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The research comprises three purposes: 1). to explore the current situation 

on inventory management in hospitals;  2). to develop an effective VMI model for a 

hospital, and 3). to evaluate the financial impact of the VMI model. This article 

studies the medicine selection, procurement, and inventory management theme of the 

in-depth interview data analysis. The current situation analysis reveals that there are 

two main issues of the current medicine supply chain management. This article 

analyzes the limitation following the USAID VMI model development guideline. The 

researcher suggests developing the 3rd Party Managed Inventory Services (3MIS) 

model to solve the issue found in the situation analysis. The 3MIS model is developed 

to assume that the third party is set as the intermediated role. Financial impact 

assessment aims at comparing costs between the current situation model and the 

VMI-based supply chain management models. This study would focus on 

procurement and inventory management activities. The study calculates costs using 

the traditional costing system, lists the activities in medicine supply chain 

management. The financial assessment reveals that the VMI-based model wastes less 

cost compare with the current situation. The research also considers cost categories 

changing. The total process cost of the first year is different, about 20 million THB. 

The total procurement cost between the two scenarios is similar. The current scenario 

shows the higher basic cost of the procurement activity. The VMI-based scenario 

reduces this type of cost on the assumption of reducing the resource used. However, 

the VMI scenario has a higher management cost. The increased management cost is 

based on the additional services from the vendor. The carrying cost of the VMI 

scenario is lower comparing with the current situation model. The lower carrying cost 

comes from lower average inventory. 
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CHAPTER I 

Introduction 

Background 

Drug expenditure in the United States of America (U.S.) healthcare system has been 

increasing with a more extensive growth ratio than other healthcare expenditures for 

decades (Hoffman., Li. et al. 2012). Aptel and colleagues (Aptel and Pourjalali 2001) 

noticed that healthcare services’ cost was increasing year after year. Most U.S. 

Hospitals have decided to reduce their services’ costs rather than raise their price. 

Hospitals have to review their service activities and transform the cost from each 

activity. Medicine inventory management is a targeted service activity most hospital 

aiming for cost reduction. After they categorize the activities as value-added or non-

value-added, carrying inventory cost was classified as non-value-added activity of 

which cost should be minimized to reduce the total cost.        

Thailand’s healthcare expenditure has been increasing, as reported by the World Health 

Organization (WHO). WHO presented that Thailand’s Total spending on health as a 

percentage of gross domestic product (GDP) in 2000 was 3.4%, 4.1% in 2011, and 3.8% 

in 2016 (WHO 2014). Sakulbumrungsil and colleagues (Sakulbumrungsil, 

Kessomboon et al. 2010) mentioned that Thailand’s drug consumed value was about 

145,000 billion Baht in 2011. Sooksriwong (Sooksriwong 2010) compared to 

Thailand’s drug consumption with total healthcare costs. The result showed that 

Thailand’s drug consumption was about 35% of the total healthcare cost. Continuously 

increasing healthcare expenditure, of which the majority was medicine consuming cost. 

Ministry of Public Health (MOPH) in Thailand announced a continuous policy on 

reducing medicine inventory management cost in hospitals since 2011 to present. The 
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Thai government still needs health facilities to balance optimizing management costs 

with efficient inventory management (MoPH. 2014).  

Healthcare facilities are composed of different departments, which are dispensing units, 

inventory management, laboratory unit, etc. These departments have to co-operate with 

other departments to provide healthcare services. Furthermore, each healthcare service 

requires specific materials to achieve the activities. The Healthcare supply management 

unit is responsible for supplying, allocating, and managing the facility’s resources. 

Drug supply chain management is an important part of health care facilities’ operation. 

It refers to drug management processes from procurement, inventory management, 

distribution with-in facility, and utilization.  Medicine supply chain management can 

be a hard job. Staffs that are responsible for this duty have to do most of the activities 

from purchasing and returning the order, checking stock, and allocating medicine to the 

dispensing unit (Julmon, Sirileartphaiboon et al. 2001, Awaya., Ohtaki. et al. 2005, 

Leaiddee 2010). There are some studies pointing out several problems related to drug 

inventory management in Thai hospitals. Nichapanit surveyed hospitals’ medicine 

supply chain problem in 2011. This study identified the hospitals which are able to 

follow MOPH’s medicine supply management plan. This survey found that 67.03% of 

all hospitals in Thailand could follow the government inventory management plan, 

79.61% could follow the government’s procurement plan, 79.30% could follow the 

government’s rational utilization plan (Nichpanit 2011). 

The drug inventory unit attempts to improve the unit’s performance balanced by 

minimizing the unit’s management cost. Although drug inventory units still face 

obstacles in the running activities. One major challenge is ineffective inventory 
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replenishment causing the high frequency of product shortage. Another problem is 

inefficient tracking of inventory age and expiration, leading to a high volume of expired 

products in the stock. These problems reflect that there are rooms for improvement in 

inventory control. Furthermore, some studies point out infrastructure problems in the 

system. There is no integrating inventory information between stakeholders, from intra 

organization level to the inter-organization level (MoPH. 2013, MoPH. 2014) . 

There are many approaches that are suggested to solve supply management problems. 

One of them is the Vendor Managed Inventory (VMI) concept. This dissertation would 

like to explore the drug inventory management system in the current situation. The 

researcher attempts to develop an efficient and effective drug inventory system based 

on vendor managed inventory approach and then assessed the financial impact of the 

system.  

Research objectives 

1. To explore the current situation on inventory management in hospitals. 

2. To develop an effective VMI model for a hospital. 

3. To evaluate the financial impact of the VMI model. 

Research questions 

The research questions of this dissertation include; 

Q1: What is the current practice of medicine supply chain in the provincial hospital? 

Q2: What are the obstacles and challenges of the current practice of medicine supply 

chain in the provincial hospital? 

Q3: What are the variables that indicate the efficiency of the supply chain system? 
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Q4: What is the impact value of the VMI-based supply chain system compared with the 

current supply chain system in the provincial hospital situation? 

Expected contribution 

The new inventory management system based on the VMI approach designed and 

developed from this study could benefit the medicine supply chain system for hospitals. 

The model could also increase medicine inventory management efficiency, which will 

minimize inventory control problems, the total cost of drug inventory management, and 

maximize the quality of patient care. 

Scope of study 

This study explores the medicine supply chain management in a provincial hospital. 

The medicine supply management in this research emphasizes the medicine 

procurement through medicine inventory management. The researcher explores the 

management system from medicine procurement in the hospital, medicine inventory 

management, and inventory problem management.   

The financial impact is analyzed from the hospital perspective. This study focuses on 

some activities of the medicine supply chain, which are drug procurement, drug 

inventory management, and drug distribution. 

Conceptual Framework  

The conceptual framework in exploring the current situation of drug supply chain 

management in the hospital in this dissertation is based on USAID delivers project 

guidelines (Watson., Noel. et al. 2012). The guideline provides a big picture of 

constructs that need to be concerned for the design of the supply chain system (shown 

in figure1.).  
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Figure  1 framework to explore and create a supply chain system 

These constructs are the core of the structure of in-depth interviews in the current 

situation exploration phase. The core concepts of the interview result are taken into 

account to create a new model of drug supply chain management in the hospital. The 

New model is discussed in the focus group to adjust for practicality for the actual 

setting. Then the current model and new model are compared by cost-benefit analysis 

approach.  The researcher transforms medicine supply chain activities into financial 

terms.  

Figure 2 details a big picture of relationship between partners. Hospitals receive the 

product from suppliers, stock them, and re-order them to replenish products. Hospitals 

and suppliers need to have procurement contact and agreement. They also need to 

communicate their information to make replenishment. Hospitals compose of two 

pharmacy departments, which are inventory management and dispensing unit. The 

inventory managed unit is responsible for stocking the medicine, maintain their quality, 
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and allocate them to the dispensing unit’s sub-stock. The dispensing unit is responsible 

for dispensing medicine with appropriate information to patients. The dispensing unit 

also has to manage its sub-stock by checking to maintain the medicine and send the  

requisition to the inventory unit.  

Figure  2: big picture of relationship between partners 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER II 

Literature Review 

 

Drug supply chain management 

Supply chain management (SCM) theory expands from a small angle, which considers 

only to the supply of the goods, to a bigger view, which considers material, information, 

financial flows. These flows should be a focus both within and between organizations 

(Marcelo Caldeira Pedroso and Nakano 2009). Supply Chain Management is one of the 

systems that support material and information management in organizations(Young 

Hae Lee, Min Kwan Cho et al. 2002). Usually, SCM is aimed to escalate the system’s 

efficiency, improve transport time and certainty of the system (Young Hae Lee, Min 

Kwan Cho et al. 2002, Marcelo Caldeira Pedroso and Nakano 2009).  

The goal of supply chain management is the smooth, seamless flow of goods, services, 

and information across the constituent organizations. 

The global supply chain forum develops the meaning of the term supply chain 

management as the integration of key business processes from end-user through 

original suppliers that provides products, services, and information that add value for 

customers and other stakeholders (Lambert, Cooper et al. 1998, Nyenwa. 2005). 

Suppose researchers apply the supply chain management definition from the global 

supply chain forum’s suggestion focusing on drug supply chain management. Drug 

supply chain management can be defined as a set of activities that aim at ensuring 

timely, availability, and appropriate use of safe, effective medicine.  

The drug supply chain system is involved with various stakeholders who are 

pharmaceutical suppliers, healthcare providers, payers, and patients (which could be 
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defined as the end-user). In general, the medicine supply chain cycle consists of four 

core processes which are drug selection, drug procurement, drug distribution, and drug 

utilization. World Health Organization (WHO) recommends including one more 

process, which is drug inventory management, to complete the medicine supply chain 

diagram (WHO 2015). Researchers had proposed many definitions and processes about 

the supply chain over the years. Few studies suggest that supply chain coordination 

should be included in supply chain management processes to achieve mutual goals (Li 

and Wang 2007, Arshinder, Kanda et al. 2008). 

Supply chain management knowledge is created from logistical experience since the 

1950s and sophisticated in 1970 (Khai-Loon Lee, Zulkifli Mohamed Udin et al. 2014). 

Researches clarify that industry usually adopts technology to support its supply chain 

system (Khai-Loon Lee, Zulkifli Mohamed Udin et al. 2014). Knowledge of supply 

chain technology increase the novel management approaches in logistic areas (Khai-

Loon Lee, Zulkifli Mohamed Udin et al. 2014). Studies define supply chain technology 

as an innovation tool that endorses to coordination circulate of information all over both 

internal and external chains to achieve the performance of business processes (Khai-

Loon Lee, Zulkifli Mohamed Udin et al. 2014).  In the beginning, the industry applies 

supply chain technology for only information management function. In the 1980s, 

application on supply chain technology was increasing include scanner system, 

electronic cash register, and just-in-time (JIT) (Akbar Javadian Kootanaee, K. 

Nagendra Babu et al. 2013, Khai-Loon Lee, Zulkifli Mohamed Udin et al. 2014). In the 

1990s, the industry use Vendor managed inventory (VMI), Electronic data interchange 

(EDI), continuous replenishment systems, and direct store delivery. Since the 2000s, 
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supply chain technology is highly adopted when the industry faces that supply chain 

technology helps to decrease costs.  

 

Figure  3 Drug supply chain system 

 

Approached support drug supply chain management 

1. Drug selection 

Drug selection can be defined in many scopes. It is the medicine selection process, 

consider drug safety, drug efficiency, and drug cost-effectiveness. In a big point of 

view, the drug selection process is drug selection into national guidelines and national 

essential medicine list. On other levels, drug selection could be medicine selection for 

healthcare facilities. Drug selection lists are a source of information for drug 

procurement activity.  Selection for procurement is important in rationalizing resources 

for vital products that should be available in the healthcare system (WHO 2015).  

2. Drug procurement 

The procurement process of medicine appears in many contexts. Drug procurement is 

a set of processes. The processes start with quantifying the medicine requirements 

process. Each medicine needs procurement approaches appropriately.  Furthermore, 
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Drug procurement is also included processes which involved assuring product quality, 

establishing contract agreement.  The major purpose of drug procurement is the 

reasonable price of medicine (WHO 1999, ASHP. 2015).  

Drug procurement comprises of complicated processes. These processes involved with 

many stakeholders, many rules, and conditions. WHO suggests that procurement 

should be consistent with national policy, national legal, and national medicine lists. 

There are many strategies that healthcare facilities try to implement to purchase drugs 

at reasonable prices. These strategies are different depending on national legal and 

product type conditions. Some strategies are simple processes that can be processed by 

the pharmacy department. On the other hand, some strategies are more complex, which 

need to collaborate with other stakeholders (WHO 1999, ASHP. 2015). American 

Society of Health-System Pharmacists (ASHP) suggests healthcare facilities consider 

costs thoroughly. The facility should take every cost, which occurs in every 

procurement step into account, not only focus on medicines’ prices. Cost containment 

variables basically are direct drug cost (dependent on utilized volume) and indirect cost 

(such as labor cost) (ASHP. 2015). There are five different methods of procurement, 

according to Regulation on procurement, 1992 B.E. (Prime Minister's office 1992).  

• Price agreement: this method should be applied in a condition in which hospitals 

purchase medicine from a private supplier. The purchased value couldn’t more 

than 100,000 Baht. This approach is quite convenient (Provincial Public Health 

Office 2014, WHO 2015).  

• Price inquiry: this method should be applied in the condition in which hospitals 

purchase medicine from a private supplier. The purchased value should be 
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between more than 100,000 Baht but not exceed 2 million Baht (Provincial 

Public Health Office 2014, WHO 2015).  

• Price bidding: this method should be applied in the condition which hospitals 

purchase medicine from a private supplier. The purchased value is more than 2 

million Baht (Provincial Public Health Office 2014, WHO 2015).  

• Special case method: this method should be applied in the condition which 

hospitals purchase medicine from government or private suppliers under 

district’ government law. The purchased budget is not limited (Provincial Public 

Health Office 2014, WHO 2015).  

• Special method: this method will be applied only in the case cannot practice in 

other methods (such as; urgency event) (Provincial Public Health Office 2014, 

WHO 2015). 

