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Abstract 

About 73% of energy is obtained from petroleum and natural gas globally. Drilling Rigs are the huge machines used to 

extract oil and gas throughout the world. Drilling of oil and gas reservoirs is considered high risk occupation and requires 

high level of work situation awareness. Any negligence during operation may lead to heavy health and wealth losses. 

Nearly 75% drilling sites workers work in stress environment and suffer frequently. The most common and frequent 

stresses in working environment include extreme weather conditions, vaporization of toxic chemicals causing 

environmental pollution, extra-ordinary noise, poor agronomic condition, excessive duty hours and the management 

deficiencies. It is understood that by identifying the stresses at the working place, the problems can be managed to a 

larger extent by adopting proper management practices. In our studies, efforts have been made to identify the causes 

that create stress environment at different workplaces where rigs are used. For that purpose, a questionnaire comprising 

questions related to worksite stress was provided to five different drilling sites prevailing in Sindh province of Pakistan.  

The data obtained from these sites were subjected to SPSS analysis. A variable response was obtained. Higher levels of 

stresses were associated with extra work, time management, excessive responsibilities and unavailability of enticement 

and fun at drilling work site. The survey results will be presented, and the recommendations formulated for the healthy 

environment at workplace are discussed. 
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1. Introduction 

Pakistan’s economy is mainly based on agriculture; however, various industries also contribute significantly to it. In 

Pakistan, to run industrial sector different energy sources such as thermal, hydral, nuclear and solar energy are in use. 

Farm machineries and automobiles mainly depend on oil and gas resources. In these days, 45 drilling rigs are engaged 

in exploring new reservoirs of oil and gas in Pakistan, and nearly 6000 employees are associated with this industry. The 

exploration job of oil and gas consider high risk activity and involves many risks which sometimes lead to major 

accidents [1]. As an example, on April 20, 2010, the control of the Macondo well was lost, resulting blow out at deep 

water horizon, in which multiple fatalities and injuries were caused [2,3]. There was uncontrolled release of 

hydrocarbons causing considerable loss in costal and marine lives. A good safety culture can reduce the frequency and 

extent of these accidents. A successful safety culture is only possible by a coordinated approach combining all the 

relevant components such as involvement of top management, training and employee’s involvement, execution of hazard 

prevention and control system and reducing worksite stress. 

Stress is defined as a condition that creates excessive psychological or physiological strains on a person [4]. In Pakistan, 

majority of the drilling sites workers work in stress environment and have to suffer.  
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This includes extreme weather conditions, vaporization of toxic chemicals causing environmental pollution, extra- 

ordinary noise, poor ergonomic condition, excessive duty hours and discouragement from supervisors, unpredicted 

downsizing and the management deficiencies [4]. As a result, cases of increased blood pressure, headaches, heart attacks, 

smokers and drinkers are increased. The paper discusses the potential causes of stresses and suggests mitigation plan to 

reduce worksite stress at onshore drilling Sites in Sindh. 

2. Methodology 

Five different sites where multi-national companies drilling rigs were performing their jobs were selected in the province 

of Sindh, Pakistan. These sites represent central and southern parts of Sindh province. The sites include i) Benari-X1 

(Jati, District Sujawal), ii) Rajab-X1 (District Sujawal), iii) Qamer-X1 (Distract Matiari), iv) Nusrat-X1 (District 

Naushahroferoz) and v) Badeel-X1 (District Sanghar). A questionnaire form comprising questions relating stress aspects 

of the drilling sites was designed with the support of senior safety engineers. Ten questionnaire forms were provided to 

the supervisors serving at each working sites. All distribution and collection of questionnaires would be strictly 

controlled for distribution and collection with the coordination of the rig Safety Officer at each site.   Finally, 

questionnaires were collected, and data were analyzed using SPSS. Location of sample point given in Fig 1: 

 

Fig. 1. Location of Sample Point 

3. Result and Discussion 

The answers to the questions whether in agreement to the statement (YES) or the deviation (NO) asked in the given 

questionnaire are provided in Table 1. The percentage relationship of the two categories was worked out and is presented 

here that are red (very critical) and yellow (Critical). Thirty per cent employees had the view, that in spite of their good 

work, it was not recognized by their supervisors, creating an inferiority complex among the employees believing that 

their performance was not worth. Contrary, appreciation and motivation on good performance of employees is a key-

factor to enhance the efficiency of the work and reduce work stress. A remarkable number of employees (38%) answered 

that they had to suffer stress due to penalties imposed by the authorities on HSE violation. According to them they 

always cared about safety measures, but due to time constraint and extra ordinary pressure of workload, HSE violation 

happened unintentionally. Imposing penalties in such cases is discouraging and heart burning. This lowers the working 

298



5th International Conference on  
Energy, Environment and Sustainable Development 2018 (EESD 2018) 

 

efficiency and declines the interest of the worker for the organization. A positive counseling and enthusiasm are much 

better options than imposing penalties. 

Almost half of the workers of drilling site thought that they were working in stress environment, especially when they 

had to perform extra work. About 64% employees believed that they had to perform additional responsibilities. It is not 

possible to completely overcome the stresses in question; however, through proper management and realization of the 

duties and the environment, the stresses can be reduced to the acceptance level. Avoidable stresses can further be 

managed by providing healthy environment and inducing behaviour-based safety program.  The studies have further 

revealed that employees of Rajab-X1 location were happy, healthy and satisfied as compared to other locations. Here, 

the organization has provided entertainment to the employees in term of Gymnasium and recreation facilities creating a 

healthy environment. Overall, 46% employees replied that they do not have any or sufficient entertainment facilities at 

worksite. 

Table 1: Response of employees relating to worksite stress at different oil fields 

Name of Locations 
Rajab-

X1 
Badel-X1 Benari-X1 Nusrat-X1 Qamer-X1 Total % 

 Y N Y N Y N Y N Y N Y N Y N 

01 
Is there any appreciation or reward by your 

supervisor on your good safety performance? 
8 2 4 6 7 3 8 2 8 2 35 15 70 30 

02 
Should the penalties be imposed for HSE 

violation? 
7 3 7 3 5 5 6 4 6 4 31 19 62 38 

03 
Do you feel stress when there is too much work 

to do? 
3 7 5 5 7 3 8 2 2 8 25 25 50 50 

04 
Do you think observing HSE rules in their 

strict sense is a compulsion? 
9 1 8 2 7 3 9 1 8 2 41 9 82 18 

05 
Do you have excess responsibilities to 

perform? 
6 4 7 3 5 5 7 3 7 3 32 18 64 36 

06 
When some body performs good job, is his 

work recognized? 
8 2 6 4 8 2 8 2 9 1 39 11 78 22 

07 
Has your company established any 

entertainment and fun for the workers? 
8 2 4 6 4 6 4 6 7 3 27 23 54 46 

08 Are you loyal to your company? 10 0 8 2 10 0 10 0 9 1 47 3 94 6 

09 
Do you feel a family environment while you 

are working? 
8 2 10 0 7 3 8 2 8 2 41 9 82 18 

10 
Is your company safety record comparable to 

other companies? 
9 1 9 1 10 0 10 0 6 4 44 6 88 12 

 

Not all stresses are bad for life, some stresses are essential for the improvement of life, such as the routine exercises. As 

shown in Fig.1, one can get peak performance by applying certain pressure but then the excessive stress reduces the 

performance of the same. 
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Fig. 2. Performance vs Stress Level 

In an organization, where stress exceeds the tolerance limits, the working efficiency of employees is badly affected. This 

is mainly reflected through high levels of absenteeism, increased attrition, poor work performance, low morale and week 

commitment of workers. On drilling location different factors contribute to make stress on workers such as, agronomic 

condition of crew during heavy lifting operation, continuously high noise and vibration, inhalation of gas fumes, bulling, 

excessive work load, extreme weather condition, fair factor of violation of rules, unavailability of recreation facility, 

discourage from supervisor and good work not recognized by seniors. In the earlier studies, it is found that about 75 % 

of workers had the opinion that they were working in stress environment. He suggested that the external stresses could 

be easily identified and timely eliminated or reduced; whereas, it was quite difficult to reduce internal stresses including 

misbehaviours or psychosocial stress. Due to stress environment at work site the ultimate result could be severe injury 

and decreases productivity [5,6]. James and Demetria discussed about occupational stress which may lead to risk for 

health like psychological, behavioural, medical disorders and inducing diseases and it can be mitigated by preventive 

stress management and improved wellbeing [7]. 

References should be listed at the end of the paper, and numbered in the order of their appearance in the text. References 

should be indicated in the text by full-size numbers in brackets, e.g., [1], [2-3]. 

