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Abstract   

The pharmaceutical industry is positioned in a demanding market, where all points of the supply chain are critical, 

from production to distribution. High quality demand and regulations control the production in the pharma sector 

and the distribution is expected to be smooth, without stock outs and with the minimum lead-time possible. In this 

context of increasing demand and competitiveness, companies are obliged to perceive and manage their activities, 

promoting the optimization of processes to reduce waste and to provide a better service with lower costs associated. 

Company H is a wholesaler that provides pre-wholesaling and distribution of pharmaceutical (both human and 

veterinary) and health products to approximately 2000 Portuguese pharmacies. Recently, the company changed 

its facilities to a new warehouse where it has over 18,000 product references and two zones of service: automatic 

and manual. In order to improve its activities, company H has recently implemented the Lean Philosophy into their 

processes, specifically in the replenishment operation. Nowadays, the replacement of stock is carried out in an 

empirical way by the operators, without reference of the minimum quantities that should trigger the stock 

replenishment at picking sides. Since there is no quantity nor timescale planning of the stock that needs to be 

replenished, the challenge posed by Company H is the development of an algorithm that will meet this need. 

The mathematical formulation beyond the "Kanban Algorithm" developed, is a result of the analysis of several inputs 

related to the operations and layout of company H. The algorithm was implemented in the company and through 

the analysis of the results it was possible to verify: i) a reduction in replenishment times, since the operator only 

supplied the references that would were below the defined minimum stock, ii) a greater efficiency in the 

replenishment operation with the reduction of travel times and iii) avoiding the request of replenishment during peak 

loads. 
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1. Introduction 

Today, companies are involved in a competitive external environment, subject to consumer pressure and regulated 

by demanding quality standards. Thus, one of the focus is the efficiency and effectiveness of its entire supply chain, 

from production processes, through distribution, to end customers, guaranteeing the desired service level at the 

lowest practicable cost. In this environment the concept of "Lean Thinking", which was born from the "Lean 

Production" implemented by Ohno [1], arouses interest. The application of the “Lean Thinking” goes beyond the 

area of production. The concept can also be applied to companies whose core business is the provision of services. 

According to George, “Lean thinking” can be combined with the Six Sigma concept, which results in a reduction of 

20% in quality-related costs and 50% in inventory-related costs in less than two years after its implementation. It is 

concluded that this methodology aims at maximizing the value for stakeholders by promoting rapid improvement: 

customer satisfaction, cost ratios, process time and the amount of capital to be invested [2]. At this level the DMAIC 

methodology (Define, Measure, Analyse, Improve and Control) is widely used for the improvement of processes [2] 

[3] [4]. 

Company H operates in the pharmaceutical sector, providing pre-wholesaling and distribution of pharmaceutical 

and health products (human and veterinary) to pharmacies, with the mission of presenting global, innovative and 

quality solutions for the logistics of its customers. The supply chain of Company H is presented in figure 1. The 

company has coverage at the national level which allows the supply to about 2000 pharmacies. It has more than 

18,000 references in storage, stored "by zones". Due to the need for physical expansion, the company has recently 

moved to new facilities, where it intends to continue the application of the Lean thinking that began about a year 

and a half ago at the old facilities. The new warehouse will make it possible to have a more "clean" and organized 

process, due to how the material flow will occur, but it remains a challenge for the Company to promote the 

optimization of operations in the warehouse. 

 

 

 

 

 

 

 

There are several studies in the literature about the application of Lean Thinking in the health sector. Moraros et al. 

[5] and Rosa et al. [6] studied the improvements associated with the application of Lean in hospital management. 

Pharmaceutical companies also have been applying Lean concepts, for the improvement of their processes [7] and 

Garza-Reyes et al. studied the Lean implementation in European pharmaceutical laboratories [8].     