An electronic book chapter from Management sciences for health suggested that 

procurement cost is influenced by medicine unit price, holding cost, purchasing 

operation cost, and extra cost dealing with drug shortage. Medicine unit price is 

influenced by supplier competition. While total cost purchasing is depended on re-order 

frequency, procurement method. Furthermore, there are some of hidden costs which 

hidden explained in this book. The hidden cost is cost related to not obvious drug 

shortage. The hidden cost of procurement cost can be cost occur urgency if drug 

shortage occur, replacement cost from breakage product due to poor inventory 

management (Management sciences for health 2012).   

a. EOQ 
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One of decision maker tools which support supply chain management is Economic 

Order Quantity (EOQ) model. The concept of this model is that buyers have to pay for 

the products directly when receives products from a supplier (Mahata 2012). However, 

nowadays some suppliers allow buyers to compensate for product’s cost later in curtain 

time period. This time period is called trade credit period (Mahata 2012). There is no 

interest charged if buyers compensate within the credit period (Mahata 2012). 

Accordingly, buyers can make profit from products without interest charged within 

credit period. On the other hand, if buyers don’t compensate the cost within credit 

period, there would be interest charged under agreement (Mahata 2012).  

Chandra claimed that buyers maintain authorize to consider trade credit condition from 

suppliers (Mahata 2012). The research also recommend that the optimal replenish 

policy depend on trade credit period that suppliers present to buyers (Mahata 2012). 

However, researcher also suggest that EOQ is only theorems simulation which need 

management approaches to govern the system (Mahata 2012). Chiou and colleagues 

considered impact from supply chain network between single supplier and 

heterogeneous multi-buyers on EOQ assumption(Chiou, Yao et al. 2007).  This 

research decreased confounder factors which are uncertain demand, uncertain lead 

time, shortage event, cost parameter, and production capacity (Chiou, Yao et al. 2007). 

Chiou and colleagues suggest that supply chain network can provide benefit in 

coordination mechanism. The supplier present discount to reimburse the increasing cost 

if suppliers extend their production interval. This strategy inspires buyers to coordinate 

their replenishment policy by design their replenishment schedule. This study prove 
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that compensation from supplier can lead willingness to coordinate of buyers and effect 

to minimize cost in totally of network (Chiou, Yao et al. 2007).  

Chiou and colleagues create supply system which purposes to reduce total cost of the 

system. Chiou and colleagues apply basic concept of EOQ theory to create supply chain 

model. The result suggest that EOQ is a part of processes in supply chain management. 

Because of EOQ theory, custodian can determine based information in inventory 

management, which are re-order point, frequency to replenish, and re-order quantity. 

This information could transfer to the supplier to plan the supplier’s production. Chiou 

and colleagues also provide one important condition which is savings–sharing policy. 

The savings–sharing policy is an agreement between supplier and custodian. If 

custodian agrees to stipulate the replenishment schedule, the supplier would share a 

portion of the supplier’s saving to the custodian. This study suggests that the 

coordination procedure save the total cost of the system (Chuang-Chun Chiou, Ming-

Jong Yao et al. 2007).  

3. Drug distribution  

a. Vendor managed inventory 

Vendor-managed inventory (VMI) is operating model which different from traditional 

inventory management. Customers or custodians responsible in inventory control in the 

traditional inventory management. The customers set minimum stock quantities and 

time periods, and they will send the product requests to vendors when the need to fill 

up their inventory (pulled inventory system). While VMI is shift that responsibility to 

vendors or manufacturers. The vendors can decide to replenish products in customer’s 

inventory based on their agreement (Provincial Public Health Office 2014, WHO 2015).  
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The Continuous Replenishment Policy (CRP) was established concern on consumer 

demand in early 1990s.  The CRP system is considered as pull system. This pull system 

is known as alterative system push system. Constantly, inventory management 

authority shifts from custodian hand into supplier hand. Vendor-managed inventory is 

developed from Ace Hardware Corp retailer since 1987. Ace Hardware Corp has been 

communicated with company’s manufacturers through electronic data interchange 

(EDI).  

In 1999, Ace Corp began to implement software which support collaborative planning, 

forecasting and replenishment (CPFR) processes (Arshinder, Kanda et al. 2008). There 

are raising concern about lower supply chain cost and lift service quality recently. 

Firstly, just-in-time (JIT) approaches is created and implemented. The JIT is proved 

that these approaches can reduce inventory carrying cost. This stockless system can 

partial apply only in high volume product part. VMI is one of inventory management 

system which the product distributors agree to share sale information to vendors or 

manufacturers. VMI system would reduce stock checking step and re-order step. 

Furthermore, VMI support vendors and manufacturers in product demand foresting. 

Product demand information could be used in production or procurement planning 

(Cetinkaya and Lee). Benefits of VMI are decreasing error of product distributing data, 

communication between distributors and vendors would be faster (Cetinkaya and Lee). 

In grocery industry, the evidence demonstrates that VMI valuable enough for frozen 

food supply chain (Woo., Hsu. et al.). Hall also mention VMI model’s impact on supply 

chain. Hall mentioned that VMI implementation could reduce safety stock, because the 

supplier who is responsible to review product’s need, have to manage product 
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availability. If supplier can forecast product’s demand, they can produce or supply their 

product appropriately, without reserve high volume of product (Wadsworth). VMI 

relationship can be harder to enter into with manufacturers that have a lot of customers 

shed some light on the problem in their investigation of the vendors. They claim that 

one major challenge for manufacturing companies is that usually only part of their 

customer base is involved in vendor managed inventory. This means that the vendors 

need to set up their customers in a way that both VMI and non-vendor managed 

inventory customers simultaneously can be efficiently served; this is both hard and 

costly.  

The healthcare area also mentions VMI implementation. (Vikram Bhakoo, Prakash 

Singh et al. 2012) study inventory management based on the collaborative approaches 

in the Australian hospital supply chain .  The study suggested that product 

characteristics influent collaborative relationship development. (Cha-oncin 

Sooksriwong, Niti Osirisaku, Araya Sripairoj, & Maluangnon, 2018) assess and 

compares the outcomes from the Vendor Management Inventory (VMI) model between 

the warehouse and the dispensing rooms. The research compared pharmacy inventory 

value, service level, and days of stock. The study is located in a hospital case study. 

The research selected three groups of medicine to study, which are class A drugs 

(according to ABC analysis method), frequent out of stock medicine, and high used 

rated medicine. The study found that VMI implementation reduced the average 

inventory cost by reducing the stock day at the same service providing level.  (Watson., 

Noel. et al. 2012) present five VMI models in a public healthcare supply chain. Watson 

explains the 3rd Party Managed Inventory Services (3MIS) as an approach where the 
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third-party responsible for inventory management and related service. The case study 

in this article state that South Africa faces a high number of people living with HIV and 

AIDS. Approximately 800,000 patients currently receive antiretroviral therapy (ART), 

and the incident is around 30,000 per month. Africa National Ministry of Health 

(NMOH) managed the HIV relate service resource at ten provincial warehouses and 90 

hospitals. Normally, the U.S. Government assigned Supply Chain Management 

Systems (SCMS) responsible for providing procurement and technical support to the 

South African HIV and AIDS program. The SCMS approach played the role of as new 

third party participant for ARVs in South Africa to manage and outsourced 

procurement. The SCMS created relationships with the international network of 

suppliers, including access to information on competitive price and service offerings 

within the market. The benefits of the collaboration were a significant 53 percent 

reduction in cost savings (U.S.$630 million). The study also shows the 3MIS can reduce 

the leading time.  

b. Just in time inventory management (JIT) 

Just-In-Time (JIT) manufacturing is a Japanese management concept (Wadsworth). JIT 

is one of approaches that used in material planning (Vrat 2014). JIT concept is defined 

as planning the right items of the right quality and quantity in the right place and the 

right time (Wadsworth). Studies report that JIT application can increases in quality, 

productivity and efficiency, improved communication and decreases in costs and 

wastes (Wadsworth). JIT is introduced to use as a method involve reducing inventory 

level in Japan (Wadsworth). This concept support by reducing wastes and improving 
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product quality and efficiency of production. Furthermore, JIT inspire industry to 

manage limited resources available effectively (Wadsworth). 

4. Drug inventory  

Product inventory control involve many activity include product storing which define 

as keeping medicines in good condition throughout the drug supply cycle. Physical 

conditions and the storage procedures should be check in every step of the distribution. 

In addition, Inventory control also include keeping of product maintain in good 

condition and maintain the life of the medicines (Management sciences for health 2012, 

WHO 2015).  

Researches find that drug inventory part is one of the most important step of supply 

management system. Warehouse need appropriate environment control, which are 

temperature, light, humidity, sanitary, ventilation. In addition, drug warehouse should 

secure and limit accessibility (select only authorized person can access drug in 

warehouse) (Leaiddee 2010, WHO 2015).    WHO find that some staffs who responsible 

in inventory control system are unaware of the capacity of their warehouse. This 

unawareness could lead to in accurate quantity in procurement as forecasting because 

of calculating for product volume to fit the warehouse’s space incorrectly or planning 

delivery cycle incorrectly if they assume the capacity incorrectly. The good 

characteristics of warehouse are having separate space for product receiving, product 

storage, and expiry items’ storage. WHO survey finds that inventory equipment are 

often insufficient and sometimes this leading to wrong space of medicine storage 

because staffs have to keep that product in another space instead. They also suggest that 

the inventory unit staff has high workload on documentary. There are many paper 
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documents which have to be complete in procurement, storage, and inventory 

management activities. However, WHO researchers recommend inventory manager to 

consider some factors about medicine inventory financial which are budget, stock 

volume in every unit in facilities, utilization rate, Expected expired or breakage product 

loss. Utilization data should be basis data used in procurement planning in the 

organization. This data should be complete from every unit which involved in facilities 

supply system to support précised information (WHO 2015).  

a. ABC Analysis 

ABC-analysis categories products by item use’s frequency and their value. This 

approach can be called as “separating the vital few from the trivial many” because each 

category can cause an impact.    The first 10-15 percent of high cost items 

(approximately 70 % accumulation cost) are be categorized as A-products. B-products 

is average use and/or average cost items and the remaining 65-70 % of items which 

represent the low use and/or low cost (10% cost) are categorized in to C-products. The 

assignment of materials to the A product category was based on the annual department 

statistics of product use and consultations of purchasers and physicians. ABC-analysis 

is based on financial factors and product’s consumption rate. This concept sometime 

can be considered as limitation in health supply chain system because there are some 

exceptional medicine that essential for life saving but represent a low value (Clevert, 

Stickel et al. 2007, R, Devnani et al. 2010). 

b. VED analysis 

VED-analysis is another approaches that used to categorized item in health area. VED-

analysis concept is categorize medicine based on product’s critical value. There are 
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three categories in VED-analysis. The first category is very critical product which can 

be called as vital group. If there is any drug shortage event in vital category can cause 

serious result for patient’s life. The second group is essential category, which can be 

faced drug shortage in short period. The last group is desirable items which can be 

unavailable and not affect to patient service much (R, Devnani et al. 2010).  

c. XYZ analysis 

The XYZ-analysis is a method to classify products according to their variance of 

demand. X-products include all materials in which use is relatively constant and 

fluctuates only rarely. The probability of correct predictions is very high. Y-products 

comprise all items with substantial fluctuations in demand are for seasonal reasons or 

because of trends in product use. The probability of correct predictions is medium. Z-

products finally are all articles with highly irregular use. The reliability of predictions 

is low. XYZ-classification was also based on annual department statistics and 

information provided by buyers and physicians (Clevert, Stickel et al. 2007). 

d. ABC/VED combination analysis 

ABC/VED combination analysis can be called as ABC-VED matrix. This approach is 

combine two different inventory approaches together. The first category is represent all 

vital and high value products which are A.V., B.V., CV, A.E., A.D. groups. The second 

category is represent item E and B groups which are B.E., C.E., B.D. The last category 

is represent low value and desirable products (R, Devnani et al. 2010).  

Model Development and simulation analysis  

Constructs which need to be concern in supply chain model designing are suggest by 

USAID (Watson., Noel. et al. 2012). USAID deliver project suggests 4 constructs to be 
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considered in VMI-model designing step like show in figure 3 (Watson., Noel. et al. 

2012). These constructs compose 

 

Figure  4 constructions to design VMI-model 

 

1. Why supply chain is dysfunction 

Supply chain management system dysfunction can be addressed as inefficient 

in any process of supply chain management system. Supply chain design should 

explore dysfunction gap and detect causes of the dysfunction will useful to 

VMI-model design. If the hospital only lack of capability to complete the 

inventory management processes, the replenished model can be implement to 

improve the problems. If hospital lack of capabilities and lack of other resource, 

for example, the hospital also lack of warehouse space to keep product, then 

managed inventory service could be improve this situation. 

2. Product characteristic and supply network makeup 

USAID deliver project suggests that each product has different suitable 

environment to keep either in transportation step or keeping in warehouse step. 

Products which need basic condition only need replenished service model while 
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product which need special condition to keep such as hazard product or sensitive 

product would need inventory managed service.  

Furthermore, product demand characteristic also influences the choice of the 

model design. The more stable the demand, the more appropriate it is to use the 

replenished inventory models. If the demand of product isn’t stable, managed 

inventory service models tend to implement.  

3. Capabilities of potential VMI partners 

The capability of potential VMI partner will need the required capability for the 

every VMI model. The capability of potential VMI partner is include the ability 

to manage relationships with various stakeholders, to integrate inventory 

information system, to manage distribution, and to gain trust from the 

stakeholders.  

4. Country’s strategic direction for health systems and supply chain 

systems.  

The country’s strategic direction for health systems and supply chain systems 

represent choices about the ultimate makeup of these systems and the 

developmental directions that improvements in these systems will follow. 

Every supply activity causes expenditures. The procurement process is composed of 

medicine’s unit price, procurement operation cost. Medicine’s unit prices are depended 

on some factors. ASHP (ASHP. 2015) suggests that drug price is depended on re-order 

volume while the Management sciences for health (Management sciences for health 

2012) suggested that medicine unit price is influence by supplier competition. They 
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mentioned if there are more than five suppliers selling same generic medicine, there 

will be competition. Hospital supply chain management process is composed of many 

steps. At the beginning, hospital procurement team reviews the product which need to 

purchase. After hospital select supplier and do price agreement with suppliers, they will 

process procurement operation. If procurement operation is complete, suppliers 

transport product to hospital. The inventory unit receive product, keep product 

(maintain products’ quality), allocate product to distribution units’ sub-stocks, do stock 

checking, and replenish them through procurement process. The activities in to 

financial cost in each process.   

