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ABSTRACT 

The study explores two sections of supply chain management namely Inventory 

Management (IM) and Procurement Management (PM). Both have direct on profitability of firms. 

Profitability of an organization is influenced by Inventory Metrics. Inventory faces many risks that 

includes the impact of exchange rate fluctuations, high storage costs, obsolescence and poor 

demand forecasting. The Total Inventory Value is indirectly influenced by good supplier selection 

as well. The suppliers need to be cost as well time and quality conscious in order to positively 

impact inventory. In line with growing concern for the environmental impact as well growing 

global supply chain risks the supplier have to be green and resilient as well. The combination of 

good supplier materials entering inventory in correct forecasted quantity will lead to lower 

inventory costs. 

First part of the study explores minimization of forecasted total inventory costs under 

exchange rate fluctuation scenarios. Total Inventory value forecasting is carried out using grey 

forecasting techniques by obtaining previous secondary historical data of 10 years. 

Forecasting/Estimation is carried out for next 5 years. GM (1, 1) Markov technique is used to 

obtain the initial forecast. The error in the forecast is optimized by using Markov Chain technique. 

The forecasted data is used as an input for inventory cost function with the assumption that all 

consumed inventory is replenished within the same year and prices of spares remains the same 

throughout the year. The overall inventory cost function includes the share of purchase cost in local 

currency and foreign currency as well as impact of insurance, obsolescence and storage costs. The 

cost function is analyzed by plugging in multiple scenarios of currency fluctuations and percentage 

share of local versus import spares in buying/replenishment. The forecast accuracy is high as per 

low MPE which is acceptable for implementation.  The novelty of the research lies in adopting the 

attitude to use complete inventory value instead of demand forecasting for each spare part or raw 

material. Moreover, in previous studies, neither specific cement plant inventories have been studied 

in detail nor capacity utilization has been considered to improve forecasting. Impact of this 

approach on cement plants in Pakistan is discussed along with some recommendations for 

industrial practitioners. Cement plant management can plan and save accordingly by considering 

the findings. 

The second part of the study explores Green and Resilient Supplier Selection. This 

evaluation is a considerable strategic solution for minimizing environmental impact, operational 

costs and continuously improving the resilience and competitive advantage of the supply chain of 

the organization. Adding green factors and resilience factors to supplier selection process will have 
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a positive impact on manufacturing plant inventories. This research aims to develop a hybrid model 

for supplier selection while incorporating the environmental performance criteria and resilience 

requirements by integrating expert opinion. The framework is based on a business quintet of cost, 

quality, time, resilience, and green score. Cost and time objective functions includes the forecasted 

(GM (1, 1)-Markov Model) demanded quantities. Quality objective function is built upon fuzzy 

numbers, in our case triangular. Green and resilience objective functions are grounded on Quality 

Function Deployment using input from experts by utilizing Delphi Technique. All the objectives 

are converted to single objective using multi-objective fuzzy weighted goal programming, the 

relative weight of each is obtained from expert opinion by utilizing Delphi Technique. The 

originality of the research lies in adopting the method combining green and resilient criterion to 

use at cement plants that were previously are not well studied.  

Keywords: Supplier Selection, Green supplier, Resilient Supplier, Inventory forecasting, 

Inventory Cost, Fuzzy Goal Programming, GM (1, 1)-Markov 

  



iv 
 

TABLE OF CONTENTS 

 

 

 

CHAPTER 1 INTRODUCTION ..................................................................................................... 1 

1.1. Background of the research/Purpose of the study ............................................................. 1 

1.2. Industry setting .................................................................................................................. 2 

1.3. Research Rationale ............................................................................................................ 3 

1.4. Research Problem .............................................................................................................. 3 

1.5. Problem Statement ............................................................................................................ 3 

1.6. Thesis Structure ................................................................................................................. 4 

CHAPTER 2 LITERATURE REVIEW .......................................................................................... 6 

2.1. Evaluation of the existing body of knowledge on the topic .................................................. 6 

2.2. Research Gap ....................................................................................................................... 16 

2.3. Theoretical framework ........................................................................................................ 16 

2.4. Research Questions ............................................................................................................. 16 

CHAPTER 3 METHODOLOGY/MATHEMATICAL MODEL.................................................. 17 

3.1. Research paradigm .............................................................................................................. 17 

3.2. Research Settings ................................................................................................................ 17 

3.3. Research Methods/Design ................................................................................................... 17 

3.3.1. Total Inventory Cost Model ............................................................................................. 20 

3.3.1.1. Forecast Procedure..................................................................................................... 20 

3.3.1.2. Total Inventory Cost Function ................................................................................... 22 

3.3.2. Green and Resilient Supplier Selection ............................................................................ 23 

3.3.2.1. Supplier Selection Procedure ..................................................................................... 23 

3.3.2.2. Multiple Objective Functions .................................................................................... 27 

3.3.2.3. Single Objective Function ......................................................................................... 29 

3.4. Limitations of the research design ....................................................................................... 30 



v 
 

CHAPTER 4 FINDINGS, RESULTS AND DISCUSSIONS ....................................................... 31 

4.1. Total Inventory Cost Model ................................................................................................ 31 

4.2. Supplier Selection................................................................................................................ 42 

CHAPTER 5 CONCLUSIONS AND FUTURE RESEARCH ..................................................... 56 

5.1. Academic contribution .................................................................................................... 56 

5.2. Practical contribution ...................................................................................................... 56 

5.3. Research Limitations ....................................................................................................... 57 

5.4. Future Directions ............................................................................................................. 57 

 

 

  



vi 
 

 

LIST OF TABLES 

Table 1 Sector wise Studies ............................................................................................................. 9 

Table 2 Studies based on gray systems ............................................................................................ 9 

Table 3 Studies on Green Supplier Selection ................................................................................. 13 

Table 4 Studies on Resilient Supplier Selection ............................................................................ 13 

Table 5 Survey Data Forms ........................................................................................................... 24 

Table 6Example of expert opinion work........................................................................................ 26 

Table 7 Inventory value forecast .................................................................................................... 32 

Table 8 Accumulated values error calculation ............................................................................... 33 

Table 9 Actual Import Local Percentage as per forecast ............................................................... 34 

Table 10 Exchange Rate Scenarios ................................................................................................ 34 

Table 11 Input parameters for Inventory Function ........................................................................ 36 

Table 12 Statistical Analysis .......................................................................................................... 39 

Table 13 HOQ 1a: Stakeholder with green sub factor ................................................................... 42 

Table 14 HOQ 1b: green factor with green sub factor ................................................................... 43 

Table 15 HOQ 2a: Stakeholder with resilient sub factor ............................................................... 44 

Table 16 HOQ 2b: Resilient factor with resilient sub factor ......................................................... 44 

Table 17 Supplier assigned relative scores on Green .................................................................... 45 

Table 18 Green Factor Multipliers ................................................................................................. 46 

Table 19 Suppliers relative Green Scores ...................................................................................... 46 

Table 20 Suppliers obtained relative scores on resilience ............................................................. 47 

Table 21 Resilience factor multipliers ........................................................................................... 47 

Table 22 Supplier relative Resilience Scores ................................................................................. 48 

Table 23 Supplier main parameters ............................................................................................... 48 

Table 24 Supplier other parameters ............................................................................................... 49 

Table 25 Individual Solutions ........................................................................................................ 49 

Table 26 Payoff Table .................................................................................................................... 50 

Table 27 Centre point analysis ....................................................................................................... 51 

Table 28 Individual Solution for each supplier .............................................................................. 52 

 

  



vii 
 

LIST OF FIGURES 

 

Figure 1 Overall Process ................................................................................................................ 17 

Figure 2 Phase One: Forecasting and Inventory Cost .................................................................... 18 

Figure 3 Phase Two: Supplier Selection ........................................................................................ 18 

Figure 4 Overall Flow .................................................................................................................... 19 

Figure 5 Exchange rate fluctuation possibilities ............................................................................ 22 

Figure 6 Forecasting single item .................................................................................................... 31 

Figure 7 Forecasting complete inventory value ............................................................................. 32 

Figure 8 5% variation in USD........................................................................................................ 36 

Figure 9 10% variation in USD...................................................................................................... 37 

Figure 10 15% variation in USD.................................................................................................... 37 

Figure 11 USD remains fixed while Euro changes ........................................................................ 38 

Figure 12 USD increase impact ..................................................................................................... 38 

Figure 13 USD decrease impact ..................................................................................................... 39 

Figure 14 Histogram for all Inventory values in all scenarios ....................................................... 40 

Figure 15 5% fluctuations in both currencies ................................................................................ 40 

Figure 16  10% fluctuations in both currencies ............................................................................. 41 

Figure 17  15% fluctuations in both currencies ............................................................................. 41 

Figure 18 Results of Single Objective Function ............................................................................ 51 

Figure 19 all supplier results combined ......................................................................................... 52 

Figure 20 Supplier 1 analysis ......................................................................................................... 53 

Figure 21 Supplier 2 analysis ......................................................................................................... 53 

Figure 22 Supplier 3 analysis ......................................................................................................... 54 

Figure 23 Supplier 4 analysis ......................................................................................................... 54 

Figure 24 Supplier 5 analysis ......................................................................................................... 55 

 

  

file:///D:/Imran/other/research/Thesis%20Final%2019%203%202024.final.docx%23_Toc161744524
file:///D:/Imran/other/research/Thesis%20Final%2019%203%202024.final.docx%23_Toc161744525
file:///D:/Imran/other/research/Thesis%20Final%2019%203%202024.final.docx%23_Toc161744526
file:///D:/Imran/other/research/Thesis%20Final%2019%203%202024.final.docx%23_Toc161744527
file:///D:/Imran/other/research/Thesis%20Final%2019%203%202024.final.docx%23_Toc161744528
file:///D:/Imran/other/research/Thesis%20Final%2019%203%202024.final.docx%23_Toc161744530


viii 
 

LIST OF SYMBOLS, ABBREVIATIONS AND ACRONYMS  

 

SCM – Supply Chain Management  

IM – Inventory Management  

PM – Purchase Management  

QFD – Quality Function Deployment  

GM (1, 1) – Grey Forecasting, grey prediction model with incomplete structural information, 

single variable single order 

MCMD – Multi Criterion Decision Making  

CPEC - China-Pakistan Economic Corridor 

PSDP - Public Sector Development Program 

GSS – Green Supplier Selection  

RSS – Resilient Supplier Selection 

INS – Insurance 

STO - Storage 

OBS – Obsolescence  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1 
 

CHAPTER 1 INTRODUCTION 

1.1.Background of the research/Purpose of the study 

 

External pressure by Government Authorities in regards to environmental impact has started 

to compel Cement Plants to restructure and rethink their business activities for minimum possible 

impact on the environment. Among the main avenues of improvement is Supply Chain Operations, 

which is, least explored in the Cement Industry.  

 A hybrid approach is required that considers the overall Inventory as well supplier selection 

procedure to meet the challenges. Supplier choice, inventory forecasting and management are 

important considerations in Supply Chain Management. Separately these have been studied in great 

detail by researchers. In this study, we present a two-phase unified approach to the supplier 

selection and inventory planning problem. In the first phase, suppliers are tiered based on selected 

criteria comprising cost, quality, and time along with green and resilient factors. In the subsequent 

phase, total inventory cost equation/model is generated to simulate the impact of good supplier 

selection on overall inventory value. Next year inventory is forecasted under exchange rate 

fluctuations in order to meet the economic objectives of supply chain operation. 

The first stage is development of Inventory Cost function that will include the demand 

factor considering the previous years’ trend for forecasting. Individual spare or raw material 

demand as well as whole inventory value may be forecasted. Last ten years total inventory value 

is taken into account to forecast next 5 years inventory using Grey-Markov forecasting technique. 

All the relevant cost related to inventory are considered under changing exchange rates that impact 

the procurement process. The developed cost function is simulated under multiple scenarios of 

different currencies and different percentage of imported or local spares.  

The second stage, Supplier assortment and assessment is a considerable tactical resolution 

for minimizing operational costs and continuously improving the competitive advantage of the 

organizations. Adding Green factors and Resilience to supplier selection for raw materials or spares 

will have a positive impact on Cement Plant Inventories in terms of indirect contribution to positive 

environmental impact. This research aims to develop supplier selection by combining the 

environmental performance criteria and resilience requirements along with traditional econometric 

factors. The selection is based on cost, quality, time, resilience and green score. Expert opinion is 

incorporated to study sub criterions for green and resilience. QFD technique is used to compute 
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the weights of several green and resilient sub criterions. Expert opinion is also incorporated to rank 

the criterions in order of importance and assign a weightage to each criteria objective function. 

Fuzzy goal programming is selected to formulate and solve the single objective function.  

The result is a procedure for Cement Industry experts for predicting Inventory and supplier 

performance based on a 3-5 year look ahead. The model is tested as a numerical case study by 

assessing errors and satisfaction levels. There is room for gaining significant advantage in terms 

of reduction in overall inventory costs.   

