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ABSTRACT

This research was initiated to analyze and design a better blood
distribution system from the National Blood Center (NBC) to hospitals in Bangkok
Metropolitan Region. Based on the field data and analysis, there are about 80
hospitals dispatching a variety of vehicles for more than 100 trips daily to pick up
blood at the NBC. It is obvious that such distribution creates many empty movements
from both front- and back-haul, when compared to the total vehicle capacity. As a
result, the total cost of the current blood distribution is as high as 26,031,533 Baht per
year. Therefore, this study developed a program a more efficient blood distribution
system by using a saving algorithm to solve the efficient routing. The objective was to
minimize distance or travel time of blood distribution. The routes were designed by
using maximum travel time as a constraint, and the total distance decreased by more
than 50% so that the average distance is 960 km/day. The fleet of vehicles that is
needed for blood distribution should have 12 vehicles. Each vehicle can deliver blood
for two trips per day, which are during 09.00-12.00 a.m. and 01.00-04.00 p.m. before
returning to the NBC. Therefore, this new system has been proven to be beneficial in

reducing the number of empty trips and save energy.
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CHAPTER I
INTRODUCTION

1.1 Background

The National Blood Center (NBC), Thai Red Cross Society is responsible
for national blood services and essential to the daily life of Thai people for a long
time. The objective of blood donation is to supply to patients, injuries, surgeries and
also stored for the future patients. Prior to being distributed to hospitals, donated blood
needs to be examined to ensure that it passes standards of the Ministry of Public
Health or the World Health Organization. Since the treatment result depends on
quantity and quality blood; therefore, it should be the most fresh and safe. The
screening process will test for blood types (using ABO system, Rh system, etc.), and
blood diseases such as syphilis, hepatitis B (HBsADb), hepatitis C virus (HCV), aids
(HIV), and so on. Donated blood can be decomposed to obtain suitable compositions
for requirements of patients, which have three major compositions namely red blood
cell, plasma, and platelets. In each day, the demand for blood products continues to
increase (Delen et al, 2009). To provide a good service, the NBC should have the
efficient process, especially regarding the aspect of blood transportation to patients.

The NBC collects blood in order to distribute it to hospitals in various areas.
There are two main areas that receive blood service from the NBC: Bangkok Metropolitan
Region (BMR), and regional areas throughout the country. In case of regional areas, the
NBC provides blood service to patients via 12 Regional Blood Centers (RBCs), the Special
Regional Blood Center at Phuket, and hospitals that are members of the RBCs. In Bangkok,
there is a high requirement of blood. About 57 percent of donated blood is supplied for
hospitals around Bangkok Metropolitan Region (BMR). Meanwhile, the remaining 43
percent of the blood is supplied for the rest areas through hospitals and RBCs
(Nuchprayoon, 2010). According to the process, doctors place orders for blood to the
hospital for their patients. The hospital manager then places orders to the center
(Katsaliaki, 2008). Afterward, the NBC will submit the request and prepare blood to
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transfer by a vehicle from the hospital. Most of the vehicles are empty trips (See the
distribution characteristic in Figure 1.1)

There are a lot of vehicles to pick up units of blood at the NBC every day.
Each vehicle is usually empty for inbound trip and a little loaded for outbound. Thus,
it wastes a lot amount of fuel per year. Moreover, a route might not be the shortest
path because the selection of the route is usually based on experience. In addition, the
drivers have to spend a long time to wait for only few blood units due to crowded
queues from different hospitals. Instead of emergency treatment, the vehicles have to

waste too much time and fuel for blood transportation.

Thus, the logistics for blood distribution should be improved. In theory, it
can be improved to be a better blood distribution process. As a result, the study will
cover a current process analysis, followed by the design of a new process which aims
to increase the efficiency of the distribution problem. In conclusion, the purpose of
research is not only to reduce a huge amount of fuel usage, but it will also improve the

healthcare service in Thailand.

Figure 1.1 shows the blood distribution characteristics in Bangkok area.
Suppose that there are only 11 hospitals (in fact, more than 130 daily) which dispatch
their own vehicles to pick-up requested blood and/or blood products at the NBC. In
effect, it shows that there are 11 empty trips (dash lines) of inbound vehicles because

of unloaded vehicle (E label).
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Patumthani

// Samutprakarn S/
\

\ @ H Hospital - Mational Blood Centre (NBC)
E Emypty inbound vehicle
,ff// = Route of blood distribution from the NBC to hospitals
€ - Route of empty trips from hospitals to the NBC

Figure 1.1 Characteristics of blood distribution in BMR by the NBC

In fact, there are over 100 hospitals that dispatch their vehicles to pick-up
bloods products at the NBC daily. Some of them dispatch the vehicles twice a day. As
a result, it leads to a huge waste of fuel and other medical resources. From the reasons
above, the study will focus on a route analysis and re-design of a distribution system.
Under a conceptual plan, the NBC may send its vehicles to deliver blood products at
group of hospitals instead. However, the appropriate routing needs to be analyzed and
designed so that the delivery also minimizes the total cost of distribution system. With
the plan, it will save more energy and human resource. Furthermore, the blood
distribution will be more efficient and increase an opportunity to save lives. Therefore,
the study will be scoped to analyze and re-design a new blood distribution system in
BMR.
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1.2 Objective

This research has set up two main objectives namely;

1) To study the procedure of current blood distribution including its
problems.