One of effective analysis tool in supply chain areas is simulation. Simulation approach 

can perform in planning process to optimize local supply chain system (Woo., Hsu. et 

al.). There are three type of models used in simulation method which are Discrete-event 

simulation (DES), system dynamics (S.D.), and combined DES-SD model. These 

models are tool help to simulate logistics and supply chain management (LSCM) and 

support decision support systems (Smaros., Lehtonen. et al.). One research suggested 

that DES and S.D. was created in the late 1950s (Smaros., Lehtonen. et al.). DES and 

S.D. are different method, the study focus on problem of model. Most studies suggest 

that DES is preferred for modelling at an operational and tactical level, whereas S.D. is 

preferred to problem at strategic level. In case of similar scenarios occur in these two 

models. The models could generate similar results. In general simulation models are 

usually created mimic system to understand processes of the actual systems and to 

analyze model’s performance under different scenario. DES model is a system 

combined from queues and activities, where state changes occur at discrete points of 
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time. On the other hand, S.D. model is a system combined set of stocks and flows where 

the state changes appear consecutively over time. In DES, variables are performed 

individually. In different scenario, the attributes are assigned to each variable to impose 

the model’s activities in the simulation. In SD model, individual variables are 

performed as a continuous quantity. While DES models are stochastic in nature, where 

randomness is generated through using statistical distributions, S.D. models are usually 

use average values to present variables. In DES, the state changes in discrete time steps 

while in S.D. state changes continuously. While DES is usually used in the operational 

or tactical level, S.D. model is mostly performed strategic issues and policy analysis 

(Smaros., Lehtonen. et al.). 

Variables that involved in the supply chain management 

Inventory Turnover rate (ITR) 

Usually, Inventory Turnover use in terms of logistics and supply chain. But sometimes 

use in the terms of marketing or the stock market. Possibly says the Inventory turnover 

rate is the measuring ratio between the cost of goods sold and inventory value shows 

the times of inventory can be sold in an accounting period. Inventory turnover shows a 

period of organizations ability to turnover in a period. Mostly, calculate by 1 year 

period.  The calculation base on the following :   

Inventory Turnover  = Cost of Goods sold (COGS) / Average Inventory  (Avg. 

Inventory) 

Average Inventory = (Avg. Inventory) = (Beginning inventory + Ending Inventory)/2 

If the Average inventory is from the balance sheet, must use averages of (early year + 

late-year /2). The cost from income statements can be used as it is because it is the 
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average that covers throughout the year. Mostly, The average is used in a way to make 

data more statistic, Suitable for budget analysis without insight data. In case using at a 

time data to analyze without average, It will provide a number that must be insight 

analysis of causing increase or decrease. Such as the promotion of each product, a Large 

number of product in stock because of  longer period of import product or period to 

remain large number of product in stock. Cost of Goods Sold - An accountant is 

working on the Cost of Goods Sold record, which shows correctly cost to calculate 

selling profit and to estimate inventory value. Cost of Goods sold must include all 

expenses until product has been received and ready to sell. There are many ways 

following:      

1. Costing product by value of product +  raw material price 

2. The cost accusations such as management cost, delivery cost, tax, Product 

insurance. Which determined by conditions of receiving product 

3. The cost of discounts, discounts must be included in the product price. For a 

cash discount must be recorded separately for accurate cost of Good sold 

4. Conversion cost to make the product ready to sale or finished 

5. Others 

Inventory valuation methods 

1.Cost price - valuate product price according to buying price 

2.Standard cost for business with pre-production plan 

3. estimate inventory value according to balance sheet 
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At times may using different methods at once to compare and search for suitable date 

because in each method gives various calculation value. In case of comparison between 

organisations, please examine and using same unit in  inventory valuation before start 

comparing process. 

Inventory Turnover means 

In case of high inventory turnover means business has good ability in selling products. 

Good turnover of product and cash flow. In case of low inventory turnover means 

business cannot sell products. There is no product turnover and cash flow is in bad 

condition. In case of too high inventory turnover can be disadvantage at some point. 

Because it can cause problem when inventory is too low and not enough to sell or 

deliver to customers. Which causing possibility of losing them in future. Inventory 

turnover tells about demanding of the product in market. At times, inventory turnover 

rate is low means products is hardly sold and causing high inventory. In case of low 

inventory turnover rate means this product is sold or disposed. Highly demand and there 

is no need to stock a lot of products. This rate is highly important for business that has 

margin or low profit. In case, having fuel business. Which loan is needed, The inventory 

turnover rate must be high. For the business that needs primary profit at 20-30% should 

be considered turnover above at 5-6 or higher for that can shows ability to distribute to 

costumers of the business and decreases in product tenure. 

The literature review conclude that Vendor managed inventory is apply to various of 

the industry. The previous suggest that VMI based concept affect to the cost reducing, 

performance improvement. However, there are rarely study identify the specific or VMI 

model development in the healthcare area. This study review and found the USAID 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

37 

 

 

guideline of VMI development model in public health. This knowledge is specifically 

mention in this research.  

Drug supply chain management 

Supply chain management (SCM) theory expands from a small angle, which considers 

only to the supply of the goods, to a bigger view, which considers material, information, 

financial flows. These flows should be a focus both within and between organizations 

(Marcelo Caldeira Pedroso and Nakano 2009, Wirtz, Forsythe et al. 2009). Supply 

Chain Management is one of the systems that support material and information 

management in organizations (Young Hae Lee, Min Kwan Cho et al. 2002). Usually, 

SCM is aimed to escalate the system’s efficiency, improve transport time and certainty 

of the system (Young Hae Lee, Min Kwan Cho et al. 2002, Marcelo Caldeira Pedroso 

and Nakano 2009).  

The goal of supply chain management is the smooth, seamless flow of goods, services, 

and information across the constituent organizations. 

The global supply chain forum develops the meaning of the term supply chain 

management as the integration of key business processes from end-user through 

original suppliers that provides products, services, and information that add value for 

customers and other stakeholders (Lambert, Cooper et al. 1998, Nyenwa. 2005). 

Suppose researchers apply the supply chain management definition from the global 

supply chain forum’s suggestion focusing on drug supply chain management. Drug 

supply chain management can be defined as a set of activities that aim at ensuring 

timely, availability, and appropriate use of safe, effective medicine.  
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The drug supply chain system is involved with various stakeholders who are 

pharmaceutical suppliers, healthcare providers, payers, and patients (which could be 

defined as the end-user). In general, the medicine supply chain cycle consists of four 

core processes which are drug selection, drug procurement, drug distribution, and drug 

utilization. World Health Organization (WHO) recommends including one more 

process, which is drug inventory management, to complete the medicine supply chain 

diagram (WHO 2015). Researchers had proposed many definitions and processes about 

the supply chain over the years. Few studies suggest that supply chain coordination 

should be included in supply chain management processes to achieve mutual goals (Li 

and Wang 2007, Arshinder, Kanda et al. 2008). 

Supply chain management knowledge is created from logistical experience since the 

1950s and sophisticated in 1970. Researches clarify that industry usually adopts 

technology to support its supply chain system (Khai-Loon Lee, Zulkifli Mohamed Udin 

et al. 2014). Knowledge of supply chain technology increase the novel management 

approaches in logistic areas (Khai-Loon Lee, Zulkifli Mohamed Udin et al. 2014). 

Studies define supply chain technology as an innovation tool that endorses the 

coordination circulate of information all over both internal and external chains to 

achieve the performance of business processes (Khai-Loon Lee, Zulkifli Mohamed 

Udin et al. 2014).  In the beginning, the industry applies supply chain technology for 

only information management function. In the 1980s, the application on supply chain 

technology was increasing include the scanner system, electronic cash register, and just-

in-time (JIT) (Akbar Javadian Kootanaee, K. Nagendra Babu et al. 2013, Khai-Loon 

Lee, Zulkifli Mohamed Udin et al. 2014). In the 1990s, the industry use Vendor 
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managed inventory (VMI), Electronic data interchange (EDI), continuous 

replenishment systems, and direct store delivery. Since the 2000s, supply chain 

technology is highly adopted when the industry faces that supply chain technology 

helps to decrease costs.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER III 

Methodology 

This research focuses on three objectives. The researcher plans three phases to answer 

the objectives. This chapter describes the research plan to answer three purposes of the 

study.    

Definition of terms 

1. The supply chain system is the integration of key business processes from end-

user through original suppliers that provides medicines, services, and 

information that add value for customers and other stakeholders. This study 

scopes the end-users as the dispensing unit in the provincial hospital. The 

suppliers are the medicine vendors who have business contact with the hospital.  

2. The medicine supply chain management system is composed of four processes, 

which are drug procurement, drug inventory management, drug distribution, 

and problem management. These activities aim at ensuring timely, availability, 

and appropriate use of safe, effective medicine. This study focuses on medicine 

supply chain management within a provincial hospital.  

3. Drug procurement is a set of activities that aim to procure medicine at a 

reasonable price. These activities involve medicine requirements, select 

procurement approaches appropriately, create a procurement plan, establish 

contract agreement, and operate the procurement.   

4. Drug inventory management is a set of activities that aim to keep availability, 

quality, and condition of products at a reasonable cost. These activities involve 

setting up minimum/maximum volume of medicines, keeping medicine in 
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appropriated condition, checking stock, and managing the breakage/ expired/ 

product shortage situation. 

5. Drug distribution is a set of activities that aim to transport timely medicine and 

maintain the excellent condition of the product during transportation.  

6. Drug utilization is a set of activities that involve medicine used and dispensed. 

The data of these activities are collected as drug and system requirement and 

analyzed to forecast the demanding of products 

Study design 

This study is an analytical model study comparing the financial impact of a provincial 

hospital between the non-VMI inventory management system and the VMI inventory 

management system. There are three phases in the study. The first phase is situation 

analysis. The situation analysis process provides the current practice of hospital supply 

chain management. The new models of the hospital supply chain are developed based 

on VMI-theory in the second phase of the study. The practice is drawn into models. 

These activities are transformed into financial terms of two different inventory 

management models, which are traditional and VMI-based model.  

Study procedure 

There are three phases of the study 

1. Situation analysis  

This phase aims to explore the current situation of the medicine supply chain in the 

hospital. There are two steps in this study phase. 

1.1. In-depth interview  
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This step aims to explore the various current practices of different types of hospitals. 

The level of the hospital is the parameter indicated types of the participated 

hospitals. The researcher purposively selects participants for the in-depth interview.  

Sample group: Stakeholders who involve in the medicine supply chain systems 

include 

1. Policymaker representative: the researcher identifies a policymaker 

representative from Province Public Health Office (PPHO). The 

representative has experiences on the Group Purchasing Organization 

(GPO). The researcher interviews on following issues and the theme 

questions:  

a. The activities of the GPO  

b. The variables involved in the GPO process, which are the time taken 

of each process, the manpower, the cost of the process.   

2. Hospitals representatives: the study identifies nine pharmacists from seven 

hospitals. Informants must have experience on drug supply chain 

management in the hospital. The researcher conducts in-depth interviews 

with pharmacists working in the procurement, inventory management, and 

the dispensing unit, using semi-structured questions shown in appendix 1.  

There are few contacts between the researcher and the informants. During the first 

contact,  researcher introduces the participants on the essential information of the 

study, including the study objective, the interview objective, and the contribution 

of the interview result. The researcher inquires participants for their volunteer on 

the interview. After the individual agrees to interview, the second contact occurs by 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 43 

the electronic mails, containing the issues raised in the interview. The researcher 

also makes an appointment through the mail.  The researcher either meets 

participants in person or conducts phone interview. The researcher provides 

necessary information about the study and the confidential approaches of the study. 

The researcher asks permission to record the conversation between the interviews. 

The researcher conducts verbatim transcriptions from the voice record then 

analyzes using thematic analysis. The researcher collects data until the information 

is saturated. The data saturation is defined as there is no new code result from the 

interview. The analysis theme represents the current practices of the medicine 

supply chain in the hospitals and the problems of the current situation, following 

the VMI-model design of the USAID guideline.  The researcher summarizes the 

report into the flow chart model. This flow chart model is defined as “the current 

situation flow chart model” The flow chart model comprises the details of supply 

chain practices in the hospitals. 

1.2.      On-sight observation of the case study hospital 

This step aims to explore the current practice of the medicine supply chain 

management of the case study hospital. The researcher recruits the volunteered 

hospital purposively as the case study. There are several contacts between the 

researcher and the selected hospital. Firstly, the researcher contacts to introduce the 

essential information of the study, including the study objective, the observation 

objectives, and the contribution of the study result. The researcher inquires the 

hospital representative for their volunteer as the informant. After the hospital 

representative agrees to participate in the research, the second contact occurs by the 
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electronic mails. The mail contains the issues raised during the first meeting, the 

stakeholder involved in the scope of the study, and the research ethical approved 

letter. The researcher also makes an appointment through the mail.  

The study observation starts with the meeting between the researcher and the 

hospital representatives. The informants read the summary result of the medicine 

supply chain management from the phase one. The informants provide the opinions 

on the current situation flow chart model compared to the case study hospital. The 

researcher conducts additional interview on the following issues.     

a. The current relationship between vendor/ distributor and hospital 

b. Number of vendor / distributor which the hospital has contact with 

c. Problems that occur between the contact and how the procurement unit 

deals with the problems.  

d. Concerned conditions related to supply chain processes (drug 

procurement, drug inventory management, and drug distribution) 

e. Concerned conditions in drug procurement processes 

i. procured method selection (ratio of each procured methods, 

values of each method) 

ii. Order quantity determination  

iii. Product demand characteristics 

f. Concerned conditions in drug inventory management processes 

i. The ratio of product which needs the special environment  

ii. Frequency of product shortage/ expired/ breakage incident.  

iii. How the stakeholders manage product shortage/ expired/ 

breakage incident 
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g. Challenges in supply chain processes (drug procurement, drug 

inventory management, and drug distribution) 

Furthermore, the researcher requests for the hospital inventory data of the 2018 fiscal 

year.  The data comprises supply chain practice variables as following. 

Table  1: The definition of a variable in the study database 

Variable  Definition 

Drug name  The name of the medicine in the hospital drug list 

The volume of items at the 

beginning of the fiscal year 

The volume of each medicine counted at the beginning of 

the fiscal year time point.  

The volume of items at the 

end of the fiscal year 

The volume of each medicine counted at the end of the 

fiscal year time point. 

Average inventory volume 

of each item 

The average volume of each medicine counted at any time 

point. 

Average inventory value of 

each item 

The average value of each medicine counted at any time 

point, calculated from the average inventory volume 

multiple with the unit price. 

Unit price The price of one unit  

Annual use rate   The used rate or the dispensing rate of each item per year 

Annual use value   
The used value of each item per year, calculated from the 

annual used rate multiple with the unit price 

 

There are two sets of the variable in the study. The first set is the fundamental variables, 

demonstrated the hospital utilized pattern. The second set is the forecasting and supply 

chain model characteristics, which are the minimum stock, the maximum stock, the re-
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order point, the volume of the order. Every variable is subsequently converted into the 

mathematical model  which is defined as “the current situation mathematical model.” 