4. Conclusion 

Worksite stress cannot be completely eliminated; however, it can be managed to the tolerance level by applying 

recommended actions. To avoid any big disaster at drilling site, it is necessary for the employer to provide healthy and 

stress free environment. This would enhance the working efficiency of the employees, reduce the occurrence frequency 

of accidents and ultimately increase in the productivity. It is better to build friendly relationship between employees and 

supervisors. Good work of the employees should be recognized and rewarded. Such kind of actions will induce 

happiness, reduce stress as well as help in developing strong commitment. 
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Abstract 

“Precision agriculture and Sensor Networks (SN) applications combine an exciting new area of research in agriculture 

field that will greatly improve quality and quantity in agricultural crop production”. Precision Agriculture will have a 

dramatic reduction in cost needed. Basically, the crop selection is based on the environmental conditions of the area as 

well as the soil and other parameters of soil like soil type and pH Levels. After that soil moisture level plays a very 

important role in the crop selection process once the crop is selected then the fertilizer also selects on the basis of the 

soil and pH values. When crop cultivation and the fertilization should be applied on the basis of the real-time monitoring 

and precision then surely results in cost savings and optimizes per acre yield production and reduces human intervention 

as well. Using the proposed methodology, in finding the optimal soil and environmental contents of the fields and 

compare them with the ideal values suitable for the optimize yield which are already stored in our CMS (Crop 

Management System) to suggest the crop for cultivation and to optimize the usage of fertilizers, pesticides and water. 

Crop Management System is developed in the SQLite Portable Database browser for the loop backing and decision 

support. So, we could contrive to lower implementation cost and thus make precision agriculture become a more 

appealing solution for all kinds of fields and cultivations. Currently, we focus on the two most important parameters of 

the agriculture that are soil and soil pH. Soil pH one of the important soil nutrient tests is to measure the pH level of 

soil which has a significant effect on the quality and quantity of the yield. Soil pH can simply be defined as the 

measurement of the acidity and alkalinity in the soil of the agriculture fields. pH range starts from 0-14; 7 being a neutral 

level whereas range below 7 is said to be acid and above 7 is called as Alkaline.  
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1. Introduction 

A farmer can nearly predict the actual amount of fertilizer that a particular soil of crop required or is it even the fertilizer 

that crop needs? So, it may lead to wastage of water. Due to moisture in the air depending on the environment the plants 

need different amount of water. A farmer can hardly predict the moisture which may lead to excessive watering. Through 

this system, a landlord can predict the amount that may or will grow in his land and which part of the land is suitable 

for which type of crop. This system can provide vital information about which fertilizer is needed by the soil in which 

piece of land. With a lot of information, a person would be motivated to improve its crop production because it will 

help him increase his revenue. Farmers in Pakistan randomly cultivate the crops without the measuring the soil pH 

required for the cultivation of that crop. And they use thumb rule (i.e. cultivation based on the historically successful 

crops which are cultivated successfully before) to determine the amount of fertilizer and water in the particular piece of 

land in which he grows the crop. There is no proper way of determining that if piece of land has an appropriate amount 

of water and fertilizer in it. Various areas have various soil properties and support different types of crop and their 

growth. Whereas the productivity depends upon the actual measured facts and figures. So, there is a huge loss to the 

farmers, agriculture landlords and also impact on the GDP of the State. Hence, a smart way to help out the farmers and 

landlords to optimize agriculture crop production using Sensor Network (SN) i.e. to investigate issues with respect to 

decision making for crops cultivation and fertilizers, is needed.  Farmer in Pakistan uses thumb rule to determine the 

amount of fertilizer and water in the particular piece of land in which he grows crop there is no such way of telling that 

if piece of land has the proper amount of fertilizer and water in it. Many areas in Pakistan are dry and have low rainfall 

in such area using of water properly can determine the quality and quantity of crop production hence it is imperative 
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that water should be properly managed in such areas. Our system will help the farmer know the proper amount of water 

that crops needed. In Pakistan, a single person can own a large amount of land which his farmers take care off. He 

himself the doesn't have enough time to visit all the pieces of land he owns and completely rely on the farmer's 

information about the crops that grow in his land. Our system with l provides information about all the lands and its 

current situation directly to the landlords. 

Obviously, urban agriculture is a trend that we should have mentioned in some trend list years ago, but definitely not 

here. Although we see urban farms popping up on every corner of the street, we have always doubted the genuine of all 

those small farming initiatives that are left behind after one season of fun. Nevertheless some developments in this 

ongoing hype are interesting to mention here. Why? Because the urban agriculture scene seems to become mature. 

Evaluation of Agriculture from old to modern techniques depicts in Fig. 1. 

Fig. 1. Step by Step Development of the Agriculture 

Many areas in Pakistan are dry and have low rainfall in such area using of water properly can determine the quality and 

quantity of crop production hence it is imperative that water should be properly managed in such areas. Our system will 

help the farmer know the proper amount of water that crops needed.  In Pakistan, a single person can own a large amount 

of land which his farmers take care off. He himself doesn't have enough time to visit all the pieces of land he owns and 

completely rely on the farmer's information about the crops that grow in his land.  A farmer can nearly predict the actual 

amount of fertilizer that a particular soil of crop required or is it even the fertilizer that crop needs? A farmer can nearly 

predict the actual amount of water that a particular crop requires? So it may lead to wastage of water. Due to moisture 

in the air depending on the environment, the plants need different amount of water. A farmer can hardly predict the 

moisture which may lead to excessive watering. Farmers generally use the experience to take vital decisions regarding 

the type of crop to be cultivated, watering plantation, fertilizer type, amount of fertilizer, etc. Hence, the production of 

the crop is at risk. But the landowner’s and the farmer’s aim is to extract maximum revenue from the crop production. 

This can only be achieved if the agriculture crop production is somehow optimized. Our system will provide information 

about all the lands and its current situation directly to the landlords. Through this system, a landlord can predict the 

amount that may or will grow in his land and which part of the land is suitable for which type of crop. This system can 

provide vital information about which fertilizer is needed by the soil in which piece of land. With a lot of information, 

a person would be motivated to improve its crop production because it will help him increase his revenue.  
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Many areas in Pakistan are dry and have low rainfall in such area using of water properly can determine the quality and 

quantity of crop production hence it is imperative that water should be properly managed in such areas. Our system will 

help the farmer know the proper amount of water that crops needed.  In Pakistan, a single person can own a large amount 

of land which his farmers take care off. He himself doesn't have enough time to visit all the pieces of land he owns and 

completely rely on the farmer's information about the crops that grow in his land.  A farmer can nearly predict the actual 

amount of fertilizer that a particular soil of crop required or is it even the fertilizer that crop needs? A farmer can nearly 

predict the actual amount of water that a particular crop requires? So it may lead to wastage of water. Due to moisture 

in the air depending on the environment the plants need a different amount of water. A farmer can hardly predict the 

moisture which may lead to excessive watering. Farmers generally use the experience to take vital decisions regarding 

the type of crop to be cultivated, watering plantation, fertilizer type, amount of fertilizer, etc. Hence, the production of 

the crop is at risk. But the landowner’s and the farmer’s aim is to extract maximum revenue from the crop production. 

This can only be achieved if the agriculture crop production is somehow optimized. Our system will provide information 

about all the lands and its current situation directly to the landlords. Through this system, a landlord can predict the 

amount that may or will grow in his land and which part of the land is suitable for which type of crop. This system can 

provide vital information about which fertilizer is needed by the soil in which piece of land. With a lot of information, 

a person would be motivated to improve its crop production because it will help him increase his revenue. Agriculture 

has a great contribution to the GDP of Pakistan. Economic development takes place when the GDP of a country 

increases. At the time of independence, agriculture had the largest contribution towards the GDP of Pakistan. But with 

the passage of time service sector became the largest contributor of GDP and now agriculture has the third largest share 

in the GDP of Pakistan. 

According to the World Bank In the year 2007, 20% of the GDP of Pakistan came from the agriculture sector of the 

economy. The agriculture and industry are the major sources of employment in Pakistan. As more than half of the 

population of Pakistan lives in rural areas. In 2007-08 Development Report of UNDP, 65% of the total population of 

Pakistan lived in rural areas in 2005. In rural areas agriculture is the sole means of their subsistence and employment. 

According to the Economic survey of Pakistan agriculture remained to be the dominant source of employment.43.61% 

of the total employment is provided by agriculture in the FY 2006-07. As a developing country consistent employment 

is of huge importance for the country and directly and indirectly, agriculture is the biggest source of employment in the 

country. Employment leads towards increased GDP of Pakistan and higher per capita income of people. High per capita 

income results in improved standard of living of the people which means more access to basic needs, better health 

facilities, quality education etc., which are all the signs of economic development. In this way employment as a result 

of agricultural activity is adding momentum to the economic development of Pakistan. Livestock and fisheries are an 

important source of employment as well as they also consist of the exports of the country and help in increasing the 

GDP of the country. Livestock accounts for 40 percent of the agricultural sector and 9 percent of the total GDP. Pakistan 

ranks fifth in the Muslim World and twentieth worldwide in farm output. It is the world's fifth largest milk producer.  The 

country is the 5th largest producer of milk in the world. This implies that agriculture is the backbone of Pakistan’s 

economy and has an integral role in the economic development of the country. 