2) To analyze the problem and propose strategies in order to improve the
distribution process which aim to reduce the number of empty transportation
movements, save the energy and reduce the distribution cost.

1.3 Scope of the research

The unit of research is the National Blood Center, Thai Red Cross Society.
The study will be focused on a blood distribution within Bangkok Metropolitan
Region (BMR).

In this chapter, we have discussed about background and important issues
regarding the blood distribution process by the NBC to its allied hospitals in BMR.
The objectives are to analyze the problem and propose strategies in order to improve
the distribution process. Ultimately, it aims to reduce the number of empty
transportation movements, save the energy and reduce the distribution cost. The
theories and existing researches will be reviewed in the next chapter, in order to be

used as the guideline for conducting this research.
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CHAPTER II
LITERATURE REVIEW

The main objectives of this research are to study working practices and
current problems regarding blood distribution, to analyze data for solutions to the
problems, and to propose the solution to reduce number of vehicles that travel without
carrying blood, which will also help to save energy and cost of blood distribution from
the National Blood Centre (NBC), Thai Red Cross Society to hospitals in its service
network. Therefore, in order to gain knowledge and to have guidelines for conducting
the research, it is important to study and review theories and researches relating to
blood distribution service, vehicle routing management for regular product delivery,

and problems of blood distribution.

2.1 Blood service

Supply chain of blood is connected from the upstream to the downstream.
In other words, the service covers blood donation from donors until distributing blood
to the final customers, who are patient. This requires effective management.
Especially, the transportation of blood from the NBC to serve patients at the hospital is
a very important task. The current blood distribution service has various forms of
transportation. From reviewing previous researches, it was found that the

characteristics of blood distribution service is different across countries

2.1.1 Characteristics of blood service in Thailand

From the past to the present, the NBC has direct responsibility to provide
blood service to hospitals in its network, which include both public and private
hospitals. The main objectives of blood service are to immediately help emergency

patients and to store for emergency cases in those network hospitals. Each day, a great
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quantity of blood products has been taken to use for treating patients. Service area
under the responsibility of the NBC can be divided into two major areas; namely, Bangkok
Metropolitan Region (BMR) and regional area in other provinces. Blood service for regional
area has been conducted via 12 Regional Blood Centers (RBC), the Special Regional
Blood Centre at Phuket province, and hospitals in the network, which are members of the
NBC. Blood demand in Bangkok is very high when compared with the demand of all
other provinces in the country. About 57 percents of all donated blood by the NBC is used
with patients in BMR, while the remaining 43 percents is used in other provinces
(Nuchprayoon, 2010). However, some of the blood is kept for patients with certain
diseases, who can come to receive blood directly at the NBC.

Every year, there are a great number of patients that require blood for their
treatment. The procedures to collect blood to meet such demands of patients are very
complex and difficult (Reynolds et al, 2001) due to the insufficiency of blood and the
short expiration period of blood (Hemmelmayr et al, 2008). Therefore, many countries
such as Scotland, Italy, South Africa, etc., had to import blood for their patients.
However, in Norway, the NBC of Norway can collect blood with greater quantity than
domestic demands, and some amount can be exported, yielding some income that can
be used to assist other kinds of blood services for hospitals in the country (Rock et al,
2000). In case of Thailand, the NBC is a charitable non-profit organization, thus it
needs some support from the government. The NBC only needs to pay for expenses on
blood bags, dry ice, and screening test solution, while a great amount of expenses on
the remaining equipments are paid by the government. The NBC is therefore
considered as a governmental organization whose responsibility is to provide blood
services with standards and security. Each day, the NBC has to acquire at least 1,500
units of blood, or 42,000 units monthly (NBC, 2010), in order to provide sufficient
blood to all member hospitals in the country. In addition, the NBC has processed
remaining plasma and stored it in a solid form for additional services. Blood is
distributed in various product forms that can be used for blood services and given to
patients with special diseases. Overall system of operation of the NBC is controlled
under 1ISO 9001: 2000 standard (NBC, 2004).

After having received blood from donation and prior to decomposition into

red blood cells (erythrocytes), white blood cells (leucocytes), platelets, lymph, etc., the
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NBC always screens all units of blood for diseases, even though this is not required by
laws. The screening process is conducted to check blood quality, blood types (ABO,
Rh, etc.), and blood diseases (syphilis, hepatitis B (HBsAD), hepatitis C virus (HCV),
aids (HIV)). Some countries, such as US, Sweden, France, Canada, etc., (Rock et al,
2000) have a recheck system for certain diseases just like Thailand. After stirring and
squeezing to separate compositions in the blood, those compositions will be stored at

the proper temperature according to corresponding standards of each product.