For practitioners to effectively adopt the model it is important to visualize the overall 

economic advantage while gaining advantage of green and resilient supply chain in the long run.  

1.2.Industry setting  

There are more than 22 units operating in Pakistan with many more planned due to demand 

associated with projects related to Public Sector Development Program (PSDP), private housing 

societies growth and works related to China–Pakistan Economic Corridor (CPEC). These projects 

have huge demand for Cement in coming years. Statistics from APCMA shows that cement 

dispatches have been showing increasing trend since the mid-2010s. The rising development is 

mainly due to local sales. The sector will continue to grow in coming years. Pakistan is in the 

process of urbanization and Cement/construction sector growth will be continuous with positive 

trend. 

Selecting green and resilient suppliers is crucial for the cement industry in Pakistan as it 

contributes to environmental sustainability and resilience. Green suppliers help reduce the 

industry's carbon footprint by providing eco-friendly raw materials and adopting sustainable 

practices, aligning with global environmental goals. Developing good relations with resilient 

suppliers will ensure a stable and reliable supply chain, minimizing disruptions caused by market-

related disruption events or other unforeseen challenges, which is vital for the consistent production 

of cement. By prioritizing green and resilient supplier selection, the Pakistani cement industry can 

not only enhance its environmental performance but also fortify its resilience against the impacts 

of global changes and foster long-term sustainability. The changing market and customer demand 

will force plant management to improve reliability and reduce costs. One of the major components 

of these costs is the raw materials and spares that form major part of inventory. Available data 

shows inventories worth around 250 million USD in 2022 are kept by top 5 cement producing 

groups. 
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For maintaining the desired Inventory for Cement Plant operation, domain experts of cement 

plants manually set minimum and maximum stock levels same as used in Health Care Sector 

(Rushton et. al., 2023). This puts too much reliance on opinions of domain experts. The data driven 

time series approach may benefit the process by setting a benchmark for comparison and will aid 

in future decision making. The cost function will help procurement and planning departments to 

plan their respective process to attain favorable rates while order processing. With resilient supplier 

selection and development, the Supply Chain operation will be strengthened.  

 

1.3.Research Rationale 

The total inventory cost of Cement Plants has not been studied under exchange rate fluctuations 

while considering insurance, obsolescence and storage costs. Green and resilient supplier selection 

criterions included along with cost, quality and time criterions need to be studied to achieve a better 

supplier selection approach. It will be effective to utilize both overall Inventory cost minimization 

and Green/Resilient supplier selection to meet strategic objectives in challenging economic times.     

1.4.Research Problem 

There is a need to study total inventory cost of cement plants under exchange rate fluctuations 

and no specific study could be found which has incorporated the green and resilient supplier 

selection criterions in supplier selection approach in a comprehensive manner. Moreover, ss it is 

observed that cement industry has remained an untapped domain, devoid of significant research, 

the application of an integrated approach in the cement industry and the commencement of research 

within cement industry at large is required.  

1.5.Problem Statement 

Increasing trend to reduce environmental impact and possibility of global disruptions in Supply 

Chains combined with government policy pressures is compelling Cement Plant Management to 

come up with strategic solutions. A delicate balance between economic and sustainability factors 

needs to be maintained while being risk averse. These competing objectives need to be clearly 

understood to boost supply chain performance. With absence of effective supplier selection process 

and inventory management, integrating conflicting requirements may make the Organization prone 

to multiple risks like higher costs, fall in product quality, suboptimal plant operations, late 

deliveries, failure to meet project deadlines along with rising inventory values.  
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1.6.Thesis Structure 

Chapter 1 is introduction and background that has already been covered in previous section. 

Cement Sector of Pakistan is covered in detail along with research rationale and questions. 

Chapter 2 explores the literature meticulously examines two pivotal components within the 

domain of Supply Chain Management (SCM): Inventory Forecasting and Supplier Selection. 

Positioned under the Inventory Management and Purchase Management subsections of SCM, 

respectively, these components represent integral facets of managing and optimizing the flow of 

goods throughout the supply chain.  

Inventory forecasting methods are discussed in detail. The output of which will help in 

development of Total Inventory Cost function. The function needs to be minimized. Grey 

Forecasting Technique and modelling of exchange rate fluctuations are explored in detail. 

Additionally, inventory cost such as storage, insurance and obsolescence is also discussed.  

Supplier Selection falls under Purchase Management subsection of Supply Chain Management. 

Criterions and sub criterions of supplier selection are explored along with popular techniques. 

Conventional econometric factors like Cost, Time and Quality have been studied in great detail. 

Green supply chain management is discussed in detail followed by resilient supply chain 

management. Delphi and Quality Function deployment are explored to incorporate expert opinion 

into the process of Green and Resilient criterions weight assignment. Fuzzification and 

defuzzification are discussed followed by their application in Goal Programming to create one 

Objective Function.   

Chapter 3 is Methodology; first part of this chapter contains forecast procedure for one spare 

followed by total inventory value forecasting. This is to show that all spares individually and spares 

as a whole may be estimate/forecasted using Gray Markov Method. Procedure to forecast single 

spare or total inventory value from historical data by utilizing Gray-Markov technique is discussed 

in detail. Step by step breakdown is given for next 5 years forecast based on last 10 years historical 

data 

Second part of this chapter contains the necessary steps needed to carry out supplier 

selecting process. The development of individual objective function of cost, quality and time are 

discussed. In order to develop objective function of Green and Resilience, we need to first explore 

their sub criterions. The weightage of sub criterions is obtained by Delphi techniques from experts 

and then analyzed by using Quality Function Deployment. After having all the objective function, 

we need to combine all to obtain single objective function to optimize it. The relative weight of 
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each is found using Delphi techniques from experts as well. Finally fuzzy goal programming is 

used to obtain minimum solution to the single objective function. 

Chapter 4 and beyond discussed results, conclusion and future directions of research. The 

implication of the process on cement plant supply chains is discussed along with tips for 

practitioners. Error analysis is carried to validate the numerical analysis. 
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CHAPTER 2 LITERATURE REVIEW 

2.1. Evaluation of the existing body of knowledge on the topic 

Supply Chain Management involves activities such as designing, planning, procurement, 

inventory management, and execution, manufacturing and final supply of the finished goods 

through cost-effective transport and storage as per consumer’s demands. Supply chain has a crucial 

role in company productivity. SCM comprises of forecasting, procurement, distribution, 

production, logistic and inventory (Warren Liao & Chang, 2010). The literature review 

meticulously examines two pivotal components within the domain of SCM: Inventory Forecasting 

and Supplier Assessment. Positioned under the Inventory Management and Purchase Management 

subsections of SCM, respectively, these components represent integral facets of managing and 

optimizing the flow of goods throughout the supply chain. Supply chain impact on company 

operation is positive based on following significant competitive advantages, increase in profit up 

to 15%, reduction of inventory up to 40%; reduction of procurement costs up to 15% as discussed 

by Akhmatova et al., (2022). 

Inventory Management is ordering, storing, consuming and selling inventory. The main 

aim is to carry out all processes efficiently with least amount of cost incurred. Reducing the total 

cost of logistics, including inventory holding and ordering cost is possible during replenishment 

(Mohammaditabar & Ghodsypour, 2016). Inventory management and inbound transportation are 

the main procurement activities which are closely related to suppliers (Saputro et al., 2019). 

Inventory conversion period has an inverse relationship with firms‟ profitability (Panigrahi 2013). 

The inventory conversion period estimates the period that it takes to convert on hand inventory to 

sales. One may calculate it as inventory divided by average sales or cost of sales and multiply by 

365 to understand the inventory conversion into sales exact days. The high conversion duration 

estimates the delayed cash conversion cycle and money block in inventory. A shorter conversion 

period, on the other hand, reduces cash conversion cycles and unneeded money blockage and takes 

into account the average amount invested in the stock. Janjua et al., (2016) concludes that liquidity 

ratio affects the profitability ratios. Higher the level of inventories kept, lower the rate of returns 

(Koumanakos, 2008). 

Inventory Forecasting is an important area of research for all major manufacturing 

industries.  Inventory is all materials held to utilize in business processes. Inventory management 

is considered to be one of the most critical components of supply chains and logistics systems 
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(Khakbaz et al., 2023). Accurate prediction of inventory is necessary for its efficient management 

and can also help in reducing the risks associated with the inventory. 

The simple average, weighted average, Bayesian model averaging (BMA), and meta-

learning methods are some of the methods that can be used for forecasting. Other techniques are 

also available for Stationary demand processes including linear regression, Auto-Regressive, 

Moving Average and ARMA (1, 1). Simple exponential smoothing methods was developed by 

Brown (1959), Holt (1957) and Winters (1960). In 1970s, ARIMA models were developed and 

have been studied extensively by many researchers. These are extensions on work by Box and 

Jenkins (1970) and later by Box et al. (1994). Some researchers have studied the scale of inventory 

savings according to the degree of improvement in forecasting accuracy (Ali et al., 2011). Multiple 

techniques have been used for forecasting with varying accuracy and underlying assumptions. 

Previous literature shows that Exponential smoothing is the most popular approach used for 

forecasting, followed by simple moving averages, Croston-like methods (also exponential 

smoothing-based) and ARIMA (Thanos et al., 2022). Another method of imperfect demand 

forecasting is based on Advance Demand Information (ADI), involves equipment inspections and 

yields around 51% saving (Zhu et al., 2020). This method is suitable for forecasting for shorter 

periods as it relies heavily on inspector experience and judgment. Recently data driven and 

machine learning methods are gaining popularity for forecasting but these methods have limitation 

related to complexity and black box approach (difficulty in justifying results). Scholars have used 

Deep learning and random forest-based ensemble method for forecasting (Punia et al., 2022). In 

case of availability and usage of transactional data of unique products in inventory, time series 

models can be utilized. These may include Linear regression, Exponential smoothing, Holt Winters 

Seasonal Additive, and Holt Winters Seasonal Additive+ damped (Rushton, 2023; Virtanen et al., 

2020). Swapnil et al. (2021) in their study stated that initially spare parts need to be classified and 

then forecasting should be done. A review of demand forecasting techniques carried out for energy 

supply chain from 2000 to 2020 showed top three methods as Neural network, Metaheuristic 

algorithms and Grey model (Nia et al., 2021). Grey forecasting has gained significant attention of 

the researchers worldwide. One of the advantage of grey forecasting is that model can be built 

using limited samples that can perform better forecasting for short and long-term problems (Chen 

et al., 2012). Application of grey forecasting ranges from healthcare to energy sector, from long 

term to short term problems with limited data (Misra et al 2022). The grey forecasting models can 

be further improved by incorporating multiple techniques such as the Markov Chain error classes 

(Jia et al., 2020). The grey prediction model requires less historical data, while Markov focuses on 
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the data with strong randomness, and the advantages of both can be used to improve forecasting 

accuracy (Yao et al., 2023). In the past, scholars have used Grey-Markov forecasting method. Fan 

(2022) used it for the forecasting of production material, Liu (2022) forecasted individual spare 

parts for specific equipment in aviation industry using GM (1, 1). Markov and Li (2020) used 

improved Grey Markov for forecasting of set of spares of specific weapon system.  

A gap has been found in literature regarding the application of Grey Markov Method. The 

method has not been used for forecasting the complete inventory especially in case of cement plant. 

The current study aims to bridge this gap by considering the complete inventory value as opposed 

to estimating individual SKUs in the inventory whose count may be significantly high when it 

comes to large manufacturing plants.  

Majority of the cement plant spare part inventories are affected by currency exchange rate 

risk. Recently the entire economy of Pakistan and specifically the manufacturing sector has been 

adversely affected due to exchange rate fluctuations (Akbar et al., 2021; Ebrahimi.et al., 2021). 

Research has been carried out considering exchange rate increases from 0.2 to 0.6 (Huet. al. 2021). 

Exchange rate uncertainty has been studied for different scenarios by the researchers (Hammami 

et al., 2012; Hammami et al., 2014). It has been studied in the context of price discounts (Zarindast 

et al., 2017) and order quantity variance (Fateme et al., 2021). Research has also been carried out 

on the impact of contract parameters on expected profit under uncertain demand and currency 

exchange rate (Gbemileke et al., 2021).  

Another objective of this research work is to measure the cost impact of exchange rate 

fluctuation, insurance, obsolescence, plant capacity utilization and storage on forecasted cement 

plant spare part inventories. Developing countries like Pakistan are greatly affected by currency 

exchange rate risk. Existing research on this particular topic is limited and insufficient to provide 

a comprehensive understanding of the subject. The aim of this study is twofold; Firstly, we aim to 

forecast the Spare Parts inventory for one of the Plants for the next 5 years and secondly, we aim 

at using this forecasted data for our cost function that incorporates varying levels of imported 

spares that are impacted by the currency exchange rate risk to calculate the overall cost. This cost 

will include storage, insurance and obsolescence cost.  

