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Abstract. To survive the cement business competition, logistics strategy becomes one of the key 

factors. Demand fluctuations force companies to make dynamic decision. Any logistic operation 

decisions determine amount of total cost. Decision of production method can determine both 

inventory cost and stock out cost. In the other side, decision of transport order determine transport 

cost, inventory cost and stock out cost. PT Semen Padang is one of companies that produce and 

trade cement and clinker with 10,400,000 ton cement production capacity per year. Currently, 

most of cement production is done in Indarung (about 25,000 ton per day), in mass production 

to prevent stock outs. Customer demand is supplied by land routes that begins from Indarung 

and sea route that begins from Teluk Bayur. Cement freight from Indarung to Teluk Bayur is 

used bulk train and bulk truck. PT Semen Padang cooperate with PT Kereta Api Indonesia where 

there are transport targets for a period which if not achieved, then PT Semen Padang still has to 

pay a number of targets. The authors believes that there must be something that can be used to 

determine what should be the order of production and transportation at one time (daily), so that 

the optimal cost in a period is reached.  The authors do the system modelling and descriptions of 

the required  parameters so that the mathematical formulation can be compiled to be applied to 

the computer simulation that can be used by logistics manager to take operational decisions. 

1. Introduction 

To survive the business competition, the right strategy becomes one of the most key factors. Every 

business has the characteristics of its competitors, its consumers, its products and its own transport. So 

for different business, the strategy used must be different. Cement business has a low value per weight 

product, so the logistics cost becomes a considerable cost component. Any logistic operation decisions 

determine the amount of total cost. Factories with production capacity and market demand tend to be 

more appropriate to use mass production system, so guarantee of availability of goods can be 

ascertained. In contrast factory that produce special products with demand not too large compared to 

production capacity can be used just-in-time system, with careful planning to achieve lean 

manufacturing and customer satisfaction. In the case of production capacity constraints compared to the 

number of demands, the company may consider to keep producing itself (with stock out risk) or 

outsourced to other manufacturers to ensure stock availability in the market. In the case of factories and 

market balance demands, consideration should be given to avoid stock outs in the market by increasing 

safety stock or minimizing inventory with the risk of a time being stock out when demand is rising and 

the plant is not ready for production. Naturally, the company will implement safety stocks for major 

markets, where margins and sales quantities are high and tend to ignore stock outs in support markets, 

but the difficulty of finding market share in an area or supply guarantee contracts sometimes requires 

companies to let both markets stock out at the same time. The fulfilment of large quantities of demand 
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at any given time to use the entire transportation capacity owned, consequently there is a greater increase 

in transportation costs compared to the amount of goods sent due to the different modes of transportation 

used. 

 PT Semen Padang is a company that produces and trades cement and clinker. The Semen Padang 

factory is located in Indarung and Dumai with a capacity of 10,400,000 tons per year. In this paper, the 

authors just discuss cement factory in Indarung that produce cement about 25,000 tons per day, mass-

producing cement production for general cement type (PCC and OPC) and just in time for special type 

(PPC, Type V, OWC). The main process of cement production is divided into raw material preparation, 

raw mix production, fuel preparation, clinker production, cement production and product (cement or 

clinker) preparation to supply consumers demand. Cement distribution activity by land routes begins 

from Indarung Packing Plant, while cement distribution activity by sea route starts from Teluk Bayur 

Packing Plant, by firstly transporting from Indarung to Teluk Bayur. The freight used is truck and train, 

with delivery capacity for train is 12 trips × @ 24 carriages × @ 25 t = 7000 t per day and the delivery 

capacity for truck is 273 trips × @ 22 t = 6000 t per day. Logistics strategy starts from Indarung and 