2. Literature review 

Agriculture is the discipline of farming and includes cultivation on the basis of the soil for the growth of crops and the 

rearing of animals to provide food, wool, and other products [1, 2]. Precision agriculture (or precision farming) 

introduces the information and communication technology into traditional methods of agriculture and irrigation to 

optimize the parameters which are used in agricultural production. Using precision technology, the detailed analysis of 

the yield data and soil fertility can be performed. The modern agriculture methods have essentially transformed the open 

loop agricultural process into a closed loop process. Example of Open-loop Method is shown in Fig. 2. 

 

304



5th International Conference on  
Energy, Environment and Sustainable Development 2018 (EESD 2018) 

 

 
Fig. 2. Open loop crop production process [3]. 

 

With the recent advances in information and communication technology growers now have better tools to make informed 

decisions and effectively manage their crop production. The modern agriculture methods have essentially transformed 

the open loop agricultural process into a closed loop process as shown in Fig. 3. 

 
Fig. 3. Closed loop crop production process [3]. 

N. Sakthipriya proposed a WSN based crop monitoring and irrigation system in [4]. The system provides automation of 

water recourse and plant monitoring once the crop is cultivated.  Y. Jiber, et. Al [5] presented a farm framework system 

to manage water, provide awareness to the farmers to help them in decision making, land monitoring, etc.  H. Chang, 

et. Al. discussed an agriculture monitoring system with IP cameras (CCTVs) in [6] which can be controlled remotely to 

have a close vision of the plants. 

J. Hwang, et. Al [7] proposed a rural situation checking server framework for observing data concerning an outside rural 

creation condition. A dirt test is the best way to gauge the amount P2O5 and K2O are accessible in soils, and soil tests 

are accessible through a few private and open labs [8].  Fragmented manures contain not as much as each of the three 

of the essential macronutrients, e.g., 15-0-15 contains 15% N, no P and 15% K [9]. Cultivate Management and Decision 

Support Software answer for agriculturists for programmed documentation, telemetry, choice support, machine control 

Data administration and choice bolster arrangements existing from machine producers and from suppliers of exactness 

cultivating administrations [10]. 
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3. Research Methodology 

The methodology of the project is a combination of three Phases as shown in Fig. 4. 

Fig. 4. Three Phases of the Proposed System 

 

Phase 1: Precision Agriculture 
In the first phase a sensor network would be designed using Soil pH sensor, Temperature & Humidity Sensor. The 

overall block diagram of the proposed SN for precision Agriculture is shown in Fig. 5.  
 

Fig. 5. First Phase Hardware Implementation  

 

Phase 2: Crop Management System 

Second phase of the methodology is about designing and development of Crop Management System. Crop Management 

System created in the SQLite portable Browser it has two folded data captured as well as pre-required date for cultivation 

and crop management. The CMS could be operated stand-alone or in conjunction with the mobile application developed 

in the third phase. The expected snapshot of the SQL database is shown in Figure 6.  
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Fig. 6. Second Phase CMS Development 

 

Phase 3: Android Application & Website Development 

In this phase which will be executed in parallel with phase 2, a user-friendly mobile application will be developed.  

The mobile application would serve the two purposes: 

1. To allow the farmer to access the crop management system or/and 

2. To monitor the cultivated crops using installed sensing network. 

The application would initially be developed on the Android platform, but it is intended to make it universally compatible 

over all platforms. Furthermore, it is also planned if time permitted to make the application multi-lingual especially for 

Urdu and Sindhi. The Android-based mobile application has information about the crops cultivation, and it has the data 

which is captured from the field through the gateway for the Farmers and Agriculture Landlords to keep them updated 

about the crops. Through the “CMS” they can manage water and respective fertilizer which are needed for their Crops. 

The database of Crop Management System will be converted into XML files and would be made accessible via Android 

Application so one can easily keep the track of cultivated crops and efficiently manage the development of agriculture 

products. The flowchart of application is given in Fig. 7.  
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Fig. 7. Third Phase Android App & Website Implementation 

4. Results 

Using this approach modern farmers and growers can perform and obtain: 
• Yield measurements 
•  Soil nutrient measurements 
•  Crop health measurements 
•  Crop selection 
•  Efficient field cultivation, and 
•  Fertilizer management 

The suggested outcomes of the research ultimately available for the end users i.e. farmers and landlords in three formats 

that are Crop Management System, Website and Android Application.  

The crop management would system would provide the basic information to the grower about the interested crop. 

Typically, such information would include things like the time required for cultivation, watering requirement, farming 

tips, ideal soil and atmospheric conditions, and major diseases and their solutions. 

Furthermore, the same crop management system would be linked with the sensing network for real-time data monitoring. 

This would allow the farmer/grower to take real-time measurements of soil pH level, temperature, humidity and water 

level and compare them with the ideal ranges for these parameters most suited for optimal yield. Depending on the data 

measurements the CMS will give the assessment of crop health and would suggest any remedies when required. The 

developed CMS on the SQL database is shown in Fig. 8. References which are used to develop the CMS [11-18]. 
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Fig. 8. CMS Implementation Results 

Website developed and maintained for the general public to learn and acquire relevant information regarding agricultural 

products. The website will host the database developed for CMS and would allow the users to download mobile 

application and other relevant information. The Website Development results are shown in Fig. 9. 

 

 
Fig. 9. Third Phase Website Implementation Results 

Android Application & Website plays a very vital role for the recommendation of the crop cultivation as well as for the 

supplementation of the chemicals/Fertilizers for the crops for the specific soils and pH levels. Beside it Android 

Application and Website is the graphical view of a research which may help to the farmers and landlords to be updated 

and keep track after cultivation. These are used for interaction with the respective customers and users and customers 

mostly concerned with the applications like these instead of the hardware and one can get feedback regarding the 

product. That’s why for making the project more interactive we introduce the Android Application and Website. Android 

Application has the different views it has admin as well as user access to admin could enter and modify all type of data 

with respect to the environment as well as the fields conditions so to keep track with the changing observes in the fields 

and maintains the fertilizer, pesticides and other needs i.e. Android Application and Website help for continuous 

monitoring of crops. Application Development results are shown in Fig. 10. (a, b, c, d): 
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Fig. 10. a Third Phase Android Application Implementation Results 

Fig. 10. b Third Phase Android Application Implementation Results 

 

 
Fig. 10. c Third Phase Android Application Implementation Results 
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Fig. 10. d Third Phase Android Application Implementation Results 

5. Conclusion & Future Work 

Major outcomes of proposed system is that proposed system recommends the crops on the basis of the soil pH levels as 

well as it would recommend fertilizers on the basis of the crops and Soil pH at the end the android application and 

websites have the recommendation of insects and pesticides.  Furthermore, in our research the real-time data which will 

be captured through the different sensors from the different fields would be stored in the Crop Management System 

Database. Then after storing the real-time data into the Crop management System the next step is that captured as well 

as CMS data transferred to Android Application as well as for the website. Crop Management System is developed in 

SQLite portable browser and it can be converted into most applications supported files and can be accessible everywhere. 

Besides that the database of Crop Management System will be converted into XML files and would be accessed also in 

Android Application so one can easily keep track with the cultivations and development of agriculture industry would 

become much easier. Whereas Website suggested to develop for the providing the real and authentic information for the 

new farmers and landlords which buy or take the agriculture lands in rent and want to cultivate different crops. The 

current farmers and landlords also can get benefit from it because in Sindh generally cultivation is based on the thumb 

rule so it’s an open space for everyone to cultivate their lands through the scientific way and get maximum productivity. 

Database of Crop Management System also would be deploy here after successful cultivation of few crops; so one can 

easily get authenticate and scientifically examined information from the website. So through the website lot of people 

can get benefits. Beside it VRT (Variable Rate Technology is the revolution in the field of agriculture; By Connecting 

it to the GSM it would remotely test the environmental and soil conditions most importantly soil pH levels on which the 

base cultivation take place and after cultivation monitoring and maintaining of nutrition’s would be tracked out.  