The management of the received hospital inventory data comprises several steps. 

1. Clean the data  

The researcher screens the data and organizes them into the analyzed 

pattern. This step emphasizes on organizing the fundamental variables. The 

imputation of the missing data is conducted afterward.  

2. Enrich the data 

The researcher defines the forecasted variables and related variables. The 

researcher recapitulates the definitions as following.  

• Safety stock is a volume of the inventory held by the hospital, as the buffer, 

to reduce the risk that the item will be out of stock. The safety stock level 

depends on the used rate. The item with a higher used rate should be held 

more than the lower used rated item. Pharmacist usually applies the daily 

used rate as the primary variable of safety stock calculation. The researcher 

calculates the daily used rate derived from the medicine annual used rate, 

which is informed by the case study hospital. The researcher computes the 

safety stock level using the equation listed in the table below. This study 

targets the hospital warehouse study, assume that the hospital determines 

the same safety stock for every item. The safety stock levels vary according 

to the medicine used rate.  

• The re-order point is the inventory level, which is set as the signals to 

replenish the items of medicine. The re-order point needs to consider the 
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order lead time and the quantity required for the safety stock. Also called 

re-order level, re-order quantity, or replenishment order quantity.  

• The leading time is defined as the time counted from the beginning of the 

procurement process through receiving medicine into the warehouse.  

• The minimum stock level is the least volume of medicine at a specific time. 

The study defined the minimum stock level as the buffer stock level plus the 

re-order point level. 

• The maximum stock level is the max volume of medicine at a specific time. 

The study defined the minimum stock level as the buffer stock level plus the 

estimated procured volume. 

• The average stock level is the average stock level at any time in the fiscal 

year. 

• The estimated procured volume of the current practice is usually calculated 

from the monthly used rate multiple with three months. The calculation 

concept derives from the MOPH policy, determines the maximum procured 

level as three months of stock. This research uses this concept as the 

estimated procured volume of the current practice calculation.  

• The estimated procured volume of the VMI-based practice depends on the 

ITR. The higher ITR will procure less volume per time, on the same annual 

procured value per year.   

The researcher uses the equations shown in table 2 to calculate the forecasted 

variables.   
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Table  2: Equation used in the mathematical model calculation 

Variables Equation 

Safety stock level 
=U𝑠𝑒𝑑 𝑟𝑎𝑡𝑒 𝑝𝑒𝑟 𝑑𝑎𝑦 ×

 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑒𝑡𝑒𝑟𝑚𝑖𝑛𝑒𝑑 𝑑𝑎𝑦𝑠 

Re-order point = U𝑠𝑒𝑑 𝑟𝑎𝑡𝑒 𝑝𝑒𝑟 𝑑𝑎𝑦 ×  maximum l𝑒𝑎𝑑𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 

Minimum stock level (min) =𝑆𝑎𝑓𝑒𝑡𝑦 𝑠𝑡𝑜𝑐𝑘 + 𝑟𝑒𝑜𝑟𝑑𝑒𝑟 𝑝𝑜𝑖𝑛𝑡 

Maximum stock level 

(MAX) 
= 𝑆𝑎𝑓𝑒𝑡𝑦 𝑠𝑡𝑜𝑐𝑘 + 𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑝𝑟𝑜𝑐𝑢𝑟𝑒𝑚𝑒𝑛𝑡 𝑣𝑜𝑙𝑢𝑚𝑒 

Average stock level  = 
𝑀𝐴𝑋+𝑚𝑖𝑛

2
 

Estimated 
procurement 

volume 
*The procurement 
volume should be 
round up to the 
package 

Current 
situation 

= U𝑠𝑒𝑑 𝑟𝑎𝑡𝑒 𝑝𝑒𝑟 𝑚𝑜𝑛𝑡ℎ ×  3 (𝑚𝑜𝑛𝑡ℎ𝑠) 

VMI-based 
model 

= 
𝐴𝑐𝑡𝑢𝑎𝑙 𝑢𝑠𝑒𝑑 𝑣𝑜𝑙𝑢𝑚𝑒 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝐼𝑇𝑅
  

 

 

3. Creation and validation of the current situation model 

The researcher does the mathematical model validation by simulating all the 

variables and adjusting the result comparable to the actual data of the case study 

hospital. The parameters used in the model validation are the total annual 

medicine procurement and the average inventory value.    

2. Model development  

2.1 VMI-based model development 

The researcher develops the VMI-based model according to the USAID VMI 

design guideline. The researcher uses the situation analysis report as the primary 

information to develop the VMI-based model. The article develops both flow 

charts and mathematical VMI-based models.  

2.2. Model validation 

The researcher does the mathematical model validation by simulating all the 

variables and adjusting the result comparable to the actual data of the case study 
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hospital. The parameters used in the model validation are the total annual 

medicine procurement and the average inventory value. The VMI-based model 

results in the same values comparing to the current situation model.  

3. Financial Impact assessment 

Financial impact assessment aims at comparing costs between the current 

situation model and the VMI-based supply chain management models. This 

study focuses on procurement and inventory management activities. The study 

calculates costs using the traditional costing system, lists the activities in 

medicine supply chain management. The researcher fills the cost of each 

activity based on resource consumption and present as the financial values. Cost 

comparison analysis is applied in the simulation using Microsoft Excel 2016. 

The cost variables are shown in table 1. The study collects data from the fiscal 

year 2018 for the current system, while the VMI system is estimated according 

to the current system. Both models are simulated for ten years, with a 3% 

discount rate, from the hospital perspective. Sensitivity analysis will be run to 

measure the impact level of each variable. The sensitivity analysis result reveals 

factors having impact on the medicine supply in a health care facility and how 

they impact the system.  

The study identifies two sets of costs based on the supply chain management 

process. The first set is the procurement process, which comprises the basic cost 

of procurement activities, The General announcement and GPO method cost, 

The Specific selective process cost, Medicine investment value, and the 

Average Inventory value. The second set is the cost of the inventory 
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management process, which are carrying cost and the increasing management 

cost. The study lists the definition and calculated equation in the table 3. 

Table  3: The variable and the detail of variable calculation in the financial impact 

simulation 

The Variables Definition Calculated formula Source of data 

procurement process 

The basic cost of 

procurement 

activities 

The cost of the 

necessary 

procurement process 

means that all the 

items in the hospital 

need to use the 

procured cost in the 

procure sub-

department in the 

case study hospital.  

= number of the items that 

procure by in the hospital x 

times of procurement 1 x cost of 

the process2 

1. times of procurement 

is based on the model 

(use ITR value) 

2. cost of the process 

collected to form the 

in-depth interview 

The General 

announce and GPO 

method  

The cost of the 

General announces 

and GPO method 

purchasing method.  

= number of the items that 

procure by the General 

announce and GPO method x 

times of procurement 3 x cost of 

the process4 

3. times of The General 

announce, and GPO 

method collect to form 

the in-depth interview 

4. cost of the process 

collected to form the 

in-depth interview 

Specific selective 

process cost 

The cost of the 

Specific selective 

process. 

= number of the items that 

procure by the Specific selective 

process x times of procurement 

1x cost of the process5 

5. cost of the process 

collected to form the 

in-depth interview 

Medicine investment 

value 

The procured value 

per time 

= sum of the procure value per 

time in each model 
Model simulation 
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The Variables Definition Calculated formula Source of data 

Average Inventory 

value 

The average 

Inventory value 

= 
𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑉𝑎𝑙𝑢𝑒+𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑣𝑎𝑙𝑢𝑒

2
 Model simulation 

Inventory management process 

Carrying cost 

The cost of carrying 

the inventory in the 

warehouse, which 

includes the human 

resource, the 

maintenance process 

cost, and the 

problem 

management cost 

= 25% 1 of the average 

Inventory value 

Model simulation 

1. Holsenback, E. J., Henry J. 

McGill. (, 2007). A survey of 

inventory holding cost 

assessment and safety stock 

allocation. Academy of 

Accounting and Financial 

Studies Journal, 11(1), 111-

120. 

Increasing 

management cost 

The increasing cost 

in case of the VMI-

model vendors need 

to collect an extra 

fee 

= vary as the percentage of the 

procured value per time  
Model simulation 

 

Ethical considerations 

This dissertation proposal was submitted to the institutional review board (IRB), 

Chulalongkorn University. The data collection was conducted after the IRB approval. 

Before the invitation, all relevant participants, who are the pharmacists, are informed 

about the objectives and dissertation protocol by verbal explanation and printed 

documents. The participants have the right to decide to participate in the dissertation by 

themselves without convincing, deluding, intimidation, or penalty. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER IV 

Result and Discussion 

This chapter would like to report the result from the three phases of the study. The 

chapter would be divided into three parts according to the 3 phases of results, including 

situation analysis, model development, and financial assessment.  

1. Situation analysis 

In-depth interview:  

Characteristic of the informants 

The researcher does the in-depth interview with nine pharmacists who are 

involved in the supply chain management in the hospitals. The informants are 

anonymized according to participant confidentiality and presented as P1 

(Participant 1) to P9. There are two organizations that the informants represent. 

There are eight pharmacists represent the hospital. The last informant represents 

The Province Public Health Office (PPHO). The informant, experiences, and 

organization are shown in the table 4. 

Table  4: The characteristics of the in-depth interview participation 

. 
Informant 

Informants experience Hospital size (hospital beds) 

Average of 

total drug 

item in 

hospital 

(items) 

P1 
Dispensing and procurement 

and inventory management 

First level hospital (30 

hospital beds) 

N/A 

P2 
Procurement and inventory 

management 

First level hospital (30 

hospital beds) 
N/A 

P3 
Dispensing and procurement 

and inventory management 

First level hospital (120 

hospital beds) 

310 

P4 
Procurement and inventory 

management 

Provincial hospital (570 

hospital beds) 

N/A  
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. 
Informant 

Informants experience Hospital size (hospital beds) 

Average of 

total drug 

item in 

hospital 

(items) 

P5 
Procurement and inventory 

management 

Provincial hospital (900 

hospital beds) 

900-1,000 

P6 
Procurement and inventory 

management 

Provincial hospital (602 

hospital beds) 

895 

P7 Procurement unit 

Medical school hospital 

(>500 hospital bed with 

specialist and special 

treatment tech) 

2,000 

P8 Inventory management unit 

Medical school hospital 

(>500 hospital bed with 

specialist and special 

treatment tech) 

2,500 

P9 
Group Purchasing 

Organization 

The Province Public Health 

Office (PPHO) 

 

 

The theme of the analysis 

There are four main themes in the data analysis : drug selection, drug procurement, drug 

inventory management, and problem management. The study also provides the three 

sub-themes which based on the USAID VMI model development guideline.  

The current supply chain management 

The researcher considers the medical system based on WHO’s medicine system 

framework. This study defines the medicine supply chain management in hospitals as 

the activities of medicine supply from selection of medicine into hospital medicine list 

through the medicine warehouse inventory management. The medicine utilization is the 

step of medicine transition between two stakeholders. These two stakeholders are the 

healthcare provider as the hospital representation, and the patient. This study focuses 
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only on the medicine flow in the hospital, thus the medicine utilization process is cut 

off from the study scope. Original plan of the study only the medicine selection, 

procurement, and inventory management are the theme of the in-depth interview data 

analysis.  However, the researcher finds a significant step that needs to be described in 

this study, which is the inventory problem management processes. Thus, the problem 

management activity is added into the scope of the study. As problem management is a 

part of every function, the problem management is thus analyzed as the sub-theme 

under each major theme.  

 

 

Figure  5: The internal supply chain management activity 

 

The financial 

impact focus 

on this part 
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Medicine selection 

The Ministry of Public Health (MOPH) determines the conditions in the medicine 

selection process by determining appropriate item volume for each level of hospitals, 

the appropriated ratio of the original/ brand name drug and the generic drug. The 

selection item process is the decision process that many stakeholders would meet and 

discuss together. All informants inform the same process, which beginning by a 

physician who usually is the one who decides to prescribe the new medicine. The 

physician has to complete the petition document and submit it to the pharmacy 

department afterward.  

The Pharmacy Therapeutic Committee (PTC), which responsible for collecting the 

data, creating drug monographs. The drug monograph comprises drug name, indication, 

therapeutic mechanism, cost, effectiveness, and the forecasted used rate. A participant 

responsible for gathering drug monograph data mentioned that  

“Normally, we can request most of the data from the drug company representative. One 

of the important information is the mechanism of action of drug item which equivalent 

item is already existed in the hospital. Sometimes the PTC meeting discusses this 

issue.” 

In the PTC meeting, the stakeholders, who are physicians, nurses, and pharmacists, 

decide to add the individual item into the hospital drug list.  The informants revealed 

that the PTC committees meet at least one time a year. Most informants inform that the 

PTC meetings are held on the average 3-4 times per year. The criteria of decision divide 

into two categories. In case there is no existed drug in the specific indication in the 

current hospital drug list, the first new drug input mechanism will be applied. One of 
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the participants reveals that the PTC usually approves this kind of request. The second 

category is the replacement item. This category would mean that the offered item would 

be offered to replace the current item in the hospitals. If the meeting suggests adding 

this new item, the meeting committee needs to suggest excluding one of the current 

drugs. Typically, the replacement item would be the item that recommends the same 

indication with an additional benefit. P4 and P7 agree that the PTC determines the quota 

ratio of each department to make the drug selection petition.  

“The physician from different department take the turn to make the petition.” (P4) 

“The PTC meeting determine the quota of each therapeutic department to insert or 

replace the hospital drug list.” (P7)  

Figure  6: The drug selection process 

 

Drug procurement  

Drug procurement and inventory management usually are related processes. The big 

hospital would divide these two functions into two sub-departments under the pharmacy 
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department (P4, P5, P6, P7, and P8). There are one department and the same staff 

responsible for procurement and inventory management in the first level hospitals.  

The re-order point is the significant parameter that starts the procurement process. Most 

informants expressed that the hospital warehouse implements the computer software 

support the forecast the procured volume at a specific time—most informants, except 

P4, implement INV software in the procurement process. P4 hospital implements the 

extended version of HosXP software.  

The procurement pharmacist needs to select the appropriate procurement method. The 

informants acknowledge that the number of vendors is the factor considering the 

procurement method.  

According to the Public Procurement and supplies administration Act. B.E 2560, there 

are 3 procurement methods of medicine purchasing, which are the general 

announcement selection method, the selective process, the specific selection method. 

The procured method is selected based on the number of vendors and the situation.  