Teluk Bayur, where almost all cement distribution activities start from here. Monthly sales forecasting 

by land routes and sea route and daily realization monitoring is necessary to execute any inventory & 

transport decisions of cement in Indarung and Teluk Bayur silos. Stock out is not permitted at all, as it 

will threaten market share and customer satisfaction. For distribution and transport efficiency, product 

availability waiting time should be as minimum as possible. Fluctuation of cement demand by land and 

sea route, unpredictable machine breakdown time, silos loading and unloading facilities capacity, 

shipping capacity and storage of Indarung and Teluk Bayur silos are important issues to minimize the 

occurrence of stock out of cement in Indarung and Teluk Bayur. The phenomenon of stock out in 

Indarung is often caused by unpredictable factory breakdown, while existing stock is "already" sent to 

Teluk Bayur. The phenomenon of stock out in Teluk Bayur is often caused by transport capacity of 

Indarung to Teluk Bayur, while the demand of cement by land is slightly. 

 Inventory cost is the cost required in a stock can be seen from the main components that influence: 

investment costs, storage costs, obsession cost and cost of quality [20]. Similar research on inventory 

management with the object of oil product. Because storage is in the tank and no special treatment 

(handling and transport) is required on the stored product, inventory cost is not a major cost[19]. Problem 

of inventory optimization can be converted into another problem called modular proportional flow 

problem in multi period and multi echelon, where the goal is to minimize the cost network flow problem 

by considering other constrains[1]. The problems faced to achieve the optimization of stock is influenced 

by the demand for the stock. Demand is the number of units taken from stock or stock. Demands are 

categorized by their number, level and pattern. The amount of demands in each period can be in the 

same amount (constant) or in different amounts in each period [24]. Dynamic determinism occurs when 

the amount of product demand is known with certainty but with different amounts in each period and 

the standard deviation value is zero. Dynamic determinism can be solved with optimization approach 

and heuristic approach. There are several heuristic approaches that can be used, such as Algorithm 

Wagner-Within (AWW), silver meal, lot for lot (LFL), least total cost, and least unit cost [25]. A demand 

is said to be the probabilistic if the number of unknown demands yet follows a certain distribution pattern 

and with a standard deviation value not equal to zero. The probabilistic demand problems cause there 

must be a safety inventory or so-called safety stock [13]. A demand is said to be uncertainty if the amount 

of the demand is unknown and does not follow the pattern of a distribution as well as with a standard 

deviation value not equal to zero. One of the methods that can be used is the periodic review (R, s, S) 

power approximation method [16]. 

 Mode of transportation is a distribution of transportation models that can be used to move an item 

from one place to another. In determining the best transportation in accordance with the objectives to be 

achieved then it is necessary to analyse the type of transportation used and the amount of use per each 

type [23]. Transportation is an important part because the production process is not done in all places. 
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The transport network designed in such a way makes it possible to achieve a high level of responsiveness 

at low cost [4]. Transportation management is the overall activity in the framework of planning, directing 

and controlling the movement service (goods and people) to achieve corporate logistics goals. Transport 

management can be viewed as a special function that focuses on physical delivery of goods and 

passengers and executive functions [18]. 

 Forecasting is an activity undertaken to estimate the quantity of a product to be traded or used for the 

future period in order to know the exact quantity of product to be produced [5]. In determining the right 

method for a forecast based on time series, then there are some steps that must be considered as by 

considering the data pattern used [14]. Based on the data pattern obtained can be used method moving 

average, exponential smoothing and regression [3]. Stock out is a condition that is not expected to occur 

in a company because it can harm the company [22]. The losses caused by stock outsets make the 

manufacturing companies strive to get out of this problem, by raising the level of safety stock up to 

maximum level or mass production[12]. Mass production is a production that focuses on manufacturing 

in large quantities essentially to produce the maximum number of products in one lot [15]. Safety stock 

is defined as the inventory required to prevent stock outs on fluctuating demand conditions and forecasts 

are inaccurate. But that does not mean all stock out potential is met from safety stock, depending on how 

big the service level is set[11]. Previous research developed a multi-periods Decision Support System 

(DSS) model for optimization of cement allocation and logistic planning at a large cement plant in India 

with a large distribution area [21]. To get the right decision, can be used linear programming. Some 

industries that use linear programming are transportation, energy, telecommunication and factories. In 

addition, it is useful in modelling the issues of planning, routing, scheduling, allocation and design [17]. 