In future Role of Android Application is that receives the alert messages from the gateway as well as from the Crop 

Management System for the Farmers and Agriculture Landlords; so they can keep updated from the crops. Through the 

Alerts and Status, they can manage water and respective fertilizer which are needed for their Crops.  
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Abstract 

 In this research work capacity has been calculated and production of a textile department has been optimized by Value 

Stream Mapping using a technique named as Standard Minute Value. For conducting the study, manufacturing of article 

from trimming to packing has been breakdown into various operations. Results shown that SMV calculation is a very 

robust technique for capacity calculation and identification of operations consuming more time. 
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1. Introduction 

In the current era market competitiveness has become a challenge for industries. Markets are running by customer 

satisfaction, least time delays and meeting shipments on time is a vital factor of winning a market. All business depends 

on the production, the more the production the more the growth of organization. Industrialists know that production is 

the core of a healthy business [1]. There are various methods that have been adopted by organizations to improve the 

productivity in organizations to make their system optimized, advanced methodologies of advanced manufacturing, 

quality control management and inventory control are some of the most well known around the globe [2]. Production 

flow line plays a vital role in saving time and reducing unnecessary time consumption in order to maximize the profits 

and delivering products on time [3]. By optimum utilization of resources productivity can be increased which ultimately 

results in increased line efficiency, production flowline is the core factor in transforming resources and time into profit. 

Line Balancing and Value Stream Mapping enhances productivity and make the best possible use of resources [4]. For 

removing bottlenecks line have been balanced by assigning appropriate number of machines for specific operations. In 

textile industries, time and motion study is termed as SAM and SMV [5]. SAM calculation and Line balancing is one of 

the techniques which are considered as mandatory for evaluating production capacity and designing stitching floors. It 

not only provides us the capacity of department at a given number of machines, but it also helps us in balancing the line 

in best possible manner [6]. 
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2. Data Collection 

Data needed for this research is the time consumed by each operation in the manufacturing of an article. Time of each 

operation has been recorded 5 times by various skilled operators to reach the most accurate value in average. 

Table 1. SMV Calculation 

Operations Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Avg Time Performance 

Rating 

SMV 

Sleeves Safety 12.20 10.21 15.02 11.43 13.21 12.414 1 0.2069 

Sleeves Attachment 20.81 19.37 22.29 20.4 19.7 20.514 1 0.17095 

3 Side Ribbon hem 40.34 41.92 42.48 42.4 40.1 41.448 1 0.1727 

Neck Piping 8.87 10.24 8.96 9.3 10.4 9.554 1 0.15923 

Bar tack 16.85 16.41 17.49 17.29 16.2 16.848 1 0.1404 

Cropping 35.08 36.41 38.50 35.21 33.2 35.68 1 0.14867 

Checking 43.68 42.13 41.31 42.35 44.7 42.834 1 0.14278 

Final Checking 48.00 41.19 45.85 47.3 45.2 45.508 1 0.15169 

Sorting 9.25 10.65 9.72 9.2 10.3 9.824 1 0.16373 

Folding 14.80 15.09 14.33 15.2 14.5 14.784 1 0.16427 

Shading 102.21 125.45 97.34 120.3 115 112.06 1 0.20752 

Carton Setting 17.35 15.98 13.73 15.4 13.2 15.132 1 0.16813 

Packing 12.95 10.11 11.35 13.1 11.7 11.842 1 0.19737 

3. Value Stream Mapping 

After operation breakdown of all manufacturing processes of patient gown all the operations were thoroughly analyzed, 

and no such activity was found in operation breakdown that can be labeled as Non-value-added operation. None of the 

operations can be skipped because all of them are adding some value to our product. 

4.  Standard Allowed Minute 

When Allowance is added in Standard Minute Value (SMV) it is said as Standard Allowed Minute (SAM). SAM and 

allowances of respective operations are mentioned in the table below. 

Table 2. SAM Calculation 

Operations SMV Allowance SAM 

Sleeves Safety 0.21 1.19 0.25 

Sleeves Attachment 0.17 1.19 0.20 

3 Side Ribbon hem 0.17 1.23 0.20 

Neck Piping 0.16 1.23 0.20 

Bar tack 0.14 1.20 0.17 

Cropping 0.15 1.13 0.17 

Checking 0.14 1.13 0.16 

Final Checking 0.15 1.13 0.17 

Sorting 0.16 1.10 0.18 

Folding 0.16 1.13 0.19 

Shading 0.21 1.13 0.23 

Carton Setting 0.17 1.13 0.19 

Packing 0.20 1.13 0.22 

5. Production Before Line Balancing 

The production before line balancing was found out to be 1137 Pieces per shift of 8 hours. In the table below, shading 

has the minimum production value which refers to our actual production in one shift. Allowances include Machine & 

personal allowance and bundle allowance. 

Table 3. Production Calculation (Before line balancing) 
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Operations SAM Production 

Sleeves Safety 0.12 3899 

Sleeves Attachment 0.20 2360 

3 Side Ribbon hem 0.21 2269 

Neck Piping 0.20 2461 

Bar tack 0.34 1425 

Cropping 0.17 2857 

Checking 0.16 2975 

Final Checking 0.17 2800 

Sorting 0.09 5330 

Folding 0.14 3448 

Shading 0.42 1137 

Carton Setting 0.14 3369 

Packing 0.22 2152 

 
Fig. 1. Graph of Operation-wise production in 8 hours shift before line balancing 

6. Production after line balancing 

In order to remove bottlenecks and unusual hypes and falls in trend line, line was balanced by reallocating workers and 

machines on various operations. In general, with an increase of 2 workers an increase of 910 articles in the same shift is 

achieved. 

Table 4. Production Calculation (After line balancing) 

Operations SAM Production 

Sleeves Safety 0.25 1950 

Sleeves Attachment 0.20 2360 

3 Side Ribbon hem 0.21 2269 

Neck Piping 0.20 2461 

Bar tack 0.17 2849 

Cropping 0.17 2857 

Checking 0.16 2975 

Final Checking 0.17 2800 
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Sorting 0.18 2665 

Folding 0.19 2586 

Shading 0.23 2047 

Carton Setting 0.19 2526 

Packing 0.22 2152 

 

 

Fig. 2. Graph of Operation-wise production in 8 hours shift after line balancing 

 

Table 5. Number of workers before and after line balancing 

Stitching 

Operations No. of workers before line 

balancing 

No. of workers after line 

balancing 

Sleeves Safety 2 1 

Sleeves Attachment 2 2 

3 Side Ribbon hem 4 4 

Neck Piping 1 1 

Bar tack 1 2 

Packing 

Operations No. of workers before line 

balancing 

No. of workers after line 

balancing 

Cropping 4 4 

Checking 5 5 

Final Checking 5 5 

Sorting 2 1 

Folding 2 1.5 

Shading 5 9 

Carton Setting 2 1.5 

Packing 1 1 
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7. Efficiency of flow line 

 

Efficiency of line = (least production before line balancing/ least production after line balancing) *100 

Efficiency of line = (1137/1950) *100 

  = 58% 

Before line balancing efficiency of line was 58% which is now designed for 100% 

It is not possible for workers to work on 100% efficiency, there is a universal standard of 85% efficiency which is 

considered as the benchmark for stitching floors.  

 

8. Results 

Before line balancing line efficiency was 58% and production capacity was 1137 articles per shift of 8 hours. After 

balancing the line efficiency is set on 85%, production capacity reached to 1950 articles per shift of 8 hours. After line 

balancing production increased by 813 articles per shift of 8 hours. Two workers increased in packing which increased 

packing production from 1137 to 2047 articles per shift. 

9. Conclusion 

It is concluded that by balancing the line production capacity increased, optimum utilization of machines is achieved, 

workers performance is improved and due to removed bottlenecks, there is less material stoppage between each step. 

Line balancing increases production capacity which is very beneficial in meeting on time shipments and improving 

profits. 
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Abstract  

This research work focuses on the efficient use of plastic waste, Plastic is the most cheaply available material that is 

widely used in our every aspect of life such as domestic, commercial and industrial. Plastic is a non-biodegradable 

material that takes approximately 1000 years to decay itself that alternately causes land, air & water pollution. Plastic 

waste has become a growing issue in the research area due to its multidimensional effects, it not only degrades the 

environment, but it also affects the life of living organisms. Industrial growth had further enhanced in quantity of plastic 

waste because from raw material to finished products requires use of plastic. This issue may be resolved if industrial 

plastic waste is utilized as a bitumen modifier in roads. On the other hand, uncontrolled heavy traffic load and high 

temperature causes rutting, distresses, cracking & had reduced the service life of flexible pavement. Addition of polymer 

in bitumen increased the physical properties that eventually increased the durability of flexible pavement. In this research 

15% of Industrial plastic waste is used as a modifier in bitumen to increase the strength of pavement. The decrease in 

penetration value was observed which resulted that bitumen is hard and can bear heavy load while softening point 

increased which resulted that pavement may bear high temperature. There was decrease in air void ratio that resulted 

that aggregates are tightly packed and pavement is water resistant. Increase in Marshal Stability number was observed 

of polymer modified specimen as compared to conventional asphalt mix specimen that indicates load-bearing capacity 

of pavement may be increased.   