Table 1 summarizes some of the research that has been done on multiple industries/sectors. 

The overall literature review provides very little insight into cement plant inventories forecast and 

management. 
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Table 1 Sector wise Studies 

Techniques Reference Error Industry 

Linear regression for forecast accuracy Rachel et al. (2023) RMSE Pharmaceutical 

Time series forecasting in production planning Vithitsoontorn 

(2022) 

RMSE 

MAE 

Dairy products 

Time Series for demand forecasting in SC Falatouri et al. 

(2022) 

MAPE 

RMSE 

Retail 

Forecasting consumption of urban people using 

ANN optimized with backward search algorithm 

Zubaidi et al. (2020) RMSE 

 

Water 

consumption 

Forecast using hybrid wavelet decomposer and 

the ARDL-SVR ensemble model 

Zhao et al. (2023) RMSE 

MAPE 

Crude Oil 

Forecast of humanitarian medical items using 

Crostons, SBA, SES and Markov methods 

Bahman et al. (2022) MSE Humanitarian 

medical Items 

 

Table 2 summarizes some of the research related to the grey system that has been conducted 

on various industries/sectors. The overall literature review gives very little insight into cement 

plant inventories forecast and management indicating that this area requires attention of the 

researchers. 

Table 2 Studies based on gray systems 

Techniques Reference Error Industry/Sector 

Urban electricity consumption based on grey system  Meng (2023) MAPE Electricity 

Demand forecasting for fashion products Kritica (2023) Multiple Fashion 

Adaptive grey model (AGM) forecasting in short-

term manufacturing demand 

Mishra (2022) MSE 

MAPE 

Manufacturing 

Air passenger flow forecasting with grey prediction Hu (2023) RMSE 

MAPE 

Aviation 

Gray model for forecasting the quarterly natural gas 

production in China 

Li (2022) MAE 

MAPE 

Oil and Gas 

Prediction models of demand in supply chain Zougagh (2020) Multiple Supply Chain 

Novel grey forecasting model for logistic demand Xu (2024) APE 

MAPE 

Cold Storage 
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Supplier Selection is one of significant processes for SCM. Supplier selection is the 

practice of identifying the right suppliers with right quality products at the right price, quantities 

who will deliver at right time (Tijo et al., 2023). Purchasing has a strong influence on a company’s 

profitability and the total cost of products (Pazhani et al., 2016). For that reason, making correct 

decisions about purchasing will reduce production costs, including the inventory cost of a 

company. However, the purchasing operation is not an easy task since there are many aspects in 

consideration, namely, the supplier selection, the order cycle frequency, the number of orders 

assigned to each supplier, and the number of units per order (Monczka et al., 2015). Consequently, 

when the manufacturer requires distinct materials to produce a single product, the available 

suppliers, offered items, different prices, lead times, production capacities, shipping costs, etc., 

must be considered as part of the total cost. These are decision variables that provide an infinite 

number of possible solutions, even for a single purchasing material (Mendoza et al., 2013). It is 

noted that, manufacturers spend more than 60% of its total sales on purchased items (Ghodsypour 

et al., 1998). In addition, their purchases of goods and services constitute up to 70% of product 

cost (Onut et al., 2009). Therefore, selecting the right supplier significantly reduces purchasing 

costs, improves competitiveness in the market and enhances end user satisfaction (Liao et al., 

2011). The literature on conventional econometric factors of supplier selection is very extensive. 

Ali M.R. et al., (2023) has summarized 18 articles with 30 criterions including cost, quality and 

time. Jing Li et al., (2019) have also studied classical economic criterions.  

There are several factors upon which supplier may be evaluated. Dickson (1966) has 

identified 23 different criteria for vendor selection including quality, delivery, performance history, 

warranties, price, technical capability, and financial position. Siguaw (2004) has further identified 

a more comprehensive list of 84 supplier evaluation items. Supplier selection criterion has been 

studied for decades with various factors and objectives. One objective alone cannot make the 

supply chain efficient and effective given so many factors. The need to consider multi objective 

solution is necessary. MCDA models consider multiple criteria, both quantitative and qualitative, 

to make supplier selection decisions. Analytic Hierarchy Process (AHP), Analytic Network 

Process (ANP), and Multi-Attribute Utility Theory (MAUT) are examples of MCDA methods. 

Various Models have been developed and studied in detail from statistical, linguistic to machine 

learning. One of the popular methods is VIKOR which was further explored by Oliveira et al., 

(2023). Machine learning and MARCOS was used by Ahmad et al., (2023). TOPSIS was further 

explored by Hajiaghaei K.M et al., (2023) to study supplier selection in food industry. Huseyin 

2020 integrated goal programming with other methods to study supplier selection. Bartosz et al., 
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(2022) carried out assessment of five methods namely TOPSIS, VIKOR, COMET, SPOTIS, and 

MARCOS. Multiple approaches for supporting sustainable supplier selection have been studied by 

Schramm et al., (2020) which mentioned AHP and ANP among the most studied. Global trends 

for Supplier selection are now focused on green and resilient supplier’s selection with integration 

of multiple techniques. 

Green supply chain management seeks to reduce the harmful effects of the supply chain’s 

activities on the environment. One of the most critical topics in GSCM is supplier selection since 

about 70% of the cost of the final product arises from component parts and raw material 

(Ghodsypour and O’Brien 2001). A recent study carried out by Mirzaee et al., (2023) on Green 

Supplier has considered non-green measures that affect GSCM. Green design, Green Production, 

Green management and Green Image were discussed in detail by Fang Zhou et al., (2023). Below 

factors were discussed by Mirzaee et al., (2023) in detail 

• Environmental management system: the suppliers’ policies for making the production 

process environmentally friendly (e.g., the ISO 14001 certificate) 

• Pollution production: the amount of pollution created by a manufacturer 

• Recyclability: the capability of suppliers in using recycled material in their manufacturing 

process 

• Green product: the ability of suppliers in using green technology as well as 

environmentally friendly material 

• Product toxicity: the level of toxic substance used in suppliers’ products 

 

Another 27 factors were studied by Hajiaghaei K.M et al., (2023) when selecting green 

supplier. 

Resilient Supply chain management is the ability to bounce back, adapt to new policies 

and develop ways of mitigating risk. Due to the unpredictable and changing world, most 

organizations emphasize resilience to cope with the uncertain business environment (Rajesh, 

2017). The advantages of being a resilient supply chain are anticipating and acting on the changes 

in the market and minimizing the demand risk (Sharma et al., 2020). Resilience has been one of 

the most researched topics in the supply chain domain since gaining attention in early 2000. 

Resilience, in the context of a supply chain, deals with the prevention, response and management 

of risks at multiple stages of supply chain process as discussed by Ponomarov et al., (2009). Jothi 

et al., (2023) have reviewed recent literature on Supply Chain resilience with focus on the phases 

such as anticipation phase, resistance phase, and response & recovery phase.  
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Green design, Green Production, Green management and Green Image were discussed in detail by 

Fang Zhou et al., (2023). Below factors were discussed by Mirzaee et al., (2023) in detail 

• Environmental management system e.g. ISO 14001 

• Pollution production is amount of pollution created 

• Recyclability is willingness to use recycled material  

• Green product is green technology and environmentally friendly material 

• Product toxicity is level of toxic substance handled  

Another 27 factors were studied by Hajiaghaei K.M et al., (2023) when selecting green 

supplier for food industry. Shirkouhi S.N. et al., (2023) studied resiliency in supplier selection for 

pharmaceutical industry. Resiliency factors like Risk awareness (R1), Adaptive capability (R2), 

Vulnerability (R3) and Responsiveness (R4) were studied. Factors like Agility, Flexibility, 

Visibility, Collaboration and Information Sharing were discussed by Hosseini et al. (2019b). They 

explained that Absorptive, Adaptive and Restorative capacities influence the whole supply chain 

resilience. Mohammad et al. (2018) stated that 4 pillars of resilience need to be considered i.e. 

robustness, agility, leanness and flexibility. Rajesh and Ravi, (2015) studied 13 resilience factors 

clubbed under Primary performance factors, Supplier's responsiveness, Supplier's risk reduction, 

Supplier's technical support and Supplier's sustainability. Below factors were discussed by 

Goodarzi et al., (2022). 

• Visibility is ability to see threats and disorder across the chain. 

• Technological Capabilities to adapt technologically to the innovation and technological 

disorders. 

• Flexibility to adapt to changes required in the minimum time and effort, as well as the 

flexibility in the suppliers, production system, distribution channels, transportation 

methods and multi-skill staff. 

• Agility is responding quickly to the unexpected changes in supplying or demand. 

• Vulnerability is having resilient sales and operations plans to identify and responding to 

the different sources of vulnerability. 

• Risk management culture within the company. 

• Adaptability to temporary disruptive events and recover to better conditions. 

 

Some of the techniques which are used in green supplier selection are mentioned in Table 3. 
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Table 3 Studies on Green Supplier Selection 

Methodology Reference 

fuzzy TOPSIS (Cao et al., 2015) 

Interval type-2 fuzzy TODIM (Qin et al., 2017) 

VIKORSORT (Demir et al., 2018) 

Fuzzy COPRAS (Lu et al., 2021) 

Q-rung Ortho-pair fuzzy set (Tian et al., 2020) 

EDAS method (G. Wei et al., 2021) 

Fuzzy voting model (Sharafi et al., 2022) 

Pythagorean cubic fuzzy Hama-char 

aggregation operators 
(Abdullah et al., 2022) 

Pythagorean Fuzzy TOPSIS (Hajiaghaei K.M et al., 2023) 

 

Table 4 Studies on Resilient Supplier Selection 

Methodology Reference 

Hybrid ANP and TOPSIS (Shyur and Shih, 2006) 

Mixed-integer programming (Sawik, 2013) 

Integrated fuzzy group TOPSIS (Haldar et al., 2014) 

Bi-objective mixed possibilistic model (Torabi et al., 2015) 

Grey relational analysis method (Rajesh and Ravi, 2015) 

Multi-Criteria Decision Analysis (MCDA) (Mühlbacher et al., 2016) 

Analytical Hierarchy Process (AHP)-VIKOR (Prasad et al., 2016) 

Integrated modelling based on AHP, TOPSIS, 

and QFD methods 
(Pramanik et al., 2017) 

Interval-valued fuzzy possibilistic statistics (Foroozesh et al., 2017) 

(MCDM) with grey numbers, Grey DEMATEL 

and Grey Simple Additive Weighting (GSAW) 
(Parkouhi et al.,2019) 

Integrated model based on DEA and principal 

components analysis (PCA) methods 
(Davoudabadi et al., 2020) 

Hybrid MCDM model based on AHP and 

VIKOR in a fuzzy environment 
(Zarei et al., 2021) 
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Cost and income criteria based fDEA model (Tsai et al., 2021) 

Hybrid approach using Z-number DEA model 

and Artificial Neural Network 
(Nazari et al., 2023) 

 

Supplier selection and expert opinion must go hand in hand to avoid pitfalls in overall goal 

attainment for specific industries. Expert opinion is very important when specific industries must 

be studied. Data from 12 experts was analyzed by Sonar et al., (2022) to model a strategic tool to 

select a supplier who considers lean, agile, resilient, green, and sustainable criteria simultaneously 

to increase supply chain efficiency and effectiveness. Expert selection has been studied by 

Hallowell and Gambatese, (2010) by providing specific criterions to define an expert. Murry and 

Hammons, (1995) recommended sample size of 5 to 15 experts to obtain a quality result. Hallowell 

and Gambatese, (2010) have studied the point system of expert selection. Tushar et al., (2022) used 

expert opinion of 10 experts (who are graduates with at least 5 years work experience). Ghosh et 

al., (2022) used expert opinion based on subject knowledge and 7 years professional experience. 

Bari et al., (2022) used expert opinion base on subject knowledge, graduate, and 10 years of 

working experience. In this study, a purposive or judgmental sampling method was carried out to 

select the experts (Belay et al., 2022). Purposive sampling is a non-probabilistic technique where 

the researcher’s judgment is utilized to select the experts for gathering qualitative feedback to 

achieve the research objective, rather than using random sampling (Cash et al., 2022). Hallowell 

and Gambatese, (2010) proposed flexible point system for Qualification of Expert Panelists. For 

the purpose of this paper, we use ranking expert opinions by use of aggregate and normalized fuzzy 

number as per Imran et al., (2018).  

Sharma et al., (2016) applied AHP technique for green supplier selection of Indian Cement 

Sector using Delphi approach.  Singh and Modgil, (2020) applied SWARA and WASPAS 

technique for green supplier selection of Indian Cement Sector using Delphi approach. Delphi 

method (DM) to filter and rate unneeded factors for Green Supplier Selection according to their 

relevance (Mabrouk, 2021). 