Other similar research has been done by minimizing inventory and transportation costs, with certain 

types of products, supply from multiple sources, supplying some customers, but no minimum transport 

and constraint costs [10]. Coordination mechanisms have been discussed in research related to green 

manufacturers that involve many players so that flow of raw materials, parts, finished products and 

returned products is optimal [7]. By integrating the production process and inventory cycle, inventory 

cost savings can be made on the closed supply chain [6]. Mathematical modeling has been done on 

production, inventory and transportation decision in green industry by using mixed-integer nonlinear 

programming model [8]. Portland cement is a hydraulic cement produced by grinding the Portland 

Clinker which consists mainly of calcium silicate with other additives [2]. Previous research mentioned 

that there is a significant influence between the duration of storage of cement with the reduction of the 

compressive strength of cement. To maintain the quality of cement is recommended normal storage no 

more than 3 (three) months [9]. 

 

2. Methods 

This research method is part of operations research. The research begins by summarizing the problems 

that exist in the transportation and inventory operations of bulk cement Indarung and Teluk Bayur silos. 

In this step the authors to inventory any case that has been used to determine the decision, that is by 

dividing the criteria of Indarung and Teluk Bayur silos stock into 3 categories that is critical, normal, 

and full. Furthermore, alternative solutions for these 9 conditions are expected to result in the lowest 

total operational cost in terms of inventory, transportation and stock out. Research continued by 

identifying the problem, done by explaining the characteristics of the system designed that can be seen 

in Figure 1. In this study, the system under study is the process of storage and distribution of products 

after production, to meet consumer demand. The plant produces cement at the order of production and 

a maximum of 25,000 tons per day according to factory capacity. Seen that the monthly factory 

production realization is unstable, tend to be low at the beginning of the year, and tend to be high at the 

end of the year. The factory-manufactured cement is stored in the Indarung silos. Silos stock can be 

monitored daily, either by direct measurement or from historical data. It is seen that the monthly cement 

stock in Indarung silos tends to be high at the beginning of the year and low at the end of the year. The 

high stock of cement at the beginning of this year that causes the production of cement tend to be low, 
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that is because the silos is full. Stocks in the Indarung silos are used to meet the demand of Indarung to 

meet consumer needs by land route. Seen that there is no stock out at the beginning of the year, but it 

increases at the end of the year. It can be explained that at the end of the year stock began to be critical, 

and production capacity was unable to meet the demand. 

 On a regular basis the stock is transferred from Indarung silos to Teluk Bayur silos by using truck 

and train. The amount of cement shipped by the transport order and the maximum of the transportation 

capacity is 7,000 tons per day for train plus 6,000 tons per day for the truck. It is seen that the amount 

of cement transported at the beginning of the year tends to be smaller than the end of the year. The 

factory manufactured cement is stored in the Indarung silos. Stock silos can be monitored daily, either 

by direct measurement or from historical data. It can be seen that the monthly cement stock in Teluk 

Bayur silos tends to be high at the beginning of the year and low at the end of the year. The high stock 

of cement at the beginning of the year is what causes the transport of cement tends to be low, that is 

because the silos is full. Stock in Teluk Bayur silos is used to fulfil the demand of Teluk Bayur to fulfil 

consumer needs through sea routes. Seen that there is no stock out at the beginning of the year, but it 

increases at the end of the year. It can be explained that at the end of the year stock began to be critical, 

and production and transportation capacity were unable to meet the demand. 

 

 

Figure 1. System Characteristic. 