2.1.2 Characteristics of blood service in other countries

Other countries may have different characteristics of blood distribution
service due to differences in size of structure, location, budget, laws, social, and
political background. Characteristics of blood service in certain countries from past
research are summarized in Table 2.1.

Table 2.1 Characteristics of blood service in certain countries

Country Research Summary of blood service
USA Gregor et al The American Red Cross (ARC) has 36 Blood

(1982); Jinxin | Service Divisions nationwide that collect, bring-

(2003) back, test, maintain a small central supply of blood,
and distribute within their designated regions. The
ARC distributes blood from its inventory on a FIFO
and a consignment basis to the regional hospitals in
response to their demands. Routine orders arrive
randomly from morning till late afternoon.
Emergency orders may arrive at any time.

This study used a simulation model and suggested
that the center leases a fleet of vehicles to be used
in delivering the blood. Succeeding stops are
scheduled up to a maximum of five, after which the

vehicle returns to the center.
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Table 2.1 Characteristics of blood service in certain countries (Cont.)

Country

Research

Summary of blood service

England

Katsaliaki and
Brailsford
(2007)

The National Blood Service (NBS) for England and
North Wales consists of 15 Process, Testing and
Issuing (PTI) Centers that serve 316 hospitals by
routinely scheduling deliveries on the daily basis.
The service is free of charge to the hospital. The
center distributes blood from its inventory on a
FIFO basis. Typically the NBS fills the routine
orders of several hospitals in one round trip at the

same time of the day

Austria

Hemmelmayr
et al (2008)

Blood products are crucial for hospitals, as they are
required for surgeries and for the treatment of
patients with chronic illnesses. The logistics
department at the Austrian Red Cross faced with a
situation in which a set of hospitals requires regular
deliveries of certain products. Most of blood
products are delivered to the set of hospitals on
regular delivery routes, but some are delivered
through other channels. The distribution routes are

planned manually, no routing software is used.

France

Rock et al
(2000)

The blood service in France consists of blood
collection, preparation and delivery of blood
components, which are the responsibility of Blood
Transfusion Centers. Blood components are given

to patients only on prescription by a physician.

Japan

Ikeda (2002)

Japan is self-sufficient in blood which has a
monopoly on blood collection from non-
remunerated voluntary donors through Red Cross
Blood Centers. The donors fill out a donor
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Table 2.1 Characteristics of blood service in certain countries (Cont.)

Country

Research

Summary of blood service

application form about themselves (name, age, sex,
address, etc.) and their health. Then a nurse collects
the blood from the donor according to the doctor’s
instructions. Conditions of apheresis are decided
according to the circulation volume, hematological
data and physical condition of the donors.

There are 77 RBCs that collect whole blood and
separate into red cells and plasma. The separation
step includes centrifugation, separation, labeling
and packaging. The blood products are delivered to
the distribution department and stored until
distribution in response to orders placed by medical
facilities.

Scotland

Sappountzis,
(1984); Rock
et al (2000)

The Blood Transfusion Service (BTS) procures,
draws, processes, stores and distributes blood in the
hospitals. Products are distributed via the network
of five Regional Transfusion Centers, which are
part of the Scottish National Blood Transfusion

Service to the local hospital blood banks

Finland

Rytila et al
(2006)

The Blood Service in Finland is an operationally
and financially independent and non-profit
organization within the Finland Red Cross. It is the
nationwide blood service provider that collects
blood and processes it through preparation, testing,

separating whole blood and distribution to

hospitals.
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2.2 Blood distribution problems

In UK, US, France, and Norway, some management and control on blood
service operation is under the responsibility of the central organization (Rock et al,
2000). This is similar to the case of the National Blood Centre, Thai Red Cross
Society in Thailand. The Thai NBC acts like a distribution center (DC), with
responsibilities to procure, screen, store, and distribute blood to hospitals in the blood
service network and regional blood centers. Supply chain of blood is connected from
the upstream to the downstream. In other words, the service covers blood donation
from donors until distributing blood to the final customers, who are patient (Rytila and
Spens, 2006). The whole process involves the arrangement for blood donation, taking
blood from donors, separating compositions of blood, screening for blood quality,
storing blood, and distributing blood. The blood supply chain has various problems,
and the problems are very complex (Sime, 2005) since it may determine life or death
of patients. It is obvious that number of population has direct impact on the blood
supply chain. With high population, blood demand is also high (Currie et al, 2004;
Rytila and Spens, 2006), resulting in the insufficiency of blood. Some solutions are
needed in order to acquire more blood. Prospective number of donors can be predicted
by applying some models such as Logistic Regression (Sime, 2005).