In the present work we intend to develop a "Kanban Algorithm", which allows a replenishment adjusted to the reality 

and needs of Company H and thus, guarantees an improvement in the stock replenishment activity at the picking 

locations. Since the replenishment and picking operations are currently done empirically by employees, the 

efficiency and effectiveness of both operations are being compromised. Currently, it is verified that: (i) the time is 

spent in the replenishment of products whose minimum stock is sufficient to meet demand, at least until the next 
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Figure 1 Representative Scheme of the Company H Supply Chain. 



refueling period, and (ii) lack of product(s) in the picking location(s). Some studies on the replenishment process 

can be found in the literature. Gagliardi et al. studied the case of the largest supplier of "snack food" in the USA, 

regarding the space to allocate each product and the best replacement strategy to adopt [9]. Jeunet and Jonard 

studied the performance of different methods to determine lot-sizing in terms of cost and robustness in scenarios 

of demand variability [10]. Gardner Jr and Diaz-Saiz studied seasonality in automotive components demand, in 

order to promote a reduction of the safety stock [11]. De Toni and Zamolo studied the effect between the application 

of Vendor-Managed Inventory and the bullwhip effect in a store of electrical products [12]. 

2. Methodology 

 The work presented followed the steps of the methodology at Figure 2. In a first stage, the commercial sector of 

Company H, especially the pharmaceutical retail was explored. Secondly, Company H is introduced, the warehouse 

is presented and the operations and management that allow the flow of materials and information in the warehouse 

are described. In a third step, it is presented the state of the art where the main work themes are explored. The 

fourth step was characterized by the collection and analysis of data, essential for the development of the 

improvement proposal (at step 5), known as the "Kanban Algorithm". Next, the strategy for implementing the 

"Kanban Algorithm" (step 6) was elaborated. The efficiency of the Algorithm was tested in two "pilot" zones. Finally, 

step 7 is characterized by the analysis of results obtained after implementation of the "Kanban Algorithm" as well 

as by evaluation of the Developed Proposal. 

 

 

 

 

 

 

 

 

 

 

 

3. Data Collection and Analysis 

The various inputs that were perceived to be relevant, to know more in detail the case study, were grouped into five 

main "categories", related to: i) knowledge of the operations of the inbound to the outbound, ii) Storage - Layout 

and Maximum Storage Capacity per Location; iii) Time and Costs of the Replenishment Operation; iv) Orders and 

Sales and v) Seasonality. The collected data have two distinct origins: kindly provided by Company H and collected 

during journeys / observations in the gemba. The main data and results obtained are presented as follows.         
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Figure 2 Methodology used for the development of Present Work. 



3.1.  Layout and Maximum Storage Capacity per Location 

The Warehouse has 10,400 m2 with capacity for 22,000 references (with possibility of expansion to 26,500 

references). It is possible to distinguish two main picking zones: automated and manual. The latter one 

includes the products with large proportions, "controlled" and product that needs of refrigeration. For the 

purposes of Maximum Storage Capacity per Location calculation, it was noticed the need to section the 

warehouse in different zones, taking into account the type of storage system, the number of products per 

level and unitisation. Thus, 10 zones were differentiated, for which the storage capacity was calculated. It 

should be noted that we only considered 50% of the total volume of each location. Since there is a lot of 

variance associated with the size of boxes / products and the method of storage, once, the operator decides 

how to store the product. 

 

3.2. Replenishment Time and Costs 

The methodology used in the replenishment operation is quite variable, depending on the characteristics of 

the product and its location, the number of units needed, the availability and location of machinery (if 

necessary) and the period of the day. After the analysis of the collected operating times, it was concluded 

that the average times of operation vary from 0.47 to 3.56 minutes. And it may take another 1 to 2 minutes 

if the operation is performed during the picking and expedition period. Multiplying the operating times by the 

cost of the operator to the Company, it was determined that the refuelling operation could amount to between 

0.95 and 1.01 € / minute. 

 

3.3. Orders and Sales  

The study carried out in this section aimed to better understand the Company H environment in terms of 

sales and orders. It was intended to acquire knowledge about the profile of activities of the warehouse, taking 

into account i) the consumer profile (Order Mix Distribution), ii) product activity profile (through: Distribution, 

Cube Movement Distribution and Demand Variability Distribution) and iii) periods of seasonal sales. These 

analyses allowed necessary information to calculate the minimum stock levels required and adjust the 

developed proposal, taking into account possible specific needs. For these analyses, data from 2015 and 

2016 were used. 

Company H sold in 2015, 79240302 units compared to a sales volume in 2016 of 37457537, thus a decrease 

of approximately 53%. Regarding the number of quarterly orders, in 2015 a total of 3462850 was made, 

compared to 2776420 during 2016. These represents a reduction of approximately 20% between the two 

years. The quarters do not present discrepancies as to the relevance they have for total orders and annual 

sales. It is also verified that the number of SKUs with sales records does not suffer a significant variance 

between quarters. 