© 2018 "Insert names of Authors here."  Selection and/or peer-review under responsibility of Energy and Environmental Engineering Research 

Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan. 
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1. Introduction  

Nowadays, Pollution has become one of the major problems of our planet that had affected living life; with passage of 

time it keeps increasing due to certain causes among them the major cause is the plastic waste. Plastic is an organic 

material that is easily available in ample quantity that include from pencil to airplane everything somehow has use of 

plastic. The demand of plastic is increasing day by day because of its cheap cost material and availability. It's quite cheap 

to manufacture plastic than to recycle because of that tons of plastic are dumped & burnt each year that produce 

unevenness for living by creating hazardous environment through which lots of harmful diseases are created like skin 

disease, breast cancer, genital abnormalities for human & animals.   

Presently, the plastic waste is one of the major issues that has a major threat and had destroyed our environment. Due to 

ample use of plastic and lack of disposal facility had led towards increase in waste pollution. It is a nonbiodegradable 

material that takes approximately 1000 years to self-degrade. Plastic waste requires a safe disposal that could be resolved 

by using plastic waste in a Flexible pavement. Research has proved that polymer as a modifier had increased the service 

life of road. Road network is a source of economic and social development of a country. The economic sectors growth 

depends considerably on the development of road network.   
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Plastic waste in Pakistan varies from city to city & annually there is increase of 2%. The record of plastic waste of some 

major cities of Pakistan is given in Table 1.   

 

Table 1. Plastic Waste of Major Cities (Sumra Chaudary)  

S.No City Plastic waste per year (tons) 

1  Karachi  123,840  

2  Faisalabad  13,320  

3  Gujranwala  12,360  

4  Hyderabad  10,530  

5  Quetta  9,300  

6  Peshawar  8,970  

The generation of waste plastics is escalating with passage of time although many measures are been taken but are not 

sufficient to reduce such type of waste because of its non-biodegradable property that may destroy nature and its 

habitant’s. To utilize plastic waste in useful manner researchers have found plastic waste as useful in pavements to 

decrease cost of pavement and improve the properties of pavement. Plastic waste is one of the major issues at present so 

if plastic waste is utilize as an ingredient in pavement then the quantity of waste plastic may be reduce.  

In Pakistan, the preferred mode of transportation for the people and goods is roads transportation. The road transportation 

is preferred overall than the other mode of transportation because it's quite time saving and economical. In remote areas 

the only mode of transportation from one place to another is road transportation, under the CPEC umbrella the roads 

network of Pakistan is to be advanced then to improve service life of road and durability the polymer modification in 

asphalt mix is essential.  

 2.    Literature Review  

The waste plastic materials are widely recycled and used for multiple purposes to decrease the pollution and reduce the 

waste throughout the globe. Pakistan ranks at 77th for its road network quality according to World Economic Forum. 

Total length of roads in the country stands at 264,401 km as per report by Competition Commission of Pakistan citing 

CIA’s Fact-book that makes Pakistan on 21th rank on the size of road network (M.Yasir 2018).  The research conducted 

by B. Surya 2018, has found increase in workability and strength by replacing by 15% to 30% of plastic waste as a 

bitumen modifier, whereas another researcher indicates that 15 % to 17% of industrial plastic waste used as bituminous 

modifier decreased in penetration value that resulted that bitumen is stiff and hard. (Irfan Khokher 2017).  

The Plastics are non-biodegradable in nature due to strong chemical bonding that makes them durable and tough. Plastic 

are durable, flexible, and resistant to corrosion, low density and good strength as per weight ratio , the researcher further 

indicates that utilizing 10% of waste plastic as a bitumen modifier increased the service life of road  (Apurva J Chavan 

2013). The biomedical plastic waste as a bituminous modifier increase the marshal stability value about 51% more than 

conventional mix that shows increase in load carrying capacity of pavement. (Bhageerathy 2014).  

Polymer addition into bitumen increases the service properties of bitumen thus its eco-friendly process and safe disposal 

of plastic (Shirish N. Nemade 2013). The use of Polymer modified bitumen as compared to plain bitumen increases 

softening point & strength while reduces air voids, improve soundness, resistance to high temperature and have suitable 

ductility. (Dr.R.Vasudevan 2011). Polymer as a modifier increases the melting point of a mix that eventually increases 

road life and strength. (Verma S.S 2008).  

8% of polymer by weight of bitumen added in asphalt mix reduces 0.4% of bitumen content that decrease the cost. 

Polymer modified mix increases the stability, durability and service life of the pavement. (C.E.G. Justo 2002). The hot 

climate melts the bitumen in pavement because of its visco-elastic property that creates failure that eventually affects 

the service life of pavement. When vehicle load acts on pavement causes distress, fatigue, cracking and permanent 

deformation. (Yvonne Becker 2001). 
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3.0 MATERIALS & METHODOLOGY  

3.1 MATERIAL PROPERTIES                                                  

3.1.1 Waste Plastic: The material was collected in powdered form from an industry named AL-Rehmat Plastic 

Factory Hyderabad. The characteristics of plastic waste are shown below   

Table 2. Plastic Waste Properties  

AL-REHMAT PLASTIC FACTORY HYDERABAD 

Size  #200 Passing  

Specific Gravity  0.94-0.96  

Melting Point  1300C -1400C  

Thermal Decomposition  270-3500C  

Flash Point  >3600C  

3.1.2 Aggregate Properties: Aggregates were quarried from AL-Saudia Crush Plant Jamshoro. Four different sizes 

of aggregates were quarried (25 to 20 mm, 20 to 10 mm, 10 to 5 mm & 5 to 0 mm). Table 2 shows the physical 

properties of aggregate conducted in laboratory. Table 3 shows the blending of Aggregate for wearing course. Table 3 

is graphically shown in graph 1, in Graph 1 it could be clearly seen that the grading blend is within the upper and lower 

limit. Red Colour shows upper and lower limit while blue colour line shows the aggregate blend mix.  

 

Table 3. Aggregate Properties  

Size of Aggregate  Water Absorption  Specific Gravity  L.A Abrasion Test  Flat & Elongated Particle  

25 - 20 mm  0.682  2.685  

24.1  3.8  

20 -10 mm  0.782  2.680  

10 - 05 mm  0.849  2.672  

5- 0   mm  1.757  2.668  
 

 

Table 4. Blending of Class A Aggregates 

 BLENDING OF AGGREGATE OF CLASS, A   

Size  JMF Grading Blend  JMF Tolerance  Mid Point of Project Specification  JMF limits  

11" "  100  100  100  100  

3/4"  93  (+7)  95  90~100  

3/8"  63  (±7)  63  56 ~ 70  

#4  44  (+6 ~ -7)  43  37~50  

#8  27  (±4)  29  23~31  

#60  9  (+3 ~  -4)  9  5~12  

#200  4.4  (±1)  5  3.4~5  
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3.1.2 BITUMEN PROPERTIES   

                                                                       
Table 5. Physical Properties of Conventional Bitumen  

PHYSICAL PROPERTIES  Grade 60/70  

Penetration Test (250C)  69  

Flash Point  336 0C  

Ductility  100+  

Softening Point  48 0C  

Specific Gravity  1.018  

Fire Point  380 0C  

 3.2  Research Methodology  

60/70 grade of bitumen was modified by Wet process & Marshal Stability test method was applied. Industrial Plastic 

Waste about 15% by weight of bitumen was used as a modifier. Samples were prepared including conventional asphalt 

mix and modified asphalt mix. Below figure 1 shows samples before marshal stability test while figure 2 shows samples 

after the performance of marshal stability.  

    
Figure 1 Specimen before test                                                          Figure 2 Specimen after test  
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4.   Results  

Table 5 describes the physical test conducted in laboratory of modified bitumen. Decrease in penetration value 

was observed which resulted in hardness of bitumen while softening point increased which result that pavement 

may bear high temperature. Ductility of the polymer modified bitumen is within the tolerable limits.                                                                     

Table 5 Physical Test of Modified Bitumen  

PHYSICAL TEST  Grade 60/70  

Penetration Test (250C)  59  

Flash Point  343 0C  

Ductility  100+  

Softening Point  51 0C  

Specific Gravity  1.038  

Fire Point  385 0C  

 

The specimens were tested through Marshal Stability test method. Total 21 (3% to 6% with increase of 0.5%) test 

samples were calculated and Marshal Stability number at optimum polymer modified content is given in Table 6.  

  
Table 6 Marshal Stability Number  

 MARSHAL STABILITY NUMBER   

Grade of Bitumen  Conventional Asphalt Mix  Polymer Modified Asphalt Mix  

60/70  1550  2031  

In Table 6 results it is observed that addition of polymer in asphalt mix increases the marshal stability number. 

