by the company Largo Resources 

and was obtained from a Brazilian mine located in the 

state of Bahia. 

3. Chemical Composition 

The major chemicals were determined on a solid blend 

composed of 0.2 g of ore and 4.0 g of a 1:1 mix of 

sodium carbonate (FMaia – 99.5%) and sodium 

tetraborate (Synth -99.5%). This mixture was then 

homogenized and melted in platinum crucible at 950°C 

for 30 minutes. After cooling in a desiccator, this 

mixture was completely dissolved using hydrochloric 

acid solution (≈16%). The major chemicals of the ore 

were then determined using inductively coupled 

plasma-optical emission spectrometry (ICP-OES – 

Varian 725-ES). 

4. Mineral Composition 

The mineral composition was determined using the x-

ray diffraction (XRD) D2 Phaser (Bruker). The XRD 

patterns were compared with the ICSD standard 

incorporated into the Diffract. EVA software. The 
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Rietveld refinement method was carried out using the 

software TOPAS 5.0. The instrument settings, 

parameters, and references for the XRD analysis are 

shown in tables 1, 2 and 3, respectively. 

Table 1. Instrument settings for XRD. 

Diffractometer Bruker D2 Phaser 

Goniometer Ɵ-2Ɵ, radius 141.1 

Source CuKα (λ = 1.54184 Å) 

Generator 30kV, 10mA 

Sample  

Surface diameter 

(mm) 

25 

Spinning rate (rpm) 8 

Preparation Block loading 

Incident optics  

Fixed divergence slit 0.6 mm 

Receiving optics  

Soller slit 2.5 

Detector Lynxeye 

Scan Info  

Angular range (2Ɵ) 15-70o 

Step (2Ɵ) 0.18189 

Length linear detector 

(2Ɵ) 

5.002106 

Time per step (s) 1.000 

Measurement time (s) 3299 

 

Table 2. Parameters used for quantitative analyses 

of XRD data. 

Background  

Chebychev 

coefficients 

6 

1/x Fitted for all 

Profile function Fundamental 

parameters 

Cell parameters Fitted for all phases 

Crystallite size for 

each phase 

Fitted the crystallite 

Number of fitted 

parameters 

~34 

 

Table 3. References of the phase structures used for 

Rietveld analysis. 

Phases 
COD – 

ID 
Ref. 

Anatase 

5000223 

      

7206075 

Horn et al., 

1972 

Rezae et al., 

2011 

Clinopyroxene 9003349 
Redhammer et 

al., 2004 

Cronstedtite 9000019 
Hendricks 

(1939)  

Fayalite 9000559 Hazen (1977) 

Greenalite 9000132 
Shiruzu & 

Bailey, (1965)  

Hematite 641734 TSV (1988)  

Karelianite 9008083 
Newnhen & 

Haan (1926)  

Ilmenite 9008035 Barth (1934)  

Indialite 9006271 Swartz (1994)  

Iron 631734 Kim (1969)  

Magnesioferrite 
1011241   

1011245 

Barth (1932); 

Passereni, 

(1930) 

Maghemite 9006317 
Pecharromán 

(1995) 

Magnetite 65339 Fleet (1986) 

Melanovanadite 9010026 
Konert & 

Evans (1987)  

Pyrope 9001527 
Ganguli & 

Cheng, (1994)  

Rutile 9004144 
Meager & 

Lager, (1979)  

Spinel 9015716 
Princivalle et 

al., (2012)  

Sudoite 9000151 
Eggleton & 

Bailey (1967)  

Ti7O13 1008196 Page (1982)  

Tistarite 9008082 
Newnham, 

(19820 
Tricalcium 

Silicate 
9015421 GN (1975)  

Ulvospinel 
9013538   

9013536 
Bosi et al., 

(2009)  

5. Thermogravimetric Analysis (Tg) 

Approximately 75 mg of ore sample was submitted to 

thermogravimetric (TG) analyses using a Mettler 

Toledo apparatus (model Star System). High purity 

hydrogen (99.9990%) was applied as the reducing gas 

at a flow rate of 100 mL.min-1. These quantities were 

chosen according to preliminary tests, which also 

demonstrated that under the experimental conditions, 

these variables have no influence on the TG curve 

pattern. The TG heating rates were 2.5°C.min-1, 
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5°C.min-1, 10°C.min-1, 15°C.min-1 and 20°C.min-1 in 

the temperature range of 50°C to 950°C. All the gases 

used in the TG determinations were supplied by White 

Martins. 

Scanning electron microscopy (sem) and energy 

dispersive spectroscopy (eds). Scanning Electron 

Microscopy (SEM) including Energy Dispersive 

Spectroscopy (EDS) were performed using a Tescan 

equipment, model VEGA 3 LMH, coupled to an EDS 

INCA x-act, model 51-ADD0007. All the ore samples 

were embossed using a commercial polyester resin, to 

be after polished using sandpaper of different grit sizes. 

The polishing finishing was done using 1.0 m alumina 

paste. Subsequently the samples were covered with gold 

by sputtering techniques. 

6. Reduction Tests 

Reduction tests were performed on 5 g ore samples 

using a rotary kiln (20 rpm). Tests conditions were 

temperatures of 420°C, 520°C and 950°C; flow rate of 

1 L.min-1 for 1h. Hydrogen (99.9990%) was used as the 

reducing gas where the flow rate was fixed using a mass 

flowmeter. After the reduction tests, the samples were 

naturally cooled in the oven using N2 (99.990%) at a 

flow rate of ≈ 1 L.min-1. After cooling, the sample was 

kept in a desiccator for the subsequent XRD analysis. 

All the gases used in the experiments were supplied by 

White Martins. 

7. Isoconversional Kinetics 

 

The isoconversional method is widely applied for 

understanding the decomposition, oxidation and 

reduction reactions of many materials of technological 

interest (Cheng et al., 2015; Zivkovic et al., 1998; 

Guimarâes et al., 2016; Olzak et al., 1999; Wang et al., 

2018; Pourghahramani, 2007; Tomic et al., 2012). It 

allows the estimation of the activation energy of a 

thermal process without the prior knowledge of the 

involved kinetic model (Chilgi et al., 2014). Its basis 

relies on the kinetics as shown by the Equation (1) 

(Vyazovkin et al., 1965): 

𝜕𝛼

𝜕𝑇
=

𝐴

𝛽
𝑒𝑥𝑝 (

−𝐸𝑎

𝑅𝑇
) 𝑓(𝛼)  (1) 

Where A and Ea are respectively the pre-exponential 

factor and activation energy, R is the universal gas 

constant, T is the absolute temperature, f(α) is the 

conversion function, β is the heating rate and α is the 

extent of the conversion of reactants to the products. 

The isoconversional principle establishes that for a 

constant extent of conversion (α), the reaction rate is 

only a function of the temperature (T). The Equation (2) 

is obtained by rearranging and taking the natural log of 

both sides of the Equation (1). It is the basis of the 

differential method of Friedman (Vyazovkin et al., 

1965).  

𝑙𝑛 (𝛽
𝑑𝛼

𝑑𝑇
)

𝛼
= 𝑙𝑛(𝐴𝛼f(𝛼))  −

𝐸𝛼

𝑅𝑇𝛼
     (2) 

This method requires the differentiation of the curves α 

versus T, and this procedure usually creates some 

scattering on the Eα values. Numerical differentiation 

can be avoided by using integration methods. Equation 

(3) is the result of the integration of Equation (1): 

 

𝑔(𝛼) ≡
𝐴

𝛽
∫ 𝑒𝑥𝑝 (

−𝐸𝛼

𝑅𝑇
) 𝑑𝑡

𝑇𝛼

0
=  

𝐴

𝛽
 𝐼(𝐸, 𝑇)   (3) 

     

The integral I(E, T) has no closed-form analytical 

solution and it is solved by using numerical methods. 

Two expressions are commonly used as approximate 

solutions to the integral I(E,T): (i) the Ozawa-Flynn-

Wall Solution (OFW) (Equation 4) (Ozawa, 1965; 

Flynn, 1966) and (ii) the Kissinger-Akahira-Sunose 

Solution (KAS) (Equation 5) (Coats et al., 1964):  
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ln(𝛽) = 1.0516 (
𝐸𝑎

𝑅𝑇𝑝
) − 𝐴´   (4) −𝑙𝑛 (

𝛽

𝑇𝑝
2) =

𝐸𝑎

𝑅𝑇𝑝
− 𝑙𝑛 (

𝐴´´𝑅

𝐸𝑎
) (5 

where A´ and A´´ are constants. 

Thermodynamic Data 

All the thermodynamic data were obtained from HSC 

Chemistry 6.0 software.  

 

8. Results 

 

8.1. Chemical / Mineral Composition 

 

The element composition of the ore sample is shown on 

Table 4 (weight %). The vanadium content is 

considerably higher compared to other similar studies, 

where the vanadium ore (VTM) and concentrates were 

also submitted to reduction process (Li et al., 2019; 

Zhao et al., 2019). It is noteworthy that a high vanadium 

content implies less energy for heating and/or melting 

the gangue, which corroborates the choice of 

pyrometallurgical routes.  

Table 4. Chemical composition of the vanadium ore 

(weight %). 

Elements  
Content 

Percentage(%) 

Al  0.72 

Ca  0.29 

Fe  58.2 

K  0.17 

Mg  0.79 

Mn  0.11 

Si  1.47 

Ti  4.33 

V  1.92 

 

As Table 1 shows, the ore sample presents a high iron 

content, which is a common feature for vanadium ores. 

Additionally, the titanium content is relatively low, and 

as will be discussed later, it was not found in the 

crystalline network of the magnetite.  

Finally, the absence of chromium, an element which is 

also ordinary for vanadium ores, enables the choice of 

the reduction method for ferrovanadium alloys 

production, since this element has deleterious effects on 

the blast furnace process (BF process) and “pre-

reduction roasting magnetic separation process” (Sui et 

al., 2017). The x-ray patterns and interpretation for the 

ore sample are shown on Table 5 and Figure 1, 

respectively. The results reveal that the main mineral 

constituents are maghemite (52.32%) and magnetite 

(15.73%), and that most of the iron content (85.8%) is 

found in these mineral phases. The total iron content 

estimated from its proportions on the mineral phase is 

57.6%, which is close to the elemental composition 

presented on Table 4 (58.2%). 

Table 5. Mineral composition of the vanadium ore 

sample. 

 

Figure 1. XRD patterns and Rietveld refinement of the 

vanadium ore sample. (Cr) cronstedtite; (C) 

clinopyroxene; (F) fayalite; (U) ulvospinel; (Ca) 

tricalcium silicate; (G) greenalite; (M) magnetite; (Mh) 

maghemite; (I) Ilmenite; (In) Indialite; (V) 

melanovanadite; (Mg) magnesioferrite and (S) sudoite. 

 

Figures 2 and 3 show the scanning electron microscopy 

(SEM) and EDS mapping images of the ore sample. 

Both figures show that the vanadium element is diffused 

all over the mineral phases, which leads to difficulties 

on the vanadium concentration process by conventional 

unit operation. Some minerals identified by the XRD 

analysis were highlighted on Figure 3.  

 

Mineral name Chemical structure 
Content 

(%) 

Tricalcium 

silicate 
Ca3SiO5 1.85 

Clinopyroxene Ca0.4Mg1.6Si2O6 4.22 

Cronstedtite Fe4SiO5(OH)4 0.75 

Fayalite Fe2SiO4 1.8 

Ulvospinel Fe2TiO4 5.93 

Greenalite Fe2.8Si2.2O5(OH)3.3 2.07 

Ilmenite FeTiO3 4.18 

Indialite Mg2Al4Si5O18 1.12 

Magnesioferrite MgFe2O4 5.12 

Magnetite Fe3O4 15.73 

Maghemite Ɣ Fe3O4 52.32 

Melanovanadite CaV4O10*5H2O 3.12 

Sudoite Mg1.9Fe0.3Al3.9Si3O10(OH)7.9 1.81 
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As mentioned before, the EDS mapping do not show the 

presence of titanium in the crystalline network of 

magnetite and maghemite.  

 
Figure 2. SEM-EDS of the vanadium ore. Left hand 

side secondary electrons image and right-hand side 

backscattered electrons image. 

 

 
Figure 3. SEM-EDS of the sample. (I) Ilmenite; (Cl) 

Clinopyroxene and (M) magnetite or maghemite. 

 

8.2. Hydrogen Reduction     

 

The TG and DTG curves of the ore sample submitted to 

hydrogen reduction are shown on Figure 4. Three 

thermal events can be identified on these curves, named 

here as A, B, and C for the TG curve, and A´, B´ and C´ 

for the DTG curve. After hydrogen reduction, the ore 

samples were submitted to XRD (Figure 5, 6 and 7) and 

mineral phases were quantified using the Rietveld 

method (Table 6).   

 

Figure 4 shows that the thermal event A take place from 

350°C to 420oC, which may be related to the reduction 

of the thermal decomposition products of the minerals 

ulvospinel (Fe2TiO4) and magnesioferrite (MgFe2O4). 

While this thermal decomposition is not 

thermodynamically favourable at 420°C under an inert 

atmosphere, as demonstrated by equations (6) and (7), 

it is favourable for the magnesioferrite when using a 

reducing atmosphere (Equation 8).  

 

 
Figure 4. Hydrogen reduction of the ore sample (H2 

= 100ml/min; heating rate = 10°C/min): (a) TG and 

(b) DTG curves. 
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Figure 5. XRD patterns and Rietveld refinement 

method of the vanadium ore reduced at 420°C. (A) 

anatase; (C) clinopyroxene; (Cr) cronstedtite; (F) 

fayalite; (G) greenalite; (H) hematite; (K) 

karelianite; (I) ilmenite; (M) magnetite; (Mh) 

maghemite; (V) melanovanadite; (P) pyrope; (R) 

rutilie; (S) spinel and (T) tristarite. 

 

Figure 6. XRD patterns and Rietveld refinement 

method of the vanadium ore reduced at 520°C. (A) 

anatase; (C) clinopyroxene; (Cr) cronstedtite; (F) 

fayalite; (G) greenalite; (H) hematite; (K) 

karelianite; (I) ilmenite; (Ir) iron; (M) magnetite; 

(Mh) maghemite; (V) melanovanadite; (Sp) spinel; 

(S) sudoite and (T) tristarite. 

 

Figure 7. XRD patterns and Rietveld refinement 

method of the vanadium ore reduced at 950°C. (A) 

anatase; (C) clinopyroxene; (K) karelianite; (I) 

ilmenite; (Ir) Iron; (M) Magnetite; (R) Rutile; (To) 

Ti7O13 and (T) tistarite. 

Table 6. Mineral composition of the vanadium ore 

reduced at different temperatures. 

 
 

MgFe2O4 = Fe2O3 + MgO   

     

ΔG0 = -0.0164T2 + 21.04T + 13,509 (J/mol) (473K < T 

< 1273K)   (6) 

 

Fe2TiO4 = 2FeO + TiO2         

ΔG0 = -2.85T + 38,065 (J/mol) (473K < T < 1273K)

     (7) 

 

3MgFe2O4 + H2(g) = 2Fe3O4 + 3MgO + H2O(g)  

ΔG0 = -116.24T + 74,562 (J/mol) (473K < T < 1273K)

    (8) 

 

It is believed that the thermal decomposition of the 

ulvospinel occurs as one of the chemical reactions 

presented from equations (9) through (19). They all 

represent redox reactions where Fe2+ is oxidized to Fe3+ 

by different vanadium oxides. 

 

Fe2TiO4 + V2O5 = Fe2O3 + TiO2 + 2VO2  

        (9) 

Fe2TiO4 + 2/3V2O5 = 2/3Fe3O4 + TiO2 + 4/3VO2 

      (10) 

Fe2TiO4 + 1/3V2O5 = 2/3Fe3O4 + TiO2 + 1/3V2O3

       (11) 
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Mineral 

name 

Chemical 

Structure 

Content (%) 

420°

C 

520

°C 

950°

C 

Anatase TiO2 2.06 0.82 0.61 

Clinopyr

oxene 

Ca0.4Mg1.6Si2

O6 
3.22 

12.5

1 

30.5 

Cronsted

tite 
Fe4SiO5(OH)4 1.41 0.54 

- 

Fayalite Fe2SiO4 1.67 1.35 - 

Greenalit

e 

Fe2.8Si2.2O5(O

H)3.3 
1.85 0.49 

- 

Hematite Fe2O3 4.36 0.26 - 

Kareliani

te 
V2O3 2.17 2.86 1.03 

Ilmenite FeTiO3 4.69 4.21 7.47 

Iron Fe - 1.99 42.26 

Magnetit

e 
Fe3O4 

15.8

5 

16.6

1 

15.34 

Maghemi

te 
Ɣ Fe3O4 

56.2

2 

38.8

4 

- 

Melanov

anadite 

CaV4O10*5H2

O 
3.03 1.46 

- 

Pyrope 
Mg3Al2(SiO4)

3 

0.3 
- 

- 

Rutile TiO2 0.8 - 0.15 

Spinel 
Mg(Al,Fe3+)2

O4 

0.58 
9.33 

- 

Sudoite 
Mg2Al3(Si3Al

O10)(OH)8 

- 
6.16 

- 

- Ti7O13 - - 1.62 

Tistarite Ti2O3 2.05 2.12 1.02 
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Fe2TiO4 + 3/5V2O5 = Fe2O3 + TiO2 + 2/5V3O5 

      (12) 

Fe2TiO4 + 1/2V2O5 = Fe2O3 + TiO2 + 1/2V2O3 

       (13) 

Fe2TiO4 + 3VO2 = Fe2O3 + TiO2 + V3O5  

       (14) 

Fe2TiO4 + 2VO2 = Fe2O3 + TiO2 + V2O3  

       (15) 

Fe2TiO4 + 2VO2 = 2/3Fe3O4 + TiO2 + 2/3V3O5 

       (16) 

Fe2TiO4 + 4/3VO2 = 2/3Fe3O4 + TiO2 + 2/3V2O3 

       (17) 

Fe2TiO4 + 4/3V3O5 = 2/3Fe3O4 + TiO2 + 2V2O3 

       (18) 

Fe2TiO4 + 2V3O5 = Fe2O3 + TiO2 + 3V2O3 

       (19) 

 

Figure 8 presents the Ellingham Chart for the reactions 

(9) through (19), showing that they are 

thermodynamically favourable at the temperature of the 

thermal event A. These charts also show that for the 

same oxidizing agent at the temperature of the event A, 

with the exception of the oxidation reaction induced by 

V3O5 (equations 18 and 19), the formation of hematite 

is always more favourable than magnetite. The 

formation of hematite, in turn, is due to solid reactions 

among the ore minerals. 