The results obtained regarding the Volume Profile, show that 45% of the stored SKUs had annual sales of 

100 units or less and only 79 SKUs register sales over than 50,000 units. It is verified that more SKUs are 

sold during the 2º fortnight of each month, however, the volume of sales during the first fortnight is higher. It 

is verified that 20.53% of the total SKUs sold, have higher sales during the first fortnight.  



The analysis of the Order Profile allowed us to infer the location of the references sold: 18 396 references 

are in the manual line, 8483 in the automatic picking zone and 163 are refrigerated products. It is also verified 

that 60.02% of products are ordered at least once, per quarter of the year. The average number of Orders 

per month is similar. 

Subsequently an ABC Analysis was carried out regarding sales volume and number of orders. Regarding 

the volume of sales, the main results are presented in Table 1. It is verified that most "A" products as well 

as "B" are found in the automatic zone, while "C" products are mostly in the manual line. "A" products sell 

81% more than "B". More detailed analysis by quarter and fortnight revealed that: The location of SKUs per 

class does not vary quarterly and each class of product sold appreciably over 14% during the second 

fortnight. 

 

 

Class 

Number of SKUs per Location 

Total Sales 
Automatic 

Picking Zone 

Manual 

Picking Zone 

Refrigerated 

Products Total 

A 1970 307 31 2308 63383270 

B 1904 1820 49 3773 11891723 

C 4300 15 937 94 20 331 3962092 

  

Regarding the ABC Analysis for number of Orders, the results obtained are shown in Table 2. Comparatively 

to Table 1, there is a greater number of products classified as "A", which suggests that exists a mix in the 

orders carried out. It can be observed that the products of Manual line are the most requested and to highlight 

a large number of "C" products in the automatic picking zone. Also, more detailed analyses were performed 

for the number of orders per quarter, concluding that there is no significant variation in the number of SKUs 

at each location. 

 

 

Class 

Number of SKUs per Location 

Automatic 

Picking Zone 

Manual 

Picking Zone 

Refrigerated 

Products Total  

A 3885 5146 96 9127 

B 86 4334 38 4458 

C 4355 38 26 13 033 

Table 1 Number of SKUs per Location and Total Sales, according to ABC Classification, 
related to Number of Units Sold 

Table 2 Number of SKUs per Location and Total Sales, according to ABC Classification, 
related to Number of Orders. 



Since the data used for analysis reflect the sales made during a past year and Company H underwent 

restructuring, due to the change of facilities, we was intended to perceive the current scenario. Thus, an 

analysis was made of sales for the past three months elapsed during this study. Comparing the ABC 

analyses for sales volume for the period of 2017, with the historic data analysed, we can verify: i) greater 

number of SKUs "A" in the automatic zone as well as in the manual line, ii) decrease of products "B" and "C" 

"In the automatic zone and iii) there is a total increase of" A "products and a decrease of" C "products. 

However, although this is a trend based on a sample with a shorter time horizon, the results align with the 

expected for the new warehouse. Regarding the biweekly sales volume, it was verified that in the first 

fortnight it sold more 117,604 units, however, in the second fortnight it registered another 1099 references 

of products sold. The ABC Analysis for number of orders corroborates these results. Taking into account the 

results it can be concluded that the historical data analysed remain representative of Company H reality. 

However, the change of facilities of Company H had a positive effect on the location of the products. 

 

        3.4. Seasonality 

The pharmaceutical sector, particularly the retailers that are further down the value chain, are strongly 

affected by the seasonality of products acquisition. Thus, it was noticed the need to study how seasonality 

affected the sales of Company H and how an Index could be developed to allow update the calculated stock 

needs, for each product. It was verified that the percentage of products to be updated is quite similar between 

the quarters, with the average of updating upwards of the minimum quantity of stock calculated, of 42.18% 

(and deviation of 2.22%). For products that are scaled down to smaller minimum quantities, the average is 

35.11% (and 2.75% deviation). Regarding the Seasonality Index, it was determined that this would be 

calculated from the following steps [13] [14]: 

1) Calculation of Annual Sales Average (separately for each year):  