Approaches for stimulating people to donate blood can be summarized as
3R, which comprises Recruitment (finding new donors), Retention (keeping existing
donors), and Reward (giving awards to donors). With these three approaches, donors
will be satisfied to donate their blood (Leigh et al, 2007), and the members will donate
blood regularly. Blood donation requires quite intensive screening. The donors must
be verified that they are healthy, not being in the group of risky people, and must have
been interviewed for preliminary screening. After the blood has been donated, it has to
be kept for six hours (Jinxin, 2003) before conducting screening test with all units of
donated blood. The screening test will check the blood quality, blood group (with
ABO system and Rh system), and blood diseases (syphilis, HbsAg, HVC, and HIV).
After the blood has passed the test and met the corresponding standards, it will be
stored and waited for being distributed to hospitals according to their proportion of
demands (Sapountzis, 1984) and according to the ability of the NBC. Temperature is

controlled to match certain compositions of blood. According to previous researches,
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new technologies were used to control and monitor blood storing, such as barcode and
RFID, which could help to monitor the blood, report temperature, and warn
automatically in case of abnormality of temperature in the blood bag (Li et al, 2005).
These approaches are important for preventing deteriorated quality of blood during
transportation to hospitals and preventing wrong delivery (wrong blood types) to
patients (Kim et al, 2007). During transportation, it is very difficult to control
temperature to be in the specified range of each blood composition, while the blood
distribution system tries to keep quality and security of blood all the time throughout
transportation (Anthony and Britten, 1987; Jacobs et al, 1996). Therefore, problems
regarding blood distribution should receive serious attention. Quality control during
transportation and proper route management should be considered.

In UK, blood donation vehicles are sent out to service blood from donors
in companies, industries, or general organizations. The donated blood will then be
brought back to the British Red Cross Society. If blood quality is good enough, the
blood will be stored in the Blood Bank of the Blood Centre using First In First Out
(FIFO) approach. Blood will then be distributed to 14 Regional Blood Centers (Rock
et al, 2000). Blood will be given to member hospitals upon requests. Blood delivery is
conducted both routinely with Milk Runs operation and upon request using cars.

In Austria, the Austrian Red Cross Society uses models for scheduling
blood delivery transported by emergency ambulances. The application software used
was Arena (Koch and Weigl, 2003). Such these problems of blood distribution are
found in several other countries such as US and Canada. These countries try to arrange
schedule and vehicle routes with same objectives, which are to minimize cost, to
minimize distance, and to reduce waiting time of vehicles that come to receive blood
(Jinxin, 2003).

Similarly, Thailand also faces problems of blood distribution. There are
many vehicles sent out daily from hospitals to receive blood from the NBC, resulting
in very high distribution cost. These expenses occur with resources used for blood
distribution service, such as ambulances from the network hospitals, drivers of those
ambulances, fuel and so on. Therefore, guidelines on solutions for improving
efficiency of blood delivery are needed in order to reduce expenses and loses that

occur from current blood distribution.
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2.3 Blood transportation: research and practice

Blood transportation in other countries has a variety of approaches due to
differences in the organizational size, location, area, budget, etc. The review provides
a guideline and useful information for comparison and improvement consideration.
Characteristics of blood transportation in certain countries from past research are
summarized in Table 2.2.

Table 2.2 Characteristics of blood transportation in certain countries

Country Distributor Characteristics
USA (Rock et | Plasma product The center leases a fleet of vehicles to be
al, 2000; uses all channels used in blood delivery. The vehicles in

Gregor et al, distribution including | operation vary with the shift (07.00-
1982) blood centers, and | 15.00, 15.00-23.00, 23.00-07.00) in
drug wholesalers. weekday and weekend. For hospitals in
the outlying areas, blood is sent by
intercity bus. The center fills order of the
closest hospital as the first stop on a trip.
The second stop is the hospital with an
order closest to the first stop, after which
the vehicle returns to the center.

England (UK | The outsource service | The sample transport boxes are packed
Biobank, is the TNT courier. and placed for collection in a designated
2011) area. TNT carrier provides all UK
Biobank Assessment Centers with pre-
addressed consignment notes. Center’s
staff completes a TNT consignment note
by inserting the date and attaching a
barcode in each individual transport box,
prior to collection. The TNT collects all

transport boxes and delivers them to the
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Table 2.2 Characteristics of blood transportation in certain countries (cont.)