 

3. Result and discussion 

Furthermore, complete descriptions of system parameters have been formulated to be developed into a 

mathematical model. Parameters that must exist in the mathematical formula will be index, control input, 

global input, process and output. Index parameters are day (t) and type cement (k). The use of this index 

is intended to facilitate the writing of formulas and calculations. Control input parameters are production 

orders (Pkt), transport orders for truck (TFkt) and transport orders for truck (TRkt). Global input 
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parameters are inventory unit cost Teluk Bayur (csxk), inventory unit cost Indarung (csyk), stock out unit 

cost Teluk Bayur (csoxk), stock out unit cost Indarung(csoyk), cost of minimum transport for truck 

(CTF), cost of minimum transport for train (CTR), transport unit cost for truck (ctf), transport unit cost 

for train (ctr), production capacity (FP), Teluk Bayur silos capacity (FSXk), Indarung silos capacity  

(FSYk), Teluk Bayur outlet capacity (FDX), Indarung outlet capacity (FDY), transport capacity for truck 

(FTF), transport capacity for train (FTR), Teluk Bayur demand (DXkt) and Indarung demand (DYkt). 

Process parameters are auxiliary parameters to connect between input and output. Process parameters 

are transport cost (CT), Teluk Bayur stock out cost (CSOXkt), Indarung stock out cost (CSOYkt), Teluk 

Bayur Inventory cost (CSXkt), Indarung inventory cost (CSYkt), Teluk Bayur stock (SXkt), Indarung 

stock (SYkt), Teluk Bayur remaining stock  (RSXkt), Indarung remaining stock (RSYkt), transport for 

truck (RTFkt), transport for train (RTRkt), Teluk Bayur stock out (RSOXkt), Indarung stock out (RSOYkt), 

Teluk Bayur outlet (RDXkt), Indarung outlet (RDYkt) and production (RPkt). The output parameter is the 

result to be achieved, that is total cost (TC). 

 What will be achieved by this system is the optimization of total cost (TC) while still considering 

various operational constraints, i.e. production capacity (FP), Teluk Bayur silos capacity (FSXk), 

Indarung silos capacity  (FSYk), Teluk Bayur outlet capacity (FDX), Indarung outlet capacity (FDY), 

transport capacity for truck (FTF), transport capacity for train (FTR). We know that total cost (TC) is 

the sum of transport cost (CT), Teluk Bayur stock out cost (CSOXkt), Indarung stock out cost (CSOYkt), 

Teluk Bayur inventory cost (CSXkt), Indarung Inventory cost (CSYkt). Transport cost (CT) is the cost 

incurred by the company to pay for the transport services of cement. Because the use of 2 (two) modes 

of transport (truck and train), then the calculation of transport cost adjusted with the modes used, namely 

cost of minimum transport (CTF or CTR) and transport unit cost (ctf or ctr). Transport cost is sum of 

truck cost and train cost. Truck or train cost is the largest value between cost of minimum transport (CTF 

or CTR) and multiplication transport unit cost (ctf or ctr) and transport (RTFkt or RTRkt). Teluk Bayur 

inventory cost (CSXkt) is multiplication inventory unit cost Teluk Bayur (csxk) and remaining stock 

(RSXkt). Remaining stock (RSXkt) is Teluk Bayur stock (SXkt) plus transport (RTFkt  plus RTRkt) minus 

Teluk Bayur outlet (RDXkt). Remaining stock (RSXkt) constraints are non negative and Teluk Bayur 

silos capacity (FSXk). Teluk Bayur outlet (RDXkt) is demand of Teluk Bayur (DXkt). Teluk Bayur outlet 

(RDXkt) constraints are non negative and available stock, Teluk Bayur stock (SXkt) plus transport (RTFkt  

plus RTRkt). Teluk Bayur stock out cost (CSOXkt) is multiplication Teluk Bayur stock out unit cost 

(csoxk)  and Teluk Bayur stock out (RSOXkt). Teluk Bayur stock out (RSOXkt) is difference of demand 

Teluk Bayur (DXkt) and Teluk Bayur outlet (RDXkt). Teluk Bayur stock out (RSOXkt) constraint is non 

negative. Teluk Bayur stock (SXkt) is remaining stock from one day before (RSXk(t-1)). Indarung 

inventory cost (CSYkt) is multiplication inventory unit cost Indarung (csyk) and remaining stock (RSYkt). 