The graphs to calculate optimum bitumen content  
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5.   Conclusion  

The laboratory results showed that addition of polymer in asphalt mix increase the physical properties of asphalt 

mix. The results showed that if grade of bitumen has high penetration it could be reduced through addition of 

polymer mix in it,  Decrease in Penetration value increases hardness which eventually increase bearing capacity 
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of pavement to carry heavy load while decrease in Softening point of asphalt mix make the pavement to bear high 

temperature. The marshal Stability test proved that addition of polymer mix increase the marshal stability number 

around 50% that eventually increases the strength of the pavement. Thus it's determined that addition of polymer 

in bitumen increases the strength of asphalt mix and its safe disposal of plastic waste. Addition of polymer 

decreases bitumen content which eventually reduces cost and amount of bitumen.   
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Abstract 

In current scenario, the modern power systems have so many challenges with power quality problems due to the vast 

use of power electronic converters and nonlinear loads. The conventional two level inverters have high value of 

harmonic content which can be reduced by using filters, which are so costly and bulky in size. Therefore, these 

inverters have some restrictions for high voltage and high power applications. This problem is solved by using 

multilevel inverters (MLI).Multilevel inverters are capable of producing high voltages with better harmonic profile 

without the use of filters. A multilevel inverter is a power electronic device which can produce desired AC voltage 

level at the output using multiple lower DC voltages as an input. In this paper a three phase five level Cascaded H 

bridge multilevel inverter (CHBMLI) is modeled using MATLAB SIMULINK software. A multi-carrier PWM 

technique is used to generate switching pulses to the inverter. Total harmonic distortion (THD) is calculated for 

various modulation indexes and the results show that CHBMLI activated by multi carrier pulse width modulated phase 

disposition (PD) technique gives reduced total harmonic distortion (THD). The results are validating by MATLAB 

SIMULINK environment. 

© 2018Tarique Mushtaque Koondhar,Mukhtiar Ahmed Mahar,Abdul Sattar Larik Selection and/or peer-review under responsibility of Energy and 

Environmental Engineering Research Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan. 

 
Keywords: Multilevel Inverter,Three phase cascade H Bridge multilevl inverter,Multicarrier PWM technique,Phase 
Dissiposition(PD),Total Harmonic Distortion 

1. Introduction 

Now a days, for high voltage and high power applications the modern power industries are facing so many problems 

with the bad quality of voltage as well as current of a traditional two level inverter on account of harmonic distortion, 

electromagnetic interference, and high dv/dt stress due to square wave nature of output voltage, therefore the 

multilevel inverters are replacing conventional two level inverters due to their enormous use in renewable energies, 

medium to high voltage motor drives and HVDV  transmission networks[1]. Multilevel inverters have so many 

benefits in contrast with the conventional two level inverters. The superior benefits of multilevel inverters are 

summarized as lesser total harmonic distortion THD, negligible losses due to switching, better power quality and 

reduction in electromagnetic interference EMI[2]. The basic concept of MLI is the enhancement of two levels inverter. 

Multilevel inverters possess the characteristic that it decreases the voltage stress of each component[3, 4].  

Fig. 1 shows a simple switching scheme of an inverter with different numbers of levels, where an ideal switch with 

distinct positions is used instead of power semiconductor devices[5]. The voltage generated by conventional two level 

inverter has only two values like duplicated in Fig.1 (a), and in case of three level inverter, it gives three voltages and 

so on, Fig. 2 shows the waveforms of different levels of an inverter[6, 7]. 

 

 

 
* Corresponding author. Tel.: +92-333-2725802;  
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Fig 1 .Switching scheme of an inverter Fig 2 .Waveforms of different levels of inverter 

 
Multilevel inverters are basically classified into three main topologies according to the voltage source used in the 

inverter[8]. Fig.3 indicates the main topologies of multilevel inverters. For high power and medium voltage 

applications, from all other inverter topologies like diode clamped and flying capacitor multilevel inverters ,the 

CHBMLI is mostly used in industrial processes[9]. The CHBMLI comprises of many single phase H bridge connected 

power cells. For practical approaches, the working voltage and manufacturing cost determines the minimum amount of 

power cells in a CHBMLI. Comparing with other three types of multilevel inverter, the CHBMLI needs the small 

number of components for the same voltage level[10]. Fig.4 shows the basic structure of three phase five level 

CHBMLI.  

 

In this proposed study the problems of conventional two levels inverter due to distorted waveforms could be resolved 

by means of multilevel inverters (MLIs) which utilize lower frequencies and give high voltage with improved (THD) 

without use of filters. A three phase five level CHBMLI is modelled, in order to validate the results.  

 

 

 

 

 
        Fig 3. Different multilevel inverter topologies           Fig 4.Basic structure of three phase five level CHBMLI 

       

2. Control Techniques for Multilevel inverters (MLI) 

 
The enormous use of MLI in power industries, renewable energies, motor drives causes the more attention towards the 

various modulation techniques. There are so many techniques used to control the output voltage of cascaded H Bridge 

MLI in order to synthesize the magnitude and spectral quality of multilevel voltages produced by inverter required for 

specific applications[11]. Of all these techniques, the PWM control technique is widely accepted because it produces 

lesser total harmonic distortion (THD) values, which is desirable. The PWM modulation control techniques are further 

classified as shown in Fig.5. In this research work, the multicarrier based pulse width modulated phase disposition 

control scheme is used.  
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Fig 5. Different sinusoidal pulse width modulation techniques 

 
In multicarrier PWM scheme, sinusoidal signal is used as reference signal and a high frequency carrier signal usually a 

triangular signal[12]. The  number  of carriers  are  designated  according  to  number  of  inverter  voltage  levels.  For 

required carrier calculation following equation is used. 

  

Cn = m-1              (1) 

Where 

 Cn    is number of carriers 

 m      is number  of  levels 

 

In multicarrier PWM scheme the peak value of V control controls the amplitude and the frequency of V control controls the 

frequency of inverter. 

 

Modulation Index is expressed as, 

  M.I=                   (2) 

   

 

 
 

3. Simulation Model and Results 

 

The three phase five level CHBMLI is modeled and simulated in MATLAB SIMULINK software. The parameters 

used to analyze the model are shown in Table 1. 

Table.1Parameters of multilevel Inverter  

Parameter Value Parameter Value 

Vdc 100volts Resistance 100 ohms 

Fm 50Hz Inductance 20 mH 

Fc 5KHz   

   Vcontrol

           Vtri
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Fig.6. shows the Simulink circuit of a three phase five level CHBMLI which consists of 24switches (IGBTs), six DC 

sources and a RL load. 

Fig 6 .Simulink circuit of three phase five level cascade H Bridge MLI fed with RL Load 

For generating the pulses for MLI, the multicarrier based pulse width modulated phase disposition (PD) technique is 

used. In this technique, four triangular waves and one reference sine wave is generated in MATLAB SIMULINK 

model. The carrier signals in PD technique are in phase but are level shifted.Fig.7.shows the Simulink model for 

multicarrier based pulse width modulated phase disposition (PD) technique. 
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Fig 7 .Simulink model for multicarrier based phase disposition (PD) technique 

 

Fig 8.shows the carrier arrangement for multicarrier pulse width modulated phase disposition (PD) modulation 

technique. 

Fig 8 .Carrier arrangement for pulse width modulated phase disiposition (PD) scheme 

 
In this research work the harmonic spectrum and wave forms of three phase five level CHBMLI is analyzed at 

different modulation indices such as 0.8, 0.9 and 1.The phase voltage wave forms of five level CHBMLI for M.I 0.8 is 

shown in Figure.9, and the corresponding FFT analysis for phase voltage at M.I 0.8 is shown in Fig 10, so the 

fundamental value at the output is 159.4 and THD formed is 38.58%. 

 

 

Fig 9 .Phase voltages for M.I 0.8          Fig 10 .FFT analysis for M.I 0.8 
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For M.I 0.9 the THD for phase voltages of three phase five levels CHBMLI is reduced to 33.57% at the fundamental 

frequency of 179.4, which is shown in Fig.12.and the corresponding phase voltage wave forms for M.I 0.9 are shown 

in Fig.11. 
 

 

Fig 11 .Phase voltages for M.I 0.9    Fig 12 .FFT analysis for M.I 0.8 

  

The behavior of three phase five level CHBMLI at M.I 1 is shown in Fig.13 and Fig 14 respectively along with phase 

voltage wave forms and corresponding harmonic spectrum. So the THD is 26.97% at the fundamental of 199.8. 

Harmonics are less at M.I 1 as compared to M.I 0.8 and 0.9 respectively.  

Fig 13 .Phase voltages for M.I 1               Fig 14 .FFT analysis for M.I 1 

Similarly for the line voltages of three phase five level CHBMLI is also analyzed at different modulation indices such 

as 0.8, 0.9 and 1. At M.I 0.8 the THD observed is 21.71% with fundamental of 275.9, and is shown in Fig.16. 

Likewise the waveforms for line voltages are shown in Fig.15. 

 

Fig 15.Line voltages for M.I 0.8                Fig 16.FFT analysis for M.I 0.8 
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The THD is reduced to 17.46% at fundamental of 310.6 when the modulation index is increased to 0.9.The waveforms 

of line voltages and harmonic spectrum is shown in Fig.17 and 18 respectively. 