Country Distributor Characteristics
UK Biobank Co-ordinating Center at
07:30 a.m. in the following morning.
Finland Bloods are distributed | At the Regional Blood Transfusion
(Rytila et al, from  the  central | Centers (RBTCs), blood is distributed
2006) warehouse or directly | directly from the distribution department.
from department at the | In generally, the BTC only distributes
Blood Transfusion | blood to larger hospitals but it also has
Center (BTC) smaller hospitals as customers. Smaller
hospitals and health care centers receive
the blood needed from larger hospitals.
Scotland Blood distribution by | Each hospital blood bank receives
(Rock et al, Scottish National | regular deliveries of blood components
2000; National | Blood Transfusion | by SNBTS vehicles. Requests can be
Services Service (SNBTS) placed by telephone or fax. In case of
Scotland, emergencies, the drivers are on call to
2012) respond anytime of the day or night.
Regionally, products are distributed
through the network of five Regional
Transfusion Centers, which are part of
the SNBTS to the local hospital’s blood
bank for all products manufactured by
the SNBTS.
Austria Blood is distributed | The blood bank of the Austrian Red
(Hemmelmayr | directly from  the | Cross serves 55 hospitals. Most of the
et al, 2008) logistics department at | blood products are delivered to the
the  Austrian  Red | hospitals on regular delivery routes. The
Cross (ARC) delivery routes are planned manually; no
routing software or geographic
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Table 2.2 Characteristics of blood transportation in certain countries (cont.)

Country

Distributor

Characteristics

information system is used. Hospitals
have to request the delivery of blood
products one day in advanced. The
service area is classified into four
regions. The fixed routes for visiting the
hospitals in a region have emerged over
time. The ARC leases a small fleet of
vehicles to deliver blood products. As
the size of a bag with a blood product is
very small, the vehicle capacity is never
restricting and therefore ignored.

South Africa
(Rock et al,
2000)

Use of blood service
by Blood Transfusion
Service (BTS)

Blood and blood products are distributed
through the Blood Transfusion Service
situated within the major hospitals in the
country. From the blood banks, the blood
is delivered directly to the user. Bloods
are also distributed by the Blood
Transfusion Services to hospital wards
for the patient, or as stock items to the

hospital laboratory.
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2.4 Vehicle routing management for regular product delivery

Vehicle routing is an important management problem regarding finding
and arranging optimum routes for delivering products to customers. Vehicle routing
management must consider objectives of product delivery and produce the highest
efficiency with lowest transportation expense. Travel time, distance, availability of
vehicles, and several other factors are needed to be considered for managing routes.
The routes should be designed so that all delivery destinations will be reached in
proper order so that the work will be completed as specified. Characteristics of vehicle

routing problems can be classified as shown in Table 2.2.

Table 2.3 Characteristics of vehicle routing problems

Problems Categories

Number of vehicles - one vehicle

- Several vehicles

Number of warehouses - one warehouse

- Several warehouses

Origins of demands - Node (locations of customers)
- Arc (routes to customers)
- Nodes and arcs

Time windows (limitation of time) - Soft time windows (non-strict timing)
- Hard time windows (strict timing)

- None

Vehicle capacity - All the same
- Different

- Unlimited

Types of operation - Pickup only
- Delivery only
- Mixed

Obijectives - To minimize distance

- To minimize cost
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Table 2.3 Characteristics of vehicle routing problems (cont.)

Problems Categories

- To minimize number of vehicles
- To minimize delivery time

- To maximize customers’ convenience

For optimal vehicle routing management, all of the factors or requirements
in Table 2.2 should be considered together. Results from solving the problem by
considering one requirement might be different from results when considering another
requirement. Decision makers should know details of the problems very well and
understand theories for solving the problems in order to be able to choose the optimum
solution. Answers to vehicle routing problems also require consideration on all these
conditions. In the past, manual work is required in order to solve vehicle routing
problems. Experience of the route manager is very important so that the selected route
can minimize complexity and cost of product delivery. However, recent problems of
vehicle routing management are large and too complex to be solved efficiently with
manual work. Computer is therefore applied to solve problems. With computers,
complicated problems can be solved in a short time. This technology can truly be
applied efficiently in real situation of route management. There are currently two types

of methods for applying computer to solve vehicle routing problems, as follows;

2.4.1 Exact algorithm

The results from applying this principle are the optimal solution. However,
this method can only be applied to simple or small problems. The computing uses of
processing efficiency, large random access memory, and it take longer to process. The
sizes of the problems that can be solved from this method are limited. Hence, it is not
very popular. Methods that use exact algorithm principle include mathematical

models, dynamic programming, Branch and Bound, and integer programming.
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2.4.2 Heuristics

Solutions resulted from heuristics do not have to be the optimal solution.
Problem solving methods with heuristic principle has three good points. First, the
heuristic will always produce a feasible solution if one exists. Second, the heuristic
always give a very good solution or near optimal solution. Third, the heuristic methods
can solve large problems within reasonable computation time (Butt and Cavalier,
1994). Gilbert Laporte et al. (2000) has studied about approaches to find answers of
Vehicle Routing Problem (VRP) with heuristics and concluded that these methods
could be categorized into two groups. The first group is the classical heuristics, of
which solutions cannot be improved. The second group is the modern heuristics, of
which solutions can be improved to achieve the best answer. Comparing among
methods in the classical heuristics, the method of Clarke and Wright (1964) required
least time for operation. Meanwhile, in case of modern heuristics, the method of
Granular Tabu Search (GTS) had the minimum error. Heuristic is a type of methods
popularly used in researches. These methods do not require so much complicated
calculation, thus little time is needed for data procession. However, the answer or the
solution from applying heuristic may not be the optimal solution to that problem.
There are various methods that use heuristic principle for solving problems. Some of
these methods developed in the past time are easy to be applied. Here are some

examples of popular and convenient-to-use heuristics.