“The specific selection method is used during the emergency need; for example, there 

is a condition of shortage of the Rabies vaccine. The hospital used this procured method 

to procure the vaccine during the high incident of the Rabies.” (P5) 

“In case there is only one vendor, we apply the specific selection method. The selective 

process is applied when there are few vendors.” (P7)  

After completing the selection method, the hospital would proceed to order the list of 

items. One item could be ordered many times in a year with more than one type of 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 58 

procurement method. The P7 informs that the hospital needs to do joint medicine 

procurement.  

“While the general announcement selection method proceeds, which consume 3-4 

months to the process, the hospital needs to do the specific selection method to 

subsidize the demand of medicine.” (P7)  

P6 informs that “the hospital uses the selective process to procure most of the medicine 

in the hospital drug list because of time-consuming and the process limitation.”  

Informant explains that the Ministry of public health’s policy (MOPH) sets the 

maximum quantity per bill as for three months of stocks. As a result of this, most 

hospitals purchase for three months, in case of the total price, not over the total net cost 

of each method. In the specific method for high using rate drugs, set the maximum 

budget at 50,000 THB, but if the bill over 50,000 THB, the hospital will separate the 

bill.  

Details of process of 3 methods of medicine purchasing to hospital are explained. The 

3 methods include 1. The general announcement selection method 2. Selection method 

or selective process, and 3. specific selection method. 

The hospital will be considered a method of medicine purchasing by type of medical 

supplies, the numbers of suppliers of these medical supplies, and the quality or 

qualification of medical supplies which hospital required. Mostly, hospitals using the 

general announcement selection method for medicine purchasing to hospitals. This 

method can be done in 3 ways following:  
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1.1 e-market – This method is usually used for a distinct standard medicine 

purchasing, having simple information on products or services, including the 

registered products in the e-catalog. Hereby, the process requires that there must 

be the general invitation which takes three official days to invite the vendors to 

present qualifications and prices of products. Vendors can present using 2 

different ways, which are; submission of an offline quotation on a budget under 

500,000 - 5,000,000 THB or submission of a quotation by electronics bidding 

on a budget over 5,000,000 THB  

1.2 e-bidding – This method is usually used for unregistered products of the e-

catalog. In this way, vendors must bring taster products to demonstrate or test 

on the presentation day to submit the quotation.  

1.3 Price examination – This method is usually used for the case that hospital is 

located in a remote area, with limited access to the internet and will not be able 

to make any general invitation through the e-market  

In case the hospital uses the general announcement selection method but has no offer 

or has few vendors or there is an urgent matter to use the medicine, which is considered 

as a limitation of the general announcement selection method, the hospital can then use 

the selection method. This method will proceed whenever there are qualified vendors 

up to 2 and ask them to offer pricing and documents for medicine purchasing according 

to the urgent matter above. Finally, the process of purchasing by specific selection is 

the last method chosen by the hospital, in case of purchasing order, not over 500,000 

THB at a time or a specific trader has qualified by his/her products or will be able to 

manufacture that product for the hospital. 
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Furthermore, the hospital also implements the group purchasing organization (GPO) 

method. The provincial hospital leads the GPO process. P9 informs that the regional 

hospital network sets the GPO meeting on the average one time per 1-2 years. The 

informants acknowledge that the provincial hospitals take a turn to lead the GPO 

process. The GPO committee comprises the pharmacist from the lead province.  

“The GPO member comprise provincial hospitals and the district hospitals.” (P1) 

“I used to help the senior pharmacist, representative of the provincial hospital, to do the 

GPO method. Each time of the GPO process, the GPO committee was different based 

on the leaded province of the GPO committee” (P2). 

The hospital network usually holds three meetings for one GPO process. The first 

meeting complies information about the list of drugs. Each hospital prepares a list of 

the drug required to be bought using GPO process. The committee compiles all the list 

and procurement and vendor information. In the second meeting, each hospital receives 

a drug procurement list in detail, which company the contracts are made with, pricing 

of the previous fiscal year. When the meeting had agreed, each hospital must submit 

the quantity of each drug item to the GPO committee. The GPO committee will then 

collect all quantities and negotiate with the drug company as agreed. The company 

knows the list of hospitals in this agreement and gives the right to purchase at negotiated 

pricess. Each member of the GPO can make procurement directly to the partner 

company, which the company will deliver products to members directly. GPO 

committee is only responsible for compiling information and negotiates the right price. 
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After the hospital proceeds the procurement method,  the process would move to the 

inventory management process.  

 

Figure  7: Procurement process 
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Drug inventory management  

 

Figure  8 Inventory management process 

 

At the time the hospital has finished the agreement of purchasing. Vendors take 1-15 

days to deliver products. 

“The time of transportation pf product depends on the type of product. The fastest is 

around three days, in case there is the transportation hub of the vendor nearby. The 

average transported period is around seven days. The slowest time is around half of the 

month” (P3, hospital locates in the northeastern of Thailand) 

“I would say that the average of time transportation is five official days. The fastest 

mostly is one day” (P8, hospital locates in Bangkok) 
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The vendors transfer the medicines to the hospital through the hospital warehouse. The 

inventory staffs check the item detail accuracy by item identification, the volume of the 

item, and quality. The medicine would be store into inventory shelves. The staffs 

manage medicine based on the FIFO system (first in, first out). The item data, which 

are the received volume, lot number, manufacturer date, and expired date, are updated 

in the inventory data system. All hospitals use the combined method to manage the 

inventory. The hospital warehouses use computer software to track and forecast the 

item in the central warehouse. The program supports staff to track the item quantity, 

expired date, calculate the appropriate stock level, and predict the appropriate re-order 

point. The hospital inventory management unit distributes the medicine to dispensing 

units in a certain period, usually every week.  

The hospital organizes drug requisition from sub-dispensing units. Each sub-dispensing 

unit has certain requisition days for taking out drugs. For example, Sub-dispensing unit 

A can make requisition on Monday, Wednesday, Friday. Sub-dispensing unit B can 

make requisition on Tuesday and Thursday. Hospital has sub-dispensing units 

requisition by sub-stock, which will make requisition every two weeks. Moreover, it 

may have urgent requisition on other than a specific date in case of sub-dispensing unit 

ran out of stock 

“The hospital warehouse will set the queue for each dispensing unit. The average period 

is one time a week. The special clinic of chronic disease, which has a high turnover rate 

drugs, do the requisition two times a week” (P4) 

Most hospitals also manage the inventory with the manual stock card. After the staff 

store the medicine to the shelf, then fill the detail on the stock card.  
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“Hospital’s Pharmaceutical and supply unit uses two-color pens to fill the receiving and 

requisition products form. The receiving fill by a blue pen and the requisition fill by a 

red pen for easier to verify the stock card detail.” (P6) 

The hospital’s inventory has a manually stock checking of the actual drug once or twice 

a year. The staffs aim to match the quantity of actual medicine volume and stock card 

information and the volume of the software database.  

Inventory’s issues management  

There are three points of issues.  

Shortage of medicine.  

The major problem that hospitals face is short of medicine. Most informants 

report 1-3 items as the average item shortage rate per month. The shortage of 

medicine is insufficient for the medicine to compare to the need. P8 states that 

“There are multi-level of the drug shortage. The drug shortage in the sub-stock 

of the dispensing unit mostly caused by human error. The dispensing unit staffs 

sometimes do the inaccurate calculation of the medical need.” Mostly the 

shortage of medicine reported is the hospital warehouse level. The reason for 

the hospital warehouse drug shortage is either from the hospital itself or the 

external stakeholders.   

“Before my hospital implements the new inventory software, the drug shortage 

usually causes by the information-sharing problem between the procurement 

and the inventory management unit. The inventory management unit forgets to 

tell the procurement unit to re-order some items. The acknowledgment of drug 

shortage occurs in the dispensing unit level. Nowadays, the hospital implements 
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the real-time inventory stock sharing with the procurement unit; the problem is 

solved.” (P5) 

The external causing of short of medicine is that the drug vendor cannot be 

productive or delivered on time of the agreement. There are a few significant 

rationales. The first one is the characteristic of medicine in a particular event. 

The vendor incapability is considered as the second cause. The third reason is 

the lack of communication between the two stakeholders. 

Sub-theme: the driver of supply chain dysfunction  

The shortage of medicine is mostly caused by the higher cost of raw material, 

the insufficiency of raw material. Some informants mention that the shortage is 

mostly found in the particular vendor. Some informants think that the 

capabilities of the specific vendor should be questioned about provide sufficient 

medicine to every hospital. 

“Mostly the medicine from Government Pharmaceutical Organization (GPO of 

Thailand) is usually shortage.” (P4) 

“There is a time that the hyoscine is out of stock. I think I should say that it was 

out of the market. The cause of the shortage is the higher cost of the raw 

material.” (P5)  

The second pathway is caused by false demand prediction. Usually, the hospital 

uses the item used the pattern to forecast the item demand. In case of a high 

incident of disease, the forecasting would not be accurate and affect to the 

ordered volume. The wrong size of medicine could result in an item shortage.  
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Sub-theme: Capabilities of potential VMI partners 

The informants also think that insufficient information sharing is the cause of 

the problem.  

“Few times that the retail representative does not tell the detail of the shortage 

even when we talk about drug procurement. I called the medicine representative 

to order the medicine; we agree about the traded deal. After two weeks that the 

medicine did not come, I called the med-rep again and just received the 

information about drug shortage. In conclusion, if there is no call, the hospital 

would not know the shortage event.” (P3) 

“Some vendors are not active in informing the hospital about the transported 

status. After doing the trade agreement, if the hospital wonders about the 

transported status and asks about it, some vendors cannot even tell the real-time 

status of the transportation.” (P4) 

The ability to deal with the instability of the raw material condition of the related 

stakeholder is one of the capability issues. The potential vendor should provide 

the strategies to cover the instable situation. The informants question some drug 

shortage that the specific vendor could not buy the raw material and cause the 

drug shortage. In contrast, the private drug company still has the same generic 

available.    

Sub-theme: country strategic direction for healthcare and supply chain 

system 
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One of the informants suggests that the Thailand policy about the standard 

median drug price for procurement causes drug shortage. The standard median 

price determines the highest procured price for the generic drug. In the drug 

shortage situation, most hospitals shift to buy with a different vendor. Because 

of the highest price setting, the hospitals can buy the same generic from the 

same vendor competitively. Even the available generic available in the other 

company, because of the higher price, some hospitals could not buy and still 

face the drug shortage even.  

“There is a set of the standard price for an individual item; every hospital shifts 

in buying from the lower-priced company. Some hospital still has the drug 

shortage event, the item still available in other higher price though.” 

Hospitals usually handle the drug shortage with several approaches. The first 

approach is borrowing from the nearby hospital. The second method is shifting 

to use the same mechanism of medicine. The third method is re-allocating 

medicine to all patients who need medicine. For example, usually, patients 

would receive medicine for three months long. The hospital could consider 

explaining the situation to patients and prescribe medicine for 20 days. Patients 

need to come back to the hospital to receive the rest of medicine.  The other 

approach is purchasing from a different vendor. 

The informants expressed that the medicine shortage affects patient adherence 

and the treatment result afterward.  

“On the borrow from nearby hospital condition or purchase from a different 

vendor, the medicine package will be changed. The dispensing pharmacist 
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needs to explain the changes to patients. Usually, the patient does not read the 

drug labels; they take medicine as their familiar habit. The changing of drug 

package affect adherence.” (P3)  

“The same generic medicine from different vendors affects the result of drug 

use. I experience that amlodipine, which buys from the different vendors 

because of a drug shortage, cause the side effect to patients. The patients come 

back with the side effect and decline to use the same generic medicine from a 

different vendor.” (P4) 

In the case of the item shortage that only happens in the dispensing unit, the 

dispensing unit would have to do the urgent requisition of the item from the 

hospital inventory unit. The routine workflow of the hospital inventory unit 

would be disturbed. In case of an item shortage that happens in the hospital, 

patients would need to spend more time and cost to come back to the hospital. 

Expire item 

There are a few cases of expired items in the hospital. The low – turnover rated 

item usually expires. The cause could be that 1). The physician who usually 

orders the item moves out of the hospital. 2). The item is requested to prescribe 

to a specific case who no longer come to the hospital.  

The inventory unit deals with expired medicine by two approaches, returning 

the medicine to vendors or destroying medicine. This approach usually applies 

in case of the hospital could not return the medicine to the vendor. 
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Insufficient storage space 

Informants reveal that the high used rate item is the main issue of insufficient 

storage space. The hospital has bought some high using rate items in large 

numbers to solve the short of medicine in case of urgent using. For example, 

normal saline in dialysis. The solution to this problem is to present this matter 

to the management team to provide more space to store. At present, there are 

added places to store normal saline and medicine for sanitariums. 

Relationships between the hospital with external organizations 

There are multi-levels of healthcare service unit in Thailand, including the public 

primary health care unit, the smallest of the healthcare unit, is Subdistrict-Health 

Promotion Hospital. Secondary public healthcare is the District hospital. The last one 

is the tertiary hospital, which is the Provincial hospital and medical school hospital. 

Thailand categorizes these levels of the hospital using admission beds volume, 

healthcare provider number, and the resource.   

There are two significant roles in the pharmacy department in the hospital: medicine 

supply chain management and medicine dispensing. The large hospital would have a 

specific sub-department responsible for each role. The provincial and the medical 

school institute would consist of two sub-departments, which are the procurement unit 

and the patient care unit. Furthermore, there are two sub-departments in the supply 

chain management unit, which are the procurement unit and inventory management 

unit.  
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The current situation of supply chain management in the hospital: Flow chart 

model 

The informants describe the big picture of the medicine supply chain management in 

the hospital into two levels. The first one is the supply chain relationship between the 

individual hospital and outside organizations, supplying medicines to the hospital. The 

organizations could be the private vendors, which are the manufacturers and the 

wholesalers, or government organizations, which are higher-level hospitals. The second 

level is the supply chain intra-hospital supply chain system. The current practice of 

supply chain management in the hospital is shown in the figure below.  

 

Figure  9: Inter organization-hospital medicine supply chain relationship 

 

In general, Thai hospitals do the supply chain relationship with vendors, which refer to 

manufacturers and wholesalers. The procurement relationship between hospitals with 
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private vendors consists of two directions of the transferring. The hospital records and 

collects medicine used data. The hospital would use the database to collect medicine 

detail variables, the utilized rate of each item, unit price, average inventory. The data is 

analyzed as the used pattern to predict the medicine demand rate. The medicine orders 

are calculated from predicted data and in-stock data. The Pharmacy Inventory 

Department of the hospital proceeds the order information to vendors. After receiving 

the ordering information, the vendors will check the sale prices, the volume of the items, 

and the average transfer date. The data are then informed of the hospital. The medicine 

later transfers to the hospital to manage then. Furthermore, the first level and provincial 

hospitals also relate to group procurement. The first level hospitals and the provincial 

hospital are related to each other in the spider network relationship.  