                                              µannual sales =
∑ 𝑎𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑙𝑒𝑠 

Nº orders of Annual Sales
  

2) Calculation of % Sales, for all quarters of 2015 and 2016:  

                                                           % sales =  
Quarterly Sales

µannual sales
                                                                            (2)                                                 

3) Calculation of Seasonal Index, Si: 

 

                                           Si = µ( % quarterly sales 2015; %quarterly sales 2016)                            (3) 

 

4. Kanban Algorithm Development 

After the data analysis, the Algorithm was developed, allowing to answer the presented problem. Thus, the 

objective is to answer the questions: "when?" And "in what quantity should the collaborator supply the picking 

locations?". To do this, the first step would be to set the minimum quantities needed to meet demand for a 

certain number of hours per day. Having as goal the application of the Algorithm that was to be developed, 

to all the storage areas and considering how the Company H will manage the new methodology, it was 

necessary to understand the applicability of a probabilistic distribution that would support the calculation of 

the number of minimum units of product to have in the picking location. Given the characteristics of the data 

(1) 

 



under analysis and the conclusions drawn from reading the literature: [15], [16], [17], [18]; we decided to 

study the adjustment of the normal distribution to the case under study. The Normal Distribution can be used 

to calculate the minimum quantity of stock, to satisfy a given service-level, through the expression [18]:  

                                                                           SF= µ+(z*σ)                                                              (4) 

Where: SF is the minimum quantity needed of the product to meet the needs, acquiring the Safety Stock 

designation; µ is average sales; σ is standard deviation of sales and z is the Service Level Factor. The value 

of z is intrinsically related, with the Service Level at which the Company will operate. Company H stated its 

willingness to assume a 95% Service Level, which corresponds to a value of z equal to 1.65 [18] [19]. 

Formula (4) needs to be adjusted for the calculation of the minimum quantity of the product that meets the 

demand: during a defined interval (hours) and taking into account the seasonality index calculated. Thus, 

the minimum stock calculation comes:  

                   Minimum =
[(SF per hour)×Si]×HC

NUC
  with  𝑆𝐹 =  µ + (𝑧 ∗ 𝜎) e  𝑧 = 1,65                           (4) 

 

Where:  SF is Safety Stock, Si is Seasonal Index, HC is related to hours of consumption for which the 

minimum will have to be sufficient and NUC is the number units per standard box (from the laboratory).   

After a scenario study, it was determined that the minimum stock should respond to 5 hours of work in 

Company H. The Kanban calculation is done by:  

                                               Kanban = Maximum − Minimum                                (5) 

Where Maximum refers to the number of boxes or maximum units that the location of the product allows to 

store. Such data is calculated by volume, taking into account the volume of location and packet. Thus, the 

maximum comes:  

                                                         NR =  
[(SF per day)×Si]

NUC

Kanban
                                                                                  (6) 

After data analysis, data collection and development of the "Kanban Algorithm", it was implemented and 

validated. 

 

5. Implementation e Validation of Kanban Algorithm 

The implementation of the "Kanban Algorithm", respected several steps that will be explained: 1) Definition 

of the location and temporal characteristics of the pilot test. That is, proceed to choose the zones where the 

algorithm would be initially applied, as well as stipulate the duration of the study; 2) Study of implementation 

methodology in gemba; 3) Meeting with the operators to pass some instructions and collect their feedbacks; 

4) Monitoring of the current situation in each selected area before implementation; 5) Algorithm 

implementation in the Gemba and 6) Monitoring the replenishment operation using Kanbans; 

After the study (step 2) of the best methodology for the implementation in the gemba, it was decided to use 

orange painted pendulums, since the tests with the operators showed that this is the best option. Although 

the pendulums already allow the identification of the minimum quantities required we verified that they could 

fall from the location, with the movement of the boxes and on the other hand, was intended provide / test the 



introduction of cards, placed in each location in the rear zone of the rack, together with the pendulums. The 

cards would function as an additional mechanism of transmission of information and on the other hand, could 

contribute to increase the efficiency of operations. Thus, a card layout was developed for Company H, which 

meets the following characteristics: it contains only the minimum information in order to be clearly visible 

and easy to understand; they are optimized in size so that the visualization of the information is not 

compromised and to avoid de movement of the cards as the boxes move. They also have the barcode of 

each product in the centre, in order to facilitate the scanning and recording of the movement of stock. Figure 

3 shows the "before" and "after" of new developed methodology, in one of the pilot zones. In Figure 4 it can 

be seen how the "set" of the two proposed mechanisms (pendulums and cards) was implanted. In this 

example, it is verified that the pendulum is "active", which indicates a need for stock replenishment. This 

need is well visible from the place where the refuelling will be carried out. 