1) Saving algorithm.

By far the best-known approach to the VRP problem is the
“saving” algorithm of Clarke and Wright (1964). To find a solution to a problem using
this algorithm, saving value, which indicates amount of resources that can be saved,
will be calculated. Possible routes will be arranged to meet delivery requirements.
Demands along each created route must not exceed loading capability of vehicles. An
advantage of this approach is that distance matrix values can be directly used for
operation, making it a very convenient approach. However, a disadvantage of this
method is that it requires quite much time for arranging routes. Saving algorithm
(Clarke and Wright, 1964; Laporte et al, 2000) is a calculation method that compares
distance saving. The simple rule used in this approach is to search for delivery points

that help saving the expenses. This method links two points together rather than
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separating them with separate routes. Consider a depot D and n demand points.
Suppose that initially the solution to the VRP consists of using n vehicles and
dispatching one vehicle to each one of the n demand points. Saving algorithm follows
these steps of calculation for finding solutions (Larson and Odoni, 1981).

Step 1 Calculate the savings S(i, j) = d(D, i) + d(D, j) — d(i, j)
for every pair (i, j) of demand points.

Step 2 Rank the saving S(i, j) and list them in descending
order of magnitude. This entry in the list (the largest S(i, j))

Step 3 For the saving S(i, j) under consideration, include link
(i, J) in a route if no route constraints will be violated through the inclusion of (i, j) in a
route, and if:

a. Either, neither i nor j have already been assigned to a route,
in which case a new route is initiated including both i and j.

b. Or, exactly one of the two points (i, j) has already been
included in an existing route and that point is not interior to that route (a point is
interior to a route if it is not adjacent to the depot D in the order of traversal of points),
in which case the link (i, j) is added to that some route.

c. Or, both i and j have already been included in two different
existing routes and neither point is interior to its route, in which case the two routes
are merged.

Step 4 If the saving list S(i, j) has not been exhausted, return to
Step 3, processing the next entry in the list; otherwise, stop: the solution to the VRP
consists of the routes created during step. Any points that have not been assigned to a
route during Step 3 must each be served by a vehicle route that being at the depot D
visits the unassigned point and returns to D.

2) Sweep method

The sweep algorithm is a method for clustering customer into
groups so that customers in the same group are geographically close together and can
be served by the same vehicle. In general, if any stop has demand greater than or equal
to the capacity of the vehicle, then assign a vehicle to pick up customers at that stop in
the amount equal to the capacity of the vehicle and leave the rest of the demand for the

regular sweep steps. The sweep algorithm uses the following steps.
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Step 1 Locate the depot as the center of the two-dimensional
plane

Step 2 Compute the polar coordinates of each customer with
respect to the depot

Step 3 Start sweeping all customers by increasing polar angle

Step 4 Assign each customer encompassed by the sweep to the
current cluster

Step 5 Stop the sweep when adding the next customer would
violate the maximum vehicle capacity

Step 6 Create a new cluster by resuming the sweep where the
last one left off.

Step 7 Repeat steps 4 — 6, until all customers have been
included in a cluster.

3) Route-First-Cluster Second method.

This method is operated by arranging order of destinations of
the trip first. The principle used for arranging is by considering proximity between
areas of destinations. After the arrangement is completed, routes can then be designed.
Each route must be able to respond to demands and must not exceed loading capability
of vehicles. An advantage of this method is that route arrangement is quite simple,
while a disadvantage is that this approach is not suitable for problems that delivery
points are too far apart.

4) Cluster-First-Route Second method.

This method is quite similar to the Sweep Method. However,
the difference is that, instead of arranging routes by considering areas of destinations,
this method uses angles for arrangement. An advantage of this approach is about its
simplicity that makes it the easiest method for grouping routes. However, its
disadvantage is that the data preparation process is highly time consuming, since it
requires calculating for angles of each point comparing to the origin point.

Examples of researches relating to Vehicle Routing Problem (VRP) and

their methods applied for solving the problems are described in Table 2.3.
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Table 2.4 Examples of researches conducted to solve various vehicle routing problems

Research | Characteristics of research Research summary
Clarke and | Manage routes of vehicles | Heuristic principle with Clarke and
Wright with various sizes. Products | Wright Algorithm method was used for
(1964) were delivered out of just | arranging saving values and for
one distribution center. integrating product delivery points into
the same route in order to minimize
delivering distance. For example,
delivering points of customer 1 and
those of customer 2 are combined in
the same route. With this approach, the
number of trucks and quantity of
products in each truck can be
determined.
Toth and The problem is about | Heuristic  principle  with Insertion
Vigo arranging the best schedule | method was used to find feasible
(1997) for providing emergency | solutions. The calculation required
services to patients in urban | little amount of time. This approach
areas. could be used to solve big problems.
Danzig Arranging the optimum | This research used linear
and route for gasoline delivery | programming method, which resulted
Ramser in an optimal solution.
(1959)
Gillett and | The objective is to arrange | Heuristic principle with Sweep
Miller vehicles and routes so that | Algorithm was used to solve the
(1974) overall delivering distance | problem. Limitations were about
IS minimized. weight and travel distance of each
vehicle.
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Table 2.4 Examples of researches conducted to solve various vehicle routing problems

(cont.)