 

Figure 8. Ellingham chart for decomposition 

reaction of ulvospinel 

 

The absence of the ulvospinel and magnesioferrite 

minerals on Table 6 indicates their decomposition 

induced by reduction, as described by the equations 6 

through 19. Consequently, there was an increase in the 

maghemite content and the formation of hematite, as 

shown on Table 6 (reduced at 420°C). Table 5 indicates 

an initial magnesioferrite content of 5.12%, and 

according to the Equation (8), the expected loss of mass 

by reduction of this mineral is approximately 0.14% 

(0.0267 x 5.12%). The mass loss associated with event 

A is considerably greater than the calculated value and 

this can be attributed to the partial reduction of the 

hematite content formed after the decomposition of the 

ulvospinel. 

Finally, Table 6 shows the formation of Tistarite (Ti2O3) 

due to reduction of FeTiO3 or TiO2, which means that 

for an atmosphere with pH2O/pH2=10-5
 , the reduction of 

the minerals rutile, anatase and ilmenite is not 

thermodynamically favourable when the activity of the 

solid species is 1 (Figure 9). However, the formation of 

Ti2O3 suggests that some solid-state reaction is inducing 

the reduction of TiO2 or that the activity of this specie 

is high enough for the reaction to be spontaneous under 

the applied experimental conditions. The ilmenite 

reduction reaction also contributes to the loss mass 

associated with the event A.    

 
Figure 9. Diagram log(pH2O/pH2) vs Temperature 

for the Fe-Ti-O-H system. The dashed red line 

represents the experimental conditions of this study 

 

Dehydroxilation of cronstedtite, sudoite and greenalite 

phyllosilicates occurs in the temperature range of 550°C 
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to 800°C (events B and C) (Dlugogorski et al., 2014). 

These minerals are minor components of the ore and 

undertake different thermal decomposition mechanisms 

that can produce different mineral phases (Dlugogorski 

et al., 2014). Therefore, the serpentine mineral will be 

used as a reference phyllosilicate for the 

dehydroxilation reaction, as shown on Equation (20). 

However, this equation cannot be used for the mass loss 

calculations associated with these thermal 

transformations.  

 

Mg3(Si2O5)(OH)4 = Mg2SiO4 + MgSiO3 + 2H2O(g)  

ΔG0 = -286T + 136890 (J/mol)     (20) 

 

The XRD results (Table 6) are evidence that at the 

temperatures of 520°C to 950°C these minerals are 

dehydroxylated.  

In addition to the thermal decomposition of the 

phyllosilicates, events B and C are related to the 

reduction of magnetite and maghemite, as demonstrated 

by the Equation 21. 

Fe3O4 + 2H2(g) = 3Fe0 + 4H2O(g)  (21) 

For a sample composed of 68.05% of magnetite + 

maghemite, the theoretical mass loss associated with the 

reduction of these minerals is 18.8% (0.2764 X 

68.05%). As can be seen on Figure 4, the actual mass 

loss was found to be 21.02%, which is a bit higher than 

the theoretical estimation. 

Notwithstanding, like the iron oxides, the vanadium and 

titanium oxides will also be reduced by a reducing 

atmosphere with log(pH2O/pH2) = -5 (Figures 10 and 

11). The reduction of oxidized minerals phases of 

vanadium, titanium and iron is confirmed by the results 

shown on Table 6.  

 

Figure 10. Diagram log(pH2O/pH2) vs Temperature 

for the Fe-O-H system. The dashed red line 

represents the experimental conditions of this 

study. 

 
Figure 11. Diagram log(pH2O/pH2) vs Temperature 

for the V-O-H system. The dashed red line 

represents the experimental conditions of this 

study. 

 

Figure 12 shows an SEM-EDS image of the ore sample 

reduced at the temperature of 950°C. It can be noticed 

the high porosity of the solid particles, and these pores 

were generated by the gaseous product of the reaction 

(H2O).  
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Figure 12. SEM-EDS images of the ore sample 

reduced at 950°C by hydrogen (1h – 1L/min). 

 

8.3. Isoconversional Kinetics 

 

As mentioned before, the integral isoconversional 

method was used to evaluate the kinetics of the ore 

sample reduction. Figure 13 shows the reduction curves 

at different heating rates (). 

 

Figure 13. TG curves for the ore sample under 

different heating rates (). 

The extent of conversion () was calculated using the 

initial content of maghemite and magnetite (P0 = 

68.8%) in the ore sample, as shown on Equation (22). A 

value of  1 indicates that 100% of these minerals have 

been reduced to metallic iron.  

𝛼 =
𝑤𝑡

(1−
3×𝑀𝑀𝐼𝑟
𝑀𝑀𝑚𝑎𝑔

)×
𝑃0
100

    

    (22) 

Where MMIr and MMMag are respectively the molar 

masses of iron and magnetite (or maghemite) and wt is 

the mass loss at a specific time.   

Figure 14 depicts the plots of the integration methods 

OFW (Equation 4) and KAS (Equation 5), using three 

different  values. Table 7 shows the apparent 

activation energy of these plots and the coefficient of 

determination (R2) of the linear regression fit. 

Figure 14. Plots of (A) Ozawa-Flynn-Wall method 

and (B) Kissinger-Akahira-Sunose methods using 

three different values of . 
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Table 7. Apparent activation energy for different 

conversion () values calculated using the OFW 

and KAS integration methods. 

 
 

Figure 15 presents a plot of the apparent activation 

energy (Ea) as a function of the extent of conversion (). 

The Ea values ranged from 44.28kJ.mol-1 to 

82.47kJ.mol-1 for the OSW method and from 

33.44kJ.mol-1 to 65.54kJ.mol-1 when the KAS method 

was applied. The Ea values suggest that the slow process 

step is a mixed step for low conversion value and a 

chemical step for high conversion values. 

 

Figure 15. Apparent activation energy (Ea) 

estimated by the OFW and KAS integration 

methods. 

 

9. Conclusions 

 

A sample of vanadium ore was extensively 

characterized by x-ray diffraction, elemental analysis, 

and Electron Microscopy-Energy Dispersive 

Spectroscopy (SEM-EDS). 

The major mineral phases were found to be maghemite 

and magnetite. SEM-EDS showed that vanadium is 

diffused through the crystalline network of almost all 

minerals of the ore sample. 

 

The ore reduction was assessed by hydrogen 

thermogravimetry (TG). TG curves revealed that the 

mineral magnesioferrite is decomposed at temperatures 

close to 420°C, and its thermal decomposition products 

are subsequently reduced by the hydrogen gas. 

TG curves suggest also that the mineral ulvospinel is 

decomposed by a redox reaction between this mineral 

and the different vanadium oxides of the ore sample. In 

addition, the products of this redox reaction are also 

reduced by the hydrogen gas at temperatures close to 

420°C. The mineral maghemite was reduced to metallic 

iron and most of the mass loss of the ore as the result of 

the hydrogen reduction process was related to this 

reaction. 

 

The use of the integral isoconversional methods KAS 

and OFW resulted in good linear determination 

coefficients (R2). The estimated apparent activation 

energy (Ea) values ranged from 44.28kJ.mol-1 to 

82.47kJ.mol-1 when the KAS method was used and from 

33.44kJ.mol-1 to 65.54kJ.mol-1 for the OFW method. 

These values imply a mixed controlled step for low 

conversion values and chemical controlled step for high 

conversion values. 

 

Conver 

-sion 

() 

OFW  KAS  

 
Ea/kJ 

mol-1 R2 Ea/kJ 

mol-1 
R2 

0.10 51.66 0.8857 40.56 0.8388 

0.15 47.28 0.9015 35.97 0.8513 

0.20 44.79 0.9155 33.24 0.8648 

0.25 44.28 0.9328 32.44 0.8878 

0.30 45.21 0.9506 33.06 0.9152 

0.35 46.89 0.9651 34.43 0.9393 

0.40 48.86 0.9752 36.09 0.9565 

0.45 50.86 0.9815 37.79 0.9674 

0.50 52.78 0.9852 39.46 0.9741 

0.55 54.70 0.9875 41.08 0.9782 

0.6 56.50 0.9891 42.63 0.9811 

0.65 58.26 0.9904 44.15 0.9835 

0.70 60.03 0.9917 45.68 0.9858 

0.75 61.86 0.9928 47.28 0.9878 

0.80 63.79 0.9938 48.96 0.9894 

0.85 65.75 0.9973 50.67 0.9908 

0.90 67.75 0.9950 52.37 0.9916 

0.95 70.36 0.9956 54.59 0.9927 

1.0 82.47 0.9844 65.54 0.9781 
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Abstract. The consumption concern and financial thought of fossil fuel assets around the world have required a basic 

seek for elective vitality sources to meet up the show vitality requests. Electricity has become a basic need of life for 

education, medical, transportation etc. In developing countries, the remote villages still have no access to electricity as 

it is uneconomical for utilities to provide electricity in geographically dispersed load centers. Kappar, a remote village 

in Gwadar city of Baluchistan province, is taken as a case study that has abundant solar and wind power potential. In 

this study, a hybrid power generation scheme is proposed for remote villages in Gwadar, Pakistan. A comprehensive 

study of the technical, economic and financial analysis including Net Present Value (NPV), Internal Rate of Return 

(IRR), Payback Period (PP), Debt Service Coverage Ratio (DSCR), Benefit-Cost Ratio (BCR) for a hybrid PV-Wind 

system of said location have been calculated using clean energy management software called RET screen Expert, 

developed by Natural Resource Canada (NRC). The study of this paper renders an insight to auspicious configuration 

of PV capacity and wind turbines accessibility needed to meet the energy demand of posit location and their mutual 

technical, economical, financial and environmental parameters for future decision makings and best manipulations. The 

annual energy generated by the proposed hybrid system is computed, and an energy economic analysis is carried out 

based on demand. Using the RET screen tool, the main purpose is to create a hybrid system with an appropriate Levelized 

Cost of Electricity (LCOE). 

Keywords: RET Screen, Hybrid PV, Wind System, Cost Analysis, Financial Analysis. 
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1. Introduction 

The development of a country is directly linked to the 

accessibility of power supply to every citizen from 

education to health facilities (Aqeel & Butt, 2001). 

Energy has become a basic need of the day for every 

citizen to be able to contribute to the development 

process. Pakistan is an energy deficient nation facing a 

severe electricity deficit of approximately 4000 MW in 

supply and demand. A huge amount of the population is 

living in the south of scattered villages which makes the 

grid connection even harder and economically unviable. 

It is also a fact that the country has the indefinite potential 

for renewable energy resources such as solar, wind, 

hydro, biomass etc. (Amer & Daim, 2011; Mirza et al., 

2009). It has solar PV potential of producing 45 MW to 

83MW per hundred-meter squares of area (Adnan et al., 

mailto:muneebkhan@isp.edu.pk


Khan et al. 

 

53 

2012). It encompasses an average daily global range of 

19 to 20 MJ per day with an annual mean sunshine 

duration (Potential of Renewable Energies in Pakistan). 

There is adequate wind energy to power every coastal 

village in the country. According to wind resource 

calculation of Pakistan developed by NREL (National 

Renewable Energy Laboratory) in collaboration with 

USAID and Alternative Energy Development Board 

(AEDB), Pakistan contains a potential of more than 

300,000 MW of wind vitality (Potential of Renewable 

Energies in Pakistan). 

Over the years, using RET screen toolkit different 

scrutinizes have been regulated to discover more about 

the performance of the renewable energy resources to 

intuit the profitability and the performance of a projected 

system. Among these studies, it is worth mentioning the 

work by MN. Romero et al. (2014), compares the 

prognostic potential of the wind demonstrated in RET 

screen with the compelling generation of wind ranches 

found within the locale of Ontario, Canada, to roll 

components influencing the quality of these forecasts and 

thus, to comprehend what aspects of the demonstrate may 

be upgraded (Romero & Rojas-Solórzano, 2014). The 

investigation performed by A. Mehmood et al. (2014), 

conducts the data of six major cities (Islamabad, Karachi 

Lahore, Multan, Peshawar and Quetta) of Pakistan to 

fulfill the energy demand domestically by modeling 

standalone 5kW solar photovoltaic systems on RET 

screen. 

Technical parameters like part of solar irradiance and 

resultant solar fraction are also observed along with 

evaluating the system viability based on economic 

determinants like NPV, IRR, and simple payback period. 

Software calculations are conducted for how much 

electric power load reduction is possible and how much 

Green House Gas (GHG) emission reduction is made 

authentic (Mehmood, Shaikh & Waqas, 2014). Mufti et 

al. (2015) searches out the potential and viability of 

standalone 380watts (0.38kW) solar photovoltaic systems 

on RET screen for Six major cities (Abbottabad, Chitral, 

Dera Ismail Khan, Dir, Mardan, and Peshawar) of K.P.K 

province of Pakistan. In which cost, financial analysis is 

done to select the optimum location for installation of said 

system (Akbar, Mufti, & Khurshid, 2015). 

With data from measurement stations and the use of 

Geographic Information System (GIS) software, Zhou et 

al. (2011) examined the wind resource in Juangsu, a 

coastal province of China, to choose viable locations for 

building wind turbines and determine an array of features 

(Zhou, Wu & Liu, 2011). The study of cost analysis and 

emission analysis for grid-connected solar photovoltaic 

systems using RET screen by D. Dwivedy et al. (2015) is 

also a precedent.  

In this simulation, the goal is to determine how much of 

a decrease in energy consumption cost this hybrid system 

can achieve, as well as the total cost and environmental 

impact of the reduction in greenhouse gas emissions 

(Dwivedy et al., 2015). In this paper, 

• Cost analysis of an anticipated hybrid PV-Wind 

system i.e., 230kW for a proposed location (Kappar 

Village near Gwadar, Baluchistan) is studied based 

on climatic conditions to fulfill domestic energy 

requirements, through RET screen tool. 

• Modeled system viability is estimated by relying on 

technical as well as financial and economic 

determinants like NPV, IRR, equity payback period 

and simple payback period. Technical parameters 

like solar irradiance and wind speed availabilities are 

also determined. 

• Software calculations also revealed how much base 

case electric power load reduction is possible and 

how much GHG emissions can be reduced leading 
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toward green growth hinged on the results of the RET 

screen. 

2. Systems and Methods 

2.1. Kappar Village 

Kappar village, Gwadar, is a coastal village in the south 

of Pakistan with the coordinates 25.317342, and 

62.753221. It has abundant solar and wind resource 

potential which is discussed in Sec. 3A. There is only one 

weather station available for the village which is in 

Gwadar city. The RET screen Expert can load the 

required geographical and weather parameters datasheets 

from NASA (National Aeronautics and Space 

Administration) stations. 

In hybrid PV-wind multi-technology, solar irradiance and 

wind speed are the main parameters among climatic 

conditions. A tabulated form of meteorological data 

measured at 10m is shown in Table I. The environmental 

data succors the feasibility of the obligation of PV-wind 

hybrid system installation.

Table 1. Meteorological Data for Kappar village, Gwadar, Pakistan 

 

2.2. PV-wind Hybrid Configuration 

The PV-wind crossover framework is well suited where 

daylight and wind have regular shifts (Subrahmanyam, 

Sahoo & Reddy, 2012). 

Fig. 1 appears the schematic chart of the proposed PV-

wind half-breed vitality framework setup. The power 

generated by the PV modules is DC voltage, which is 

subsequently converted to AC via a DC-AC inverter. 

Through an AC/AC cyclo-converter, the inverter's output 

sinks with the power provided by wind turbines. A step-

up transformer, which is attached to the supply system, 

boosts the collected power. 

In an excess of energy production during a lower demand 

period, the transformer can feed the excess produced 

power to the storage (as an option) rather than dump the 

load. For analyzing the system performance these 

components are typified individually in section 3B. 

 

Figure 1. Schematic diagram of the hybrid power 

generation system 

2.3. RET Screen Expert 

There are various hybrid renewable energy tools available 

in the market for designing micro grid hybrid renewable 

energy systems including the famous Hybrid 

Optimization of Multiple Energy Resources (HOMER) 

energy, HYBRID2, System Advisor Model (SAM) 

developed by the National Renewable Energy Laboratory 
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(NREL) and RET screen Expert developed by NRC. 

These software tools are used for technical design, 

performance and financial modeling to facilitate 

decision-making for designing hybrid renewable energy 

systems. Among these tools, HOMER energy and RET 

screen Expert are the most flexible and user-friendly tools 

that have the capability of standardized measurements 

and economic calculations (Li, et al., 2022). The HOMER 

software programming tool is widely used by many 

researchers for direct optimization, emission, and 

economic analyses of all types of designed systems. 

However, the performance prediction of the designed 

system is a limitation (Khatib, Mohamed & Sopian, 

2012). The study RET screen is preferred for this study 

because it is provided free of charge by the Canadian 

Government and to explore its capabilities to design 

renewable energy schemes for far away loading centers. 

RET screen Expert analysis is based on five steps; 

accredit for the comprehensive identification, 

optimization and assessment software algorithm which is 

capable of computing technical, economic and 

environmental viability of different renewable energy, 

energy-efficient and cogeneration projects in terms of 

resultant solar irradiance, NPV, IRR, payback periods, 

GHG emissions reduction and backup fuel savings 

(Thevenard, Leng & Martel, 2000; Rets, T. ICEDSC). 

2.4. Cost Analysis Methodology 

The key to the project (PV-wind system) under study is 

to evaluate the economic viability using RET screen tool 

which has the option of an embedded products cost 

database.  Costs associated with the proposed PV-wind 

system incorporate costs with feasibility analysis, 

development, engineering and commissioning of the 

power system. 

2.5. Financial Analysis Methodology 

One of the important benefits of using RET screen expert 

tool is it assists the project valuation process for decision-

makers. RET screen expert simulation tool investigates 

the financial parameters including NPV, the interest rate 

on debt, IRR, pre-tax IRR, cumulative cash flow, DSCR, 

BCR etc. Simple definitions and mathematical formulas 

of these financial parameters are given below. 