QFD technique is a useful tool for transforming the customer requirements into technical 

specifications. It is a good tool for organizations that focus on tuning the voice of clients and 

fulfilling their requirements. QFD method is used to develop HOQ for solving the problem. This 

technique considers the customer requirements as “What” and the design features or technical 

specifications as “How”. The main body of the house is the correlation matrix of “How” with each 

of the “What”. The ranking between these two can be done using the values of 0, 3, 6, and 9 
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showing the weak, moderate, and strong relationships respectively. The total of these values in 

every column is a relative importance rating of each technical specification. This information is 

valuable for positioning each of the "How" and to choose where to designate the greater part of the 

assets. The HOQ matrix contains the What, How, the interrelationship matrix between what and 

how, weights of what, and weights of How. This method has been explained in detail by Tang et 

al., (2005). 

Fuzzification is the process of mapping crisp input x ∈ U into fuzzy set A ∈ U. This is 

achieved with three different types of fuzzifier, including singleton fuzzifiers, Gaussian fuzzifiers, 

and trapezoidal or triangular fuzzifiers. Talon et al., (2017) have studied multiple de-fuzzification 

methods and compared them. Siddiquee et al., (2024) have an opinion that best method of 

defuzzification is center of area COA. A standard representation of a Triangular Fuzzy Number 

(TFN) takes the form (l, m, and u), where l represents the lower limit, m is the most probable value, 

and u stands for the upper limit. The process of transforming a fuzzy number into distinct real 

numbers is called defuzzification. Defuzzification involves determining the best non fuzzy 

Performance (BNP) value. There are numerous approaches that can be used to achieve this goal. 

Among the most popular methods are the Mean-of-Maximum, Center-of-Area, and α-cut Method 

(Zhao & Govind, 1991). In this study, we use the following definition, for the triplet of a triangle 

fuzzy number, to compare the performance of two triangular fuzzy numbers. This approach (Chen, 

1996) was selected since it is straightforward and does not necessitate the analyst's subjective 

opinion. The notion of the removal of a fuzzy number serves as the foundation for the approach, 

which is based on Kaufmann and Gupta's (1988) method to compare fuzzy numbers.   

Karimi et al., (2022) have concluded that Goal Programming is most trending among 

Fuzzy multi-objective programming. Kumar et al., (2004) solved 3 fuzzy goals with more effective 

than the deterministic methods for handling the real situations of supplier selection. Ku et al., 

(2010) effectively used fuzzy AHP and fuzzy Goal programming to solve supplier selection 

problem. 

Considering all the above discussions regarding Econometric, Green and Resilient factors 

and techniques used in supplier selection, a procedure/methodology needs to be set up. The 

methodology should incorporate Delphi and Quality Function Deployment while proposing 

suitable multi criterion decision making technique to successfully propose a supplier selection 

model. 
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2.2. Research Gap 

Gray-Markov technique has not been used for overall inventory value forecasting. Overall 

inventory cost has not been considered under currency fluctuation for Cement Plant Inventory. 

Green and resilient supplier selection has not been studied for Cement plant supply chains. 

2.3. Theoretical framework 

Multiple-criteria supplier evaluation and selection framework adapts both qualitative and 

quantitative approach. The framework integrates 2 qualitative criterions (green and resilience 

including sub criterions) and 3 quantitative measures (Cost, Quality and Time) as criteria for 

supplier evaluation and selection. Inventory value forecasting and Cost minimization framework 

adapts quantitative approach including scenario analysis. 

2.4. Research Questions 

• What are the relevant criteria and sub-criteria for Supplier Selection?  

• What is the weightage of each criterion and their interaction? 

• Developing a supplier selection procedure 

• How to model exchange rate fluctuations? 

• What is impact of exchange rate fluctuation on Inventory cost? 

• Developing a Total inventory cost model 

• What is the effect of interaction of Total Inventory Cost and Supplier Selection on Cement 

Plant Supply Chain?  

 

2.5 Research Objectives 

• To develop a supplier selection model with appropriate criterion  

• To effectively weigh each criterion to include in model 

• To effectively forecast complete inventory value  

• To model exchange rate fluctuation for inclusion in inventory cost 

• To model total inventory cost under exchange rate fluctuation. 
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CHAPTER 3 METHODOLOGY/MATHEMATICAL MODEL 

3.1. Research paradigm  

The research is based on Supply Chain Management with focus on Inventory Management 

by accurate forecasting resulting in lower inventory costs. It also relates to Supply Chain 

Management section purchase management by efficiently selecting green and resilient supplier.   

The research is mixed type (Qualitative and Quantitative) with expert selection and questionnaires-

based approach to collect data.  

3.2. Research Settings  

The population is Cement Plant experts with cement plants inventories of Pakistan. The 

sampling technique is expert selection based on expert criterion of experience and academic 

qualifications. Data collection technique is via questionnaires.  

3.3. Research Methods/Design  

Our work begins by collecting historical data on consumption of specific spare or raw 

material. Once selected and collected. It is fed to the forecast technique i.e. Gray Markov which 

will give us a reasonably accurate forecast for coming years. Now we want to know the impact on 

our inventory just based on selected spare or raw material by plugging the values into inventory 

cost function. Now we move onto making our supply chain green and resilient by ranking and 

selecting appropriate supplier for said spare or raw material.  

 

In Figure 1 the overall process that begins with forecasting, goes through inventory cost and ends 

at supplier selection. In Figure 2 the steps that were carried out for finding the forecasted impact 

  
Consumption Data for 

last 10 years   
Forecast for next 5 

Years 

 

 
Find impact on 

Inventory 

  

Find impact on 

supplier selection 

objective function 
  

Compare 

results/impact on 

Supply Chain 

Figure 1 Overall Process 
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of exchange rate fluctuations, insurance, obsolescence, plant capacity utilization and storage 

costs for Cement Plants. 

 

 

In Figure 3, the steps are shown that were carried out for Green and Resilient Supplier selection 

for Cement Plants 
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Figure 2 Phase One: Forecasting and Inventory Cost 

Figure 3 Phase Two: Supplier Selection 
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Figure 4 shows the overall model with all above step combined. This is further elaboration on 

Figure 1. 
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3.3.1. Total Inventory Cost Model 

A stochastic process whose amplitudes vary with time is referred to as a grey process. GM 

(1, 1) type of grey model is the most widely used in the literature, pronounced as “Grey Model 

First Order One Variable.” GM (1, 1) model is a time series forecasting model, which is able to 

make accurate predictions for forecasting of the monotonous type of processes. Markov chain is a 

mathematical system that experiences transitions from one state to another according to certain 

probabilistic rules. The defining characteristic of a Markov chain is that no matter how the process 

arrived at its present state, the possible future states are fixed. This may be used to reduce errors in 

the GM (1, 1) model by defining error classes. The current state is forecast of previous year and 

next year state can be calculated so that the average value of the defined error class can be added 

or subtracted to improve the accuracy of the next year forecast. The method given in Jia et al., 

(2020) and Zhan-li et al. (2011) is utilized for this study. 

3.3.1.1. Forecast Procedure 

Below is the forecasting procedure for GM (1, 1)–Markov chain (MC) model or MCGM (1, 1) 

model with capacity utilization incorporation for Cement Plants 

1) X (0) (k), original data sequence, historical data to construct the model  

2) X (1) (k), 1-AGO sequence, historical data accumulated sequence  

3) Z (1) (k), consecutive neighbor sequence, take average of 2 consecutive numbers in 1-AGO 

sequence, i.e. Z (1) (1) = (x (1) (1) + x (1) (2))/2 

4) Construct data matrices B and Yn 

5) Input values in exact GM 11 model to compute “a” development coefficient and “b” grey 

input/ action amount, x (0) k+ a z (1) k = b 

6) Use least square method to find a and b, using linear algebra 

7) Compute a least-squares solution let B be an m×n matrix and let b be a vector in Rn. Here 

is a method for computing a least-squares solution of Ax=b: 

8) Compute the matrix BTB and the vector BTYn. 

9) Form the augmented matrix for equation BTBx= BTYn, and row reduce. 

10) This equation is always consistent, and any solution Kx is a least-squares solution 

11) Obtain Prediction Model by plugging in “a” and “b” into x (1) (k+1) =(x (0) (1)-b/a) e-ak 

+ b/a 

12) Apply Model correction by Markov by defining error classes 

i. Calculate error  
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ii. Divide error into classes 

iii. Calculate transition probability matrix 

iv. Calculate state matrix  

v. Use last state vector and multiply with transition probability matrix to get next state 

of predicted error class 

13) Find GM 11 predicted value by subtracting from n-1 term  

14) Use error median to correct the GM 11 value  

15) Use capacity utilization to further adjust the forecast 

16) Carry out error testing 

This procedure will be used to yield the next 5 years forecasted inventory value as well as specific 

spare or raw material in question. The results can be an input into Data matrices. 

In order to improve the accuracy of the inventory cost we need to consider the fact that 

spares are being procured from local and imported sources. The percentage of local to import spares 

may vary greatly from plant to plant. In order to see all the possibilities, we may consider some 

scenarios like 10% local and 90% import spares, 20% local and 80% import spares and so on.10 

scenarios with increments of 10% rise in import inventory are shown in table 3. Each column shows 

year wise forecasted imported inventory from 2022-2026. We define another data matrices D2ij 

where “i” is percentage share of imported spares and “j” is forecast year. The top row D21j shows 

10% of forecasted inventory is imported. The columns show forecasts amounts in million PKR for 

respective years considering 100 % capacity utilization 

For Cement Industry in Pakistan, US dollar and Euro are main currencies that are used to perform 

business. Therefore, for our study we will be considering USD and Euro only. 

Since we have 2 foreign currencies USD and Euros, the total number of scenarios in the stochastic 

model are 3^2=9 for one period (one year). Multiple forecast values can be obtained by first fixing 

the fluctuation percentage as per the process of Hammami et al. (2014). The scenario-based process 

has also been utilized by Zarindast et al. (2017) and Shih et al. (2022). We used random real 

functions in Mathamatica software generate the values. USD and Euro exchange rates were 

calculated considering the conditional probability of USD rise/fall/stability vs. Euro 

rise/fall/stability. This can be seen in figure 5. 
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Figure 5 shows three scenarios for USD rise (1), stays the same (2) falls (3) with reference 

to base currency here taken as PKR. This is followed by 3 scenarios: Euro rise (4), stays the same 

(5) and falls (6). We get a total of 9 scenarios in one year for 02 currencies. In case we consider 03 

currencies the total scenarios will go up to 27. 

Once we obtain values of Inventory, exchange rate and local/import percentage, we may 

create scenarios for plugging into our cost forecast model. Among the scenarios, one can be taken 

as USD stays same while Euro goes up and we will be replenishing 20% imported spares from 

total change in inventory value. In respective scenario variable will be plugged in cost function.  

3.3.1.2. Total Inventory Cost Function 

The cost estimation function is given below. 

Total Cost = ∑1
𝑖=1 ∑1

𝑗=1 ( (𝐼𝑁𝑉𝑖 − 𝐼𝑁𝑉𝑖−1) ∗ 𝐿𝑂𝐶𝐴𝐿5−𝑗) + 

(𝛼 ∗ (
((𝐼𝑁𝑉𝑖−𝐼𝑁𝑉𝑖−1)

𝐹𝑋𝑈𝑆𝐷𝑖−1
) ∗ 𝐼𝑀𝑃𝑂𝑅𝑇𝑗 ∗ 𝐹𝑋𝑈𝑆𝐷𝑖) +  

(𝛽 ∗ ((
(𝐼𝑁𝑉𝑖−𝐼𝑁𝑉𝑖−1)

𝐹𝑋𝐸𝑈𝑅𝑂𝑖−1
) ∗ 𝐼𝑀𝑃𝑂𝑅𝑇𝑗 ∗ 𝐹𝑋𝐸𝑈𝑅𝑂𝑖) + 

𝐼𝑁𝑉𝑖−1 ∗ (𝐼𝑁𝑆 + 𝑂𝐵𝑆 + 𝑆𝑇𝑂) 

Where 

INVi is inventory for current year 

INVi-1 is inventory for previous year 

LOCAL5-j is proportion of inventory being procured from local source 

IMPORTj is proportion of inventory being procured from Import source 

FXEUROi is euro exchange rate for PKR for current year 

FXUSDi is dollar exchange rate for PKR for current year 

FXEUROi-1 is euro exchange rate for PKR for previous year 

FXUSDi-1 is dollar exchange rate for PKR for previous year 

Figure 5 Exchange rate fluctuation possibilities 
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α – binary variable for selection of dollar for order placement  

β– Binary variable for selection of euro for order placement 

INS – Insurance cost 

OBS – Obsolescence cost 

STO – Storage cost 

• The first term simply takes into account the cost of locally procured spares. The difference 

in inventory (inventory this year minus inventory last year) is simply expressed in base 

currency.   

• The second term takes into account the difference of inventory divided by exchange rate 

of last year as those spares were procured in the last period. The resulting value is multiplied 

by the forecasted exchange rate. The alpha component is a binary variable that is zero if 

USD is not selected as purchasing currency, one in case USD is used in the procurement 

process as its value is less than Euro when comparing with base currency.    