 

  

A B 

Figure 3 Implementation of the Project. In A) Area before Project Implementation 
and in B) After Implementation (Example of Manual Line), with some of the cards 

highlighted by arrows. 

Figure 4 The two systems implemented: Pendulum and Kanban Card.  



6. Data Analysis and Validation 

The methodology developed with the introduction of pendulums and "Kanban cards" proved to be effective 

and easy to implement in gemba. The developed proposal was successfully tested in two "pilot" areas of the 

warehouse, both in the manual and automated storage areas. It is concluded that the "Kanban Algorithm" 

allowed a reduction of 27% and 85% of references restocked in the manual and automatic zones, 

respectively. With regard to the time spent in the operation, the algorithm allowed a reduction of: 32% and 

68%, respectively, in the manual line and in the automatic zone. 

7. Conclusions and Future Work  

Company H is in a demanding market both from the point of view of competition and from the level of service 

it must provide to the customer. Therefore, the optimization of its processes not only allows to increase its 

efficiency but also enables a saving of resources: material, human and temporal. 

Currently, the replenishment process is carried out in an empirical way, becoming dependent on the 

sensitivity and knowledge of the operators, regarding the minimum stock requirements. Thus, the challenge 

launched by Company H was to optimize its replenishment process, in the light of a Lean thinking. Thus, a 

study was conducted that led to the present work and culminated in the presentation of an improvement 

proposal, named "Kanban Algorithm". In order to elaborate such proposal, we understood the operations of 

the inbound to the outbound of the company, acquired knowledge about the layout and the management of 

the warehouse in study, obtained information from the employees that are in the gemba and made a data 

analysis of Company H. The Algorithm designed is associated to the normal probabilistic distribution, has 

an index that will allow to respond to fluctuations, due to seasonal phenomena and is dimensioned to 

guarantee the existence of enough stock to face 5 hours of work. Although it has been concluded that this 

would be the best scenario (guaranteeing 4 hours of work and 1 hour of buffer), the Algorithm can easily be 

adjusted to another scenario if there is a strategic advantage. 

Once the "Kanban Algorithm" presented to the company was approved, it was implemented in "pilot" zones. 

The results show that: i) the Algorithm allowed to reduce the number of references replenished and the time 

of operation, in both zones of the warehouse (manual and automatic). Without the stock outs during the 

picking, and ii) the methodology presented to Company H based on the use of pendulums and kanban cards 

in the product locations, proved to be efficient and a good solution for dynamic racks. Thus, it was concluded 

that the proposal, developed for the reality of operations and management of Company H, makes it possible 

to bridge the efficiency gap in its replenishment process, by answering the following questions: i) when and 

in what quantity should the replenishment will be done, of each product in storage and ii) when and in what 

index should be Algorithm updated. However, it is important to emphasize the importance of the periodic 

revision of the developed Algorithm, in order to reflect the products present in the warehouse and the 

minimum stock quantities required. 

In the future it would be interesting to extend the project implementation to all other areas of the warehouse. 

On the other hand, the establishment of replenishment routes, in order to reduce travel times, would be an 

interesting complement, which would result in a positive synergy with the proposal developed. It is thought 

that it would be equally relevant for the promotion of continuous improvement in Company H to carry out a 

detailed study on the seasonality of its products. This would allow a stock adjustment upstream of the 

company's value chain. At this level are several examples in the literature and manuals, which are leave as 

suggestion: Papana et al. study the consumption associated with seasonal phenomena associated with a 



drug used in a Greek hospital [20]; Gardner et al.[11]  have developed a procedure for analyzing the demand 

for auto parts at a distributor in the United States and also suggest the use of additive seasonal models since 

they are more robust to handle outliers; the Hungarian Statistics Center has developed a handbook entitled 

"Seasonal Adjustment Methods and Practices" [21] which may start as a highlight for the proposed 

seasonality study. 
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