Net Present Value (NPV): The show esteem of cash 

inflows short the display esteem of cash outpourings is 

utilized to calculate the net show esteem (NPV) of 

expected speculation or extension (Khatib, Mohamed & 

Sopian, 2012). The formula for calculating NPV is 

calculated by using the equation (1); 

Ct delineates net cash influx amid the period t, Co is 

added up to starting venture costs whereas r limns 

intrigued rate and t informs number of periods.  

Internal Rate of Return (IRR): The inside rate of return 

(IRR) may be a metric utilized in capital arranging to 

decide the productivity of arranged ventures, as appears 

in equation (2) (Khatib, Mohamed & Sopian, 2012). 

Inside rate of return could be a markdown rate that makes 

the NPV of all cash streams from a specific venture break 

even with to zero. 

 

DSCR is a measure of cash flow available to pay current 

debt obligations, as described in eq. (3). 
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BCR is a pointer, utilized in an investigation that 

endeavors to summarize the by and large esteem for cash 

of a venture or proposition. Acknowledge all ventures 

with a BCR more prominent than one. The modus 

operandi of BCR is in equation (4). 

Db depicts the discounted value of incremental benefits 

and Dt is discounted value of incremental costs. 

3. Results and Discussions 

RET screen software has been developed to shape the 

possibility of a system in expressions of its technical 

parameters, economic factors and environmental control 

(like GHG emission reduction). The annual inflation rate 

of Pakistan is assumed to be 2%. RET screen conclusions 

are convoluted in four approaches as shown in Fig. 2. 

 

Figure 2. The maneuver of RET screen analysis 

3.1. Feasibility Analysis 

Figure 3 shows the data of solar radiation kWh/m²/day 

VS each month of the year. The average value lies at 5.91 

kWh/m²/day of each month. The maximum solar 

irradiance takes place during April, May, June, and July. 

As the power generated by a wind turbine is directly 

proportional to the wind speed m/s (equation below) 

shows mathematical inference (Rets, T. ICEDSC). A 

climatic data of projected location produced by RET 

screen is weighing up the consequences of wind speed in 

m/s over the year on monthly origin made known in Fig. 

3. The power output of wind turbine is given as: 

P is power output (kW), k is 0.000133 constant to yield 

power in kWs, ρ is air density (lb/ft3), Cp is maximum 

power coefficient (from 0.25 to 0.45), A is rotor swept 

area and V is wind speed (mph). 

 

Figure 3. Solar and wind annual resources of Kappar 
village, Baluchistan 

3.2. Technical Analysis 

In monetary terms, the specialized examination could be 

a security examination state of mind of checking the 

changing in past costs with the expected of estimating 

future cost and volume (Brealey et al., 2012). But an 

engineering perspective, technical analysis cop with the 

restriction of equipment on which the efficiency and 

efficient consumption depend. 

Results show that 484 units of PV (150kW) and 1 unit of 

wind (80kW) multi-technology are sufficient to provide 

more than 100% essential power capacity. Tables 2, 3, 

and 4 compromises the introductory technical parameters 

of the under-study hybrid power station for inferred 

capacity. 

3.3. Cost Analysis 

The initial cost is estimated to be CAD (Canadian dollars) 

241,022. Operating and maintenance cost is predicted to 

be CAD 2795. Grand initial cost includes feasibility 

study, development, engineering, and power system 

costs. 
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Table 5 limns the database cost values in Canadian dollars 

which the RET screen produced against input parameters 

of the energy analyzer. 

Costs are predicted to be in CAD with 3% contingencies. 

In the development contract negotiation and permit, 

approval is included with a per-unit cost of 800 CAD and 

1000 CAD respectively. Table 6 shows the detail of the 

cost calculated in the feasibility study. 

Table 2. Precursory Parameters of Proposed System 

Base Case PV-Wind Electricity 

Parameters Values 

1. Power demand Stand Alone Load 

2. Contracted capacity of PV system 150kw 

3. Contracted capacity of wind 

system 
80kw 

4. Contracted total capacity 230kW 

Proposed Case PV module 

5. Solar PV power plant 150kW 

6. Grid type 
Hybrid, Stand 
Alone 

7. PV panel type 484 units, 310 W 

Proposed case Wind System 

8. Wind power plant 80kW 

9. Grid type Hybrid 

10. Wind turbine (horizontal axis) 1 units, 80kW 

11. Wind power plant 80kW 

Table 3. Characteristics of Selected PV Module 

Parameters Values 

PV type Poly-Si 

Module Fixed 

Manufacturer Yingli Solar 

Model poly-Si - YL310P-35b 

Capacity 310W 

Maximum power (Vmp) 36.9 V 

Maximum current (Imp) 8.41 A 

Open circuit voltage (Voc) 46.4 

Short circuit current (Isc) 8.98 A 

Power tolerance (%) 0~+2 % 

Efficiency (%) 16% 

No. of units used 484 

Nominal operating temperature - 40°C - +85°C 

Frame area 1.94 m² 

PV type Poly-Si 

Table 4. Characteristics of Selected Wind Turbine 

 

Table 5. Precursory Parameters of Proposed System 

Type of Cost Cost (CAD) 
Relative 

Costs (%) 

Feasibility study 45,000 8.8 

Development 40,000 7.8 

Engineering 57,000 11.1 

Power system 

Photovoltaic 81,022 15.81 

Wind turbine 160,000 31.22 

Road construction 25,000 4.87 

Transmission line 25,000 4.87 

Balance and miscellaneous 

Transportation 50,000 9.75 

Contingencies 14,491 2.82 

Interest during 

construction 
14,925 2.91 

Total cost 512,438 100% 

Table 6. Feasibility Cost Analysis 

 

3.4. Financial Analysis 

In the proposed system electricity exported to grid is 437 

MWh. We also suppose that the plant receives no 

government subsidies. Table 7 shows the important 

financial parameters. 

Table 7. Financial Parameter Input 

Input parameters  Values 

Electricity Export rate CAD 0.15 kW 

Electricity export Escalation Rate 2% 

Inflation Rate 2% 

Discount rate 7% 

Gross GHG reductions 73 t CO2/yr. 

Projected life 25 years 
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Input parameters  Values 

GHG reduction cost 
CAD -

228/tCO2 

DSCR is 3.2 which means the income generated is 

enough to cover the operating expenses and payments. 

With a 25-year expected lifetime, the NPV of the PV 

facility is CAD 460,816. Similarly, if the beginning cost 

was reduced from CAD 310,670, the NPV would be 

positive. 

The Net Benefit-cost ratio is projected to be 4.7 which is 

a positive indicator. We can conclude that the benefits 

would outweigh the costs. The annual life cycle savings 

(ALCS) represents the PV plant's annual benefit, based 

on net present value, project lifetime, and discount rate. 

The project's yearly ALCS is expected to be CAD 46,914. 

 

The interest collected by the project over its lifetime is 

represented by the internal rate of return on return. The 

internal rate of return (IRR) is expected to be 38.7%. The 

project is financially worthwhile if the IRR exceeds the 

investor's necessary return on investment. 

Given a positive annual income from the PV-Wind 

system, the simple payback period illustrates how many 

years it will take to recoup the initial and annual costs, as 

shown (6) (Devarakonda, 2019). This power plant has a 

payback period of 4.9 years. Table 8 tabularizes the 

financial cost. 

Table 8. Financial indicator for Plant 

Parameters Values 

NPV 
CAD 

460,816 

BCR 4.7 

ALCS CAD 46,914 

IRR 38.70% 

Payback period 4.9 years 

A positive number of cash flows signify that a project 

generated more cash beneficially. By the use of RET 

screen analysis, we have negative cumulative cash flows 

for the first 3 years then we move to positive cash flows 

for the next 22 years as shown in Fig. 4. which 

recompenses a good scheme for investment as we 

generated more cash than we spent. 

 

Figure 4. Cumulative Cash Flow 

3.5. GHG Emissions 

For GHG emission reduction required input data are the 

transmission and distribution (T&D) losses which are 

taken as 7% for a proposed location as a developing part 

of the country and scrutinized fuels are selected as ‘‘All 

fuel types’’.  

GHG emission factor is assumed to be 0.472 tCO2/MWh. 

Fig. 5 shows the 93% GHG emission reduction possible 

by the proposed system. 

 

 

Figure 5. Gross annual GHG emission by RET screen 

4. Conclusions 

This proffered paper manifests the unit sizing and an 

economical appraising of a PV-Wind hybrid generation 
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system and its cost acquisition for a typical assumed 

location by RET Screen software.  

In terms of power delivered to the load, net present value, 

internal rate of return, benefit to cost ratio, simple and 

equitable payback times, and GHG emission reduction 

analysis, an extravagance and utilitarian assessment of 

the solar system is devised. 

The research provides evidence to support an appropriate 

configuration of PV capacity and wind turbines to suit the 

energy demand of the area, as well as their mutual cost 

analysis findings.  

This study abets the Government to make certain access 

to modern and infallible information on the costs and 

execution of renewable energy resources like hybrid PV-

wind systems. 
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Abstract. The associations between different products can be interpreted using a data mining technique called Market 

Basket Analysis (MBA). It contributes a vital role to determine the placement of goods, and the design of business 

strategies for retailers to attract consumer attraction and hence improve the businesses. The relationship among items 

can be deduced using association rules (AR) from retail datasets. As customer demand changes rapidly and thereby 

increasing transactional data. So, there is a need to use deep learning (DL) methods along association rules. Therefore, 

a review is conducted on MBA using AR and DL methods to mine and predict customer purchase patterns from large 

retail data sets. The objective of the paper is to assist researchers in the implementation of AR and DL methods while 

conducting MBA to overcome the challenges of large and frequently changing transactional data. 

Keywords: MBA; Deep Learning; Association Rules; Mining Pattern; Retail Dataset. 

1. Introduction 

Nowadays, the size of data is getting large in various areas 

like medical, banking and retail. But the whole data is not 

useful to find customer purchase patterns. So, it is 

necessary to withdraw useful patterns from an immense 

volume of data. This procedure of fetching important data 

is known as Knowledge Data Discovery (KDD). The 

frequent pattern mining helps the retailers to understand 

customer buying habits and propose new business 

strategies. 

The data mining techniques used to find interesting 

patterns are an association, clustering, predictions, 

classification and outlier analysis (Blattberg et al., 2008). 

The association rules are used to find significant 

associations in data sets. In the following example, there 

are transactional data consisting of transactional ID (TID) 

and Items as shown in Table 1. 

Table 1. Transactional data consisting of transactional ID 

(TID) and Items 

 

Dataset is expanding in volume day by day due to 

expanding requests of clients. The conventional strategy 

takes more time to discover obtaining behavior due to the 

huge volume of items and clients. So, there require 

profound learning strategies for visit design mining 

(Grewal et al., 2017). 
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2. Significance of Market Basket Analysis 

MBA is a significant technique to enhance profit by 

monitoring consumer buying habits. The most frequently 

bought products can be bundled to increase sales at a 

reduced price. In today’s competing market MBA can 

assist retailers to obtain a forefront benefit so four 

advantages of conducting an MBA are listed below 

(Berry & Linoff, 2004): 

• Finding high-affinity products, 

• To improve visual merchandising, 

• Optimized assortment of items on online shop, 

• To predict upcoming influencing products. 

 

2.1. Finding high-affinity products 

Finding interdependence between two purchased 

products is an efficient way to uplift profit. Analysis of 

purchasing patterns helps the retailer suggest new 

promotions. These promotion increases the sale of one 

item with another purchasing item if buying behavior is 

known. These associations also help to predict the new 

category of product for the future needs of the customer. 

Traditional methods are not sufficient due to the 

increasing volume of data and customers so this problem 

can be solved using market basket analysis in a well-

organized way. 

2.2. To improve visual merchandising 

Placement of a product attracts the customer to purchase 

a product and increases the sale of the product. Retailers 

are interested to know the in-store placement of products. 

Store layout affects sales if most purchasing products are 

placed fastidiously. If most buying product is known and 

placed on the shelve with another product, then there are 

chances to increase the sale of that product. It can also be 

effective to know the store shelve of the new products. 

Conventional methods are not easy to apply here because 

of growing market needs. So, market basket analysis is an 

efficient way to optimize store and product layout. 

2.3. Optimized assortment of items on online shop 

The layout of products also affects sales of online stores. 

To know customer cart and visiting patterns helps in 

online store layout. An efficient product arrangement in 

the e-store increases sales of the product. It also helps to 

predict for cross-selling and upselling of products. 

Market basket analysis is vital to knowing the e-store 

layout. 

2.4. To predict upcoming influencing product 

Due to the growing demands of customers retailers are 

always interested to introduce new products so they can 

compete in the market with leading businesses. Finding 

the interest of the customer and predicting future needs is 

impossible with conventional methods. Market basket 

analysis is used to predict stockpiling and introduce new 

features of the product for the future. 

3. Critical Structured Literature Review 

3.1. MBA using Association Rules 

Affiliation rules utilized to mine visit buy conduct of 

clients that exist in the value-based dataset (Ahmed, 

2004). MBA using Apriori and FP-Growth algorithms 

retail dataset conducted by Chen et al. (2005), Nafari and 

Shahrabi (2010), Avcilar and Yakut (2014), Zulfikar et al. 

(2016), Abusida et al. (2019), Nur et al. (2019), 

Sutisnawati and Reski (2019), Adali and Balaban (2019), 

Kavitha and Subbaiah (2020), Liansyah and Destiana 

(2020), Alfiqra and Khasanah (2020), Yudhistyra et al. 

(2020), Fang et al. (2018), Ariestya et al. (2019), 

Anggraeni et al. (2019), Rizqi (2019), Mustakim et al. 

(2018), Hidayat et al. (2019), Hossain et al. (2019), 

Unvan (2021), and Choi and Yu (2008). 
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3.1.1. Apriori 

Chen et al., (2005) mined client buy designs utilizing 

Apriori calculation by joining client statistic factors such 

as Recency, recurrence, and financial (RFM) values with 

an exchange dataset of food mart over time. Relatively 

(Nafari & Shahrabi, 2010) worked on shelf arrangement 

of products for supermarkets located in Iran. The novel 

work is considering price effects in a shelf arrangement. 

The experiment shows that Using Apriori-TdMl 102, 

329, and 1579 frequent item sets found for categories, 

subcategories and products respectively at a minimum 

support of 0.1 and confidence of 0.1. Cross-selling profit 

for frequently buying products is shown for 6 products. 

The shelf space is allocated for high cross-selling 

products at lift 2.75. For future work use Deep learning 

methods to predict the shelf arrangement of products 

using a large transactions dataset. While, (Avcilar & 

Yakut, 2014) worked on the real transactional dataset of 

the store to mine patterns between in-category and cross-

product categories. The experimental results show that 

the 8 best rules were extracted using Apriori at a 

minimum support of 0.05% and confidence of 50%. For 

future work extracting time base association rules and 

predicting customer Demographic information using 

deep learning methods. So also, (Zulfikar et al., 2016) 

connected advertise bushel investigation to discover visit 

things utilizing Apriori Calculation at eight clusters of 

XMART retail company in Indonesia. To review 

critically graphical visualization, add more value to 

comprehend statistics inefficient way. So, to explore 

support and confidence in comprehending the way use of 

a scatter plot is required. Graph-based visualization of 

association rules is required to explore frequent item sets. 

Data mining tool to implement Apriori is not mentioned. 

The performance of the applied algorithm concerning 

time and memory is not plotted. The persuasive work of 

the author is an implementation of CRISP-DM to conduct 

research. A real dataset is used to find frequent patterns. 

Comparatively, (Abusida & Gültepe, 2019) planned a 

trading technique for arranging and buying datasets of 

power companies applying apriori calculation. The 

affiliation rules produced at tall certainty esteem of 100% 

appearing visit request save parts. Furthermore, (Nur et 

al., 2019) mined frequent item sets for Fonzu Premium 

restaurant using the apriori algorithm and built-in system. 

At confidence 100% If a customer ordered Gyoza Saikoro 

Yakimeshi and then would order Chicken Teriyaki Don. 

Results are then verified using built-in systems. 

Simulation of association rules is shown 

comprehensively. Graph-based visualization of 

association rules is not shown properly. Plotting of 

support and confidence is required to visualize stats using 

a scatter plot. Likewise, (Sutisnawati & Reski, 2019) 

applied the apriori algorithm to transactional data of XYZ 

Restaurants to find purchasing patterns of customers. At 

confidence 65% 2 pairs of products Nasi-Bakso Ikan 

purchased frequently. Simulation of applied apriori 

algorithm is shown comprehensively. A data mining 

system is designed to analyze data efficiently. To review 

critically interface of the designed system is not 

attractive. A visualization interface is required for 

association rules, support and confidence using graph 

base and scatter plot. While, (Adalı & Balaban, 2019) 

developed a dynamic model to mine frequent patterns of 

X-firm in the electricity sector. A dynamic model can be 

used to generate rules during any year with dynamic 

values of support and confidence. The dynamic model is 

developed using the Apriori algorithm. A Scatter plot of 

rules is used to examine frequent items. A business 

strategy for X-Firm is proposed on the obtained results. 

The interface of the model can be used without any 

technical knowledge to make business decisions on a 

dataset in the future. To review critically dynamic model 
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with other ARM algorithms can be implemented for 

better analysis of customer buying behavior. 

Kavitha & Subbaiah, (2020) implemented an apriori 

algorithm on the grocery’s dataset to mine frequent item 

sets. Association rules are generated using a rules 

package in R. Graph-based visualization of association 

rules is displayed using the rules viz package. The most 

buying products are yogurt and butter at the support of 

0.007 and confidence of 0.6. The research scope is limited 

because a built-in dataset is used to mine frequent item 

sets. On the other hand, (Liansyah & Destiana, 2020) 

worked on the sales dataset of Lotteria Cibubur restaurant 

to suggest a business strategy. A data mining application 

Tanagra 1.4 is used to generate association rules using the 

apriori algorithm. The most buying products are Hot/Ice 

coffee and float at minimum support 16% and confidence 

100%. In the Data visualization phase graph base 

visualization is not shown of association rules. A large 

dataset is required to check the reliability of the apriori 

algorithm. Comparatively (Alfiqra & Khasanah, 2020) 

developed business strategy for Supermarket X in 

Yogyakarta. 

Using Apriori association rules are generated for each 

transaction in four periods. The customer purchasing 

behavior is fluctuating in every period so OCVR 

implemented to mine frequent rules. Visualization of 

frequent itemset and association rules using scatter plots 

and graph-based visualization is required. At 

1%<OCVR<30% generated 17 rules are used for 

bundling and planogram of frequently buying products. 