• The third term uses the same principle as the second term with only difference of Euro 

exchange rate and beta component dictating buying currency and decision of procurement 

when compared with USD.  

• The last term expresses all other associated cost of inventories. Same has been adapted 

from study conducted by Chouhan et al. (2021) where the researcher expressed storage, 

tax, obsolescence, insurance etc. for cement plant inventories. 

3.3.2. Green and Resilient Supplier Selection 

One of popular directions of research areas in supply chain is integration of LARG supply 

chain paradigms. LARG (Lean, agile, resilient and green) has been applied by Jamali et al., (2017) 

for Iranian Cement sector. Interested reader are directed there.   

3.3.2.1. Supplier Selection Procedure 

Below steps describe the implementation of the model for green and resilient supplier 

selection with expert opinion as under. The main steps are followed by detailed explanations on 

each step 

1) Obtain relevant data for set of suppliers to be tested and ranked along with demand of spare 

or raw material being studied 

2) Construct Cost Objective Function with product price, demanded quantity, electricity, 

labor, inventory holding, order management, transport and inspection costs   
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3) Construct Time Objective Function with production, transport and inspection times. 

4) Quality Objective Function with observations and rejections on previous suppliers adjusted 

by fuzzy triangular numbers due to its nature 

5) Apply QFD/HOQ for Green Factors by using Expert Opinion 1 and construct Green 

Objective Function 

6) Apply QFD/HOQ for Resilient Factors by using Expert Opinion 1 and construct Resilience 

Objective Function 

7) Define Constraints, Obtain optimal solutions for all the objective functions 

8) Construct payoff table 

9) Compute aggregate and normalized fuzzy numbers of Cost, Quality, Time, Green and 

Resilient as per Expert Opinion 1 by Delphi technique  

10) Compute fuzzy membership function to get satisfaction levels on all objective functions as 

per Expert Opinion 1 by Delphi technique 

11) Compute Single Objective Function and rank suppliers by using fuzzy goal programming 

technique 

12) Compare results for each supplier by varying each factor while keeping all other factors 

same 

Data Collection from expert was carried out using questionnaires for Steps 5, 6, 9 and 10 shown 

in Table 6 

Table 5 Survey Data Forms 

Sr 

# 

Link Title Purpose 

1 https://forms.gle/hhv6mS4e7tk11LNS8 

 

Expert Opinion 

2 on Green/ 

Resilient 

Supplier 

Selection 

Weights of Cost, 

Quality, Time, 

Green and 

Resilience 

2 https://forms.gle/DQ1uYvjW9UnSdgha9 Expert Opinion 

1 on 

Green/Resilience 

Sub Factors 

Weights Green 

and Resilience 

sub criterions 

 

  

https://forms.gle/hhv6mS4e7tk11LNS8
https://forms.gle/DQ1uYvjW9UnSdgha9


25 
 

Below technique will be used to compute weights of expert opinions to incorporate those in single 

objective function as per step 10 in above procedure. 

 

Step 10.1: The importance of expert opinion is found by dividing experts’ number of years of 

experience by total number of years of experience of all experts as: 

 

〖𝑊𝑒𝑖𝑔ℎ𝑡 assigned to 𝐸𝑥𝑝𝑒𝑟𝑡〗i= (𝑦𝑒𝑎𝑟𝑠 𝑜𝑓 𝑒𝑥𝑝𝑒𝑟𝑖𝑒𝑛𝑐𝑒 𝑜𝑓 Ei) / (𝑦𝑒𝑎𝑟𝑠 𝑜𝑓 experience of ∑Ei) 

 

Where Ei experience of expert “i”  

IEi importance of opinion of expert “i” 

 

〖𝐴𝐹𝑁 = (𝑊𝑒𝑖𝑔ℎ𝑡 assigned to 𝐸𝑥𝑝𝑒𝑟𝑡〗𝑖 ∗ 𝑂𝑝𝑖𝑛𝑖𝑜𝑛) / 𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒𝑠 

 

Step 10.2: Now we need to AFN, aggregate the fuzzy number as: 

Where Woi - weightage of objective “o” given by expert “i” 

 

Step 10.3: Now we need to normalize the fuzzy number 

 

𝑁𝐹𝑊=𝐴𝐹𝑁 / ∑𝐴𝐹𝑁 

 

Step 10.4: Forming a table to note down all details as: 

Note opinion has been obtained using Likert Scale with below assigned values 

Most Important assigned weight +2  

More Important assigned weight +1 

Important assigned weight 0 

Less Important assigned weight -1 

Least Important assigned weight -2 

An example of the process is given below in Table 7 
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Table 6Example of expert opinion work 

Expert # 
Experi

ence 

Weigh

t 
Cost Quality Time Green Resilience 

Expert 1 7 0.029 
More 

Important 

More 

Important 

Most 

Important 

Less 

Important 

Less 

Important 

Expert 2 12 0.049 
More 

Important 

Most 

Important 

More 

Important 

Most 

Important 

Most 

Important 

Expert 3 20 0.082 
Most 

Important 

Most 

Important 
Important 

More 

Important 
Important 

Expert 4 20 0.082 
Most 

Important 

Most 

Important 

Most 

Important 

Most 

Important 

More 

Important 

Expert 5 3 0.012 Important 
Most 

Important 

Most 

Important 

More 

Important 

More 

Important 

Expert 6 1 0.004 
More 

Important 

Most 

Important 
Important Important 

Less 

Important 

Expert 7 61 0.250 Important 
Most 

Important 
Important Important Important 

Expert 8 15 0.061 
Most 

Important 

Most 

Important 

Most 

Important 
Important Important 

Expert 9 6 0.025 
More 

Important 

Most 

Important 

More 

Important 

Most 

Important 
Important 

Expert 

10 
7 0.029 Important Important 

Less 

Important 

More 

Important 
Important 

Expert 

11 
3 0.012 Important 

Most 

Important 
Important 

More 

Important 
Important 

Expert 

12 
20 0.082 Important 

Most 

Important 
Important 

Least 

important 

More 

Important 

Expert 

13 
10 0.041 

Most 

Important 
Important Important Important Important 

Expert 

14 
10 0.041 

More 

Important 

More 

Important 
Important Important 

Less 

Important 

Expert 

15 
31 0.127 

More 

Important 

Most 

Important 
Important Important Important 
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Expert 

16 
12 0.049 Important 

Most 

Important 
Important Important Important 

Expert 

17 
3 0.012 Important 

More 

Important 

More 

Important 
Important Important 

Expert 

18 
3 0.012 Important 

Most 

Important 
Important Important Important 

 244       

AFN   0.81 1.78 0.43 0.25 0.20 

NFW   0.23 0.51 0.12 0.07 0.06 

 

Further details on Step 5 and 6 in above procedure, taking input from experts we can construct 

QFDs each for green and resilient factors and sub factors  

• QFD1a: HOQ links stakeholder with the requirements of sub green factors/sub dimensions 

• QFD1b: HOQ links green sub factors with green parameter/main factor 

• QFD2a: HOQ links stakeholder with the requirements of resilient factors/sub dimensions 

• QFD2b: HOQ links resilient factors/sub dimension with resilient parameter/primary 

dimension 

3.3.2.2. Multiple Objective Functions 

Below Objective functions are constructed and utilized as per Steps 2, 3, 4, 5 and 6 

 

  

𝐹(𝐶𝑜𝑠𝑡)

= ∑ ∑ (Pps+LC+EC+CEh+INVh+OMC)*Qpsrg

𝑝𝑠

+ ∑ ∑ ((TR+CEt)*DISTsu+ICps

𝑝𝑠

)*Zpsrg 

1. . 

 

 

 

Quality Function is mentioned below  

 𝐹(𝑄𝑢𝑎𝑙𝑖𝑡𝑦) = ∑ ∑ ((QC

𝑝𝑠

ps/Ups)*1,000,000)*Zpsrg   
2.  

 

Green Function is mentioned below 
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 𝐹(𝐺𝑟𝑒𝑒𝑛) = ∑ ∑ (

𝑝

∑ WgfGgf

𝑠

)*Zpsrg 
3.  

 

Resilience function is mentioned below 

 𝐹(𝑅𝑒𝑠𝑖𝑙𝑖𝑎𝑛𝑡) = ∑ ∑ (

𝑝

∑ WrfRrf

𝑠

)*Zpsrg 
4.  

 

Time function is mentioned below 

 𝐹(𝑇𝑖𝑚𝑒) = ∑ ∑ (PTps/BSps)*Qpsrg

𝑝𝑠

+ ∑ ∑ ((DISTsu/V)+ITps

𝑝𝑠

)*Zpsrg 
5.  

 

Further on equation 2 and Step 4, simple 3 step process is followed to get accurate data on 

complaints. First is assigning membership function, here triangular fuzzy number is selected. 

Second apply fuzzification, convert function using membership function. Third defuzzify the 

function, here in this study, we use the following definition, for the triplet of a triangle fuzzy 

number, to compare the performance of two triangular fuzzy numbers. This approach (Chen, 1996) 

was selected since it is straightforward and does not necessitate the analyst's subjective opinion. 

The notion of the removal of a fuzzy number serves as the foundation for the approach, which is 

based on Kaufmann and Gupta's (1988) method to compare fuzzy numbers. 

 

Assumptions 

• Demand is forecasted based on previous years data and may vary depending on internal 

policy change 

• Price of spare remains fixed throughout the year 

• Quality inspection cost remains fixed  

• When an uncertain input is considered, triangular fuzzy number is used. 

 

List of Notations 

• Indices 

o S Index of Supplier  S=1,2,3,4,5 

o P Index of Products  P=1,2,3,------ 

o I Index of Expert  I=1,2,3---- 

o O  Index of Objectives  O=1,2,3,4,5 



29 
 

o G Index of Green Criterion G=1,2,3 

o R Index of Resilient Criterion R=1,2,3 

• Decision Variables 

o Zpsrg 

o Qpsrg 

• Parameters 

o Pps – product price 

o LC – Labor cost 

o EC – electricity cost 

o CEh – Carbon emission during holding 

o INVh – Inventory holding cost 

o OMC – order management cost 

o TR – Transportation cost 

o CEt – Carbon emission during transport 

o DISTsu – distance from supplier to plant/production unit 

o ICps – inspection cost 

o PTps – Production Time 

o BSps – Batch size 

o V – Speed of transport vehicle 

o ITps – Inspection time 

o QC – Quality complaints 

o Ups – Total units received  

o Wgf – weight of green factor 

o Ggf – Green factor 

o Wrf – Weight of resilient factor 

o Rrf – Resilient factor 

3.3.2.3. Single Objective Function 

Payoff data is obtained as per Step 8 in above procedure in section  

Fuzzy membership functions are found as per below details, this is further to Step 11 given in 

above procedure 

The fuzzy membership functions for all objectives are: 

Øgreen     = (achieved - F (Green)/upper limit – lower limit) 
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Øresilient = (achieved - F (Resilient)/ upper limit – lower limit) 

Øcost        = (achieved - F (Cost)/ upper limit – lower limit) 

Øtime       = (achieved - F (Time)/ upper limit – lower limit) 

Øquality  = ( achieved - F(Quality)/ upper limit – lower limit) 

NFWgreen    = AFNgreen/ ∑AFN 

NFWresilient= AFNresiliant/ ∑AFN 

NFWcost      = AFNcost/ ∑AFN 

NFWtime     = AFNtime/ ∑AFN 

NFWquality= AFNquality/ ∑AFN 

 

Single Objective Function Construction is given below further to Step 11 in above procedure 

 

Function = NFWgreen * Øgreen + NFWresilient * Øresilient + NFWcost * Øcost +  NFWtime * Øtime +  

NFWquality * Øquality 

3.4. Limitations of the research design 

There are some assumptions in the model that include constant prices throughout the year 

neglecting the impact of inflation or discounted rates where applicable. Generally, the spares or 

raw materials with demand figures each year are most suitable for this approach. Although 

applicable to lumpy and erratic demand items but more suitable for smooth and intermittent 

demand. The forecast accuracy will vary based on available historical data. Lean and Agile 

Paradigm has not been explored.  
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CHAPTER 4 FINDINGS, RESULTS AND DISCUSSIONS 

4.1. Total Inventory Cost Model 

The Gray Markov forecasting process is first used to estimate one spare i.e. buckets for bucket 

elevator. Here we use quantity figures to get quantity forecasts. We use the same method given 

above.  

Forecasting procedure will be used to yield the next 5 years forecasted spare/raw material 

requirement. The results are shown below in Figure 6 

 

Figure 6 Forecasting single item 

The result is 20.77 kg/bucket x 50 number of buckets = 1040 kgs forecast for Year 2023. These 

figures will be used in the supplier selection process.  
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Next, the forecasting procedure is used to yield the next 5 years forecasted total inventory value. 

Here we use previous inventory values to estimate future inventory values. 