 

Fig 17 .Line voltage for M.I 0.9                  Fig 18 .FFT analysis for M.I 0.9 

 
The harmonic spectrum and waveforms of line voltages for three phase five level CHBMLI at M.I 1 is shown in 

Fig.19 and Fig.20, so THD observed is 17.17% at fundamental of 345.5 which is comparatively less than the M.I of 

0.8 and 0.9.  

Fig 19 .Line voltage for M.I 1     Fig 20 .FFT analysis for M.I 1 

Three phase five level CHBMLI is analyzed at different modulation indices for phase and line voltages. M.I v/s Total 

Harmonic Distortion of phase and line voltages of multilevel inverter for multicarrier pulse width modulated phase 

disposition (PD) technique is tabulated in Table 2.  

Table.2. M.I vs THD for phase and line voltages  

M.I Phase Voltage Line Voltage 

0.8 38.58 21.71 

0.9 33.57 17.46 

1 26.97 17.17 

 

4. Conclusion 

 

The research work shows the operation of a simulation model and harmonic analysis of the three phase five level 

CHBMLI.A multicarrier pulse width modulated phase disposition (PD) technique with switching frequency of 5 kHz 

has been used for generating pulses for the inverter. The harmonic analysis of three phase five level CHBMLI using 

phase disposition technique has been done at different modulation indices as 0.8, 0.9 and 1 for both phase and line 

voltages of inverter. From the results it is observed that by employing phase disposition technique for CHBMLI at M.I 

=1, the THD is 26.97% for phase voltage and 17.17% for line voltage ,which is comparatively less than the THD at 

M.I 0.8 and 0.9 respectively for both phase and line voltages. Analysis of simulation results verified that THD of 
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Three phase five levels CHBMLI activated by multicarrier pulse width modulated phase disposition (PD) technique is 

minimized by increasing the M.I for both phase and line voltages. 
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Abstract 

The groundwater contaminated with fluoride due to anthropogenic and natural activities is considered one of the major 

problems in the world affecting human health seriously. Adsorption technology is considered one of the most 

economical and efficient among various methods to remove fluoride. The mineral-based adsorbents like Kaolin could 

also be used in adsorption column for removal of fluoride from groundwater. In this study steady-state model of fixed 

bed column was developed in Aspen AdsimV10. A mixture material containing water and fluoride was created which 

was fed into the column. The bed properties collected from the literature for characterization of Kaolin like bed density, 

porosity, mass transfer coefficient, constants for adsorption isotherms etc., were used to simulate the Kaolin bed. Various 

simulations were made to conduct the parametric investigations like initial fluoride concentration, feed flow rate, bed 

height. It was evident from the simulation results that all the parameters have significant effect on the overall 

performance of adsorption column. The initial fluoride concentration and feed flow rate are inversely proportional to 

the removal efficiency where bed height is directly proportional to the removal efficiency. Overall Kaolin shown a good 

performance for the removal of fluoride from groundwater and can be considered as an adsorbent in commercial units 

for its practical use. 

 © 2018 Naveed Ali Koondhar, Suhail Ahmed Soomro, Imran Nazir Unar, Mairaj Muhammad Khandaza. Selection and/or peer-review under 

responsibility of Energy and Environmental Engineering Research Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, 

Pakistan. 

Keywords: Fluoride removal, kaolin, adsorption, aspen adsim 

1. Introduction 

Fluoride (F−) contamination in groundwater has been recognized as one of the serious problems worldwide [1]. Fluoride 

is classified as one of the contaminants of water for human consumption by the World Health Organization (WHO), in 

addition to arsenic and nitrate, which cause large-scale health problems [2]. Elevated fluoride concentrations in the 

groundwater occur in various parts of the world [3-6]. Fluoride is widely distributed in the geological environment [7] 

and generally released into the groundwater by slow dissolution of fluorine-containing rocks[8]. Various minerals, e.g., 

fluorite, biotites, topaz, and their corresponding host rocks such as granite, basalt, syenite, and shale, contain fluoride 

that can be released into the groundwater [9-11].Thus, groundwater is a major source of human intake of 

fluoride.Besides the natural geological sources for fluoride enrichment in groundwater, various industries are also 

contributing to fluoride pollution to a great extent [12]. The industries which discharge wastewater containing high 

fluoride concentrations include glass and ceramic production, semiconductor manufacturing, electroplating,coal-fired 

power stations, beryllium extraction plants, brick and iron works, and aluminum smelters [13]. The effluents of these 

industries have higher fluoride concentrations than natural waters,ranging from ten to thousands of mg/L [14].  

 
* Corresponding author. Tel.: +0-000-000-0000 ; fax: +0-000-000-0000 . 

E-mail address: naveed.koondhar@admin.muet.edu.pk 

 

It is estimated that more than 200 million people worldwide rely on drinking water with fluoride concentrations 

that exceed the WHO guideline of1.5 mg/L [15]. Depending on the concentration and the duration of continuous 

uptake, the impact of fluoride in drinking water can be beneficial or detrimental to mankind.  
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Fluoride in drinking water has a narrow beneficial concentration range in relation to human health.Small amounts in 

ingested water are usually considered to have a beneficial effect on the rate of occurrence of dental caries, particularly 

among children [16]. On the contrary, excess intake of fluoride leads to various diseases such as osteoporosis,arthritis, 

brittle bones, cancer, infertility, brain damage, Alzheimer syndrome, and thyroid disorder [17]. Fluorosis is a common 

symptom of high fluoride ingestion manifested by mottling of teething mild cases and embrittlement of bones and 

neurological damage in severe cases [18]. There are some reports indicating that fluoride may interfere with DNA 

synthesis [19]. The excess concentrations of fluoride can also interfere with carbohydrates, lipids, proteins,vitamins and 

mineral metabolism [20]. Fluoride toxicity may occur by several ways. While ingested, fluoride initially acts locally on 

the intestinal mucosa, it can later form hydrofluoric acid in the stomach,which leads to gastrointestinal irritation or 

corrosive effects[20]. Following ingestion, the gastrointestinal tract is the earliest and most commonly affected organ 

system. Fluoride can also interfere with a number of enzymes disrupting oxidative phosphorylation,glycolysis, 

coagulation, and neurotransmission [20]. It is well recognized that individuals with kidney disease have a heightened 

susceptibility to the cumulative toxic effects of fluoride [21].In addition, fluoride has been shown to poison kidney 

function at high doses over short-term exposures in both animals and humans[21]. It has also been concluded by several 

research groups that fluoride has the ability to interfere with the functions of the brain and pineal gland [21]. Pineal 

gland is a major site of fluoride accumulation within the body, with higher concentrations of fluoride than either teeth 

or bone [21].Fluoride exposure has also been linked to bladder cancer—particularly among workers exposed to excess 

fluoride in the workplace [21]. Thyroid activity is also known to be influenced by fluoride. Keeping the view of toxic 

effects of fluoride on human health, there is an urgent need to find out an effective and robust technology for the removal 

of excess fluoride from drinking water. 

The Thar Desert is the largest desert of Pakistan and spread in 22,000 sq km area. Like the other deserts of the world, 

the Thar is also facing the crisis of water. Mostly water is available at 52–93 m depth, which is brackish and highly 

contaminated by fluoride ion. The granite in Thar sands contains abundant F-bearing minerals, which upon weathering, 

leached out and dissolved in groundwater.Rafique et al. (2008) confirmed high fluoride in the groundwater of district 

Mithi at Thar. It was found that 88.40% of the analyzed groundwater samples have fluoride values exceeding the upper 

limit proposed by the WHO for human consumption[22]. Hence it was concluded from the research that the groundwater 

of Thar is not suitable for drinking purpose, dental and skeleton fluorosis is also physically found in the inhabitants of 

the Thar.  

The aim of present research is to use indigenous material Kaolin as an adsorbent for the removal of fluoride in drinking 

water available at Thar. For this the dynamic simulations would be performed on Aspen Adsim software for extracting 

core designing parameters of Adsorption system. 

2. Methodology 

Aspen ADSIM uses a set of partial differential equations (PDEs), ordinary differential equations (ODEs) and algebraic 

equations, together with the appropriate initial and boundary conditions, to fully describe the adsorption or ion-exchange 

column. 

ASPEN ADSIM Version 10 commercial MS Window based simulator developed by Aspen-tech was used as simulation 

tool to develop model for simulation. The input data was taken from a recent literature on fluoride removal using kaolin. 

In the reported case study a synthetic sample of known concentration was prepared and passed through continuous 

column filled with adsorbent with characterized properties. 

Fig. 1 describes the adsorption column model selected for simulation, “Feed” stream enters in the column and initial 

simulation column flow is assumed as ideal flow pattern where all water and fluoride molecules travels, therefore only 

convective force is responsible for adsorption. Default value of mass transfer coefficient present in model was used for 

simulation. Similarly default isotherm parameters for water available in model were selected as Langmuir isotherm 

parameters. 