There are two types of medical sources in the first-level hospital; the first one is the 

medicine that the first-level hospital buys directly with vendors, and the second type is 

the medicine that the first level hospital receives from the district hospital to dispense 

to patients. The medicine that the first level hospital buys from vendors could also be 

categorized into two procedures. The first procedure is directly to buy from vendors. 

The second procedure is to buy through the Group Purchasing Organization (GPO) 

mechanism. Because of the low used rate of the first-level hospital, so the procurement 

cost per one item would be higher compare with the request in a larger hospital. The 

pharmacy department in the hospital fixes this issue by doing the group procurement. 

The first level hospitals in the same areas, such as the same province, will gather 

information about their medicine name, medicine volume needs, and contacted 

vendors. These data would be collected and considered by the GPO committee. The 

committee calculates the total volume of the required medicines and behaves as one 
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buyer who procures the medicines through procurement processes with the vendors. 

The GPO committee and vendor would agree to trade medicine as appropriated cost 

and volume. The GPO committee would provide information about the cost and volume 

of medicine procurement to the hospital in the GPO members. Then the first-level 

hospital will contact to buy the medicine with vendors under the agreement between 

the vendors and GPO committee. Sometimes the district hospital or the provincial 

hospital will send medicine to keep at the first-level hospital to dispense to stable-

condition patients. This is the second type of medicine source of the first-level hospital 

that the study mention above. 

On-sight observation of the cased study hospital 

Current situation mathematical model development 

The case study hospital is the provincial hospital in Thailand. There are 602 admission 

beds in the hospital. The hospital is categorized as the level A hospital. There are total 

of 1,750 employees in the hospital. There are 47 pharmacists in the hospital. The 

pharmacy department of the hospital is divided into two sub-departments, which are the 

pharmacy dispensing unit, and the procurement and inventory management unit. The 

researcher found that 20 employees are working under the procurement and inventory 

management unit. The human resource in the procurement and inventory management 

unit is described in the table below. 
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Table  5 the human resource detail in the procurement and inventory management 

unit in the case study hospital. 

Job title Number of employees 

Pharmacist 4 

Pharmaceutical Assistant 5 

Procurement employees 3 

Inventory management employees 3 

General Service Officer 4 

Computer technician 1 

 

The case study hospital has medicine 895 items in total. These medicines are Essential 

Drugs, ED 609 items, and non-ED 286 items (This information has been referenced by 

the database on 1 March 2019). This hospital has five medicine dispensary rooms 

(pharmacy); following 

Table  6 The number of Dispensary room (pharmacy) 

The Dispensary room number 

Outpatient dispensary  2 

Inpatient dispensary 1 

A branch’s hospital dispensary 1 

B branch’s hospital dispensary 1 

 

The hospital has the Inventory management process with the system integrate. The 

overall inventory management operates on the INV Dos system to verify the remains 

item of the Hospital warehouse. Moreover, for the medicine purchasing system and the 

hospital also using a manual stock card for retail management  
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Table  7 The example of stock card 

Name of product 

Date of receiving 

products 

Quantity of 

receiving  

Date of product 

requisition  

Quantity of 

requisition  

Remaining 

product 

     

     

     

 

The researcher collects data from situation analysis and found 895 items of medicine in 

the case study hospital. The specific selective method is mostly used, with a limited 

budget per purchasing. The informant reveals that the procured method reduces the 

processing time with acceptable drug quality.  

The current situation of a provincial hospital would also be demonstrated in 

mathematical models. The mathematical model of the current situation of the medicine 

supply chain is based on the data from the database of the case study hospital.  

The database consists of necessary variables that show the medicine used pattern. The 

variables are annual medicine used volume, average unit price, average inventory value, 

and the total annual inventory value. These variables are used in calculated into the 

second set of variables, which is the forecast and inventory management variable. The 

forecast and inventory management variables are minimum stock level, maximum 

stock level, safety stock level, reorder point, order volume, and inventory turnover rate 

(ITR). For explanation purposes, I would select 12 items on the list to demonstrate in 
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table 8. These 12 items would be selected as the lowest demand rate, the highest demand 

rate, the lowest unit price, the highest unit price, and the average items. The example 

of the selected item is 2-PAM, which is the lowest use volume compare with all items. 

Metformin is the highest use volume item. Bromhexine is the cheapest medicine in the 

database. The most expensive medicine is Trastuzumab. The different characteristics 

of the items are selected to demonstrate the effect of the VMI-based mathematical 

model development.  

Table  8 The characteristics of the actual practice setting (current situation) 

Item list 

Annual use 

volume (unit) 

AVG unit 

price (THB) 

Annual use-

value (THB) 

AVG 

inventory 

value (THB) 

ITR (per 

year) 

2-PAM  2 750.00 1,500.00 - 6.52 

ATORVASTATIN  1,170,570 4.68 5,474,433.47 59,082.00 92.66 

BROMHEXINE  536,000 0.05 24,585.60 3,119.07 7.88 

CARBOPLATIN  534 459.50 245,372.40 30,702.98 7.99 

CPM.  1,285,000 0.02 28,270.00 2,519.00 11.22 

GLIPIZIDE  6,400,500 0.12 788,383.86 108,674.89 7.25 

INSULIN ACTRA  575 176.55 101,516.25 800.36 126.84 

LINAGLIPTIN  9,510 36.21 344,325.94 2,172.40 158.50 

METFORMIN  9,701,500 0.21 2,037,315.00 322,192.50 6.32 

PROPRANOLOL  745,500 0.25 183,907.00 29,128.19 6.31 

RITUXIMAB  20 27,809.30 556,186.00 60,455.00 9.20 

TRASTUZUMAB  56 44,988.38 2,519,349.44 877,035.77 2.87 

 

The case study hospital provides a database consists of five variables. There are 895 

items of medicine in the hospital. The informant also informs that the total annual 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 76 

inventory value is 281,956,758.32 THB, and the average inventory value is 

43,128,643.4 THB. The researcher process with the database as the following steps. 

1. Find out the missing data 

The researcher finds that there are some missing data in the average inventory value 

(AVG inventory value) column.  

2.  Imputation using the overall inventory 

The researcher uses imputation to replace the missing data by calculating the 

average ITR with the overall inventory. The researcher calculates the average ITR 

by the equation.  

𝐼𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑇𝑢𝑟𝑛𝑜𝑣𝑒𝑟 𝑅𝑎𝑡𝑒(𝐼𝑇𝑅) =
𝐴𝑛𝑛𝑢𝑎𝑙 𝑈𝑠𝑒 𝑉𝑎𝑙𝑢𝑒

𝐴𝑉𝐺 𝐼𝑛𝑣𝑒𝑛𝑜𝑟𝑦 𝑣𝑎𝑙𝑢𝑒
 

The actual database presents that the annual use value in 2018 equals 

281,956,758.32 THB, and the average inventory value is 43,128,643.4  THB. 

Therefore, the average ITR with the overall inventory would be calculated as 

𝑇ℎ𝑒 𝑜𝑣𝑒𝑟𝑎𝑙𝑙 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝐼𝑇𝑅 =
281,956,758.32

43,128,643.40
= 6.52 

The overall inventory ITR would be replaced in the missing data in the database.  

3. Mathematical model validation 

The researcher aims to create the mathematical model by creating the following 

variables: minimum stock level, maximum stock level, safety stock level, re-order 

point, and order volume. The mathematical would be developed based on the theory 

of inventory management and the in-depth-interview data from phase 1.  

The researcher calculated the forecast variables based on the actual variables of the case 

study hospital. The used rate of each item is collected and reported by the case study 
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hospital. The used rate is presented as the volume of item dispensing rate history. The 

researcher transforms the used rate per year into the used rate per month and per day by 

the following equation.   

𝐼𝑡𝑒𝑚 𝑢𝑠𝑒𝑑 𝑟𝑎𝑡𝑒 𝑝𝑒𝑟 𝑚𝑜𝑛𝑡ℎ =  
𝐼𝑡𝑒𝑚 𝑢𝑠𝑒𝑑 𝑟𝑎𝑡𝑒 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟

12
 

 

𝐼𝑡𝑒𝑚 𝑢𝑠𝑒𝑑 𝑟𝑎𝑡𝑒 𝑝𝑒𝑟 𝑑𝑎𝑦 =  
𝐼𝑡𝑒𝑚 𝑢𝑠𝑒𝑑 𝑟𝑎𝑡𝑒 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟

365
 

 

The leading time in this study refers to the time from the order is created to the time 

until the hospital receiving the medicine. The case study hospital informs that the 

leading time is average as 15 days. Because of the key informant cannot inform the 

safety stock day, this study calculates the safety stock day with a determined day in 

the model. The researcher uses the actual inform value of the inventory, which are 

annual use-value in 2018, and the average inventory value, to calculate the other 

variables, which are shown in the table above, and adjust until the annual use-value 

and the average inventory value is equal to the actual number.  

Each item in the database should be filled with every variable. The researcher 

calculates every variable by using the equations in the mathematical of each item. 

The database should calculate and show the overall annual use-value and the 

average inventory value. The researcher adjusts the safety stock day until the overall 

annual use-value, and the average inventory value nearly equals the actual number 

from the case study hospital. The model validation processes proceed and found 

that the estimated determine days of safety stock used in this study equals 20 days. 
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The safety stock value is used in the VMI-based model development in the further 

process. This study assumes that the safety stock is fixed in every item in the 

warehouse. The different used rate determines the level of the item in the 

warehouse.  

The maximum and the minimum stock level are calculated from the variables, 

which are re-order point and safety stock. The hospital warehouse needs to receive 

the whole package of the medicine inventory. Therefore, all the variables are 

rounded up to an integer. The procurement volume is calculated from the 

information that the hospital usually procure medicine up to three months used 

volume according to the MOPH policy. The researcher calculates the annual used 

rate of each item into the monthly used rate. 

Table  9: Current Situation mathematical model 

Item 

Annual 

use 

volume 

(unit) 

Monthly 

use 

Volume 

(unit) 

safety 

stock 

(unit) 

re-order 

point 

(unit) 

Min 

(unit) 

Max 

(unit) 

procure 

volume 

(unit) 

2-PAM   2   0.17   1   1   2   2   1  

ATORVASTATIN   1,170,570   97,547.50   64,141   48,106   112,247   356,784   292,643  

BROMHEXINE   536,000   44,666.67   29,370   22,028   51,398   163,370   134,000  

CARBOPLATIN   534   44.50   30   22   52   164   134  

CPM.   1,285,000  107,083.33   70,411   52,809   123,220   391,661   321,250  

GLIPIZIDE   6,400,500   533,375.0  350,713   263,035   613,748   1,950,838   1,600,125  

INSULIN ACTRA   575   47.92   32   24   56   176   144  

LINAGLIPTIN   9,510   792.50   522   391   913   2,900   2,378  

METFORMIN   9,701,500   808,458.3   531,590   398,692   930,282   2,956,965   2,425,375  

PROPRANOLOL   745,500   62,125.00   40,850   30,637   71,487   227,225   186,375  

RITUXIMAB   20   1.67   2   1   3   7   5  

TRASTUZUMAB   56   4.67   4   3   7   18   14  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 79 

2. Model development 

VMI-based model development 

There are two parts of the result in model development. The first one is the conceptual 

model, and the second part is the mathematical model.  

The VMI-based flow chart model 

The current situation analysis reveals that there are two main issues of the current 

medicine supply chain management. The study analyzes the limitation following the 

USAID VMI model development guideline. The researcher suggests developing the 

3rd Party Managed Inventory Services (3MIS) model to solve the issue found in the 

situation analysis.  

The 3MIS model is developed to assume that the third party is set as the intermediated 

role. This study called the third party as “wholesaler.” The wholesaler has to provide 

procurement and inventory management to the hospital. The wholesaler also has to 

provide the system of information sharing between the hospital and the wholesaler 

itself. The hospital will do the agreement on every item in the hospital warehouse to the 

wholesale. Ideally, there should be one wholesaler. The wholesaler would receive the 

information on the item used to rate and manage to procure and replenish medicine to 

the hospital. As the hospital warehouse role, the wholesaler can manage and reduce the 

transported volume to kept at the hospital. This mechanism will reduce the storage 

space and solve the insufficient space problem. The information-sharing will be solved 

because of better information sharing. Consider the wholesaler as the private 

organization, which needs to lean the sunk-cost on the buffer stock. The wholesaler 
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needs to have every detail of the item used through the sub-stock unit to plan the 

procurement. The internal communication would be more accurate.   

Considering the procurement process, the hospital does the trade agreement with the 

wholesaler one time a year. The current procurement practice, the hospital does the 

various procured method many times a year. The cost of procurement is calculated from 

a different assumption. The researcher develops the VMI-based model on the 

assumption that the hospital has the same used rate and the same budget. The researcher 

design that the hospital would contact only one wholesaler. This wholesaler is 

responsible for replenishing each item in the appropriate time based on the inventory 

database. The study scopes on only the wholesaler relationship with the hospital. The 

wholesaler mechanisms with the multi-vendors are not scoped of this study. The 

hospital and the wholesaler would agree on the whole inventory of the hospital, which 

is 895 items. The hospital would summarize the essential variable of the supply chain 

management, which are the used rate, the average unit price, the average inventory 

value, to the wholesaler. The wholesaler needs to calculate and manage to replenish the 

medicine on the adjusted ITR, which would vary in the different VMI-model. The 

wholesaler and the hospital would agree on the following variables, which are the times 

of medicine transfer, the unit price, the total volume of each item. This agreement 

should be design for one fiscal year. The VMI-based model development is shown in 

the figure below. The VMI-model are developed based on the concept of what if the 

hospital could adjust their ITR to improve the hospital supply chain performance.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 81 

Figure  10::  The VMI-model development 
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The VMI-based mathematical model 

The VMI-based mathematical models are developed from the current situation model. 

The VMI-based models are generated on the concept of adjusting the ITR variable. 

There are three VMI-based models. The adjusted ITR will determine the model. The 

overall ITR will be adjusted as the 6, 9, and 12. The summary of the variables use in 

each model are shown in the table below  

In every model, there are two sets of the variable. The first set is the fundamental 

variable: the safety stock day and the leading time day. The safety stock day is adjusted 

from the current situation model. The leading time day is collected from the case study 

hospital’s current practice. The second set of the variable is the dependent variable that 

effects from the fundamental variable. From the table, the data show that the hospital 

would procure the medicine around 70 million THB per time. The hospital procures the 

medicine average four times per year, due to the MOPH’s policy of limitation of 

medicine procurement. The total value of the inventory procurement is around 280 

million THB per fiscal year. The current situation ITR is around 6.52, which means that 

the hospital would stock the medicine in the volume of 12/6.52, equal to 1.84 months.  