While (Yudhistyra et al., 2020) implemented Apriori and 

CARMA on Big data to design the business strategy of 

the metal trading company in Indonesia. A standard 

process CRISP-DM is followed to conduct research. The 

web graph method is used to visualize association rules. 

Results are mentioned with the value of confidence and 

support with frequently generated rules. To review 

critically there is a need to develop a flexible real-time 

model so in the future a new business strategy can be 

designed using the new model in different periods. 

Similarly, (Rachmatika & Harefa, 2020) analyzed a small 

sales transaction dataset using the Apriori algorithm to 

propose a business strategy. To review critically standard 

process not followed, visualization of itemset and 

association rule not shown, to conclude results business 

strategy not defined properly. Similarly, (Fang et al, 

2018) proposed dynamic product bundling using 

Association rules and clustering algorithms. The novel 

work is dynamic product bundling to save time and 

energy for customers. The result shows that at a minimum 

support of 0.1 and confidence of 0.01 three rules were 

generated using Apriori to find necessary products for 

bundling. Four clusters of Customers using K-means 

identified on values of R, F and M to recommend product 

bundles.  The summary table of MBA implementing 

Apriori is shown in Table 2. 

Table 2. Summary Table of MBA using Apriori algorithm 

Author Year MBA using AR Preprocessing Dataset Result Improvement Good 

Chen et al. 
(2005) 

 

Association rules 
with apriori 

algorithm 

Data 

transformation 
, integration 

and 

segmentation 

Transaction data 

of food Mart 

including 
customer, 

product and 

transaction 
database 

At minimum support 
and confidence of 20% 

generated 111 and 78 

rules 
for first and second 

periods respectively 

Visualizations of 

results 
Use of large real 

transactional 

dataset 

developed an 

online system to 
mine customer 

patterns at 

different time 

Safari and 

Shahrabi 

(2010 

Association 

rules using 

Apriori- TdMl 

Not mentioned 

Retail dataset of 

supermarket in 

Iran of four 

months with 

1241 products 
7305 sales 

transaction. 

Using Apriori-TdMl 

102, 

329, and 1579 frequent 

item sets were found for 

categories, 
subcategories and 

products respectively at 

Deep learning 

models to predict 

shelf arrangement 

of products. 

Use of large 
transactions 

dataset. 

Product shelf 

arrangement 

considering the 

price, product 

cross-category 
purchase and 

temporal effects. 
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a minimum support of 

0.1 and confidence of 
0.1. Cross-selling profit 

effect for frequently 

buying products. At lift 
2.75 shelf space is 

allocated for high-

selling products 

Avcilar and 
Yakut (2014) 

Apriori 
Algorithm 

Calculated 
Descriptive 

statistics of 

data with 
Mean, Median, 

Mode, 

Maximum & 
Minimum 

values. Sales & 
frequency  

of products 

Sales transaction 
dataset of the 

store in Turkey 

with 
9.000 products 

of 35 categories 

and 42.390 
transaction 

records from 
01.01.2012 and 

31.12.2012 

At minimum support of 

0,05% and confidence 
50% extracted 8 best 

rules 

Time base mining 
of association 

rules. Predicting 

customer 
Demographic 

information using 

deep learning 
methods. 

Web graphic view 

to show 

association among 
products 

Association rules 

defined clearly 

Zulfikar et al. 

(2016) 

Apriori 

Algorithm 

Combining 

different 

products on 
Frequency 

XMART Retail 

in Indonesia 25 

products 
145.548 record 

Generated frequent 10 

rules at a minimum 
support of 12% and 

confidence of 60% for 8 

clusters of stores 

Considering 

sale’s day and 

hour effects on 
sales 

Followed standard 

process CRISP-

DM. Worked on 
Real Dataset 

Abusida et al. 

(2019) 

Apriori 

Algorithm 

Data selection, 
Data splitting, 

Data filtering, 

and Data 
Transformation 

to ARFF 

format. 

General 

electricity 

company of 
Libya (GECOL) 

Dataset 

properties order 
number 

 

At confidence 100% 10 

best rules are generated 
for each site 

Data visualization 

of association 
rules Scatter plot 

for confidence 

and support 
values 

Simulation of 

results 

Nur et al. 

(2019) 

Apriori 

Algorithm 
Binarization 

Sales transaction 

data of Fonzu 

Premium 

restaurant of 
month June 

2018 

With manual calculation 

at confidence 100% 
Chicken Teriyaki Don 

and Gyoza Saikoro 

Yakimeshi 
With built-in system 

calculation at 

confidence 100% 
Chicken Teriyaki 

Don and Gyoza Saikoro 
Yakimeshi 

Considering 

Seasonal and 

holidays effects 
on sales of food 

Results are 

mentioned 

Simulation of 

association rules 

shown 
Defined research 

methodology 

clearly 

Sutisnawati 

and Reski 
(2019) 

Apriori 

Algorithm 

Removed 

unnecessary 
Attributes 

Date, Price, 

Amount, Total, 
Location. 

XYZ dataset 

with 157 

transactions and 
32 items with 

smallest 

frequency 2 and 
largest 

frequency 68 

At minimum 
confidence, 65% and 

support 23% 2 pairs are 

often purchased 

Considering 
Seasonal and 

holidays effects 

on sales of food 
Use of large 

transaction 

dataset 

Comprehensive 

Simulation of 

Results Dynamic 
analysis 

of association 

rules using the 
developed 

application 

Adali and 

Balaban 

(2019) 

Apriori 
Algorithms 

missing values, 

Outlier 

Analysis, 
Duplicated 

Observations, 

Binarization 

Dataset1 from 
January 2014 to 

December 2014 

with 19 
attributes 

177393 

transaction 
Dataset2 (2015) 

with 23 

attributes183401 
transaction 

At support of 0.1% and 

leverage 185.0291 
products, HESNYA-03 

& HESNYA-02 in 

different color packages 
can be used for 

promotions 

More than one 
dynamic model 

can be added by 

applying different 
algorithms 

Followed CRISP-

DM methodology 

Dynamic model 

for rules 

independent of 
time and region 

Association rules 

can be 
downloaded for 

analysis 

Kavitha and 
Subbaiah 

(2020) 

Association rules 
with matrix 

incidence 

Data Cleaning, 

Data 

Aggregating, 
Deleted 

duplicate data 
for each 

transaction 

Surabaya 

restaurant sales 

with 15087 
records from 

March 23 to 

June 30, 2018, 
and 

September 23 to 
October 16, 

2018 

May 17 until 
June 16, 

2018 

At minimum support 

and confidence of 4% 
and 15% 

10 rules 

Use of Dimension 

reduction or 
feature selection 

method on a 
dataset 

Data visualization 

using Power BI 

Business strategy 
discussed briefly 

Research method 

and flow defined 
clearly Results 

mentioned 
properly 

Dashboard for 

making business 
strategies in the 

different period 
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Data analysis 

using matrix 
incidence 

Considering 

transaction day 
week, month and 

food type on 

customer 
purchase 

Liansyah and 
Destiana 

(2020) 

Association rules 

using apriori 
Not mentioned 

Dataset from 
period 2 

February 2019 

At minimum support, 
15% extracted 12 best 

association rules 

Dataset not 

mentioned with 

dimensions 
Considering 

Seasonal effects 

on purchase of 
clothes 

Results are not 

mentioned briefly 

with Support and 
confidence 

Alfiqra and 

Khasanah 
(2020 

Apriori 

Algorithm 
Not mentioned 

Groceries 

Dataset 9835 

transactions and 

169 items. 

At support of 0.007, the 

confidence of 0.6 butter 

and yogurt most 

frequent item 

Limited Research 

scope 

Visualization of 

association rules 

Use of scatter plot 

to show support, 

confidence and lift 
values 

Yudhistyra et 

al. (2020) 

Apriori, 

CARMA 

Measuring 

central 
tendency, 

removing null 

tuples, sorting 
hashing, 

Exploring 

Aggregating 
and 

visualizing the 

relationship. 
Dataset 

transformed to 

80 

variables 

3,986,872 
observations 

from 248,856 

customers 

Apriori: At minimum 

support of 1% and 

confidence of 50% 21 
rules 

CARMA: At minimum 

support of 1% and 
confidence of 50% 5 

rules 

A flexible model 

for development 

of 
new model to 

propose business 

strategy in 
different 

period 

Web graph 
visualization of 

item sets with 

weak, medium and 
strong link 

Worked 

on real dataset 
performance plot 

of 

two algorithms 

Fang et al. 
(2018) 

Apriori 
algorithm 

Data cleaning, 

Data 
reduction, Data 

integration 

Supermarket X 
dataset of 57784 

transactions in a 

month including 
41248 items 

At 1%<OCVR<30% 
generated 17 rules 

Scatter plotting of 

confidence and 

support. 
Graphical 

visualization of 
association rules 

Followed standard 

research 

methodology 
Results mentioned 

Proposed 
Business strategy 

Ariestya et al. 

(2019) 

Association 
rule using 

Apriori 

Algorithm, 
K-means 

clustering finds 

customer 
segment 

using RFM 

values 

Integration 

data 

from four 
database 

customer, 

Transaction, 
products and 

products 

classed. 
Z-score 

normalization 

Electronic Sales 

Transaction 

dataset 
with10281 

customers, 

251396 
records, 1560 

products and 

110 
product 

categories. 

At minimum support 0.1 
and confidence 0.01 

three rules were 

generated using Apriori 
to find necessary 

products for bundling. 

4 clusters of Customers 
using K-means 

identified 

on values of RFM. 

Proposing price 

bundling method 
by 

using customer 

attribute and 
demands. 

Dynamic product 

bundling to save 

both time and 
energy of 

customer 

 

3.1.2. FP-Growth 

While (Ariestya et al., 2019) mined frequent patterns to 

propose marketing schemes for small grocery stores. 

ARM, FP-Growth and Apriori algorithms are 

implemented on a dataset of 602 transactions. To review 

critically dataset is not mentioned with proper dimensions 

and source. Performance comparison of applied 

algorithms not shown. Results are mentioned with 

support and confidence clearly to propose a new 

marketing strategy. Anggraeni et al., (2019) worked on a 

sales dataset of an electronic company in Indonesia. FP-

Growth and Apriori implemented using Weka to find 

frequent item sets for sale promotions. The final results 

are shown using the Apriori algorithm with support and 

confidence. The best rules generated by FP- Growth are 

not mentioned in the results section. Visualization of 

rules, support and confidence using scatter plot and graph 

base visualizations are not used. Comparatively (Rizqi, 

2019) worked on the product bundling strategy of Retail 

Z in Indonesia. The research methodology is defined 
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briefly. Dataset of 5 departments with 58 products is used 

to mine frequent items using FP-Growth. Association 

rules with confidence, support and lift are mentioned 

properly. Results are mentioned clearly to bundle 

products for Retail Z. To review critically Visualization 

of support, confidence and association rules are required 

using scatter and graph-based plotting. 

A study (Mustakim et al., 2018) observed the most 

interesting pattern of Berka Mart applying Apriori and FP 

growth. To review critically Comparison of both 

algorithms in terms of memory should be plotted to 

examine performance. To critically analyze values of 

support and confidence scatter plotting is essential. 

Graph-based representation of association rules enhanced 

the understanding of frequent item sets in the finding of 

patterns. So, graph-based visualization of association 

rules is required to implement. A comparison of the two 

algorithms shows FP takes less time in the generation of 

the rule than Apriori. FP growth scans the database two 

times to generate frequent items. A standard method is 

followed and shown pictorially to find patterns. Findings 

are mentioned with the most frequent rule at specific 

support and confidence. 

Hidayat et al., (2019) describe the application and 

evaluation analysis of the Apriori and FP-growth 

algorithm for the Market Basket analysis of brilliant shop. 

Regarding this article, the authors do not mention which 

methodology was used for data understanding and pre-

processing and also do not describe which tool was used 

for the results. Authors directly put results in tables rather 

than showing them in diagrams or graphs and in the 

results of both algorithms processing time is not 

mentioned because authors in this research show that the 

Apriori algorithm takes time enough its scan the database 

many times but in FP-growth algorithm, it just takes less 

time and only scan database two times to generate 

frequent item set. Maliha et al., (2019) in this study used 

market basket analysis with Association rules and two 

algorithms respectively Apriori and FP-growth. 

Researchers used two datasets obtained from Kaggle 

website 1: French Retail Store 2: transaction of bakery 

items processed this data by using python tool. In the end, 

FP- growth and Apriori algorithm comparison regarding 

time shows in good form. But still needs some 

improvement on this to improve the accuracy of the 

algorithm and need to apply it to different transaction 

datasets to determine the percentage for product 

reduction. (€Unvan, 2020) in this research doing market 

basket analysis with Association rules and applying two 

algorithms Apriori and FP-growth. The researcher used 

the sales data of any supermarket received from the 

Vancouver Island University website and processed this 

data by using Weka tool and finding patterns. In this 

article results not shown in table forms or graphics need 

to be shown. The summary table of MBA using FP-

Growth is shown in Table 3. 

Table 3. Summary table of MBA using FP-Growth 

Author 

Year 

MBA 

using AR 
Preprocessing Dataset Result Improvement Good 

Anggraeni 

et al. 
(2019) 

FP-Growth, 

Apriori 
Algorithms 

Data cleaning 
from 620 to 577 

data, Data 

integration, Data 
selection, 

Data 

Transformation 

Dataset of 620 

items 

FP-Growth: At 
minimum support of 

45% and 

confidence 60% 5 rules 
Apriori: At minimum 

support 45% and 

confidence 60% 3 rules 

Dataset with proper 

dimensions 
Performance plot of 

two algorithms 

Use of the large 
dataset 

Followed standard Research 
Methodology Results 

mentioned 

with support and confidence 

Rizqi 

(2019) 

Apriori, 
FP- 

Growth 

Algorithms 

Not mentioned 

Electronic Sales 
data from January 

2016 to December 
2016 

116 transactions 

Using Apriori at a 
minimum support of 9% 

and confidence of 40% 

10 best rules 

Association rules 
with FP-growth not 

mentioned properly 
Performance plot of 

two algorithms 

Use of the real dataset 
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3.2. MBA using Deep Learning 

Deep learning utilized to mine visit buy conduct of clients 

that covered up in retail dataset (Ahmed, 2004). Market 

basket analysis using NN and LSTM algorithms on retail 

dataset conducted by: 

3.2.1. Neural Networks 

Whereas (Choi & Yu,2008) proposed deals estimating 

show for mold retail utilizing Developmental Neural 

Arrange (ENN). The proposed approach outflanks 

SARIMA show when variances of season impact mold 

retail. Future attributes of product size and color can be 

considered to forecast sales more accurately. Essentially, 

(Chen et al, 2010) proposed determining deals 

demonstrate utilizing Standard day and occasion moving 

normal strategy and back engendering neural arrange. 

The test performed on deals dataset of new nourishment 

deals at store appears that BPNN outflanks with less MSE 

and tall accuracy. For future work deals estimating can be 

done by taking into number the impact of occasions, 

summer excursions, modern years and autonomy day. So 

also, (Wang et al, 2016) proposed a multi errand multi-

course forecast show for the general store Retail dataset 

in China. The novel work is the forecast of multi errand 

and multi-course statistic properties of the client on 

buying conduct. The pack of thing representation is 

utilized to discover the visit itemset. The proposed 

demonstrate Organized Neural Implanting (SNE) 

performs best utilizing normal amassing pooling work 

containing 14 

items 

Visualization of 

association rules Use 
of the large dataset 

Mustakim 
et al. 

(2018) 

FP-Growth 

Data cleaning, 

recapitulating 

data, removing 
duplicate data, 

checking 

inconsistent 
data, Data 

Transformation, 

cleaning of noise 
and missing data 

Retail Z dataset of 

5 Departments 

with 58 
transactions 

At minimum support of 
30% and 60% generated 

6 rules. 

Scatter plotting of 

confidence and 

support. 
Graphical 

visualization of 

association rules Use 
of Large dataset 

Considering price 

attribute for product 
bundling 

Problem statement 
mentioned Results with 

support and confidence 

Research methodology 
defined Worked on the real 

dataset 

Proposed business strategy 
on mined 

frequent patterns 

Hidayat et 

al. (2019) 

FP 

Growth, 
Apriori 

Not mentioned 

Berkah Mart 

Dataset 8,307 

items 400 

transactions at 

a day in 2017 

October, 
November, 

December 

Apriori: Frequent 

itemset found at support 

13.02 and confidence 

48.37. 

FP Growth: 

Frequent item set found 
at support 13.11 and 

confidence 48.42 

Use of scatter plot for 

graphical 
visualization of 

support and 

confidence. 

Graphical 

visualization of 

Association rules. 
Pruning of dataset. 

Comparison of the 

algorithm in terms of 
memory 

Comparison of two applied 

techniques in terms of 
memory and speed. Use of 

real dataset. 

Frequent patterns were 
mentioned with support and 

confidence in the result. 

Standard process 
followed to mine patterns 

Hossain et 

al. (2019) 

FP 

Growth, 
Apriori 

Not mentioned 

sales transaction 

data of cosmetics 

in Brilliant Store 
during November 

2018 

support value of 8.8% 
and 30% confidence 

value, with a filtering 

time of 0.036 seconds 

This research does 

not show data 
exploration and does 

not explain which 

tool is used to mine 
the dataset 

A good thing in this article 
is authors used the original 

dataset to find frequent item 

sets and patterns. 

Unvan 
(2021) 

FP 

Growth, 

Apriori 

Not mentioned 

Two datasets 

obtained from 

Kaggle 1: French 
Retail Store 2: 

transaction of 

bakery items 

Minimum support=1% 

and Minimum 

confidence =50%, 

Need to apply to 
different transaction 

datasets to determine 

the percentage of 

product reduction 

FP-growth and Apriori 

algorithm comparison 
regarding time shows good 

form 

Choi and 
Yu (2008) 

FP 

Growth, 

Apriori 

Not mentioned 

The sales data of 

any supermarket is 

received from the 
Vancouver Island 

University 

website. 