 

The forecasted results can be an input into Data matrice D1. These figures will be utilized in 

computing the overall cost function. Table 9 

 

 

Table 7 Inventory value forecast 

Year Forecasted Values in Million PKR 

2022 4,037.74 

2023 4,393.97 

2024 4,781.66 

2025 5,203.39 

2026 5,662.51 

2027 6,161.97 

 

Figure 7 Forecasting complete inventory value 
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Table 8 Accumulated values error calculation 

Year 

Actual 

accumulated 

Data 

Forecast 

accumulated 

Data 

MAPE APE RE PE RMSE 

2009 1,945.67 2,271.80  0.168  -0.168 106361.4 

2010 3,006.20 3,755.90  0.249  -0.249 562047.1 

2011 5,450.38 5,370.90  0.015  0.015 6316.3 

2012 8,004.81 7,128.40  0.109  0.109 768091.0 

2013 9,874.73 9,040.90  0.084  0.084 695267.5 

2014 11,891.06 11,122.20  0.065  0.065 591150.3 

2015 13,856.47 13,387.10  0.034  0.034 220312.0 

2016 16,033.84 15,851.80  0.011  0.011 33138.9 

2017 18,228.29 18,533.80  0.017  -0.017 93335.1 

2018 21,295.98 21,452.50  0.007  -0.007 24499.8 

2019 24,351.02 24,628.70  0.011  -0.011 77107.8 

2020 27,856.83 28,085.00  0.008  -0.008 52063.4 

2021 32,107.58 31,846.30  0.008  0.008 68267.2 

2022 36,087.30 35,939.30  0.004  0.004 21902.7 

2023  40,393.40 0.056 0 0 0 487.0 

2024  45,240.50  0 0 0  

2025  50,515.10  0 0 0  

 

In order to increase the precision of the inventory cost function we need to consider the fact that 

spares are being procured from local and imported sources. The percentage of local to import spares 

may vary greatly from plant to plant. In order to see all the possibilities, we may consider some 

scenarios like 10% local and 90% import spares, 20% local and 80% import spares and so on. 

10 scenarios with increments of 10% rise in import inventory are shown in table 3. Each column 

shows year wise forecasted imported inventory from 2022-2026. We define another data matrice 

D2ij where “i” is percentage share of imported spares and “j” is forecast year. The top row 

D21jshows 10% of forecasted inventory is imported. The columns show forecasts amounts in 

million PKR for respective years considering 100 % capacity utilization 
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Table 9 Actual Import Local Percentage as per forecast 

% age of 

imported 

inventory 

2022 

year 0 

Amount in millions PKR 

2023 

year 1 

2024 

year 2 

2025 

year 3 

2026 

year 4 

10% 403.8 439.4 478.2 520.3 566.3 

20% 807.5 878.8 956.3 1,040.7 1,132.5 

30% 1,211.3 1,318.2 1,434.5 1,561.0 1,698.8 

40% 1,615.1 1,757.6 1,912.7 2,081.4 2,265.0 

50% 2,018.9 2,197.0 2,390.8 2,601.7 2,831.3 

 

The above data matrice is for imported percentage share, same can be done for local. The forecasted 

local inventory matrice can also be used for scenarios making. Above data shows that for each year 

5 scenarios are added per year. We can add more scenarios considering 5% change in local/import 

proportion. In that case we will have 10 scenarios per year. In our inventory value calculations, we 

have utilized figures of year 1 and year 0 only.  

For Cement Industry in Pakistan, US dollar and Euro are main currencies that are used to 

perform business. Therefore, for our study we will be considering USD and Euro only. We have 

two international currencies US Dollars and Euros, the total number of scenarios in the stochastic 

model are 32=9 for one period (one year). Multiple forecast values can be obtained by first fixing 

the fluctuation percentage as per the process of Hammami et al. (2014). The scenario-based process 

has also been utilized by Zarindast et al. (2016) and Shih et al. (2022). We used random real 

functions in Mathematica to generate the values. USD and Euro exchange rates were calculated 

considering the conditional probability of USD rise/fall/stability vs. Euro rise/fall/stability. The 

possible scenarios can be seen below in Table 12.  

 

Table 10 Exchange Rate Scenarios 

 
Exchange rate 

USD, year 0 

Exchange rate 

USD, year 1 

Exchange rate 

EURO, year 0 

Exchange rate 

EURO, year 1 

scenario 1.1 277.81 280.826 296.55 302.885 

scenario 1.2 277.81 280.826 296.55 296.55 

scenario 1.3 277.81 280.826 296.55 291.799 

scenario 1.4 277.81 277.81 296.55 313.833 
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scenario 1.5 277.81 277.81 296.55 296.55 

scenario 1.6 277.81 277.81 296.55 290.985 

scenario 1.7 277.81 272.558 296.55 306.999 

scenario 1.8 277.81 272.558 296.55 296.55 

scenario 1.9 277.81 272.558 296.55 287.689 

 

We get a total of 9 scenarios in one year for 02 currencies. In case we consider 03 currencies the 

total scenarios will go up to 27.    

Once we obtain values of Inventory, exchange rate and local/import percentage, we may create 

scenarios for plugging in our cost forecast model. Among the scenarios, one can be taken as USD 

stays same while Euro goes up and we will be replenishing 20% imported spares from total change 

in inventory value. We will plug in respective scenario variable in cost function. The cost 

estimation function is given below  

 

Total Cost = ∑1
𝑖=1 ∑1

𝑗=1 ( (𝐼𝑁𝑉𝑖 − 𝐼𝑁𝑉𝑖−1) ∗ 𝐿𝑂𝐶𝐴𝐿5−𝑗) + 

(𝛼 ∗ (
((𝐼𝑁𝑉𝑖−𝐼𝑁𝑉𝑖−1)

𝐹𝑋𝑈𝑆𝐷𝑖−1
) ∗ 𝐼𝑀𝑃𝑂𝑅𝑇𝑗 ∗ 𝐹𝑋𝑈𝑆𝐷𝑖) +  

(𝛽 ∗ ((
(𝐼𝑁𝑉𝑖−𝐼𝑁𝑉𝑖−1)

𝐹𝑋𝐸𝑈𝑅𝑂𝑖−1
) ∗ 𝐼𝑀𝑃𝑂𝑅𝑇𝑗 ∗ 𝐹𝑋𝐸𝑈𝑅𝑂𝑖) + 

𝐼𝑁𝑉𝑖−1 ∗ (𝐼𝑁𝑆 + 𝑂𝐵𝑆 + 𝑆𝑇𝑂) 

Where 

INVi is inventory for current year 

INVi-1 is inventory for previous year 

LOCAL5-j is proportion of inventory being procured from local source 

IMPORTj is proportion of inventory being procured from Import source 

FXEUROi is euro exchange rate for PKR for current year 

FXUSDi is dollar exchange rate for PKR for current year 

FXEUROi-1 is euro exchange rate for PKR for previous year 

FXUSDi-1 is dollar exchange rate for PKR for previous year 

α – binary variable for selection of dollar for order placement  

β– Binary variable for selection of euro for order placement 

INS – Insurance cost 

OBS – Obsolescence cost 

STO – Storage cost 
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Table 11 Input parameters for Inventory Function 

Parameter Values Units or Ref 

Demand of buyer 1000 Kgs 

Demand of buyer 50 Nos 

Demand of buyer 20 Kg/nos 

INVi-1 (Year 0) 3818 MPkr 

INVi (Year 1) 4109 MPkr 

Exchange rate USD and 

EURO 
From Table Table 10 

Local Inventory %age 100-Import  

Imported Inventory %age From Table Table 9 

Base Curency PKR 1  

Insurance cost 3%  

Obsolescence cost 2%  

Storage cost 5%  

Αlpha (0 or 1)  

Βeta (0 or 1)  

 

We use forecasted inventory value for year 2022 and 2023 to run scenarios of 5%, 10% and 15 % 

USD and EURO fluctuation. For the method given above we fixed the percentage variation and 

varied inputs of local/import inventory replenishment percentages, alpha and beta.  

 

Figure 8 5% variation in USD 
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Figure 8 shows the plot of the total inventory cost when ±5% variation of USD is studied in 

isolation. The x axis shows varying import inventory replenishment percentages. The y axis shows 

incurred total inventory cost.  

 

 

Figure 9 10% variation in USD 

  

Figure 9 shows the plot of total variation when 10% variation of USD is studied in isolation. Here 

we see dips in total incurred total inventory cost due to binary variable beta being preferred over 

alpha as dollar exchange rate is higher than euro exchange rate thus euro is preferred for order 

placement.  

  

 

Figure 10 15% variation in USD 
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Figure 10 shows the plot of total variation when 15% variation of USD is studied in isolation. 

Analysis of the above graphs shows that when variation is low then all orders tend to be placed in 

USD but as variation changes to 10-15% we see the impact of Euro on ordered quantities shifting 

from USD to EURO. This is indicated by amount points in each % import value.  

 

 

Figure 11 USD remains fixed while Euro changes 

In Figure 11, we can see this impact when EURO rise/fall when USD remains constant. 

  

Figure 12 shows the results of the scenario when 5 %, 10% and 15% increase in currency 

fluctuation of USD is assumed and order is placed in USD. 

  

Figure 12 USD increase impact 
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Figure 13 shows the results of the scenario when 5%, 10% and 15% decrease in currency 

fluctuation of USD is assumed and order is placed in USD. 

 

Figure 13 USD decrease impact 

 

Table 12 shows the statistical analysis of all of the above-mentioned scenarios.  

 

Table 12 Statistical Analysis 

%age variation in 

EURO/USD 
5% 10% 15% 

Minimum 670.80 659.36 660.65 

Maximum 675.14 683.29 685.74 

Average 673.31 669.70 670.48 

Standard Deviation 1.21 6.37 5.69 

Variance 1.46 40.61 32.35 

 

Figure 14 shows the histogram data of the total cost obtained when all 90 scenarios were considered 

altogether. It can be concluded that the most common overall cost lies between 670-675 million 

PKR while with careful consideration in order placement we may attain an overall cost as low as 

655 million PKR. An overall saving of more than 20 million PKR or 70,000 USD.   
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Figure 14 Histogram for all Inventory values in all scenarios 

Figure 14 shows Histogram of all possibilities against all possible scenarios. 

Another view is shown in Figure 16, 17 and 18 with sorted data for each 5%, 10% and 15% 

fluctuation respectively.  

 

Figure 15 5% fluctuations in both currencies 
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Figure 16  10% fluctuations in both currencies 

  

Figure 17  15% fluctuations in both currencies 

 

The study concludes that forecasting approach using the Grey-Markov process for Inventory values 

produces satisfactory results with high accuracy. Both short term and long-term inventory values 

can be estimated through this method, however, short term forecasts are preferred over long term 

forecasts as they can be faulty due to considerable change in various variables with time. Both 

quantity and value were forecasted with satisfactory results.  

 For currency fluctuation, use of random variation with defined percentage change is better 

than using fixed values or complex models as it yields probabilistic values that can be utilized in 

the scenario list. We can also use forecast from other reliable sources as well like banks or other 

financial institutions. We conclude that around 16% cost is incurred when considering complete 

inventory value. Considering inventory value as 4109 million PKR, cost of around 670 million 

PKR is incurred each passing year.     
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  For local/import mix we used 10% steps. This has led to the conclusion that significant 

impact is observed by change in imported inventory percentage. 

4.2. Supplier Selection 

Supplier selection was carried out as per above mentioned procedure in methodology section 

3.3.2.1. 

 

Input from experts is obtained via questionnaires. The input are used to construct below QFDs as 

shown in Table 13 

  

Table 13 HOQ 1a: Stakeholder with green sub factor 
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Finance 1 3 3 3 3 3 6 3 

HSE 1 6 6 6 9 9 3 6 

Maintenance 1 9 3 9 3 3 6 3 

Planning 1 9 6 9 6 6 9 9 

Production 1 9 3 6 3 3 9 3 

Procurement 1 3 6 9 3 3 9 9 

Importance of 

sub factor 
 39 27 42 27 27 42 33 

Rating  0.165 0.114 0.177 0.114 0.114 0.177 0.139 

 

QFD1a: This HOQ links stakeholder with the requirements of sub green factors 

HOQ linking stakeholder with the requirements of sub green factors as shown in Table 14 
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Table 14 HOQ 1b: green factor with green sub factor 

Stakeholder Requirements 
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Compliance with Industrial Policies 0.165 9 6 3 

Compliance with Environmental Policies 0.114 9 9 9 

Quality Control System 0.177 6 3 9 

Waste Disposal Program 0.114 6 6 9 

Pollution Control 0.114 9 9 6 

Reliability of Order Fulfilment 0.177 3 3 3 

Reverse Logistics 0.139 6 6 6 

Importance of sub factor 18.459 6.648 5.622 6.189 

Rating  0.36 0.30 0.34 

 

QFD2a: This HOQ links stakeholder with the requirements of resilient factors/sub dimensions as 

shown in Table 15. 