The researcher determines the safety stock day and the leading time as the same amount 

as the current situation model. The VMI 1 model is developed to adjust the ITR as six 

as the lowest bound. Each item in the database would be calculated as the current 

situation model. Each item is calculated the ITR from the actual data. The ITR would 

be adjusted into the determined digit, such as the adjusted ITR in VMI1-model is 

adjusted to 6 as the lowest bound. The data would change the minimum value, 
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maximum value, average inventory value, and procurement value. The VMI-1 model 

data is shown in the table below. 

Table  10 The VMI mathematical model 

item ITR (sit0) Adj ITR 
safety stock 

(unit) 

re-order point 

(unit) 

Min 

(unit) 

Max (unit) 

procure 

volume 

(unit) 

2-PAM  6.00 2.00                    1                        1                         2  2  1  

ATORVAS  92.66 92.66                  4.2k                    48k                 5.k  17k  12.6k  

BROMHEX  7.88 7.88                22.6k                   22k                 44.7k  60.7k  68k  

CARBOPLATIN  7.99 7.99                        23  22  45  90  67  

CPM.  11.22 11.22                38.1k  52.8k                 91k  152.7k  114.5k  

GLIPIZIDE  7.25 7.25              294.1k  263k               557.1k  1,176k  882.2k  

INSUACT 126.84 126.84                          2  24  26  7  5  

LINGIPTIN  158.50 158.5                        21  391                      412  82  61  

METFORM  6.32 6.32              511k  398.7k               910k  2,045.7k  1,534k  

PROPRAN  6.31 6.31                39k                    30k                 70k  157.4k  118.1k  

RITUXIMA  9.20 9.20                          1  1  2  4  3  

TRASTUZ  2.87 6.00                          4  3  7  14  10  

 

The adjusted ITR is adjusting to determine that the lowest bound is equal to six. The 

ITR that lower than six would be determined to six. For example, Trastuzumab has ITR 

equal 2.87, which means that the hospital would procure the Trastuzumab for 12/2.87, 

equal to the 4.18-month volume in the current situation. The VMI1 model would adjust 

the ITR to 6. The hospital would procure the Trastuzumab for 12/6 equal to the 2-month 

volume under the VMI 1 situation. This result would lower the procured volume. The 

hospital would have more cash to invest in the other asset. The hospital also would 

lower their average inventory volume, which affects the smaller shelf consuming areas. 

The smaller volume of inventory would also affect the lower carrying cost. However, 

the researcher found that the rarely used items would affect the adjustment too. The 2-
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PAM used rate is equal to two per year. The 2-PAM has ITR equal 6, which means that 

the hospital would procure the 2-PAM for 12/6, equal to the 2-month volume in the 

current situation. The items 2-PAM would not be adjusted because of the ITR of this 

item is not below six. The hospital has to procure the whole package of the product. If 

the hospital has to procure 2-PAM every two months, one package per time, the hospital 

will receive the six packages totally in a year. The hospital will have to keep more 2-

PAM than they expected. Therefore the study adjusts the model based on the used rate 

too. If the used rate item is rare, the ITR would be changed to keep the hospital to save 

the volume of procurement.   

The mathematical VMI-model is developed by changing the adjust ITR into 9 and 12 

in order. The study also expands the VMI model based on the assumption that the safety 

stock equal to zero too. The researcher tries to point out that in the case of the efficient 

inventory transfer, the hospital even does not need the safety stock at all. The results 

are shown in the table below.     
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Considering the safety stock day, leading time, and the ITR as the fundamental 

variables of the model mathematical calculation, the study points out the mechanism of 

model impact. ITR affects to maximum stock level and average inventory level through 

the procured volume. The study would like to refer to the current situation model as 

situation 0 (Sit 0) model. Compare between the Sit 0 model and the VMI 3 model, the 

ITR of the Sit 0 model and VMI 3 model are 6.52 and 12.80 in order. The Sit 0 model 

would procure the medicine averagely 6.52 times per year. The volume of procurement 

per time would be 12/6.52, equal to 1.84-months. The VMI 3 model would procure the 

medicine averagely 12.80 times per year. The volume of procurement per time would 

be 12/12.80, equal to 0.94-months. Under a similar circumstance, the same total 

inventory value, the VMI 3 model would use the procured budget around 22 million 

THB, while the current practice uses 70 million THB. The procured volume also affects 

the minimum stock level, maximum stock level, and the average inventory. 

3. Financial Assessment 

The researcher transforms the supply chain management in the case study hospital into 

the activities. The data resource and the definition of the data collection are described 

in table 1. The variable calculated in the model simulation would be defined in the table 

below.  

The article categorizes the cost considering the type of variable into two categories, 

which are fixed cost and variable cost. The article describes the cost calculation based 

on the activities interested in this article.  
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Procurement process cost 

The procurement process cost comprises various types of procured methods. 

The cased study hospital typically does three types of procured methods. The 

hospital uses the general announcement selection method and the GPO method 

around 400 items. The informants inform the researcher that the material used 

cost of one method is around 400 THB. The hospital uses the general 

announcement selection method and the GPO method, one time per item per 

year. The other procured method is the specific selective method. The current 

scenario reports that the hospital uses the specific selective method around 500 

items. The informants inform the researcher that the material used cost of one 

method is around 160 THB as a unit cost. The times of this procurement type is 

dependent on the ITR. Furthermore, the researcher calculates the essential cost 

of the concept that the hospital needs to pay for the salary of the procurement 

staff. This variable is named as “The basic cost of procurement activities.” 

Moreover, the study considers the additional management cost in the VMI 

model sensitivity.   

      Inventory management process cost 

This article defined the inventory management cost as the carrying cost. The 

research calculates carrying cost as the specific ratio of the average inventory 

value. The high average inventory will increase the carrying cost.  

The sunk cost 

The sunk cost is the cost that sunk in terms of medicine kept in the hospital. The 

research identifies procured value and the average inventory value as the sunk 
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cost. The hospital, which reduces this type of cost, could increase their flow 

cash.    

Table  15 The variable used in the Financial model simulation 

  Activities The number used in the simulation 

Procurement Process 

The basic cost of 

procurement 

activities 

number of the items Totally 895 items 

times of procurement 

ITR of each model 

**the current situation would use the ITR as the time of 

procurement, the VMI-model would assume that the process of 

the medicine procurement would agree on one time per year. 

Time of process equal 1 in the VMI model 

cost of the process 

 

 

 

the sum of the annual income of human resource  in the procurement 

(895 𝑖𝑡𝑒𝑚𝑠 𝑥 𝑡𝑖𝑚𝑒𝑠 𝑜𝑓 𝑝𝑟𝑜𝑐𝑟𝑒𝑚𝑒𝑛𝑡)
 

**1the VMI model assumes that the workload would reduce 

because the wholesaler would get responsible most of the work. 

The hospital human resource could be allocated to different 

health care services. The cost will be reduced. 

The General 

announce and 

GPO method 

number of the items 

that procure the 

General announces 

and GPO  process 

The informant informs that the hospital uses the General 

announces and GPO  process around 400 items.  

**2 the VMI model assumes that the wholesaler would be 

responsible for every type of procuring method. The contact 

would be created and cost one time per year when the hospital 

does the agreement with the wholesaler. 

times of procurement 
The informant informs that the hospital does the GPO process 

around 1-2 years per 1 time.  

cost of the process 
The informant refers to the resource use in the process as the cost 

of paper.  

Specific 

selective process 

cost 

number of the items 

that procure by the 

Specific selective 

process 

The informant informs that the hospital uses the number of the 

items that procure by the Specific selective process around 495-

500 items.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 89 

  Activities The number used in the simulation 

**2 the VMI model assumes that the hospital would not procure 

through this method. 

times of procurement 
The informant informs that the hospital does the Specific 

selective process averagely as the used rate of the item.  

cost of the process 
The informant refers to the resource use in the process as the cost 

of paper.  

The additional 

managed cost 

The ratio of additional 

managed cost with the 

average inventory 

value (VMI-based 

model) 

The research determines the percent of the additional managed 

cost in the VMI scenario. 

 

The total procured 

value  
The total procure value of each scenario 

Inventory management process 

Carrying cost 

The ratio of carrying 

cost compare with the 

average inventory 

value 

The literature review shows that carrying costs in the healthcare 

area is around 25-40% of the average inventory.  

The sunk cost 

Medicine 

investment value 

times of procurement ITR of each model 

Procured value per 

one time 

The Procured value per one time is calculated from the 

mathematical model developed in phase 2 of the study. 

Average 

inventory value 

The average inventory 

value 

the research calculates from the average value of minimum value 

and maximum value 
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The variable would be fill in the simulation of cost in 10 years. The cost would be 

calculated and then compare between the models. The model detail would be shown in 

the appendix3. The result of the cost minimization would be shown in the table below. 

Table 13: The first-year cost (THB) of the supply chain management models compare 

between the vary ITR   

   Sit 0 VMI 1 VMI 2 VMI 3 

First year cost (THB) 354,677,665.24 328,085,900.09 324,761,600.11 320,816,127.38 

Reduction cost 

compare with the 

current situation 

(THB) 

Reference  26,591,765.15 29,916,065.13 33,861,537.85 

 

The model simulation shows that the cost of the medicine supply chain under the 

current situation equals 354,677,665.24 THB. The VMI-based model cost equals 

328,085,900.09 THB. If the case study hospital applies the VMI -model, the cost of 

supply chain management would be reduced around 26,591,765.15 THB. The VMI-

model 1, 2, and 3 vary by the times of procurement. The result shows that the higher 

ITR would reduce the cost of the medicine supply chain management in the hospital.  

Table 14: The first-year cost (THB) of the supply chain management models compare 

the vary safety stock level  

  Sit 0 VMI 1 VMI1 _noST1 

First year cost (THB) 354,677,665.24 328,085,900.09 312,702,377.88 

Reduction cost 

compare with the 

current situation 

(THB) 

Reference 26,591,765.15 41,975,287.36 

 

 

 
1 VMI_noST is the VMI-based model with zero safety stock 
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When comparing the model with and without safety stock, the research reveals that the 

supply chain model under the same circumstance without any safety stock would cost 

less than the model with safety stock.  

The models are simulated for ten years, and the result shows the cost that would occur 

in ten year supply chain application like the table 15 below.  

Table  16: The total ten-year cost (THB)) of the supply chain management models 

compare between the vary ITR   

   Sit 0 VMI 1 VMI 2 VMI 3 

Total ten year cost 

(THB) 

3,872,866,472.6

1 

3,582,951,804.6

9 

3,546,648,438.2

0 

3,503,561,489.5

7 

Reduction cost compare 

with the current 

situation (THB) 
Reference 289,914,667.92 326,218,034.42 369,304,983.04 

 

The study result reveals that the ten years cost is consistent with the one-year cost, 

which is the higher ITR reduces the cost of the supply chain management compared to 

the reference situation. The result reveals that the VMI 3, which is adjusted the times 

of procurement into nearby 12 times per year, would be the most effective model. The 

first year the VMI 3-model could save around 41,975,287.36 THB and save 

369,304,983.04 in ten years long. 
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Table  17: The detail of cost and cost category in costing comparison 

Current situation 

Variables Volume frequency cost/unit Total 

The basic cost of procurement activities 900 6.31             350.00       1,987,650.00  

The General announce and GPO method 400 1             400.00          160,000.00  

Specific selective process cost 500 6.31             160.00          504,800.00  

Cost managed to increase         

total Procurement process            2,652,450.00  

carrying cost       1.00  1  14,191,778.25     14,191,778.25  

Medicine investment value        1.00  6.31  44,532,488.11   281,000,000.00  

AVG inventory       1.00  1  56,767,112.99     56,767,112.99  

Total cost (first year)        354,611,341.24  

VMI 1 model with 1% managed cost 

Variables Volume frequency cost/unit   

The basic cost of procurement activities   900.00         1.00              132.00          18,800.00  

The General announce and GPO method       1.00         1.00           1,600.00             1,600.00  

Specific selective process cost           -           1.00                     -                         -    

Cost managed increasing       1.00         7.76        64,091.48       2,824,658.80  

total Procurement process           2,945,058.80  

carrying cost       1.00         1.00     9,100,056.02       9,100,056.02  

Medicine investment value        1.00         7.76   36,409,148.39   282,465,880.01  

AVG inventory       1.00         1.00   36,400,224.06     36,400,224.06  

Total cost (first year)       330,911,218.89  

 

Sensitivity analysis 

However, the informants suggest that the VMI-model could be different compared with 

the current scenario. If the researcher considers the wholesaler as the third party that 

manages the supply chain for the hospital, the cost of supply chain management should 

be higher than the current situation. Therefore, the research does the sensitivity analysis 

to confirm the result of the study. The VMI 3-model is selected to do the sensitivity 

analysis. The cost increasing is calculated by 1, 2, 5, and 10 percent of the procure value 

per time. The cost result reveals that the increase in the management cost of 10 percent 

still provides the worth model to the hospital. The analysis shows that the additional 

one percent of management cost increases around 2.8 million THB. The VMI 3 model 
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with an increased 10% managed cost still has a lower cost compared with the current 

practice, which is shown in the line in the figure below.  

 

Figure  11: Sensitivity analysis-Vary management cost increasing ratio 

 

 

Figure  12 Sensitivity analysis-Vary safety stock level 
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The study shows that the higher safety stock level increases the cost of the supply 

chain management cost in the hospital. The one day higher safety stock level will 

increase around one million THB. The exact number of each model is shown in the 

table below.     
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CHAPTER V 

Conclusion and policy recommendation 

Healthcare facilities are composed of different departments, which are the diagnosing 

unit, dispensing units, inventory management, laboratory unit, etc. These departments 

have to co-operate with other departments to provide healthcare services. The 

Healthcare supply management unit is one of the components in the hospital. The 

supply chain management unit responsible for supplying, allocating, and managing the 

facility’s resources.  

Medicine supply chain management can be a challenging job. The supply chain 

management unit aims to improve the hospital’s performance balanced by minimizing 

the unit’s management cost. Although this responsibility still faces obstacles in the 

processes. One major challenge is ineffective inventory replenishment causing the high 

frequency of product shortage. Another problem is inefficient tracking of inventory age 

and expiration, leading to a high volume of expired products in the stock. These 

problems indicate rooms for improvement in supply chain management.  