Research | Characteristics of research Research summary

Taniguchi | This research concentrated | Heuristic ~ principle  with Genetic

and in route management and | Algorithm was used to solve the

Shimamo- | vehicle scheduling in urban | problem in order to minimize

to (2004) | areas using Intelligent | transportation cost. Trucks that have
Transport Systems (ITS) for | left the warehouse for delivering
urban areas. products to customers must return to

the warehouse after the delivery.

Bartholdi | The objective is to arrange | The problem was solved by arranging

et al routes for delivering food to | route  with  Traveling  Salesman

(1983) 200 elderly people. Problem (TSP). Displacement of each

elderly person was used for arranging
routes. The result was not very
satisfying due to several limitations
that caused delays in problem solving
process.

Montree- | The research is about | Two problem solving methods were

borriruk arranging routes for taking | used.

(2006) raw milk from milk plants, | 1. By using the mathematical model,
which must be within 200 | the solution was the optimal. However,
kilometers. The problem | this approach could only be used with
was that each truck could | small problems.
not carry milk at full | 2. By using Meta-Heuristic method,
loading, and the | large problems were solved.
transportation cost was high.

Laporte et | The research is a survey of | Heuristics were used to solve

al (2000) | heuristics for solving the | problems.  The  methods  were
Vehicle Routing Problems. | categorized into two types; i.e.,




Papassorn Sukaboon

Literature Review / 22

Table 2.4 Examples of researches conducted to solve various vehicle routing problems

(cont.)
Research | Characteristics of research Research summary
The paper compares | classical and modern heuristics. Good
several Dbest known VRP | solutions are obtained quickly by
heuristics. means of the Clarke and Wright (1964)
and sweep algorithms. Better solutions
can be obtained by means of tabu
search heuristics which have proved to
be the most successful metaheuristic
approach.
Jinxin The research tried to solve a | Vehicle routing problems with time
(2003) vehicle routing problem that | windows (VRPTW) method was used.
American Red Cross (ARC) | 99 sites were randomly selected for
wanted to retrieve blood and | retrieving blood within 10 minutes of
arrange routes with | transportation.
minimum transportation
cost.
ButtE.S. | The research problem is | Heuristics were used to arrange routes
?:r:j/alier about trying to achieve | and trips. Products were collected from
(1992) maximum loading for one | nodes, which were located dispersedly
trip of a truck. throughout the specified area. Each
node has different weight and volume
of products to be collected. Limitations
for this kind of problem are time and
loading capacity of trucks in each trip.
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Table 2.4 Examples of researches conducted to solve various vehicle routing problems

(cont.)

Research | Characteristics of research Research summary

Paessens | The research investigated a | Data resulted from various methods

(1988) vehicle routing problem | were compared regarding
regarding solutions to save | modifications using saving algorithm.
transportation cost. Computing time of CPU was

presented.
Suensilpo | The research developed a | Saving algorithm and A* search
ng (2007) | vehicle routing system for | algorithm were used together. The

delivering  breakfast to
customers during 5 AM to
6:30 AM. Wages of truck
drivers were paid monthly

with a fixed rate.

solution was modified from the
original vehicle routing management.
Taxi motorcycles were selected as
vehicles for product delivery.

The objectives were to reduce number

of vehicles and total travel distance in
order to keep transportation cost low.
The research found that the developed
system was efficient and acceptable.
The solution can be used to manage
routes by using only a few vehicles and
short overall travel distance.

From reviewing the theories and previous researches, it can be concluded
that this study should use a heuristic method for solving routing problem. Although
this type of methods may not result in the optimal solution, the solution will be a good
one, as implied by Zanakis and Evan (1981). They recommended using heuristics
instead of methods for finding optimal solutions. Heuristics are particularly
appropriate for problems that are complicated to be solved in real practice due to many
the solution obtained from

conditions or requirements. In such a situation,

optimization approaches might not be practical in real life. The truly reliable and
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accurate solution cannot be obtained. Optimization methods may also consume too
much time for calculation. However, heuristics may not be appropriate for certain
situations. In practice, heuristics may not be able to solve problems with precise
solution due to some disadvantages. For example, Sweep algorithm may be inefficient
in routing if the product distribution center is not located at the central point and
surrounded by customers. Heuristic methods somehow lack of wide vision, since these
methods aim to solve currently encountered problems mainly. For example, route
resulted from applying the Nearest Neighbor method for delivering products and
returning to the NBC may be too long. In this case, the answer is considered as low
quality. Therefore, for this research, the saving algorithm is selected since this method
is popularly used for vehicle routing problem. This method is suitable for problems
that have no limitation about number of vehicles and travel time (Laporte et al, 2000).
The algorithm can be coded in any programming language for solving problems. That
makes it very convenient in practice.