 

Lining stake holder requirement with sub-dimensions of resilience that make up the primary 

dimensions  

Table 15:  HOQ links stakeholder with the requirements of resilient factors/sub dimensions 

 

 



44 
 

Table 15 HOQ 2a: Stakeholder with resilient sub factor 

Stakeholder 
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Finance 1 3 6 3 3 3 6 9 3 3 3 

HSE 1 3 3 3 6 3 3 3 9 6 3 

Maintenance 1 3 6 3 6 6 6 3 3 3 9 

Planning 1 6 9 6 6 9 6 3 6 6 6 

Production 1 3 3 3 3 6 3 3 3 3 6 

Procurement 1 6 9 6 9 9 9 6 6 3 9 

Importance of 

sub factor 
 24 36 24 33 36 33 27 30 24 36 

Rating  0.079 0.119 0.079 0.109 0.119 0.109 0.089 0.099 0.079 0.119 

 

QFD2b: This HOQ links resilient factors/sub dimension with resilient parameter/primary 

dimension 

 

Table 16 HOQ 2b: Resilient factor with resilient sub factor 

Stakeholder Requirements 
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Complexity of Suppliers Supply Chain 0.079 3 9 3 

Multiple Transportation options 0.119 3 6 3 

Operation at Multiple Locations 0.079 3 6 3 

Optimized operations 0.109 6 9 3 

New Product Development 0.119 9 3 3 
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Order Flexibility 0.109 3 6 3 

Financial Stability 0.089 6 3 9 

Risk assessment and Mitigation planning 0.099 9 6 9 

Crisis Teams 0.079 3 3 9 

Reference of previous good performance of 

supplied parts 
0.119 3 9 3 

Importance of sub factor  4.901 6.059 4.604 

Rating  0.315 0.389 0.296 

 

The three primary main criterions/dimensions are “proactive capability, reactive capability and 

supply chain design quality” as per previous papers and discussion by. 

 

5. Implementation Phase 

Considering the procedure defined above we can carry out a comparison of 5 registered supplier 

(S1, S2, S3, S4, and S5) that provided fabricated spares for Cement Plant A. 

Rating each green sub factors out of 10 for each supplier 

 

Table 17 Supplier assigned relative scores on Green 
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S1 8 5 6 3 3 8 3 

S2 8 6 8 4 4 9 5 

S3 6 4 4 3 3 6 3 

S4 8 3 8 3 3 9 6 

S5 8 4 6 4 4 9 4 
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Table 18 Green Factor Multipliers 
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Green Design 1.485 1.026 1.062 0.684 1.026 0.531 0.834 

Green Logistics 0.99 1.026 0.531 0.684 1.026 0.531 0.834 

Environment 

Management 

System 

0.495 1.026 1.593 1.026 0.684 0.531 0.834 

 

 

 

Table 19 Suppliers relative Green Scores 

Supplier 
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S1 35.262 28.116 30.528 93.906 

S2 42.321 34.113 38.649 115.083 

S3 28.08 22.986 24.264 75.33 

S4 38.367 30.159 34.695 103.221 

S5 37.311 30.165 32.577 100.053 
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Table 20 Suppliers obtained relative scores on resilience 
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S1 3 6 3 3 3 6 9 3 3 3 

S2 3 3 3 6 3 3 3 9 6 3 

S3 3 6 3 6 6 6 3 3 3 9 

S4 6 9 6 6 9 6 3 6 6 6 

S5 3 3 3 3 6 3 3 3 3 6 

 

Table 21 Resilience factor multipliers 
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Proactive 

Capacity 

0.238 0.356 0.238 0.653 1.069 0.327 0.535 0.891 0.238 0.356 

Supply Chain 

Design Quality 

0.713 0.713 0.475 0.980 0.356 0.653 0.267 0.594 0.238 1.069 

Reactive 

Capacity 

0.238 0.356 0.238 0.327 0.356 0.327 0.802 0.891 0.713 0.356 
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Table 22 Supplier relative Resilience Scores 

Supplier 

 
P

ro
ac

ti
v
e 

C
ap

ac
it

y
 

S
u
p
p
ly

 C
h
ai

n
 D

es
ig

n
 

Q
u
al

it
y

 

R
ea

ct
iv

e 
C

ap
ac

it
y

 

∑
 W

rf
 R

rf
 

S1 25.960 32.673 22.040 80.673 

S2 32.287 41.970 28.455 102.713 

S3 18.000 24.178 16.396 58.574 

S4 25.129 30.921 19.693 75.743 

S5 30.891 40.782 26.525 98.198 

 

 

 

 

 

 

Table 23 Supplier main parameters 

Supplier 

Production 

Capacity in 

Kilograms 

Production 

Time in 

Hours 

Batch 

Size 

Price of 

product 

in USD 

Quality 

complaints 

last year 

Units 

Sold 

last 

year 

AQL of 

Supplier 

Distance 

from 

Plant 

(in km) 

Supplier 1 20.77x50~1040 160 50 58.3 8 150 3.2 261 

Supplier 2 1040 240 50 66.6 10 150 2.9 262 

Supplier 3 1040 144 50 54.3 7 200 3.3 260 

Supplier 4 1040 120 50 60.0 10 50 1.5 257 

Supplier 5 1040 144 50 55.0 2 50 3.3 266 
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Table 24 Supplier other parameters 

Parameter Values Units 

Demand of specific spare 1000 Kgs 

Standard AQL 3.5 - 

Inspection time 3 Hrs. 

Inspection cost 20 USD 

Energy cost 1 USD 

Labor cost 5 USD 

CR Subscript [CR, tr] during handling 0.5 USD 

CE Subscript [CE, h] tax during transport 0.2 USD 

Transport cost 2 USD 

Average Speed 100 km/hr 

Inventory holding 1 USD 

Order management cost 2 USD 

Rework cost 5 USD 

 

 

 

 

 

Table 25 Individual Solutions 

Function Result Supplier 

F(Green) 115.083 Supplier 2 

F(Resilient) 102.713 Supplier 2 

F(Cost) 3787 Supplier 3 

F(Time) 125.6 Supplier 4 

F(Quality) 35000 Supplier 3 
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Payoff data to find the constraints of single objective function.  

 

Table 26 Payoff Table 

 F(Green) F(Resilient) F(Cost) F(Time) F(Quality)  

F(Green) 115.083 102.713 4,402 245.62 66,666.7 Supplier 2 

F(Resilient) 115.083 102.713 4,402 245.62 66,666.7 Supplier 2 

F(Cost) 75.330 58.574 3,787 149.6 35,000 Supplier 3 

F(Time) 103.221 75.743 4,072 125.6 200,000 Supplier 4 

F(Quality) 75.330 58.574 3,787 149.6 35,000 Supplier 3 

 

Fuzzy membership functions 

The fuzzy membership functions for all objectives are: 

Øgreen     = (115.083-F (Green)/115.083-75.330)     = 115.083-F (Green)/39.753 

Øresilient = (102.713-F (Resilient)/102.713-58.574) = 102.713-F (Resilient)/44.139 

Øcost        = (4402-F (Cost)/4402-3787)                    = 4402-F (Cost)/615 

Øtime       = (245.62-F (Time)/245.62-125.6)            = 245.62-F (Time)/120.02 

Øquality = (200,000-F (Quality)/200,000-35,000)    = 200,000-F (Quality)/165,000 

NFWgreen    =0.07 

NFWresilient=0.06 

NFWcost      =0.23 

NFWtime     =0.12 

NFWquality=0.51 

 

Single Objective Function Minimization  

f=0.07*(F (Green) -115.083/39.753) + 0.06* (F (Resilient)-102.713/44.139) + 0.23*(4402-F 

(Cost)/615) + 0.12*(245.62-F (Time)/120.02) + 0.51*(200,000-F (Quality)/165,000) 

Below graph as Figure 18 shows behaviour of function when we plot 10,000 points. 
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Figure 18 Results of Single Objective Function 

When we find the maxima and minima of the above function, we get the values such as  

“0.86” and “-0.13” respectively. 

 

Table 27 Centre point analysis 

Data Results Green Resilient Cost Time Quality 

Data point 1 0.365 115 79 3,869 224 142,899 

Data point 2 0.365 87 77 3,922 203 126,413 

Data point 3 0.365 78 90 3,958 190 126,834 

Data point 4 0.365 106 84 4,350 149 105,935 

Data point 5 0.365 100 99 4,304 192 100,747 

Data point 6 0.365 92 81 3,796 227 138,378 

Data point 7 0.365 100 78 4,282 179 98,335 

Data point 8 0.365 97 98 4,361 176 96,793 

Data point 9 0.365 98 98 3,883 139 167,134 

Data point 10 0.365 111 80 4,250 187 106,712 

 Min 78 69 3,796 134 96,793 

 Max 115 102 4,361 227 167,134 

 Average 97 85 4,084 177 124,755 

2000 4000 6000 8000 10000

0.2

0.4

0.6

0.8
F

u
n
ct

io
n
 O

u
tp

u
t 

Number of iterations 



52 
 

When we consider the maximum value of the function that comes to 0.86 we will notice that each 

criterion is satisfied 100 %. All the variable reach their desired min or max values. In real life this 

will not be the case, for all practical purposes we may consider the half-way point our criterion to 

determine the impact of supplier on business operations. Any supplier whose rating falls above the 

Average value as given in above table may be considered as contributing positively to green and 

resilient objective while ensuring traditional econometric and quality objectives. Given this a good 

green score is 97 while a good resilience score is 85 and not below. This is followed by cost 4084, 

time 177 and quality being 124,755 and not above.  

Table 28 Individual Solution for each supplier 

Supplier Green Resilience Cost Time Quality MCDM 

Supplier 1 93.906 80.673 3987 165.61 53,333.33 0.62 

Supplier 2 115.083 102.713 4402 245.61 66,666.67 0.41 

Supplier 3 75.33 58.574 3787 149.61 35,000.00 0.71 

Supplier 4 103.221 75.743 4072 125.61 200,000.00 0.19 

Supplier 5 100.053 98.198 3822 149.61 40,000.00 0.77 

 

  

 

Figure 19 all supplier results combined 

The above graph shows that four of selected suppliers are above the selected scale of selection. 

These will have positive impact on business operation. When we select supplier 4 we may face the 
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consequences of bad quality even though cost and lead time is less. The best supplier is supplier 5 

which is apparent based on very less quality observations.  

 

Figure 20 Supplier 1 analysis 

We may also analyze the impact of variation of each objective. In the above graph supplier 1 rating 

is discussed with respect to variation of each objective.  

 

Figure 21 Supplier 2 analysis 
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Figure 22 Supplier 3 analysis 

 

Figure 23 Supplier 4 analysis 
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Figure 24 Supplier 5 analysis 
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CHAPTER 5 CONCLUSIONS AND FUTURE RESEARCH 

In order to effectively manage the inventory and purchase component of cement plant 

supply chains, it is important to consider exchange rate fluctuations and supplier’s resilience and 

impact on the environment. Being vigilant in monitoring the exchange rate change and placing 

orders where the prices are lower may yield saving of around 5% in case considered here as highest 

inventory cost is 685 million PKR vs lowest being 660 million PKR. The percentage saving may 

change as different or additional scenarios are considered. It is worth noting that purchase 

department must take upon the task of keeping track of forecasts and estimate beforehand the 

changes in prices for upcoming budget year. The model provides a guideline and further factors 

may be added specific to experience of certain Cement Plants. Specifically Cement Industry in 

Pakistan was studied therefore all considerations including target currencies were selected 

accordingly. The model can be further improved by incorporating inflation for local inventory 

items. 

 As Cement plants are major contributors of greenhouse gas emissions, the subject selection 

procedure is suitable in gauging on going purchase processes and aligning those for future targets 

of being green. The purchase process is also sensitive to disruption so resilience is built into the 

purchase process when using proposed model in study. The method was tested on locally 

manufactures steel items which successfully graded suppliers based on their overall performance 

not just the price. The supplier may also be communicated this data in order to build long term 

relations with them. The model helps in quantifying current and future state and can be utilized 

from supplier performance management as well. The model can be further improved by 

incorporating other new factors or additional sub factors. 

5.1.Academic contribution  

• Application of Grey Markov to forecast complete inventory 

• Application of Grey Markov to forecast individual spare or raw material for input in 

supplier selection 

• Combining exchange rate fluctuations, import purchase percentages and capacity 

utilization for scenario analysis in inventory cost function 

• Combining resilient and green factors for supplier selection for Cement Plants 

5.2.Practical contribution 

• Improved forecast of spares and Inventory 

• Minimization of Inventory cost 

• Inclusion of green and resilient factors in purchase process 

• Nurturing suppliers’ relationships to improve ranking and scores on factors  
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5.3.Research Limitations 

This research on supplier selection and inventory forecasting has certain limitations that should be 

acknowledged. Firstly, the study's reliability and generalizability may be influenced by the limited 

availability and varying quality of historical data on supplier performance and inventory levels. 