There are many approaches that are suggested to solve supply management problems. 

One of them is the Vendor Managed Inventory (VMI) concept. This dissertation would 

like to explore the drug inventory management system in the current situation. The 

researcher attempts to develop an efficient and effective drug inventory system based 

on vendor managed inventory approach and then assessed the financial impact of the 

system.  

Research objectives 

• To explore the current situation on inventory management in hospitals. 
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• To develop an effective VMI model for a hospital. 

• To evaluate the financial impact of the VMI model. 

 

Study design 

This study is an analytical model study comparing the financial impact of a provincial 

hospital between the non-VMI inventory management system and the VMI inventory 

management system. There are three phases in the study.  

1. Situation analysis aims to explore the current situation of the medicine supply 

chain in the hospital. There are two steps in this study phase including qualitative 

phase conducting in-depth interview stakeholders with experiences in supply 

chain management and drug procurement and quantitative inventory data analysis 

to explore the current practice of medicine supply chain management and current 

inventory performance using the hospital inventory database of 2018 fiscal 

year.Model development  

a. VMI-based model development 

The researcher develops the VMI-based model as following the USAID VMI 

design guideline. The researcher uses the situation analysis report as the primary 

information to develop the VMI-based model. The article develops both flow 

charts and mathematical VMI-based models.  

b. Model validation 

The researcher does the mathematical model validation by simulating all the 

variables and adjusting the result to nearby the actual data of the case study 

hospital. The parameters used in the model validation are the total annual 
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medicine procurement and the average inventory value. The VMI-based model 

should result in the same values comparing to the current situation model.   

2. Financial Impact assessment aims at comparing costs between the current 

situation model and the VMI-based supply chain management models. This study 

would focus on procurement and inventory management activities. The study 

calculates costs using the traditional costing system, lists the activities in medicine 

supply chain management. The researcher fills the cost of each activity based on 

resource consumption and present as the financial values. Cost comparison analysis 

will be applied in the simulation using Microsoft Excel 2016. The study collects 

data from the fiscal year 2018 for the current system, while the VMI system will be 

estimated regarding the current system. Both models will be simulated for ten years, 

with a 3% discount rate, in the hospital perspective. Sensitivity analysis will be run 

to measure the impact level of each variable. The sensitivity analysis result will 

reveal which factor will impact the medicine supply in a health care facility and 

how they impact it.  

The current situation analysis reveals that there are two main issues of the current 

medicine supply chain management. This article analyzes the limitation following the 

USAID VMI model development guideline. The researcher suggests developing the 

3rd Party Managed Inventory Services (3MIS) model to solve the issue found in the 

situation analysis.  

The 3MIS model is developed to assume that the third party is set as the intermediated 

role. This study called the third party as “wholesaler.” The wholesaler has to provide 

procurement and inventory management to the hospital. The wholesaler also has to 
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provide the system of information sharing between the hospital and the wholesaler 

itself. The hospital will do the agreement on every item in the hospital warehouse to the 

wholesale. Ideally, there should be one wholesaler. The wholesaler would receive the 

information on the item used to rate and manage to procure and replenish medicine to 

the hospital. As the hospital warehouse role, the wholesaler can manage and reduce the 

transported volume to kept at the hospital. This mechanism will reduce the storage 

space and solve the insufficient space problem. At the same time, lower average 

inventory value would lead to more effective monitoring and could also reduce the 

inventory quantity and management burden.  The expired items could also be impacted 

and reduced. The information-sharing will be solved because of better information 

sharing. Consider the wholesaler as the private organization, which needs to lean the 

sunk-cost on the buffer stock. The wholesaler needs to have every detail of the item 

used through the sub-stock unit to plan the procurement. The internal communication 

would be more accurate.   

Considering the procurement process, the hospital does the trade agreement with the 

wholesaler one time per year. The current procurement practice, the hospital does the 

various procured method many times a year. The cost of procurement is calculated from 

a different assumption. The researcher develops the VMI-based model on the 

assumption that the hospital has the same used rate and the same budget. The researcher 

design that the hospital would contact one wholesaler. The wholesaler will be 

responsible for replenishing each item in the appropriate time based on the inventory 

database. This study scopes on only the wholesaler relationship with the hospital. The 

wholesaler mechanisms with the multi-vendors are not scoped in this study. The 

hospital and the wholesaler would agree on the whole inventory of the hospital, which 
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is 895 items. The hospital would summarize the essential variable of the supply chain 

management, which are the used rate, the average unit price, the average inventory 

value, to the wholesaler. The wholesaler needs to calculate and manage to replenish the 

medicine on the adjusted ITR, which would vary in the different VMI-model. The 

wholesaler and the hospital would agree on the following variables, which are the times 

of medicine transfer, the unit price, the total volume of each item. This agreement 

should be design for one fiscal year. The VMI-based model development is shown in 

the figure below. The VMI-model are developed based on the concept of what if the 

hospital could adjust their ITR to improve the hospital supply chain performance 

Financial impact assessment 

The article categorizes the cost considering the type of variable into two categories, 

which are fixed cost and variable cost. The article describes the cost calculation based 

on the activities interested in this article.  

The procurement process cost comprises various types of procured methods. 

The cased study hospital typically does three types of procured methods. 

Furthermore, the researcher calculates the essential cost of the concept that the 

hospital needs to pay for the salary of the procurement staff. This variable is 

named as “The basic cost of procurement activities.” Moreover, the study 

considers the additional management cost in the VMI model sensitivity.   

Inventory management process cost The research calculates carrying cost as 

the specific ratio of the average inventory value. The high average inventory 

will increase the carrying cost.  

The sunk cost is the amount of cost that is invested in medicine inventory that 

needs to be kept and maintained a certain level in the hospital. The research 
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identifies procured value and the average inventory value as the sunk cost. The 

hospital, which reduces this type of cost, could increase their flow cash.    

The research also considers cost categories changing. The total process cost of the first 

year is different, about 20 million THB, comparing the current situation and VMI1 

model. The total procurement cost between the two scenarios is similar. The current 

scenario shows the higher basic cost of the procurement activity. The VMI-based 

scenario reduces this type of cost on the assumption of reducing the resource used. 

However, the VMI scenario has a higher cost managed. The cost management 

increasing is based on the additional services from the vendor, should have the 

additional cost. The carrying cost of the VMI scenario is lower compare with the current 

situation model. The lower carrying cost comes from, the lower average inventory.       

Policy Recommendation  

This study reveals that the VMI model can reduce hospital supply chain management 

costs. The study recommends the hospital authority implement the VMI concept in 

hospital supply chain management. The research finds that the three main supply chain 

management issues are drug shortages, expired items, and the insufficient of the drug 

storage area.  

There are a few shortage of drugs. The universal of the drug shortage is caused by the 

lack of information sharing either intra or inter-organization. The VMI concept can 

solve this issue by increasing the capability of information sharing. The hospital 

warehouse receives better information of the item used rate and volume of need from 

the sub-stock units. The hospital warehouse can make a better plan to replenish the 

medicine. From the Inter organization relationship perspective, the wholesaler can also 

make plans and strategies to procure and manage the smooth flow of medicine. 
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Another significant cause of the drug shortage is the incapability of the current vendor. 

In the present day, the vendor is a passive partner since the system relies on the hospital 

to make an order.  The inventory management performance thus depends on the 

managerial skills and experiences of hospital staffs.  While VMI-based model, the 

vendor plays an active role in managing hospital inventory at all times.  The vendor 

under the VMI-based model has to design the hospital inventory so that the level of 

inventory to maintain is at minimum and frequency of order is at maximum so the sunk 

cost is reduced and the inventory is turning as fast as possible. The fast turnover of 

inventory could reduce the expired items in the inventory.  The active managed hospital 

inventory by the vendor and increasing frequency of medicine delivery to hospital also 

helps reduce the shortage of medicine. The private wholesaler support policy can create 

a higher performance or new techniques through competitive mechanisms. Moreover, 

the VMI concept can reduce the procured volume, which affects to reduce the storage 

area. 

Study feasibility      

The study develops the VMI model on the assumption that the hospital contact 

with one wholesaler, who is responsible for replenishment and inventory 

management. The current practice of the procurement Act allows the hospital 

to trade multiple items within one bill.  

Implementation options 

The agreement between hospital and wholesaler to trade the whole warehouse 

is possible. The strength of this method is that the frequency of the process is 

low; the hospital can review and do the agreement process one time a year. 

However, the limitation of the maximum budget is an obstacle to this implement 
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option. The researcher suggests the hospital deals with one wholesaler and 

procures medicines multiple times per year. The strength of this option is more 

feasibility compare with the last option according to the current law. The 

hospital also can trade with few wholesalers who provide replenishment and 

inventory management.  

The hospital can set the section of the drug group to deal with the wholesaler. 

This option follows the procurement Act. The option also supports the 

wholesaler to develop their skill to manage a specific group of medicine.     

Limitations and Recommendation for Future Research 

This research study and present the structure of the medical supply management 

system of hospitals in Thailand by conducting in-depth interviews with 

pharmacists those involved in the management of the hospital’s medical supplies 

at different levels. This research collects data from various level of hospitals to 

assure that the model developed under this study could reflect how the public 

hospital procures and manages the medicine inventory. However, the number of 

participants is small and the financial impact analysis is conducted based on one 

hospital only, the generalization of the medicine supply chain particularly 

financial performances in all hospitals in Thailand would be questioning. 

Therefore, the researcher would like to suggest further study to collect a larger 

number of participants to see a systematic structure from the quantitative analysis.  

However, this research asks for the approval of the medicine supply chain model 

in the model development process to make sure that the initial current situation 

of the medicine supply chain model is accurate to the current situation of the case 
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study hospital. Moreover, the researcher performed the model validation by 

taking the information on managing the supplies of the previous fiscal year to 

check with the initial model. The researcher created in the first phase of the study 

to emphasize that the model developed in the study can be mathematically aligned 

with real data in the latest fiscal year.  

From the study, it is found that the VMI-based model would significantly affect 

one variable, ITR, which can be interpreted as how many times a year it is a 

change in the stockpile of medicines if any hospital is able to administer. 

Managing a high ITR (inventory turnover rate) is effective in management. If a 

certain amount of budget is required every year in the purchase of drugs for 

administration and use in the hospital, if the hospital manages and causes a high 

ITR, there are several procurement cycles. Less frequently and each purchasing 

cycle requires less budget to purchase a smaller medication than administration 

with a low ITR value.  

This study does the mathematical model assume that the safety stock of every 

item is the same ratio, which calculates different compare with current practice. 

The difference in the safety stock depends on the rate of item utilization. The 

future study could compare between these two mechanisms of setting the safety 

stock level. 

The variables in this study are limited and subject to the hospital disclosure of 

data.  The future study could incorporate more involved variables with more 

complexed design is recommended.  The action research to test the applicability 

of VMI-based model is also proposed for future research. 
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Appendix 1: Semi-structured questions for the in-depth interview 

 

Hospital characteristics 

1. How many beds in the hospital (hospital size)? 

2. How many are total pharmacists in the hospital? / How many pharmacists who 

responsible in drug supply chain management in the hospital? 

Medicine supply chain management 

3. In case of new item selection in to the hospital, how is processes? 

4. What is the PTC (pharmaceutical & therapeutic committee) criteria about select 

new item in to hospital? 

5. What are problems that hospital faces in drug selection processes? / Which step 

that you suggest to improve?  

6. Which stakeholders involve in the medicine procurement? 

7. What are the medicine procurement processes in hospital?  

8. What are processes in medicine procurement through PHO (provincial Health 

Office)? 

9. What are problems that hospital faces in procurement processes? / Which step that 

you suggest to improve?  

10. What are processes in inventory control?  

a. How do you set the maximum, minimum, re-ordering level, and re-

ordering frequency?  

b. How do you check stock?  

11. What are inventory management problems that hospital faces? / Which step that 

you suggest to improve?  

12. What are the processes in VMI/SMI?  

a. Can you suggest step that should be improvement? 

13. What are your opinion about VMI system (Vendor Managed Inventory)?  

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 2 The Model simulation variables detail 

  
Current 

Situation 
VMI 1 VMI 2 VMI 3 

safety stock (days) 5 20 20 20 

Leading time (days) 10 15 15 15 

ITR                  6.52  
                  

7.76  

                 

10.13  

                  

12.80  

Procured Value per time 

(THB) 
  44,684,113.84  

  

36,409,148.39  

  

27,668,768.33  
  21,887,673.88  

Procured Value per year 

(THB) 
  281,956,758.32  

282,465,880.0

1  

280,401,293.6

5  
280,069,004.95  

min (THB)     27,446,901.11  
  

24,084,481.97  
  

27,446,901.11  
  27,446,901.11  

MAX (THB)     59,000,000.00  
  

48,715,966.16  
  

43,338,005.23  
  37,556,910.79  

Average Inventory     56,767,112.99  
  

36,400,224.06  
  

35,392,453.17  
  32,501,905.95  

  Scene0 noST VMI 1 noST VMI 2 noST VMI 3 noST 

safety stock (days) 0 0 0 0 

Leading time (days) 20.5 15 15 15 

ITR                     6.52  
                  

7.76  

                

10.13  
                12.80  

Procured Value per time 

(THB) 
    70,418,087.97  

  

36,409,148.39  

  

27,668,768.33  
  21,887,673.88  

Procured Value per year 

(THB) 
  281,672,351.86  

282,465,880.0

1  

280,401,293.6

5  
280,069,004.95  

min (THB)     16,034,992.52  
  

11,777,664.20  
  

11,777,664.20  
  11,777,664.20  

MAX (THB)     70,418,087.97  
  

36,409,148.39  
  

27,668,768.33  
  21,887,673.88  

Average Inventory     40,717,470.52  
  

24,093,406.30  
  

19,723,216.27  
    16,832,66.04  

    VMI 3_ST5 VMI 3_ST10 VMI 3_ST15 

safety stock (days)   5 10 15 

Leading time (days)   15 15 15 

ITR   
                

12.80  

                

12.80  
                12.80  

Procured Value per time 

(THB) 
  

 

21,887,673.88  
 21,887,673.88    21,887,673.88  

Procured Value per year 

(THB) 
  280,069,004.9  280,069,004.9  280,069,004.95  

min (THB)   
 

15,876,235.17  
 19,725,209.11    23,555,328.41  

MAX (THB)   
 

25,986,244.85  
 29,835,218.79    33,665,338.09  

Average Inventory     20,931,24.01   24,780,213.95    28,610,333.25  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 3 The mathematical model 
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