21.06 Conviction and 1 

(100%) confidence 

values 

Results not shown in 

table forms or 

graphics 

Good thing authors well 
describe the association 
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with tall Exactness 0.371, Audit 0.289, F1 0.324 

Hamming Misfortune 0.411 and for energetic clients with 

tall Exactness 0.361, Survey 0.299, F1 0.327 Hamming 

Misfortune 0.410 and dynamic clients with tall Accuracy 

0.361, Review 0.299, F1 0.327 Hamming Loss 0.410. For 

future work Testing Model efficiency using more datasets 

with large transactions considering Seasonal and time 

stamp effects on purchase of items, integrating 

association rules to find frequent itemset with Deep 

learning methods. Using deep neural architecture than 

shallow and Prediction of more demographic attributes to 

measure the efficiency of the proposed model. 

Comparatively (Salehinejad & Rahnamayan, 2016) 

predicted customer shopping patterns utilizing Repetitive 

Neural Arrange. The novel work is desire of Recency, 

Repeat and Cash related (RFM) values utilizing RNN to 

anticipate client shopping plans. The auto- encoding 

procedure is utilized to remove highlights of input 

variables Client ID, R, F and M. The proposed illustrate 

RNN-ReLU outflanks than LSTM-RNN and SRNN to 

predict RFM values with 80%. Future work can be 

conducted to use location and age variables for feature 

extraction. The next item recommendation system can be 

proposed using predicted RFM values. 

Likewise, (Massaro et al, 2018) worked on Walmart's 45 

stores sales dataset to predict sales using an Artificial 

Neural Network (ANN). The preprocessing step is 

performed using different Operators in Rapidminer. The 

Profound learning with ANN beats as best deals 

anticipating calculation with Relationship 73% / 97,4%, 

Normal Outright Blunder 2000 +/- 1250 and Relative 

Normal Blunder 12,9% +/- 9,9% than other strategies 

Slope Boosted Trees, SVM, KNN, Choice Trees and 

Irregular Woodland. To review critically the following 

improvement required proposing a Hybrid model using 

Association Rules and Deep learning to predict sales, use 

of other deep learning methods LSTM and CNN, and use 

of dimension reduction algorithm. The persuasive work 

of the author is the use of a real sales dataset and graphical 

performance plot comparison of deep learning with other 

strategies Angle Boosted Trees, SVM, KNN, Choice 

Trees, and Irregular Woodland. (Lismont et al, 2018) 

proposed demonstrate to foresee fewer buying items 

utilizing Client- Item organize as preprocessing strategy. 

The half-breed Irregular Timberland predicts fewer 

buying items with tall AUC than neural organize. 

Kim et al, (2002) proposed deals forecast show utilizing 

hereditary based classification of neural systems on deals 

dataset. The Integration comes almost from three neural 

frameworks NN1, NN2, and NN3 into a single GA-based 

procedure that shows up to figure target thing purchase 

with a classification rate of 76.5% and a botch rate of 

13.5. For future work, classification can be extended to 

abstract and rank levels. So too, (Pale et al, 2015) 

proposed a novel neural organize approach NN-Rec to 

foresee the following bushel proposal of two Honest to 

goodness Retail datasets Tafeng and Beirne. The 

proposed framework contains three layers embedding, 

hidden, and output layers. The user id and items id’s 

transformed into the matrix to form a feature vector. The 

feature vector feed into the embedding layer. The hidden 

layer transforms h1 to h2 using the activation function. 

The SoftMax operator is applied at the output layer to 

predict the probability of the next purchased item. This 

demonstrates captures long conditions and input layer 

more adaptable to include other highlights than previous 

methods. Experiment for Beiren dataset appears precision 

is underneath 0.1 when wicker container k= 2 and for 

Tafeng dataset precision is underneath 0.06 when wicker 

container k=2 using NN-Rec novel neural network 

approach. Likewise, (Yu et al, 2016) proposed a novel 

show named Energetic Repetitive Wicker Container 

Show (DREAM), based on RNN. 
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The novel work is thought of dynamic user’s interest and 

global intuition of all wicker containers of the client over 

time. The Max and Avg pooling operation are performed 

on items in the basket to get basket representation. These 

basket representations feed as input into the input layer. 

Energetic representations of the client get in the covered 

layer. The yield layer appears with scores of clients for all 

items. The result appears nonlinear operation max-

pooling outflanks than Avg pooling strategy since it 

measures the intuitively relationship of wicker container 

things. Gangurde et al., (2017) a proposed a novel 

predictive model for MBA by using data cleaning and a 

neural network approach. To find frequent item sets for 

seasonal dataset MBA algorithm takes more time and 

repeated scans of the database. So, this may be 

accomplished by changing the weights through 

backpropagation. This strategy makes a difference 

minimize the time and taken a toll of performing as often 

as possible MBA on an expansive database. A handmade 

dataset was used to simulate the proposed method. Valid 

four combinations are generated using a threshold of 0 

and 1 in the handmade dataset. The proposed framework 

is implemented on the transaction dataset of online 

shopping. Analysis of proposed framework with other 

MBA methods evaluated using metrics of precision, 

recall and accuracy. Results from the online shopping 

dataset achieved an accuracy of 0.90. To review critically 

the source of the dataset and data visualization not 

mentioned. While (Li et al, 2018) designed an engine to 

combine current and past transactions to dynamically 

predict preference for the next item for making real-time 

business strategies. The obtaining data of clients 

extricated utilizing Individual Acquiring Inclination 

Design (PPPP). The Repetitive Neural Arrange (RNN) is 

connected to the extraction data of PPPP to discover 

another obtaining thing of the client. Top 100 orders 

taken as input for each customer. For training data, 97 

orders and the remaining 3 orders are considered as 

testing data. The result shows that PPPP achieves 18.29% 

higher Individual Prediction Accuracy than Baseline 

(Apriori). To review critically simulation of the proposed 

method and prediction results are not shown using RNN 

on the transactional dataset. The persuasive work of the 

author is to propose an engine for making real-time 

business strategies using RNN. The performance of PPPP 

is shown with metrics. 

Comparatively, (Wang et al,2018) proposed an attention-

based proposition appear utilizing a neural organize 

approach. The novelty of work is recommending novel 

items other than rigid order assumptions using attention 

base recommendations. ATEM comprises three layers 

input layer, the thing implanting layer, the Consideration 

Layer, the setting inserting layer, and the yield layer. The 

execution of ATEM was assessed utilizing two genuine 

deals value-based datasets of Insights IJCAI-15 and Ta-

Fang. The ATEM performs at REC@10 0.3542, 

REC@50 0.5134, and MRR 0.2041 on the IJCAI-15 

dataset. The ATEM performs at REC@10 0.1089, 

REC@50 0.2016, and MRR 0.0347. Whereas (Yu et al, 

2016) proposed a novel demonstration named Energetic 

Repetitive Bushel Show (DREAM), based on Repetitive 

Neural Arrange (RNN). The novel work is thought of 

energetic user’s intrigued and worldwide intuitive of all 

bushel of the client over the time. The Max and Avg 

pooling operation are performed on things in the bushel 

to induce bushel representation. These basket 

representations feed as input into the input layer. 

Energetic representations of the client are gotten within 

the covered-up layer. On the other hand, (Sreenivasa & 

Nirmala, 2019) proposed half breed appear to mine client 

buying conduct on a retail dataset of the T-Mall online 

shopping store. The novel work is considering zone base 

information of the client and utilizes lively brief- and 
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long-term consider of the client. To achieve brief-term 

purposeful move networks are utilized from past 

exchanges of clients. The hybrid model is designed using 

RNN and FNN to attain the short- and long-term behavior 

of customers. The proposed model outperforms other 

hybrid models with HR 0.08547365 and MRR 

0.12935566. In future work, the model can be evaluated 

using the Amazon dataset with high HR, and MRR values 

and considering the time-centric information of the 

customer. 

Comparatively, (Lee et al, 2020) proposed a multi-period 

proposal show utilizing RNN. The system is assessed by 

different periods since the client obtains conduct changes 

over time but the conventional proposal demonstrates 

assessed as it were once. An experiment was performed 

on a Real dataset of a Fresh Food delivery company with 

7716 customers and 10 shopping carts. The result shows 

that LSTM based recommendation model outperforms 

the collaborative filtering-based model with an accuracy 

of 21% high at T and 10% high at T+4. To review 

critically the use of diverse transactional datasets and 

propose a hybrid model using CF and RNN-based 

recommendation models required as improvement in 

current work. 

Changchien et al. (2001) proposed an online suggestion 

system for electronic stores utilizing clustering and 

running the appear extraction module. The SOM neural 

arrange-based plan utilized to find 9 clusters from O-ID, 

Buyer, Recipient, Item table, and 99 affiliation rules are 

extricated at least certainty 0.25. For future work 

proposed approach can be applied to sales and product 

datasets considering Seasonal effects. The summary table 

of MBA applying NN is depicted in Table 4. 

Table 4. Summary table of MBA using NN 

Author Year 
MBA using 

AR 
Preprocessing Dataset Result Improvement Good 

Chen et al. 
(2010) 

Evolutionary 
Neural Network 

Not mentioned 

Sales data for two fashion 

products T-shirts and 

Jeans from 2002 to 2003 

ENN outperforms 
SARIMA when 

seasonal 

trend fluctuates in 
fashion retail 

Taking into count 

the attribute of 
products color and 

size 

An experiment 

performed on 

the real dataset 

Wang et al. 

(2016) 

Back 

Propagation 

Neural 
Networks 

(BPNN) 

And Logistic 
Regression (LR) 

Not mentioned 

35 days of fresh food 

sales at Hi-Life 
convenience stores. Fresh 

foods herein are 

comprised of four kinds of 
sandwiches, three kinds of 

hand-made rolls, two 

kinds of rice balls, sushi. 

The BPNN 

outperforms with 
smaller MSE and high 

precision to forecast 

sale 

Demand forecasting 
takes into count the 

holidays, summer 

vacation, new year 
and Independence 

Day 

Plotting Sale 
predictions 

applying BPNN 

Salehinejad 

and 
Rahnamayan 

(2016) 

Structured 

Neural 
Embedding 

(SNE) 

Filtered dataset 

with the user 

who has five 
demographic 

attributes. 

Extracted 
transaction 

history of users 
and removed 

the items 

bought less 
than five times 

BeiRen retail dataset of 

supermarkets in China 
from 2012 to 2013 with 

49, 290, 149 

transactions, 220, 828 
items and 1, 206, 379 

users. 

The proposed 
illustrates SNE 

performs best utilizing 

ordinary storing up 
pooling work with tall 

Precision 0.350, Audit 

0.281, F1 0.312 and 
Hamming Misfortune 

0.431 for Torpid 

clients. For medium 
clients with tall 

Accuracy 0.371, Audit 
0.289, F1 0.324 and 

Hamming Misfortune 

0.411. For energetic 
clients with tall 

Exactness 0.361, 

Review 0.299, F1 

0.327 and Hamming 

Hardship 0.410. 

Using deep neural 

architecture than 

shallow to predict 
demographic 

attributes from 

purchase history. 
Prediction of more 

demographic 

attributes to 
measure the 

efficiency of the 
proposed model 

Integrating 

Association rules to 
find frequent 

itemset with the 

deep learning 

method. 

Correlation 

between 

demographic 
attributes. 

Incorporating 

Multi-task and 
multi-class 

prediction 

problems. 
Turning 

Multiple 
prediction tasks 

into a single 

structured 
prediction task. 

Massaro et 

al. (2018) 

Recurrent 

Neural Network 
(RNN) 

Splitting the 

dataset into 
50% training, 

Ta-Feng grocery shop 

transaction sales dataset 
with 817,741 

The ReLU-RNN 

predicts R, F and M 
values by 80% more 

Conducting 

Experiment on 
Large Training 

Customer 

behavior 
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25% validation 

and 25% 
testing. 

transactions 32,266 users 

and 23,812 items. 

than LSTM-RNN and 

SRNN. 

dataset. 

Using location and 
age variables for 

feature extraction. 

Proposing a 
recommendation 

system using 

predicted RFM 

prediction using 

RFM values. 

Lismont et 

al. (2018) 

Artificial 

Neural Network 

(ANN) 

Using “Join” 

operator to 
make 

single dataset, 
Nominal to 

Binominal 

conversion, 
Split 

data into 

training 
and testing 

Walmart 45 store sales 

forecasting dataset 
140000 sales records for 

each store 

features.csv 

scores.csv 

train.csv 
test.csv 

Profound learning 

with ANN 

outperforms as best 
sales predicting 

calculation with 

Correlation 73% / 
97,4%, Normal 

Absolute Error 2000 

+/- 1250 and Relative 

Normal Mistake 

12,9% +/- 9,9% than 
other methods 

Gradient Boosted 

Trees, SVM, k-NN, 
Decision Trees and 

Random Woodland 

Hybrid model to 

predict sales using 

AR and Deep 
Learning. 

Use of Dimension 

reduction algorithm 
on dataset. 

Applying LSTM 

OR 

CNN to predict 

sales 
with more high 

correlation and less 

absolute and 
relative 

Errors. 

Worked on Real 
sales 

dataset. 

Comparison of 
Deep 

Learning with 

other 
methods. 

Graphical 
performance 

comparison plot 

of 
applied method 

ANN with 

other algorithms 
Gradient 

Boosted Trees, 

SVM, k- 
NN, Decision 

Trees and 

Random Forest. 

Kim et al. 
(2002) 

Customer 

product 

network 
for extracting 

features, 

predicting less 

sold product 

using 

classification 
method 

Random Forest, 

Decision tree, 
Logistic 

regression, 
Neural network 

Customer-
Product 

network used 

to 
extract feature 

of 

product and 
customer 

European Grocery shop 

transactional dataset 

with 6355 products, 

406,678 customers ,100 

million transactions 
during 

the period of 12 months 

Random forest 

outperforms with 

average 
values of 

AUC using local 

features 

0.6616, Network 

features 

0.6902 and Hybrid 
features 0.6989. The 

hybrid Random 

Timberland predicts 
fewer buying items 

with high AUC 
esteem. 

Considering long 
period effects 

on customer buying 

behavior and 
seasonal 

effects on product 

purchase. 

Conducting 

current research on 

online dataset of 
retail. 

In local feature 

considering price 
and 

promotion other 
than 

RFM values. 

First customer 

product 

network-based 
study on 

offline retail 

dataset. 

Wan et al. 

(2015) 

Genetic based 

classification 

of neural 
networks 

Not mentioned 

Sales dataset of EC 
company in Korea. Data 

set consists of 10 

demographic features, 5 
transactional feature 

during one year. 

Integration of comes 

about from three 
neural networks NN1, 

NN2, and NN3 into 

Single GA-based 
method show 

expectation of target 

product buy with 

classification rate 

76.5% and error rate 

13.5 

Applying rank and 
abstract level 

classifiers 

Experiment 
performed on 

two datasets 

Salehinejad 

and 

Rahnamayan 
(2016) 

Dynamic 

Recurrent 

basket 
Model 

(DREAM), 

based on 
Recurrent 

Neural 

Network 
(RNN) 

Dataset 

preprocessed 
for 

each item 

purchased by at 
least k users. 

For 

Ta-Feng k=10 
and 

For 

T-mall k=3 

Ta-Feng: 

817,741transactions 
belonging to 32,266 

users and 23,812 items. 

T-mall: 
4,298 transactions of 

884 users and 9,531 

brands 

Using Avg-Pooling: 

For Ta-Feng dataset 

with dimensions {50, 
100, 150} f1-Score 

0.061 NDCG 0.082, 

f1- 
score 

0.064 NDCG 0.081, 

f1-score 
0.067 NDCG 0.083 

respectively. For T-

mall 
dataset with 

dimensions 

{10, 15, 20} f1-Score 
0.058 NDCG 0.141, 

f1- 

score 0.063 NDCG 
0.154, f1- 

Heterogeneity of 

Basket 

Recommendation 
Problem. 

Effects of season 

and time on 
datasets. 

Use of linear 

and 

nonlinear 
pooling 

methods for 

basket 
representation 

Performance 

plot of 
applied methods 

with 

metrics on two 
datasets 
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score 0.066 NDCG 

0.160 
respectively. 

Using Max Pooling: 

For Ta-Feng dataset 
with dimensions {50, 

100, 150} f1-Score 

0.065 NDCG 0.084, 
f1- 

score 0.068 NDCG 

0.085, f1-score 0.070 
NDCG 0.086 

respectively. 

For T-mall dataset 
with 

dimensions {10, 15, 

20}  f1-Score 0.070 
NDCG 0.162 

, f1-score 0.071 

NDCG 0.168, 
f1-score 0.073 NDCG 

0.173, respectively 

Massaro et 

al. (2018) 

Market basket 
Analysis with 

Feed forward 

Neural network 

Data cleaning 

using the 

proposed EHC 
leaner 

algorithm 

Handmade 4 inputs 

Biscuit, Cold drinks, Tea 
and Fast food 

4 Valid combinations 

for rainy 

phase is (1,3,4), (1,3), 
(1,4) 

and (3,4) 

Source of dataset 
not mentioned 

Visualization of 

data 
is missing using 

graph base and 

scatter plot 

Performance 
plot 

of FFNN with 

MBA algorithm 
Simulation on 

Transactional 

dataset 

Yu et al. 
(2016) 

Market Basket 

Analysis 

using 
Recurrent 

Neural 

Network with 

Long Short 

Term 

Memory 

Splitting 

transactional 
data 

into purchase 

history and 

shopping cart 

data 

InstaCart Online 
Grocery Shopping 

Dataset1 in 2017 

206,209 
Customer’s transaction 

history including 

3,421,083 orders 

categorizes 49,685 

products into 

21 departments and 
134 aisles 

RNN based Personal 

Purchasing 

Preference Pattern 
achieves 

18.29% higher 

Individual 

Prediction Accuracy 

than 

Baseline 

Simulation of 

proposed method 

using transactional 
dataset 

Visualization 

of data 

Prediction results of 

The next item not 

shown 

Performance 
metrics of 

proposed 

method. Real-
time 

marketing 

strategies using 
Proposed model 

Sreeniasa 

and Nirmala 

(2019) 

Attention-based 
neural network 

Removed 

Transactions 

that 
contains only 

one 

item 

Two Real-world 

transaction dataset 
IJCAI-15 and Ta-Fang 

IJCAI-15: 

#Transactions144,9 
36, #Items27,863, 

Avg. Transaction 

Length2.91, #Traini 
ng Transactions 

141,840, #Training 

Instances 412,679, 
#Testing Transactions 

3,096, #Testing 

Instances 9,030 

Ta-Fang: 

#Transactions 19,538, 

#Items 5,263, Avg. 
Transaction Length 

7.41, #Training 

Transactions 18,840, 
#Training Instances 

141,768, #Testing 

Transactions 
698, #Testing Instances 

3,150 

For IJCAI-15Attention 

Based 
Transaction 

Embedding 

Model performs at 
REC@10 

0.3542, REC@50 

0.5134, 
MRR 0.2041. 