Additionally, the industry specificity of the research might restrict the transferability of findings to 

other sectors due to differences in supply chain dynamics, product characteristics, and demand 

patterns. The rapid pace of technological advancements poses a challenge, as the proposed 

strategies and models may become outdated in the face of emerging technologies. External 

environmental factors such as geopolitical events, economic downturns, or natural disasters may 

not be fully considered, impacting supplier performance and disrupting inventory forecasting 

models. Variability in organizational structures and strategies among companies may limit the 

general applicability of the research, and the study may not comprehensively account for human 

factors, including individual expertise and biases. The dynamic nature of market conditions, 

including changing demand, customer preferences, and competitive pressures, may not be fully 

addressed. The complexity of proposed models and resource requirements may hinder their 

practicality for small or resource-constrained organizations. Limited stakeholder perspectives, 

excluding insights from suppliers, customers, and logistics partners, may overlook critical 

considerations in the supply chain. Finally, the research's time frame may constrain the observation 

of long-term trends or cyclic patterns, affecting the assessment of proposed strategies over an 

extended period. Recognizing these limitations is essential for a nuanced interpretation of findings 

and future research enhancements. 

5.4.Future Directions 

Future research in supplier selection and inventory forecasting holds significant potential for 

advancing both theoretical understanding and practical applications. One promising avenue 

involves the integration of advanced artificial intelligence (AI) and machine learning (ML) 

techniques to improve the accuracy of supplier selection and enhance inventory forecasting. 

Another area of exploration is the application of block chain technology in supply chain 

management, aiming to enhance transparency, traceability, and efficiency, particularly in ethical 

and sustainable supplier selection processes. Researchers may also focus on developing dynamic 

risk management models capable of adapting to evolving external factors such as geopolitical 

events and economic fluctuations. Additionally, investigating the integration of demand sensing 

techniques and predictive analytics could lead to more responsive supply chain strategies and 
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improved inventory forecasting accuracy. Cross-functional collaboration and communication 

within organizations, as well as the exploration of digital twins for simulating and optimizing 

supply chain processes, present opportunities for enhancing overall efficiency. Robotic process 

automation (RPA) is another area of interest, with potential applications in automating routine 

tasks related to supplier selection and inventory forecasting. Exploring innovative supplier 

relationship management (SRM) strategies and identifying best practices through benchmarking 

studies can further contribute to the improvement of supply chain performance. Overall, these 

future research directions aim to address emerging challenges and leverage technological 

advancements to advance the field of supplier selection and inventory forecasting. 

Social factors such as providing for safe and healthy working conditions and Fight for fair-

trading and against corruption in the model to make it more accurate. Further investigation can be 

done using Raw material or Fuels related to Cement Plants. The supplier relation with the plants 

can also if these results are shared for improving the supplier performance of each criterion. Long 

term plans can be set for procurement team based on all suppliers in system or based on next year 

forecasted procurement. The proposed model can be applied to other industries as well such as 

fertilizer, sugar etc. for inventory forecasting and cost estimation. This model is more suitable for 

plants with well-defined capacities. In future, in case of demand dependency only on market 

factors, certain growth rate metrics such as per capita consumptions and population growth may 

be incorporated to strengthen the analysis. The current model can be specifically applied to capital 

nature spares and depreciation value can be considered for better financial impact calculations. 

Comparison with other Grey Models may be carried out to further improve the accuracy of the 

forecast. Other factors such as change in import duties by Government or International sanctions 

may be added to scenario list to study the impact and improve the model. Further research can also 

be done by incorporating local currency inflation and discounting rates. Expert opinion may also 

be added further as a multiplicative factor (for example 0.95 or 0.97 etc.) for the forecast.      

For practitioners, plant capacity utilization can be incorporated fully (historical data 

addition) in the model to better gauge the impact of prevailing market demand into the forecast. 

Another focused effort can be applied by specific selection of import local ratio by incorporating 

equipment inspection-based spares requirement into the model. For a business that has multiple 

plants, the analysis can be carried out on one cement line as well as all cement lines to estimate the 

specific or overall cost impact. Finding the impact of imported spares may help in deciding whether 

it is feasible to invest in developing local partner for manufacturing of some critical spares.   
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APPENDICES 

 

1. Questionnaire for Green Parameters 

Marked by experts on Likert scale 

I. All packaging is non-recyclable, in your opinion is this necessary to consider when 

evaluating Green Supplier 

II. All Primary Packaging is recyclable, in your opinion is this necessary to consider when 

evaluating Green Supplier 

III. Both Primary and Secondary Packaging is recyclable, in your opinion is this necessary to 

consider when evaluating Green Supplier 

IV. "Primary and Secondary packaging is recyclable along and tertiary packaging is 

returnable, in your opinion is this necessary to consider when evaluating Green Supplier" 

V. No Energy Monitoring is in place, in your opinion is this necessary to consider when 

evaluating Green Supplier 

VI. Energy Monitoring in place with, Analysis and Saving Policies, in your opinion is this 

necessary to consider when evaluating Green Supplier 

VII. Energy friendly resources being used in manufacturing processes, in your opinion is this 

necessary to consider when evaluating Green Supplier 

VIII. ISO 50001 Energy Management System Certified, in your opinion is this necessary to 

consider when evaluating Green Supplier 

IX. Non-recyclable Raw materials are being used, in your opinion is this necessary to consider 

when evaluating Green Supplier 

X. Non-recyclable Raw materials are being used, in your opinion is this necessary to consider 

when evaluating Green Supplier 

XI. Primary Raw materials are recyclable, in your opinion is this necessary to consider when 

evaluating Green Supplier 

XII. Primary Raw materials are Compostable or biodegradable materials, in your opinion is this 

necessary to consider when evaluating Green Supplier 

XIII. Recyclable primary raw materials using as Secondary Raw materials, in your opinion is 

this necessary to consider when evaluating Green Supplier 

XIV. No Green House Gas emissions monitoring and control in place, in your opinion is this 

necessary to consider when evaluating Green Supplier 

XV. Green House Gas emissions control policies in place without reduction, in your opinion is 

this necessary to consider when evaluating Green Supplier 



 

 

XVI. Green House Gas emissions reduction policies in place like carbon cap and trade, carbon 

tax, in your opinion is this necessary to consider when evaluating Green Supplier 

XVII. ISO 14064 Environmental Management or other related certifications acquired, in your 

opinion is this necessary to consider when evaluating Green Supplier 

XVIII. Air Pollution Control during transportation, in your opinion what level is necessary to 

consider when evaluating Green Supplier 

XIX. Passing ISO 14000 Environmental Management or other environmental Certifications, in 

your opinion what level is necessary to consider when evaluating Green Supplier 

XX. Degree of having environmentally friendly plans & policies, in your opinion what level is 

necessary to consider when evaluating Green Supplier 

XXI. No Water Conservation, No Waste Water Generation Monitoring, and Record, in your 

opinion is this necessary to consider when evaluating Green Supplier 

XXII. Water Conservation Objectives and Policies in place, in your opinion is this necessary to 

consider when evaluating Green Supplier 

XXIII. Recycling and Reuse of Natural Water e.g. rainwater harvesting technologies being used, 

in your opinion is this necessary to consider when evaluating Green Supplier 

XXIV. Wastewater Treatment Plant in use, in your opinion is this necessary to consider when 

evaluating Green Supplier 

XXV. Solid waste treatment, in your opinion what’s the most suitable from below options to 

consider when evaluating Green Supplier 

  



 

 

2. Questionnaire for Resilient Parameters 

Marked by experts on Likert scale 

I. Dealing directly with their buyers and suppliers to reduce complexity in supply chain, in 

your opinion is this necessary to consider when evaluating Resilient Supplier 

II. keeping multiple suppliers to avoid the risk of supply, in your opinion is this necessary to 

consider when evaluating Resilient Supplier 

III. keeping multiple buyers to avoid the buyers’ disruptions, in your opinion is this necessary 

to consider when evaluating Resilient Supplier 

IV. Being critically dependent on specific supplier, in your opinion is this necessary to consider 

when evaluating Resilient Supplier 

V. Critical distribution center which is responsible to distribute many other distributions 

center, in your opinion is this necessary to consider when evaluating Resilient Supplier 

VI. Considering alternative transportation options, in your opinion is this necessary to consider 

when evaluating Resilient Supplier 

VII. Buyers are not concentrated to specific geographic region, in your opinion is this necessary 

to consider when evaluating Resilient Supplier 

VIII. "Selection of suppliers from diversified region (alternative supplier) to avoid the risk of 

supply in specific area, in your opinion is this necessary to consider when evaluating 

Resilient Supplier" 

IX. "Production facility in different area (alternative production facility) to avoid risk of 

operational disruption in specific area, in your opinion is this necessary to consider when 

evaluating Resilient Supplier" 

X. Idle capacity and waste, in your opinion is this necessary to consider when evaluating 

Resilient Supplier 

XI. Efficient employees, in your opinion is this necessary to consider when evaluating Resilient 

Supplier 

XII. Strong quality control process, in your opinion is this necessary to consider when evaluating 

Resilient Supplier 

XIII. Flexibility in production in terms of volume of order and production schedule, in your 

opinion is this necessary to consider when evaluating Resilient Supplier 

XIV. Different types of products being dealt to meet customer requirements, in your opinion is 

this necessary to consider when evaluating Resilient Supplier 

XV. Multi-skilled workforce is available to continue production, in your opinion is this 

necessary to consider when evaluating Resilient Supplier 



 

 

XVI. Contract flexibility such as partial order, partial payment, partial shipment etc., in your 

opinion is this necessary to consider when evaluating Resilient Supplier 

XVII. Capability of introducing new product, in your opinion is this necessary to consider when 

evaluating Resilient Supplier 

XVIII. Enough fund available to mitigate disruptions, in your opinion is this necessary to consider 

when evaluating Resilient Supplier 

XIX. Consistent Profit over the last couple of years, in your opinion is this necessary to consider 

when evaluating Resilient Supplier 

XX. Insurance against potential damage and destruction, in your opinion is this necessary to 

consider when evaluating Resilient Supplier 

XXI. Back up capacity for machinery, parts and logistical supports, in your opinion is this 

necessary to consider when evaluating Resilient Supplier 

XXII. Availability of Buffer stock for raw material, in your opinion is this necessary to consider 

when evaluating Resilient Supplier 

XXIII. Backup energy/utility source, in your opinion is this necessary to consider when evaluating 

Resilient Supplier 

XXIV. Able to recover in short time, in your opinion is this necessary to consider when evaluating 

Resilient Supplier 

XXV. Reduction in impact of loss by our ability to handle crisis, in your opinion is this necessary 

to consider when evaluating Resilient Supplier 

XXVI. Able to Recover from crisis at less cost, in your opinion is this necessary to consider when 

evaluating Resilient Supplier 

XXVII. Ability to detect Supply Chain disruptions quickly, in your opinion is this necessary to 

consider when evaluating Resilient Supplier 

XXVIII. Readiness training for overcoming crisis, in your opinion is this necessary to consider when 

evaluating Resilient Supplier 

XXIX. Resources to get ready during crisis, in your opinion is this necessary to consider when 

evaluating Resilient Supplier 

XXX. Forecasting for meeting demand disruptions, in your opinion is this necessary to consider 

when evaluating Resilient Supplier 

XXXI. Strong security system to protect man-made crisis, in your opinion is this necessary to 

consider when evaluating Resilient Supplier 

XXXII. Quick response to disruptions, in your opinion is this necessary to consider when evaluating 

Resilient Supplier 



 

 

XXXIII. Response team available for mitigating crisis, in your opinion is this necessary to consider 

when evaluating Resilient Supplier 

  



 

 

3. Questionnaire for weightage for each Criterion 

 

Marked by experts on Likert Scale 

 

I. In your opinion, what is the relative importance of Cost in supplier selection process  

II. In your opinion, what is the relative importance of Quality in supplier selection process  

III. In your opinion, what is the relative importance of Lead Time in supplier selection process 

IV. In your opinion, what is the relative importance of Green Factors in supplier selection 

process 

V. In your opinion, what is the relative importance of Resilience in supplier selection process 

  



 

 

 

4. Scoring suppliers on Green Parameters 

 

Marked by practitioners on scale of 0-10, 10 being best practice 

I. Compliance with Industrial Policies 

II. Compliance with Environmental Policies 

III. Quality Control System 

IV. Waste Disposal Program 

V. Pollution Control System 

VI. Reliability of Order Fulfilment 

VII. Reverse Logistics System 

 

5. Scoring suppliers on Resilient Parameters 

 

Marked by practitioners on scale of 0-10, 10 being best practice 

I. Complexity of Suppliers Supply Chain 

II. Multiple Transportation options 

III. Operation at Multiple Locations 

IV. Optimized operations 

V. New Product Development 

VI. Order Flexibility 

VII. Financial Stability 

VIII. Risk assessment and Mitigation planning  

IX. Crisis Teams 

X. Reference of previous good performance of supplied parts 

 

 