Remaining stock (RSYkt) is Indarung stock (SYkt) plus production (RPkt) minus transport (RTFkt  plus 

RTRkt) minus Indarung outlet (RDYkt). Remaining stock (RSYkt) constraints are non negative and 

Indarung silos capacity (FSYk). Indarung outlet (RDYkt) is demand of Indarung (DYkt). Indarung outlet 

(RDYkt) constraints are non negative and available stock, Indarung stock (SYkt) plus production (RPkt). 

Indarung stock out cost (CSOYkt) is multiplication Indarung stock out unit cost (csoyk) and Indarung 

stock out (RSOYkt). Indarung stock out (RSOYkt) is difference of demand Indarung (DYkt) and Indarung 

outlet (RDYkt). Indarung stock out (RSOYkt) constraint is non negative. Indarung stock (SYkt) is 

remaining stock from one day before (RSYk(t-1)). 

 Numeric data is needed so that the simulation can represent the actual event. The numerical data used 

in this study is not real data because it is related to company secrets, but is a general assumption based 

on the authors knowledge and experience, so that the data entered make sense. The numerical data are 

expected to be used just for educational purposes, not businesses that will harm the company (PT Semen 

Padang). Teluk Bayur and Indarung demand data is taken from a random daily report. The product value 

(in Teluk Bayur or Indarung) is taken from the price of cement on the market minus distribution, 

transportation and marketing costs (about 15 percent). Inventory unit costs are about 15 percent 

multiplied by one per 365 days in a year multiplied by the product value. Stock out unit cost data is 
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taken from potential loss of profit (about 15 percent from product value). Cost of minimum transport is 

taken from real condition but not the real number. Transport unit cost is taken from real condition but 

not the real number. Production capacity, Teluk Bayur silos capacity and Indarung silos capacity is 

general information. Teluk Bayur outlet capacity, Indarung outlet capacity and transport capacity is 

based on authors experience. 

 

 

  

Figure 2. Computer simulation. 

 Simulation is done by using ‘solver’ in Microsoft Excel 2010 with a duration of 7 days (weekly) with 

result an optimal value for total cost objective is about 7.3 billion rupiah. To obtain an optimal result, 
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operational decisions must be taken. From Figure 2, it can be seen that the decision taken is to adjust 

production orders and transportation orders with the demand for Teluk Bayur and Indarung at this time 

and the next. The transportation cost component is mostly used in constant values for train (about 6,600) 

and fluctuate values for trucks according to Teluk Bayur demand (zero in first until second day and 

6,000 in third until last day). Transport using the train does have significant cost consequences, cost of 

the minimum transport (980,000,000) and higher unit costs (21,000), on the other hand the train provides 

a higher transport capacity (7,000), so it can prevent stock out in Teluk Bayur. Transport using the truck 

does not have significant cost consequences, no cost of the minimum transport and cheaper unit costs ( 

19,000), on the other hand the truck provides a lower transport capacity (6,000). The component of stock 

out costs is minimal (zero), it is mean that all demands are met, because all demands are below the 

capacity of the outlet. Stock out cost is more expensive than inventory cost, so that stock out should be 

given more attention by logistic manager. The component of inventory costs are minimum, but still 

exists to meet demand in the next periods. Teluk Bayur stock out and inventory unit cost is more 

expensive than Indarung, so that amount of teluk Bayur remaining stock must be minimized.  

4. Conclusion 

To get the best logistic decision, it is necessary to see the goal to be achieved, that is optimizing the total 

cost for a period, while keeping in mind the operational constraints. Generally every optimization 

problem can be solved by linear program, but for optimization of company decision, which is the number 

of variable and and limiting that many, need to do system modeling and simulation. The authors have 

successfully designed the model with its parameter description, mathematical formulation and 

computers simulation in short period (weekly), for the next can be develop with the computer application 

in long period (annually) to be used by the logistics operational manager in decision making. 
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