For Ta-Fang Attention 

Based Transaction 
Embedding Model 

performs at REC@10 

0.1089, REC@50 
0.2016 

, MRR 0.0347. 

Proposing Hybrid 
model using 

Attention-based 

mechanism With 

RNN and CNN 

Dataset 

mentioned with 
proper 

dimensions 

Worked on 
Recommending 

novel 

item other than 

rigid order 

assumption 

using 
attention 

mechanism 

Lee et al. 
(2020) 

Sequential 
Hierarchical 

Attention 

Network 
(SHAN) 

Items observed 

by 
less than 10 

users 

are removed 
from 

dataset 

T-Mall #user 20,648 
#Item 25,129 avg. 

session length 2.73 

#Train session 71,892 
#Test session 3,534 

Gowalla #user 15,171 

#Item 13,193 avg. 
session length 

2.97 #train session 

129,225 
#Test session 3,635 

SHAN performs best 
on 

Gowalla dataset with 

AUC 
0.987, Recall 0.439. 

On the T-Mall dataset 

SHAN 
performs best with 

high 

AUC 0.801 and 
SHAN-S 

Capturing Feature 
in 

long and short term 

intentions Worked 
on large datasets 

Combining user 
dynamic 

long and short 

term 
intentions. 

Hierarchical 

attention 
network to 

capture long 

and short term 
intentions. 
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performs best with 

high 
Recall 0.156 on T-

Mall. 

Capture high 

level 
complex 

interactions 

between item- 
item and user-

item 

factors. 

Changchein 

and Lu 

(2001) 

Multitask Long 
Short-Term 

memory-based 

model 

Splitting 

attributes into 

four bins 
morning, 

afternoon, 
night, and 

dawn time 

splitting data 
into 

90% for 

training and 
10% for testing 

InstaCart online grocery 
shopping cart sales 

transaction data from 

2017 with 3,421,083 

millions of orders 

LSTM predicted 
single transaction 

Embedding of next 

day purchase accuracy 
44%, next hour 56%, 

and next 

purchase category 
82%. 

Predicted multiple 
transactions 

embedding for the 

next day 30%, 
next purchase 57% 

and purchase category 

81% Predicted pre-
trained embedding for 

next day 32%, next 

hour 62%, and 
purchase category 

82% 

An experiment 

conducted on multi-

context embedding 
using 

additional 
dimensions as 

location, customer 

age and gender. 
Use of 

large dataset to 

evaluate embedding 
strategies. 

Guide to 

preprocess 

customer multi-
intention 

behavior using 

embedding 
strategies for 

customer multi-

intent 

embedding. 

Multitask 
LSTM model to 

learn 

embedding of 
multitasking 

Changchein 

and Lu 

(2001) 

Recurrent 

Neural Network 

(RNN) 

Not mentioned 

Real dataset of Fresh 
Food delivery company 

with 7716 

customers and 10 
shopping carts 

The LSTM-based 
recommendation 

model outperforms the 

collaborative filtering-
based model with an 

accuracy of 21% high 

at T and 10% high at 

T+4. 

Use of diverse 

transactional 
dataset Proposing 

hybrid model using 

CF and RNN based 
recommendation 

model 

Multi-period 

product 
recommender 

Results 

mentioned 
clearly 

Use of real 

dataset with 

proper 

dimensions 

Auon et al. 
(2015) 

Clustering 
module using 

neural 

networks, 
Self- 

organization 

map and rule 
extraction 

module using 

rough set 
theory 

Creating fact 
table, from 

database for 

mining, 
selecting 

dimensions and 

attributes, 
filtering data 

with noise and 

handling 
missing values 

Data 

transformation, 
normalization 

Electronic store 

dataset for online 

marketing 

using SOM find 9 
clusters 

from O-ID, Buyer, 

Receiver 
and product. 

99 association rules 

extracted at minimum 
confidence 0.25 

Applying proposed 

approach on sales 

and product dataset 
considering 

seasonal 

effects 

Use of the 

hybrid approach 
for online 

recommendation 

Dimension 
reduction of 

dataset 

 

3.2.2. LSTM 

Auon et al., (2015) proposed an expectation demonstrate 

extricating worldly and total highlights utilizing LSTM 

and QR individually. The novel work is the integration of 

LSTM and QR models into a Blend of Specialists (ME) 

to classify rehashed and non-repeated clients. 

The tests on the exchange dataset of 9 markets appear that 

a Blend of Specialists (ME) performs best with less MSE 

as compared to person Quantile Relapse and LSTM 

models to classify rehashed and non-repeated clients for 

9 markets. For future work, the large dataset can be used 

to measure the efficiency of the proposed model and use 

association rules to mine frequently and non-frequently 

products. 

Wang et al., (2016) proposed Multi-Task Representation 

Learning Demonstrate (MTRLM) to foresee users’ 

statistic properties. The novel work is extricating 

highlights automatically rather than manually and 

learning from shared representations. The experiment on 

a retail dataset of supermarkets shows that MTRL 
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predicts client statistic characteristics from buy history 

with a tall weighted F1 degree for the medium gather of 

clients Sex 0.645, Conjugal status 0.802, Instruction 

Foundation 0.647. For future work Prediction of more 

demographic attributes to measure the efficiency of the 

proposed model and use of association rules to find more 

frequent item sets than the Bag of items method. 

Comparatively (Sakar et al, 2019) proposed a cross breed 

demonstrate utilizing Multilayer Perceptron Organize 

(MLP) and RNN-LSTM to anticipate the acquiring 

behavior of clients. The primary module anticipated 

client deliberates to visit online shops utilizing MLP. 

The novel work is utilized filter-based include choice 

strategies. The MLP beats than base classifiers at a 

Precision of 87.24, F1-score 0.86, True-positive rate of 

0.84 and True-negative rate of 0.92. In the second 

module, LSTM-RNN estimated visitors’ intention to 

leave the site without a transaction. 

Chen & Li, (2019) proposed Consideration Base 

Repetitive Neural Arrange to suggest a thing for 

repurchase. The oddity of work is presenting a self-

attention component instead of a highlight building base 

suggestion show. The other recognizing figure is the 

utilize of LSTM to mine the intermittent buy conduct of 

clients. The Result appears that AttRNN beats LSTM at a 

certainty level of 0.2 with an F1 score of 0.4723. 

While (Cirqueira et al, 2019) predicted single, multiple, 

and pre-trained embedding of next day, hour, and 

purchase category using the LSTM model on InstaCart 

shopping store. The novel work is a guide to preprocess 

multi-intent customers using neural network embedding 

strategies. The result shows that LSTM anticipated single 

exchange implanting of following day buy exactness at 

44%, another hour at 56%, and another buy category at 

82%. The LSTM Anticipated numerous exchanges 

implanting of another day 30%, Following buy 57% and 

buy category 81%.  

The LSTM Anticipated Pre-trained inserting of the 

following day 32%, following hour 62% and buy 

category 82%. Long-term work is conducting a Test on 

Multi setting inserting utilizing extra measurements such 

as area, client age and sex. The precision of LSTM can be 

moved forward employing an expansive dataset to assess 

inserting procedures. The summary table of MBA using 

LSTM is illustrated in Table 5. 

Table 5. Summary Table of MBA using LSTM 

Author 

Year 
MBA using AR Preprocessing Dataset Result Improvement Good 

Wang et al. 
(2016) 

Classification of 

temporal 

features using 
Long Short-

Term Memory 

(LSTM) 
Classification of 

aggregate 

features using 
Quantile 

Regression 

(QR) 

Customer-
based feature, 

product-based 

feature. 
customer 

product-based 

feature 
extraction 

Transaction dataset 
obtained from Kaggle 

Acquire Valued 

Shoppers Challenge with 
1-year transaction 

history of shoppers 

including 9 markets and 
38k customers. 

A blend of Specialists 

(ME) performs best 

with less MSE as 
compared to person 

Quantile Relapse and 

LSTM strategies to 
classify rehashed and 

non-repeated clients for 

9 markets. 

Use of association 

rules to mine 

frequently and non- 
frequently buying 

customers 

Use of a large dataset 
to measure the 

efficiency of the 

proposed model 

Integration of 

deep learning and 
machine learning 

methods. 

Sakar et al. 
(2019) 

Multi-Task 

Representation 
Learning Model 

(MTRLM) 

using Feed 
forward Neural 

networks 

Filtered 
dataset with 

items bought 

by less than 10 
times. 

BeiRen retail transaction 
dataset of Chinese 

supermarkets from 2012 

to 2013 with 64097 
items, and 80540 users. 

MTRL predicts client 

statistic characteristics 

from buy history with a 
tall weighted F1 degree 

for a medium bunch of 

clients Sex 0.645, 
Conjugal status 0.802, 

Education Background 

0.647. 

Prediction of more 

demographic 

attributes to measure 
the efficiency of the 

proposed model. Use 

of association rules 
to find frequent item 

sets than Bag of 

items representations 

Multitask 
Representation 

Learning model is 

based on 
automatically 

extracting features 

than manually 
defining features 
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Chen and 

Li (2019 

Multilayer 
perceptron 

(MLP), Long 

Short Term 
Recurrent 

Neural Network 

(LSTM) 

Oversampling 

and feature 
selection 

Online Retail data 

consisting of 185,000 

Web pages 
visited in 9800 

sessions of 3500 visitors. 

In the first module, 

MLP performs best 
than SVM and Random 

Forest to 

predictpurchasing 
intention of the visitor 

at an Accuracy of 

87.24, F1-score 0.86, 
positive rate 0.84 and 

True-negative rate0.92. 

second module 
LSTM-RNN estimated 

visitor intention to 

leave site without a 
transaction. 

Integrating 
recommendation 

system on user or 

item based. 

Real-time 
customer behavior 

analysis using a 

hybrid model. 

Cirqueira 

et al. 

(2019) 

Attention 

Recurrent 

Neural Network 
(AttRNN) 

Long Short-

Term Memory 

Not mentioned 

InstaCart Dataset with 
10,000 shopping records 

of users, an average of 4 

to 100 shopping baskets 
per user. 

attend performs better 
than LSTM with an F1- 

score of 0.4723 at 

a confidence level of 
0.2 

Hybrid model to 

mine periodic 

purchase rules 
Attention-based 

mechanism with 

CNN 

Periodic purchase 

rule Use of self- 
Attention 

mechanism 

Bai et al. 

(2019) 

Long short-term 

(LSTM) to 

predict next 
recommendation 

In Tafeng and 

BeiRen 

datasets 
removed the 

product 

bought less 

than 15 times. 

Ta-Feng transaction 

dataset from December 

2000 to 2017 with 7,044 
items 1,951 users total 

90,986 purchase records. 

Average purchase record 
of users 50 average 

purchase time 

14. BeiRen online 
shopping dataset from 

April 2013 to July 2013 

with 211,519 purchase 
records 3,264 users and 

5,818 items. Purchase 

record 
65. Amazon product 

from January 1st, 2014 

to June 30th, 2014. 6,092 
items 1,443 users with 

15,811 purchase record 

average products 
reviewed by 11. 

LSDM performance 

metrics are On Ta-Feng 

dataset Hit@5 0.1194, 
Hit@10 0.1281, 

NDCG@5 

0.0824, NDCG@10 
0.0890. On BeiRen 

dataset Hit@5 0.2187, 

Hit@10 
0.2290, NDCG@5 

0.1617, 

NDCG@10 0.1646.  
Amazon dataset Hit@5 

0.0182, Hit@10 0.0265, 

NDCG@5 0.0119, 
NDCG@10 0.0147. 

Incorporating 

attributes of the item 

as price and 
category. Detecting 

best time scale from 

dataset 

automatically. 

incorporated 

user’s demand 
towards products 

over a specific 

time/ Experiment 
performed on 

three real datasets. 

Considering 
multiple time 

scales for long 

demands using 

hierarchical neural 

structure. Use of 

attention 
mechanism to 

capture user’s 

intentions. 

 

5. Conclusions & Future Work 

The application of information mining strategies in 

showcase wicker container investigation is a rising slant 

in retail. This paper distinguished articles related to 

advertise wicker container examination in retail 

distributed between 2000 to 2020. It points to provide 

an organized survey of showcase wicker container 

examination in retail utilizing affiliation rules and 

profound learning strategies. 

The restrictions recognized as the require for 

measurement decrease strategies on the retail dataset 

utilizing affiliation rules, utilize of consideration, and 

implanting layers in profound learning strategies on 

retail datasets to realize more exact comes about. Within 

the future, more inquire about work is required to create 

a half breed system due to the developing retail dataset 

at quick speed and as often as possible changing client 

buying propensities. 
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Abstract.  We are reporting the theoretical studies on Sulfanilamide (SA) which is an important antibacterial drug. 

The molecular geometry was optimized at its lowest quantum mechanical energy using Density Functional Theory 

(DFT) at the B3LYP level with the 6-311+G (d, p) basis sets. The first principle examination of electronic characteristics, 

molecule electrostatic abilities, and quantum chemical identities has been studied. The UV-Vis analysis was carried out 

using the CAM-B3LYP/6-311+G (d,p) function and Time Dependent Density Functional Theory (TD-DFT). The 

natural bond orbital show that the maximum stabilization energy went up to 19.34kJ/mol, therefore was accountable for 

the molecule's added stability. The negative (red and yellow) zones on MEP have been linked to the possibility of 

electrophilic engagement, whereas the positive (blue) regions had been linked to the possibility of nucleophilic addition. 

Keywords: Sulfanilamide, Density Functional Theory, UV-Vis, TD-DFT and MEP, 
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1. Introduction  

Sulfanilamide is an antibacterial organic Sulphur 

compound with a structure comparable to p-amino 

benzoic acid (PABA) (Sharaby, Amine and Hamed, 

2017). Sulfanilamide competes with PABA for the 

bacterial enzyme dihydropteroate synthase, preventing 

PABA from being incorporated into dihydrofolic acid, 

the direct precursor of folic acid (Alaghaz et al., 2014). 

This inhibits bacterial folic acid production as well as 

de novo purine and pyrimidine synthesis, ultimately 

leading in cell growth arrest and cell death (Thiede et 

al., 2016). It is a sulfonamide with a 4-position sulfonyl 

functional group linked to aniline. It is an EC 4.2.1.1 

(carbonic anhydrase) inhibitor, antibacterial agent, and 

drug allergen (Sumrra et al., 2020). It is also a  

sulfonamide antibiotic, with a modified aniline, and a 

sulfonamide (Buldurun et al., 2020). Following topical 

application or administration as a vaginal cream or 

suppository, a limited quantity of sulfanilamide is 

absorbed (through the vaginal mucosa). Like other 

sulfonamides, it is metabolized via acetylation and 

eliminated in the urine. It is also associated with 

antimicrobial resistance and is potentially hazardous to 

aquatic creatures (Hassan and Sumrra, 2021). It has also 

been found primarily in surface water (Johnson et al., 

1998). As a result, finding sensitive techniques for 

determining (SA) is crucial. Mass spectrometry, gas 

chromatography, fluorescence polarization immune 

assays, high performance liquid chromatography, and 

electrochemical procedures are examples of traditional 

detection methods. These procedures, however, are 

typically time-consuming, difficult, and costly (Fig 1). 

 

Fig 1:  Chemical structure of Sulfanilamide 

QSAR investigations are used to anticipate endpoints of 

interest in organic compounds that function as 

medicines (Sumrra et al., 2020). The composition and 

structure of molecules can influence several 

physiological processes (Adam et al., 2021). QSAR 

analysis employs molecular descriptors, which are 

numerical representations of molecular structures. In 
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the literature, semi-empirical approaches such as AM1 

and PM3 have mostly been employed to calculate the 

quantum mechanical molecule descriptors used in 

QSAR research. However, recent QSAR investigations 

have demonstrated that using DFT instead of AM1 or 

PM3 leads in a greater correlation across computed and 

experimental findings. By combining the semi-

empirical approaches, the DFT technique is projected to 

produce a statistically more accurate model. 

The DFT approach has seen considerable application in 

recent years for estimating molecular characteristics of 

somewhat big compounds (Komjáti et al., 2016). DFT 

can determine molecular parameters like optimal shape 

and energy with the same precision as electron-

correlated ab initio approaches like MP2, but it takes 

significantly less computing time. The selection of the 

basis set and technique for calculating molecular 

characteristics is a significant undertaking that varies 

depending on the kind of molecules of interest. 

The current original study goal is to develop a technique 

for investigating the molecular characteristics of 

sulfonamide (SA) compounds. 

2. Computational methodology 

Lee, Yang, and Parr employed Becke's three-parameter 

hybrid (B3LYP) exchange as also as a semi linkage 

functional to perform the various theoretical estimates 

(Lee, Yang and Parr, 1988). We had employed some 

functions in addition to the B3LYP function to get the 

required findings across the density functional theory 

experiments (Sumrra et al., 2022). Without the presence 

of single-crystal information, the (SA) was configured 

at their ground state (S°) energy levels to get insight 

onto their geometric forms (Hassan and Guleryuz, 

2021). More exact values for Frontier Molecular 

Orbitals (FMO) and Natural Bond Orbitals (NBO) 

studies have been achieved by doing single-point 

studies with a rather robust basis set of 6–31+G* (d,p) 

(Sumrra, Zafar, et al., 2021). 

The Gaussian 9 program was used to do these 

computations (Frisch et al., 2013). To perceive the 

optimized structure, theoretical FT-IR and UV–Vis 

spectra, and descriptions of geometric forms such as 

bond angles and related length, Chemcraft (V 1.6) and 

Gaussview (V 5.0.9), along with Gaussum (V 3.0.2), 

were developed. The HOMO/LUMO energy band gap 

was used to investigate the global reactivity 

characteristics (Noreen and Sumrra, 2021). 

3. Results and discussion 

3.1. Optimized molecular structure 

The SA geometry was optimized using the DFT/B3LYP 

scheme 6–31+G (d, p) sets. The vibrational frequency 

of molecule in the gaseous state was calculated using a 

B3LYP approach with a 6-31+G(d, p) basis set in the 

FT-IR spectrum with no negative values (Hassan et al., 

2021). DFT-optimized bond lengths were found to be 

1.40–1.41, all through the phenyl (C–C) ring, with bond 

angles ranging from 119.9° to 120.6°. Based on the 

optimized geometric morphologies of the assessed 

sulfonamide molecule (SA), the S=O and S–N bond 

ranges were determined to be, 1.51–1.52, and 1.69–

1.71, respectively, and their dihedral angles were 

determined to be 105–126°, respectively (Sumrra et al., 

2018)(Fig 2). 