Temperature was assumed constant. The 10 cm bed in 2 cm diameter column was geometry of cylindrical column which 

has been allowed to run for 900 minutes. Big upward difference scheme (BUDS) with 50 numbers of nodes was assumed 

as difference method to calculate the model equations. 
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Fig. 1. The model of Fixed Bed Adsorption Column developed in Aspen AdsimV10 

3.1 Assumptions  

The simulation considers following general assumptions in bed model for liquid adsorption: 

1) The fluid behavior follows Plug flow, or plug flow with axial dispersion, in plug flow assumption molecules 

travel in same rate and makes a flat velocity profile and subsequent moment is assumed as individual CSTR cells.  

2) The liquid phase pressure drop is constant, according to a laminar-flow momentum balance (with the pressure 

drop assumed proportional to the flow velocity).  

3) The liquid is moving at constant rate throughout the bed, velocity is.  

4) Molar concentrations are calculated from molar volumes. Ideal mixing is assumed to occur in the liquid phase, 

so molar volume is a linear function of composition.  

5) A lumped mass-transfer rate applies, with a liquid or solid-film resistance. This resistance is linear, quadratic, 

or user-defined.  

6) Mass transfer coefficients are assumed constant and taken as default value available in ASPEN Adsim®  

7) Aspen ADSIM is having good adsorption isotherm models and Langmuir isotherm model has been selected 

with values taken from literature. 

8) Aspen ADSIM is having provision for Isothermal or non-isothermal conditions in chosen model, however the 

non-isothermal effects must be carefully chosen as its effects are evident in isotherm model condition and ultimately 

heat of adsorption also get affected. 

3.2 Models Assumption (liquid) 

Linear Lumped Resistance was selected which assumes mass transfer driving force for component as a linear function 

of the liquid phase concentration or solid phase loading and expressed in terms of following correlations: 
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3.3 Material Balance 

Mass and material balance equation in general form for liquid phase adsorption is expressed as 
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The first term in given expression represent dispersion term and second term represents the convective force responsible 

and 3`d term in given expression represents accumulation and last term represents Mass transfer from the liquid to the 

solid phase. 
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3.4 Convection with Constant Dispersion 
The Convection with Constant Dispersion option was included in the simulations in which the dispersion term in the 

material balance for the bed is included. A constant value for the dispersion coefficient was inserted to solve the 

equation. With this option, the dispersion coefficient is constant for all components throughout the bed. 

3.5 Isotherm selection 
The driving force behind all adsorptive liquid separation processes is the departure from adsorption equilibrium, so 

adsorption isotherms are important Data in adsorber design. w* The liquid phase composition that would be at 

equilibrium with the actual loading. Once adsorption isotherms for the components of the feed are known, bed model to 

predict the performance of the adsorber bed for the specified operating conditions can be created. The equation to 

provide Langmuir input parameters are expressed in following form: 
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Where IP1 is isotherm parameter inverse of product of adsorbent capacity q max and equilibrium constant KL and IP2is 

expressed in terms of inverse of capacity of adsorbent (1/qmax). Aspen Adsim has a list of adsorption isotherm model 

and can be selected as per the experimental or input data available with user. 

3.6 Varying Parameters in Simulations 
Various dynamic simulations were performed to investigate the performance of adsorption column. The varying 

parameters include bed height of the column, feed flow rate and inlet concentration of fluoride. 

4. RESULTS AND DISCUSSION 
The results obtained from the treatment of fluoride contaminated water through simulations on Aspen Adsorption 

software are discussed as under. 

4.1 Effect of Bed height on fluoride removal 
From Fig. 2 shows the effect of bed heights on fluoride concentration in treated water by the adsorption of fluoride on 

packed-bed Kaolin at different bed depths (5, 10, and 15 cm) and varying flow rates of 0.02, 0.03 and 0.04 Lit/min, with 

constant inlet fluoride concentration of 0.00018 mol/Lit. The performance is shown through the breakthrough curves 

which is the ratio of outlet concentration of adsorbed material to the inlet concentration (Co/Ci). The breakthrough 

volume increases with increasing bed depth as a result of increasing binding sites available for adsorption. Further with 

increasing service time, the intra-particle diffusion into the inner pores of the adsorbent particle increases. Finally, more 

Fluoride ions get adsorbed if the bed depth is larger and fluoride achieve 100% removal at bed height of 15 cm. 

 

(a) Feed flowrate =0.02 Lit/min 
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(b) Feed flowrate =0.03 Lit/min 

 

 

(c) Feed flowrate =0.04 Lit/min 

Fig. 2: Breakthrough curves for studying the effects of bed height and feed flowrate with constant inlet concentration (0.00018 mol/lit) 

 

4.2 Effect of Feed flowrate on Fluoride removal 

Variation in the breakthrough volume with different feed flow rates at the bed heights of 5 cm, 10 cm, and 15 cm are 

shown in Fig. 3. It seems from the figure that the effect of flow rate on Fluoride concentration in treated water shows 

fluoride adsorption on packed-bed Kaolin at different feed flow rates (0.02, 0.03 and 0.03 Lit/min) at a different bed 

depth (5, 10, and 15 cm) and an inlet fluoride concentration of 0.00018 mol/lit. The breakthrough volume decreases 

with increasing effluent flow rate due to the decrease in the residence time of F- ions within the packed-bed column. 

The total fluoride adsorption as well as the percentage of fluoride removal increase with decreasing flow rate. This is 

simply due to increasing contact time, causing a better penetration of fluoride ions into the pores of the adsorbent 

particle. Thus, intra-particle diffusion is an important factor for fluoride adsorption through the packed-bed column at a 

low feed flow rate. 
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(a) At 5 cm height 

 

 

 

 
 

(b) At 10 cm height 
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(c) At 15 cm height 

 
Fig. 3: Breakthrough curves for studying the effects of feed flow rate at different bed heights 

 
4.3 Effect of feed concentration on fluoride removal 

Variation in the concentration of fluoride in the treated water with different inlet concentration at the bed heights of 10 

cm is shown in Fig. 4. From Fig. 4, it seems fluoride concentration in treated water shows the effect of the initial fluoride 

concentration by kaolin is investigated by varying the inlet fluoride concentration (0.00018, 0.00026 and 0.00039 

mol/1it) and other parameters like the flow rate at 0.03 Lit/min, at 10 cm depth and a column diameter 2.5 cm. The result 

indicate that, with an increase in the inlet fluoride concentration, the outlet concentration is reduced considerably. This 

is due to the fact that at higher fluoride concentration the bed quickly gets saturated. 

 

Fig. 4: Effect of feed concentration at 10 cm bed height and 0.03 Lit/min 
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5. CONCLUSION  

In general, the present study shows that iron ore is effective adsorbent for removal of fluoride ions from water under 

suitable simulation conditions. Specifically, the following conclusions can be drawn from the results of this study:  

• Sorption of arsenic from aqueous solution was investigated at 25°C in a continuous packed bed column of iron ore. 

Packed bed column study was conducted to find out the effectiveness of a natural adsorbent, iron ore for fluoride 

adsorption.  

• Under the operating conditions the arsenic concentration in treated water decreases with the increase in bed height.  

• Under the operating conditions with run time of 250 minutes almost complete removal of fluoride take place when 

the initial fluoride concentration is 0.00018 mol/lit. 

• With the increase in feed flow rate the arsenic concentration in treated water increases. 

Based on the results of the present study, the following recommendations are suggested for further investigations.  

• Verification of model should be done with real groundwater.  

• Effect of run time on the removal of fluoride should be study.  

Activated alumina (Kaolin) is a suitable adsorbent for the removal of fluoride from drinking water. The removal of 

fluoride from aqueous solutions strongly depends on the contact time, pH of the solution and adsorbent concentration. 

The adsorption process follows a first-order kinetics and the regression analysis of the equilibrium data fitted the 

Langmuir and Freundlich isotherms. Data revealed that fluoride removal on activated alumina is complex and both the 

surface adsorption as well as intraparticle diffusion contribute to the rate determining step. The breakthrough curves for 

adsorption of fluoride from dilute solutions using activated alumina show the mutual effects of the adsorption capacities 

and adsorption rate and can explain the dependence of the shape of the breakthrough curves on experimental parameters. 

The Bohart-Adams equation can be integrated to obtain the bed capacity under dynamic conditions, which may not be 

identical to static adsorption capacity. Two experimentally determined parameters are necessary in order to 

quantitatively describe effluent profiles,e.g.the rate constant ka and the bed capacity W. Attempts were made to predict 

the values of ka from early breakthrough points using the plots of ln [(C0/Ct) - 1] against t. Much sharper breakthrough 

curves were obtained with activated alumina at higher inlet fluoride concentration. A suitable module for the removal 

of fluoride from groundwater may be developed from these results. This part has been left for future considerations. 
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