 

Fig 2: Optimized structure of SA at B3LYP/6-31 G+(d,p) 

level 
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Because the SA contained two nitrogen atoms in the 

molecular plane, their bonding was established at same 

length as its structure. Its stiffness influenced its 

consistency, leading the bond angles to deviate from 

90°. The electron density contribution by active centers 

was also anticipated to lessen the conventional charge 

(Jacob et al., 2020). 

The vibration frequency of the title molecule in the gas 

phase was calculated using a B3LYP technique with a 

6-31+G(d, p) basis set. In the FT-IR spectrum, the 

specified vibrational band values lacked any negative 

value. The phenyl system resembled the C-H vibrations 

of organic heterocyclic units and their derivatives. This 

comprises of several weak bands in the 3100-3000 cm-

1 region, which correspond to the twisting C-H 

vibrations (Fig 3). 

 

Fig 3:  Computed FT-IR spectra of SA 

3.2. Molecular orbitals 

One of the primary goals of computational chemistry is 

to approximate the responsiveness of chemical entities, 

and much research has been done in this regard 

(Mahmoud et al., 2019). The density functional theory 

(DFT) has been significant in establishing a theoretical 

foundation for the agreement of qualitative chemical 

terminology. FMOs and their quantum chemical 

features are being utilized to explain various sorts of 

processes and find the most responsive regions via 

conjugated arrangements. The calculations showed the 

charge dispersal to be mostly over HOMOs is 

frequently resolute by N and S containing lone pairs, as 

well as the phenyl moietiety. In contrast, the LUMOs 

vitality had the charge which was thoroughly dispersed 

over the phenyl moiety with an anti-bonding worth (Fig 

4). The FMO mechanism, which can also be seen in the 

electronic transition, has confirmed intramolecular 

electrostatic interactions. Various quantum chemistry 

reactivity classifiers have been anticipated and used to 

study physicochemical characteristics and site 

specificity (Kutty et al., 2020). 

 

Fig 4: FMOs analysis of SA at B3LYP/6-31G+(d,p) level 

The greater energy level of EHOMO denotes how easy it 

can be to transfer an electron to an empty orbital, 

although the low quantity of ELUMO indicates the low 

liability to accept electrons (Hassan et al., 2020), 

showing that it might accept electrons easily (Table 1). 

Table 1: Global reactivity parameters of SA 

Parameter (eV) Value 

Ionization potential (IP) 6.25 

Electron Affinity (EA) 0.94 

Electronegativity (χ) 3.60 

Potential (µ) -3.60 

Hardness (η) 2.66 

Softness (σ) 0.19 

Electrophilicity index (ω) 2.43 

Chemical potential, μ, is really a propensity for 

electrons to leave out of a structural system; a minus 

chemical potential indicates that the solid is difficult to 

be and would not spontaneously breakdown into its 

constituents. SA had a value (-0.181eV) in the range 
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that justifies their robust existence and capacity to 

withstand small external environment. Hardness 

measures a molecule's resistance to changes in electron 

distribution. The link between hardness and electronic 

structure is the same. The aromaticity of a range of non-

substituted aromatics can be connected to general 

toughness (both absolute and relative), therefore 

"molecules should be as robust as feasible." Substances 

with such low EHOMO values often have vulnerable 

exciton capacities, implying that (SA) had a superior 

electron-donating ability. As a result, they can 

contribute to their improved antioxidant as well as 

biological features. Antioxidant chemicals donate an 

electron to a free radical, causing it to form a radical 

charge. 

3.4. Natural bond orbitals  

This approach is a good tool for investigating hyper-

conjugative involvement and electron transference by 

lone pairs present any chemical implications. The 

DFT/B3LYP/6-31G(d, p) method was used to assess the 

natural bond orbitals (Sajjad H Sumrra et al., 2021), and 

a detailed description of the information acquired from 

the second order petulances analysis for this theory was 

estimated (Glendening, Landis and Weinhold, 2012). 

This is a powerful tool for analyzing charge transitions 

or conjugation in diverse parts of the molecule structure 

with higher accuracy. The quantity of stabilizing energy 

is related to the frequency of the hyper conjugative 

interaction between electron transfers. 

Similarly, stronger interactions involving lone pairs 

(LP) were observed in another aromatic ring that 

exhibits substantial electron delocalization across the 

molecule. The same sort of binding energy, equivalent 

to molecular resonance, would be an electron transition 

with enormous stabilization energies (Sumrra, et al., 

2021). Significantly, the molecule's stabilization energy 

was around 81.03 kJ/mol, demonstrating the stability of 

the electron molecular system (Table 2). 

Table 2: NBO analysis of   title molecule SA 

Donor 

(i) 

Ty-

pe 

Acce 

-

ptor 

(j) 

Ty-

pe 

E(2) 

[kcal 

/mol] 

E(J) 

E(i) 

(a.u) 

F 

(I,j) 
 (a.u) 

C1-C2 π 1-C3 π * 3.13 1.28 0.056 

C1-C3 π C1-

C2 

π * 2.39 1.31 0.050 

C1-C3 π C1-

C3 

π * 0.54 0.28 0.011 

C1-

H12 

π C1-

C2 

π * 0.91 1.10 0.028 

C2-C4 π C1-

C2 

π * 2.47 1.31 0.051 

5-C6 π C1-

C3 

π * 15.04 0.28 0.059 

S8-O9 π C1-

C3 

π * 1.28 1.56 0.040 

S8-

O10 

π C3-

C5 

π * 1.39 1.56 0.042 

S8-

N11 

π 2C1-

C3 

π * 0.60 0.82 0.022 

O9 LP C3-

S8 

π * 1.01 0.97 0.029 

O10 LP C3-

S8 

π * 0.97 0.97 0.029 

N11 LP C3-

S8 

π * 3.80 0.58 0.043 

C1-C3 π C5-

C6 

π * 293.35 0.01 0.080 

C3-S8 π C1-

C2 

π * 1.05 0.38 0.056 

S8-O9 π C1-

C3 

π * 0.78 0.25 0.042 

S8-

O10 

π C1-

C3 

π * 0.70 0.25 0.040 

S8-

N11 

π C3-

S8 

π * 12.98 0.02 0.034 

3.5. UV-Vis analysis 

The UV-Visible (UV-Vis) interpretation was estimated 

using optimized designs, leveraging the CAM-B3LYP 

attribute as part of a TD-DFT simulation, at the same 6-

31G(d,p)++ assumption. 

The hypothetical UV-Vis spectra show the absorption 

spectrum, excitation energies, and oscillator strengths, 

with H→L (55%) as a major transformation (Table 3). 
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Table 3: Computed electronic analysis of SA 

No. E (cm-1) λ (nm) O.S Major contribs 

1 37787 264 0.02 H→L+1 (50%) 

2 40234 248 0.13 H→L (55%) 

3 41072 243 0.19 H→L+2 (47%) 

The calculated wavelength (max) was seen in the 264, 

248, and 243 nm regions.  

The first band was orientated to π* and n* transitions, 

with minor involvement from * and dd transitions (Fig 

5). The second and third bands were attributed to 

π→π* shifts, separately.  

Fig 5: Computed UV-Visible spectra of (SA)

3.6.  Electron density  

The electrostatic molecular potential (MEP) is related to 

charge density and provides a very useful indication for 

electron donating target sites and nucleophilic 

engagements with hydrogen bonds (Sumrra et al., 2021). 

The surfaces have also been used to characterize reactive 

behavior, with negative domains referred to as potential 

electrophilic spots and positive sectors referred to as 

nucleophilic centers (Fig 6). 

 

Fig 6: MEP plot of (SA) 

During the current investigation, the electron donating 

sites had negative (red) regions and the electrophilic sites 

had positive (blue) portions over through the molecule 

(Kusmariya et al., 2016). The negative charge density 

positions in (SA) were found on the title portion of 

sulfonamide Skelton. 

Positive charge was found in the confined vicinity of 

hydrogen atoms.  

The current study discovered that nitrogen atoms had the 

most reactive impact. According to FMOs, this molecule 

has lower hardness and higher softness values. These 

results suggest that the chemical may be bioactive. 

4. Conclusions 

The current report reveals that the optimized bond lengths 

and bond angles agree well with the published X-ray and 

current DFT results.  

The molecular chemical reactivity identifiers, 

electrostatic potentials, frontier molecular orbital 

analysis, one electrochemical response process, energy 

gap with electron transfer competence of this title 

molecule (SA) suggested that it is an efficient biological 

active drug.  

The maximal stabilization potential is two times lower 

than the published work.  

The FT-IR frequencies have increased as compared to 

stated values in all techniques, however there is 

considerable agreement across the evaluated methods. 
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Abstract. The utility voltages are experiencing significant power quality problems like grid voltage dip, unbalanced 3- 

phase voltage, and voltage fluctuations owing to diverse load conditions and increasing disturbances at the distribution 

side of the power system. Among all other Custom power devices to solve grid control issues, the dynamic voltage 

restorer (DVR) consisting of a power electronics converter can nurture the load amid grid voltage variations; hence 

protect the sensitive electronic equipment, whereas current quality can be improved using Hybrid Active Power Filter. 

The purpose of this article is to address the issues related to grid voltage sag and swell compensation and the 

diminishment of total harmonic distortion. In this paper power, quality improvement through DVR with two control 

methods is investigated and the results are compared for both techniques. The outcomes of proposed control techniques, 

DVR and HAPF are discussed, correlated, and validated using MATLAB simulation software. 
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1. Introduction  

Electricity plays a vital role to run machinery in factories 

and industrial units, to light our metropolises and 

powering equipment, H. Arango (2002). To maintain the 

power quality maintain is the real challenge as the large 

current carrying capacity of devices makes them prone to 

power losses, overheating in contrast to transmission lines 

which carry high voltages and low current, H.De 

Keulenaer and Rosli Omar (2003, 2011). The utility 

voltage dip and surge are the critical grid power quality 

issues that are dangerous to electric power equipment and 

cause huge financial loss to industries annually, F.A.L 

Jowder (2009). The different types of problems related to 

electric power are voltage flicker, dip, surge, interruption, 

and distortion (C. Chang, Y. Ho 2000, P. Loh, R. Targosz 

and J. Manson 2007). Usually, around 10 to 90% of PQ 

issues are produced by voltage sags and swells J. Y. Chan 

and J. V. Milanovic (2015). Inrush currents, faults, 

lightning strokes are the reasons for voltage sags whereas 

voltage swells are caused due by a single line to ground 

fault or sudden lowering of loads F. C. Trindade, K. V. do 

Nascimento, and J. C. Vieira (2013). Voltage dip is the 

drop in voltage amplitude for 1 min that lasts for half 

cycle can be from 0.1 Pu to 0.9 Pu (A. M. Rauf and V. 

Khadkikar 2015, C. Benachaiba and B. Ferdi 2008, P. Li 

and Y. Hu 2017). Even if these defects last for a short 

interval, they can cause damage to computer and 

electrical equipment E. Babaei, M. F. Kangarlu (2012). 
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Voltage surge is the rise in voltage level for 1 min that 

lasts for half cycle can be from 1.1 pu to 1.8 pu. Electrical 

loads during grid voltage variations, a dynamic voltage 

restorer DVR is usually employed F. Z. Peng, L. Chen, 

and F. Zhang (2003). 

Furthermore, (PLL) control is utilized for the 

compensation of nonlinear voltages with DVR. FUZZY 

control-based DVR is suggested for the enhancement of 

voltage stability in a grid-connected system. Similarly, 

DVR structure based on buck-boost converter topology is 

utilized to overcome voltage disturbances M. R. Banaei, 

R. Alizadeh, N. Jahanyari, and E. S. Najmi, (2016). 

Effective utilization for the transfer of bulk power on an 

existing transmission line is done with the help of using 

Matrices converter-based DVR by injecting desired 

voltage M.-K. Nguyen, Y.-G. Jung, and Y.-C. Lim 

(2009).  PWM direct converter-based DVR is used for 

fast control of voltage flicker, harmonics current, 

frequency, and voltage regulation 4Rosli Omar, et al 

(2011). The cascaded topology is employed to provide 

improved stability of system J. Anderson and F. Z. Peng 

(2008). 

DVR is presented by A. M. Rauf and V. Khadkikar (2015) 

with the main focus of the design of urgent, voltage, 

active power, and characteristics, and the design is 

explained and discussed. In the structure work of H. Kim 

and K. Sul (2005) DVR, the design considerations of the 

DVR line filter are also explained. Repetitive control was 

introduced to ameliorate recurring interference and keep 

track of periodical reference signals with null tracking 

errors. Repetitive control was used to diminish speed 

variations in the electrical motors, although, later was 

widely used in the applications of power electronics. A 

complete investigation of the several repetitive control 

methods is being manifested. In a three-phase PWM 

inverter with constant voltage and constant frequency, 

repeated control is employed to achieve voltage at the 

output with less perversion. With a repeatable controller, 

the current at the output of the three-phase rectifier is 

utilized to reach zero tracking error and improve the PF. 

The RC introduced in this article can be applied more 

widely to improve voltage drop, harmonic voltage 

imbalance with the DVR system. Unlike other solutions 

that have significant applicability, only one of the 

controllers is required to overcome the three interferences 

synchronously. The control structure includes a network 

voltage feed-forward technique to ameliorate the 

nonlinear response of the system. In this paper DVR and 

HAPF accomplishing two control methods are modeled 

in MATLAB. 

Several researchers have proposed different control 

approaches for improving power quality. In this paper, 

comparative analysis between phase modulation control 

and the repetitive controller is being manifested for the 

efficient performance of DVR. The proposed techniques 

for power quality improvement contains the following 

objectives, 

• Power quality improvement (voltage dip/ surge and 

harmonics mitigation) using DVR. 

• Comparative analysis of Phase modulation control method 

and HAPF based Repetitive Control method. 

 

2. Dynamic voltage resistor 

The typical circuit of a DVR that comprises of a 1-phase 

ac to ac converter and its input is connected to parallel 

with line voltage V-load load voltage and V-line line 

voltage are in series with its output through a line 

frequency transformer which provides essential electrical 

isolation and safety Z. Qin, P. C. Loh, and F. Blaabjerg 

(2016). Amid utility voltage dip and surge, the converter 

is supposed to inject positive and negative voltage in 

series with line voltage, respectively, to balance the Vload 

J. Kaniewski, Z. Fedyczak, and G. Benysek (2014). It is 
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primarily positioned between the supply side and the load. 

Other than overcoming voltage dips and swells, DVR can 

also compensate for harmonics, transients, and fault 

currents restrictions J. Anderson and F. Z. Peng (2008). 

DVR is a FACTS device that maintains a stable load 

voltage by compensating the supply voltage at the time of 

a dip or swell. 

 

Figure. 1. Typical configuration of DVR 

When the supply voltage decreases from a standard value 

caused by any defects, series voltage VDVR is infused via 

DVR, and the voltage is regulated to the required value. 

 

Figure 2. DVR Equivalent Circuit 

*IDVR Load S Load SV V Z V= + −  

Where, Vload is Voltage at load, Zs = Source 

impedance, Iload = Load Current, Vs is Source 

voltage. Considering Iload as IL, Vload as VL, Zs as 

ZTh, and Vs as VTh. The load current IL is given as 

 L

L

P jQL
I

V

+
=  (2) 

The equation (2) can be rewritten by considering VL 

as a reference: 

Where ∝, β and δ are the angles of VDVR, ZTh, 

and VTh respectively. Ɵ is the power angle. 

1tan L

L

Q

P
 −=   

DVR injecting complex power injection is calculated 

as: 

*DVR DVRS V I=   

3. Hybrid Active Power Filter (HAPF) 

Harmonic filters are used to control harmonics in a 

system. They are classified into 3 categories passive, 

active and hybrid. Passive filters are programmed to work 

on specific frequencies using an LC circuit and they are 

simple but unstable to change voltage and current. Active 

filters use inverter circuits to filter harmonics, they are 

very stable in the case of harmonics. Fig. 3 shows the 3 

phase HPAF used in the proposed system. 

 

Fig. 3. Three Phase Active Power Filter 

 

Fig. 4 displays the modeling of the tested system 

across the sensitive load with DVR. 



Zahra et al. 

 

90 

4. Hybrid Active Power Filter (HAPF) 

4.1. Phase Modulation Control method 

The suggested method utilizes the error signal which is 

the distinction between the real data and the calculated 

data to provoke the inverter’s switches. 

 

Fig. 5. Control Circuit 

It employs a feed-forward approach that utilizes the above 

error signal to generate gate pulses. The values of load are 

determined by the sequence analyzer and are then 

compared with the reference value. PCC fed the desired 

voltage and current using the Pulse Width Modulation 

method. The control circuit is shown in Fig. 5. Three-

phase fault causes sag/swell of voltage on load terminals. 

A sequence analyzer usually passes and senses the load 

voltage. The reference voltage (Vref) is compared with 

the magnitude, whereas (PWM) pulse width modulation 

is a technique that is validated for switching of inverter 

and causes 3-phase 50 Hz sinusoidal voltage on load side 

as well as maintaining 1 p.u across load terminals 

resulting in 1 p.u as base voltage. Fig. 6 shows the circuit 

of phase modulation. 

 

Fig. 6. Phase Modulation Control Circuit 

4.2. Repetitive Controller 

The fundamental use of this controller is to mitigate the 

voltage disturbances in case of occurrence of any faults. 

 

transfer function of the low-pass filter, where D (D) is the 

estimated value of the DVR time delay, where, 

The transfer functions F(S), Fw(S), Fi(S) with the new 

modified controller C(S) are: 
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With δ = t0 - t0^ 

The characteristic equation of the resulting closed-loop 

system is: 

To ensure stability, the term G(s) in formula (11) must 

conform to the Nyquist criterion: if the number of 

unstable poles of the open-loop system G(s) is equal to 

zero (p = 0), then the term G (jω). The number of points 

(-1, 0) counterclockwise must be zero (N = 0. Since all 

poles of Q(S) are stable, which means that P = 0, then N 

must be zero to ensure stability, and sufficient conditions 

for Q(S) can be obtained by the following formula: 

The load voltage equation is given as (6) by using this 

controller, the delay t0 is not exactly known and the 

closed-loop system will not be stable. To check this 

problem a modified controller, C(S) is given. 

By implementing this controller, the delay t0 is not 

exactly known and the closed-loop system will not be 

stable. To check this problem a modified controller, C(S) 

is given Where Q(S) is the transfer function of a low pass 

filter to is the estimated value of the time delay for DVR 

with 

By implementing this controller, the delay t0 is not fully 

known and the closed-loop system will be unstable. To 

check the problem, a modified controller P(C) is given, 

where T(F) is the  

( )2 | sin || Q | 1
2

j  
 

  
 

 

5. Simulation Results 

 

The test system of the DVR consists of a 3-phase, 415V, 

50 Hz supply system. The output from the supply unit 

feeds the primary of a 3-winding transformer. Two 

parallel feeders are drawn. DVR is connected in series to 

one of the feeders whereas the other feeder is kept as it is. 

The parameters are given in Table 1. 

 

Table 1. DVR Parameters 

Supply voltage 3-phase, 415V 
Supply frequency 50 Hz 

Inverter parameters 
IGBT based 3 

arms, 6 pulses 

Carrier frequency 1080Hz 
Sample time 5µsec 

 

The system is analyzed for voltage sag, voltage swell 

conditions. Fig. 7 shows the 50% of voltage sag. Voltage 

Sag of 0.5 p.u magnitudes is initiated for 0.3 seconds and 

the magnitude reduces from 1 p.u. to 0.5 p.u. during this 

period.       

( 0)( )
( )

1 ( )e

t t S

Ts

Q S e
C S

Q S

− −

−
=

−
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The three-phase programmable source was programmed 

to produce a 50% voltage sag that is to generate the 

voltage of amplitude 0.5 p.u. for 0.3 seconds. DVR in this 

mode injects the required voltage to overcome voltage dip 

and to give a balanced voltage at the load side. 

6. Total Harmonic Distortion (THD) 

Total Harmonic distortion is a measure of the degree of 

perversion in the signal. In the control system, the deadly 

interruption can cause serious damage. According to 

standard IEC 61000-3-2, the total harmonic distortion 

(THD) should be less than 7%. Figs 6, 7 & 8. shows that 

the THD with traditional DVR is 14.94% which is not 

acceptable for the stable operation of the system. The 

THD for Repetitive Controller is 0.34 % that is better than 

Phase modulation Control and traditional DVR as shown 

in Figs. 6-8. 

 

(a)  Source voltage with sag 0.5pu 

(b) 

Compensated Voltage via RC 

 

(c)  Compensated Voltage via PM 

 

(d)  Injected Voltage 

Fig. 7. Voltage dip compensation using RC and PM 

 

(a)  Source voltage with swell 0.5pu 

(b) 

Compensation of Voltage Via RC 

 

(c) Compensation of Voltage Via PM 

 

 

(d) Injected Voltage 

Fig. 8. Voltage surge compensation using RC and PM 
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7. Conclusions 

This paper deals with two control techniques for a grid-

connected system. DVR is utilized to overcome variations 

in voltages and thence ameliorate the power quality.  

HAPF based Repetitive Controller is used to overcome 

the harmonics injected due to unbalance loads and hence 

makes the current drawn to be sinusoidal. 

MATLAB/SIMULINK is used to structure the proposed 

DVR and HAPF.  

Two techniques, phase modulation, and Repetitive 

control are compared for voltage THD of source and load. 

By employing the Repetitive control technique, the THD 

value has decreased from 4.94% of the phase control 

method to 3.36%.  

By contrasting the phase modulation method with the 

Repetitive control method, it is obvious that the 

Repetitive control method is more efficient for 

compensating the voltage dips using DVR and also 

harmonics with HAPF. 

Nomenclature 

DVR Dynamic Voltage Restorer  

PQ Power Quality 

RC Repetitive Controller 

PCC Point of Common Coupling  

P(C)  Modified ControllerK(S) Voltage gain 

T(F) Transfer Function 

PM Phase Modulation 

HAPF   Hybrid Active Power Filter 

PLL     Phase-Locked Loop 

Zs      Source Impedance 

View     Reference Voltage 

Vlin     Line Voltage 

THD    Total harmonic distortion 

VDVR   Series Voltage 

IL      Load Current 
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Abstract  

Doped rare-earth polycrystalline La2-xNdxCoMnO6 (x=0.0, 0.5, 1.0, 1.5 & 2.0) double perovskites have been synthesized by 

sol-gel auto-combustion method. X-ray diffraction analysis confirms the single phase with a monoclinic structure having 

the P21/n space group in all samples. The resistivity measurements show the semiconducting behavior with increasing 

current in the temperature range 303-493K. The activation energy values i.e., 0.15, 0.23, 0.28, 0.28, and 0.22 eV have also 

been calculated by Arrhenius plot. The dielectric measurements have shown as the frequency increases the dielectric 

constant increases smoothly and becomes constant at high frequency. 

Keywords: Sol-gel; XRD; Resistivity measurements; Dielectric constant  

* Corresponding Author:  javedahmad@bzu.edu.pk, 

1. Introduction: 

Double perovskites oxides (DPOs) having formula 

A2BB'O6 (where A = Rare Earth alkaline metal, B & B' 

are transition metals) have numerous applications due to 

crystal structure and interesting physical properties which 

are owed to combinations of different transition elements. 

Depending upon symmetry of crystal structure, they have 

different structures like cubic, rhombohedral, monoclinic 

etc. Due to various synthesis conditions, different 

structures can also co-exist in same composition of crystal 

(Singh, Truong, Jandl, & Fournier, 2009). These materials 

have interesting features such as magneto-electric and 

magneto-dielectric effect which are produced by the 

coupling between ferroelectric and ferromagnetic 

parameters. Since charge ordering process provides a 

hope in a direction toward novel multiferroics, 

La2CoMnO6 (LCMO) double perovskites having Co2+ 

and Mn4+ at B-site is also believed to exhibit a local polar 

behavior that can be the reason of ferro-electricity in 

LCMO (Nasir et al., 2019). Interestingly, the ferro-

magnetic semiconductor LCMO with high Curie 

temperature Tc has monoclinic structure with space group 

P21/n in which octahedral with Co2+ and Mn4+ centers 

stack along (111) alternatively. At room temperature 

LCMO has magneto dielectric behavior which makes it 

significant in advancement of electronic devices (N. 

Bajpai et al.). The effect of doping on structure and 

physical properties of LCMO has so far been focused at 

rare-earth site substitution. However partial substitution 

at Co2+ ions with magnetic or non-magnetic ions is 

expected to regulate physical properties of LCMO 

compound. The doping of LCMO with Nd3+ changes the 

crystal structure because of size effects (Niketa Bajpai, 

mailto:javedahmad@bzu.edu.pk
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Saleem, & Mishra). Moreover, LCMO and doped 

elements has orthorhombic, monoclinic and 

rhombohedral phases. These phases are due to the mixing 

of valence states Co2+/Mn4+ and Co3+/Mn3+. LCMO shows 

multiferroics properties where         ferro-electricity 

coexists with ferromagnetism at very high temperature 

(Kobayashi, Kimura, Sawada, Terakura, & Tokura, 

1998). Additionally, Nd2CoMnO6 has multiphase 

magnetic states with monoclinic symmetry having space 

group P21/n. It is noted that Ni/Co-Mn bond angle 

depends upon Lanthanide ionic radius (RLN). In case of 

ferromagnetic materials, the Curie temperature (Tc) 

decreases on decreasing this bond angle (Guo, Shi, Zhou, 

Zhao, & Liu, 2013).  

In this article, a detailed study on La2-xNdxCoMnO6 (x = 

0.0, 0.5, 1.0, 1.5 & 2.0) DPOs synthesized by sol-gel auto- 

combustion method has been explored. The single-phase 

nature of all DPOs is confirmed by XRD patterns. The 

temperature dependent resistivity curves have shown 

semiconducting nature as well as confirmed small polaron 

hopping (SPH) conduction in these materials. At last, the 

temperature and frequency dependent dielectric constant 

trend have also been discussed. 

2. Experiment: 

Sol-gel based auto-combustion method is preferred due to 

its cost efficiency and low energy consumption. The 

advantage of this method is to control particle size and 

homogenize the distribution of particles. La2-

xNdxCoMnO6 (x=0.0, 0.5, 1.0 & 2.0) DPOs have been 

synthesized by conventional sol-gel method. High purity 

reagent-grade chemicals such as LaN3O9.6H2O; Nd2 

(NO3)2; Co(NO3)2 .6H2O and MnN2O6.4H2O were used as 

precursor materials. A solution in 100 ml distilled water 

was made of all nitrates and dissolved completely with 

help of magnetic agitator after maintaining ph. After 7 

hour and 40 minutes keeping temperature of stirrer at 343 

K, a gel was formed and then on crushing the ignited 

material it was converted into fine black powder which 

was used as precursor in all the materials. All the samples 

(powdered form) were sintered by placing in a furnace for 

about 6 hours at 1223 K to remove all the impurities and 

developing the pure phase. The sintered powder was 

ground by hand in an agate mortar for about 10 minutes 

to achieve homogeneity and limited quantity of polyvinyl 

chloride was added as it behaves like a binder. Paul Otto 

Weber Hydraulic press was used to make disc like pellets 

of 13 mm diameter at 50 kN pressure for 3 minutes. 

Powder was used in X-Ray diffraction method. LCR-

8101 was used to investigate dielectric measurements, 

Keithley source meter 2400 was used to investigate 

electrical measurements of these samples. 

3. Results and Discussions 

3.1. X-Ray Diffraction 

The structural analysis has been accomplished by X-

Ray diffraction analysis. All the patterns were fitted by 

JANA2006 software using the Rietveld refinement. 

Moreover, Pseudo-Voigt function has considered 

different groups like monoclinic P21/n, tetragonal I4/m, 

orthorhombic Pbnm and orthorhombic Pnma.  It can be 

examined that sample has monoclinic structure and space 

group is P21/n for values: x=0.0, 0.5, 1.0, 1.5, and 2.0. The 

indication of series sample has monoclinic structure with 

P21/n space group. The values of lattice parameters, 

volume, and goodness of fitting (GOF), Rp and Rwp were 

evaluated after refinement (see Table 1). All the samples 

possessed single phase that shows purity of sample (N 

Bajpai et al., 2019). XRD refinement of LCMO 
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confirmed that it belongs to monoclinic (P21/n). Bragg’s 

reflection at 2𝜃 = 33° peaks were identified in monoclinic 

structure. 

XRD analysis also gives information about particle size, 

cell parameters and volume of the crystal. All these 

measurements were calculated for La2-xNdxCoMnO6 

(x=0.0, 0.5, 1.0, 1.5 & 2.0). The Scherer’s formula is 

given as (Ahmad et al., 2018): 

 

Fig. 1: XRD stack of La2-xNdxCoMnO6 (x = 0.0, 0.5, 

1.0, 1.5 &2.0) DPOs. 

D    = k λ/β cos θ          (1) 

where, k is the constant depending upon the shape of 

crystallite size (k=0.9), β is the full width at half 

maximum (FWHM) of the intensity with the profile of 2θ, 

λ is the wavelength of Cu-kα1 radiations (0.15409 Å) and 

the θ is the Bragg’s diffraction angle for most intense 

peaks. 

3.2. Electrical Properties: 

These measurements were taken by using Keithley 

source meter 2400 in a voltage range of 0 to 20 V and 

temperature range 303-413K. I-V measurements were 

taken by using two probe methods. Graph between 

voltage and current is depicted in Fig. 2 voltage is plotted 

along x-axis and current along y-axis. If we increase 

voltage then current is rapidly increased that shows 

material has semi-conductor like behavior (Asghar et al., 

2015). 

 

Table 1: XRD refinement parameters of La2-xNdxCoMnO6 (x = 0, 0.5, 1.0, 1.5 &2.0) DPOs. 

Material La2CoMnO6 La2Nd0.5CoMnO6 La1.0Nd1.0CoMnO6 La0.5Nd1.5CoMnO6 Nd2CoMnO6 

Structure Monoclinic Monoclinic Monoclinic Monoclinic Monoclinic 

Space 

Group 
P21/n P21/n P21/n P21/n P21/n 

a(Å) 5.5190 5.4623 5.4654 5.4420 5.4765 

b(Å) 5.4779 5.4857 5.4933 5.5001 5.5132 

c(Å) 7.7588 7.7095 7.7255 7.7018 7.7534 

V(Å)3 234.6 231 231.9 230.5 230 

Β (∘) 90.00 90.103 90.161 90.183 90.170 

Rp (%) 6.34 6.93 6.79 7.16 7.23 

Rwp (%) 8.03 8.81 8.54 9.01 9.12 

GOF 0.90 0.92 0.95 0.95 0.95 

Grain size 

(nm) 
84 62.98 44.38 34.07 28.88 
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I-V graphs have also shown that by increasing 

temperature current shows maximum values. This can be 

interpreted as if voltage and temperature increase the 

value of current also increases that means there are a 

greater number of electrons jumping from valence band 

to conduction band. At fixed voltage i.e., Vo =15V 

increase in temperature results in increasing the current 

(see inset of Fig. 2) which again confirm these DPOs 

semi-conducting nature. 

 

 

Fig. 2: Graph between I-V of La2-xNdxCoMnO6(x=0, 

0.5, 1.0, 1.5 &2.0) at different temperatures with inset 

graph between Temperature (T) and Current (A) at 

Vo=15V. 

 

Fig. 3 gives the behavior of resistivity of all samples 

which can be measured by the given formula: 

𝜌 =  
𝑅 𝐴

𝐿
                                  (4) 

while measuring R, we have to first find value of 1/R from 

I-V graph of each sample. Area ‘A’ is calculated by using 

formula A = πr2, radius is taken from formula r = d/2 and 

‘L’ is thickness of sample.  

Resistivity of pure semiconductor decreases when 

temperature is increased because dispersion phenomenon 

occurs in the pure semi-conductor material also on doping 

same behavior is observed i.e., resistivity decreases on 

increasing temperature. From Fig. 4, it can also be 

verified that resistivity is decreased on increasing the 

temperature for all DPOs so all the materials are 

semiconductors. 

 

Activation energy values for La2-xNdxCoMnO6 (where x 

=0.0 0.5, 1.0, 1.5, and 2.0) is measured from Arrhenius 

plot and the values are given in the Table 2. The slope 

between 1/KBT and ln ρ (see inset of Fig. 3) gives 

activation energy (Ea) values of all DPOs (Krustok, 

Collan, & Hjelt, 1997). 

The Arrhenius equation is given below: 

 𝜌 = 𝜌∘ exp (
𝐸𝑎

𝐾𝐵𝑇⁄ )                            (5)  

where ′∆𝐸′ activation energy and 𝐾𝐵 is Boltzmann 

constant. ‘𝑇’ is absolute temperature. Activation energy 

is minimum amount of energy that is required by a 

reacting material to get converted into the products. In 
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given samples Ea is maximum for x = 1.0 whereas lowest 

for x = 2.0. From the graph it can be noted that with 

increasing temperature, resistivity decreases which is 

experimental evidence of semiconducting nature of 

materials. Furthermore, the hopping mechanism is 

controlled by temperature which tells us that resistivity 

decreases with increased temperature (Bosson, Gutmann, 

& Simmons, 1950). Activation energy was obtained from 

the graph between 1/KBT vs. ln p of La2-xNdxCoMnO6 (x 

= 0, 0. 5, 1.0, 1.5 & 2.0). There is slightly different trend 

in the values of activation energy (Nissar, Ahmad, 

Bukhari, & Iqbal, 2020). 

 

Fig. 4: Graph between temperatures vs. resistivity. 

Inset shows Arrhenius plot of La2-xNdxCoMnO6 (x = 

0, 0.5, 1.0, 1.5 & 2.0). 

Table 2: shows the values of activation energy (Ea) of 

La2-xNdxCoMnO6 (x = 0, 0.5, 1.0, 1.5 & 2.0) 

Samples 
Activation 

Energy (eV) 

La2CoMnO6  0.15 

La1.5Nd0.5CoMnO6  0.23 

La1.0Nd1.0CoMnO6 0.28 

La0.5Nd1.5CoMnO6  0.28 

Nd2CoMnO6 0.22 

 

 

3.3. Dielectric Properties: 

The graph is plotted between the log of dielectric constant 

and frequency for La2-xNdxCoMnO6 (x=0, 0.5, 1.0, 1.5 & 

2.0) as depicted in Fig. 5, graph shows that the values of 

the dielectric constant increases monotonously at low 

frequency but after certain increase in frequency the 

dielectric constant becomes almost invariant at higher 

frequency.  

The higher value of dielectric constant at lower 

frequencies is due to contribution of different 

polarizations i-e space charge, ionic, dipole, electronic, 

atomic as well as interfacial (Hong, Ho, Hsu, & Liu, 

2004). However, large dielectric constant values for low 

frequency are related to ionic polarization and also 

Maxwell-Wagner interfacial type of polarization 

(Catalan, 2006).  

At higher frequencies, the value of dielectric constant 

becomes frequency independent which shows rotational 

motions of the polar molecule of dielectric and the 

equilibrium cannot be attained with field. The observed 

independent behavior at higher frequency depicts the 

normal behavior of dielectrics which is followed by 

complete dielectric materials.  

The explanation of this kind of performance is that the 

dipoles only follow applied field at low frequencies. The 

lagging behavior of dipoles at high frequency is 

responsible for decrease in value of dielectric constant 

(Sayed et al., 2014).
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Fig. 5: Graph between log f (Hz) and log έ of La2-xNdxCoMnO6 (x=0.0, 0.5, 1.0, 1.5, 2.0). 

4. Conclusions 

The polycrystalline La2-xNdxCoMnO6 (x=0.0, 0.5, 1.0, 1.5 

& 2.0) DPOs were synthesized and investigated in detail. 

XRD analysis confirms the single phase with monoclinic 

structure having P21/n space group in all samples. The 

resistivity measurements confirm semiconducting nature 

of all these DPOs as well as calculated the activation 

energy values. Moreover, we have also confirmed small 

polaron hopping conduction (SPH) in these materials. In 

addition, the dielectric measurements exhibit the 

dependency at low frequency, however dielectric 

constant become nearly saturate at high frequency. 
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