This chapter has described about theories and researches involving blood
distribution service. It covered the characteristics and problems of blood service in
Thailand and overseas as well as vehicle routing management in general. It was found
that there are a lot of researches related to the blood distribution and vehicle routing
problems elsewhere, but not in Thailand. There was only one research that conducted
on blood distribution service (Tatthong, 2004). That research focused purely on
vehicle routing problem. However, only 40 hospitals were studied in the research. It
does not cover all the hospitals (over 100) in the network. Furthermore, there is no
flexibility to add a new hospital into the network. In addition, little has been studied
regarding the characteristics of blood supply chain.

The main objective of literature review in this chapter is to gain
fundamental knowledge and guidelines for conducting this research in order to answer
the objective regarding the supply chain of blood service and distribution
management. The next chapter will discuss about research method used in the research

as well as procedures for conducting the research in details.
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CHAPTER I
RESEARCH METHODOLOGY

This research is about studying and analyzing for proper design of blood
distribution routes. The process requires following appropriate steps in order to yield
optimal results that can be used as guidelines for innovative blood distribution design.
General relevant information, such as the information of the NBC, is also needed to be
well understood so that internal problems of the NBC can be solved. The working
procedures and relevant data can be categorized to be explained in six sections
namely, data for the research, research tools, a guideline of solutions to the problems,
data analysis, research procedures, and finally the research plan.

3.1 Research data

Data used in the research are important and influential for accuracy and
reliability of research results. These data will provide facts that enable researchers to
perceive issues of research problems. Good data should be accurate, clear, reliable,
and relevant to problems of interest of the research. Data used in this research can be

itemized as follows;

3.1.1 Characteristics of required data

Regarding data collection for this research, two types of data, i.e., primary
data and secondary data, were collected in order to study current situation and
problems on blood distribution. These research data were collected from two main
sources.

1) Primary data were data obtained from interview, field survey, counting,
measuring distance, or timing with a timer. These primary data to be used for data

analysis consist of
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e Equipment, tools, characteristics of utilized packages, as
well as their delivering method.

e Types and characteristics of vehicles used for blood
transportation. These data give information about loading capability and fuel
consumption rate that can be useful for accurately assessing transportation cost.

e Locations of hospitals requesting for blood. This data is
used to calculate for distance and time needed for blood delivery.

e Transportation routes

e Transportation characteristics such as service time, capacity

e Types of blood to be delivered

o Sizes of standard packages of currently used products

¢ Daily blood demand

¢ Quantity of blood in stock

2) Secondary data were data collected from previously collected data in
various sources such as database, documents, books, websites, researches,
international journals, user manuals, and so on. Secondary data for this research
include:

e Blood request’s documents

e Annual report of the NBC

e Data from relevant researches

3.1.2 Methods for data collection

The research started by studying general characteristics of the NBC in
order to design forms for collecting relevant data and to prepare tools or equipment to
be used for data collection. Pertinent data from other sources, such as international
journals and documents of national blood service workshops were also collected. Then
the prepared forms were used to collect field data at the NBC, started by interviewing
internal staff of the organization. These following data were collected from them.

1) Internal characteristics of the NBC that provide information about

working system of the staff
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2) Size, volume, and capacity of vehicles used for blood distribution.
Methodology for collecting these data was as follows;

e Survey for types of vehicles used for blood distribution

e Count for number of vehicles used for blood distribution.
There are many vehicles sent from hospitals to receive blood from the NBC daily.
Some vehicles transport blood several trips within a day. Therefore, for accuracy of
the analysis, precise number of vehicles used for blood distribution is needed to be
known.

e Measure volume of the vehicles, which implies ability of
vehicles to be used for blood distribution. The volume was measured by using total
width, total length, and blood-storing height of a vehicle.

e Measure area of space to place blood containers.

3) Collect data regarding blood products with these procedures of data
collection.

¢ Investigate types of all blood products to be delivered.

¢ Investigate daily demands for each type of blood products.

¢ Investigate quantity of blood in the warehouse.

4) Collect data regarding blood distribution with these following
procedures.

e Check number of equipment or tools used for blood
delivery

e Investigate routes that hospitals in the blood service

network used for coming to receive blood from the NBC.

e Find the transportation distance and time needed for

distributing blood to hospitals.
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3.2 Analytical tools

This research used existing tools of the researcher and the Transportation,
Traffic and Logistics Expert Center (T-LEX Center), Department of Civil and
Environmental Engineering, Faculty of Engineering, Mahidol University. The tools
can be divided into two categories as follows;

1) Hardware

e A desktop personal computer and a laptop PC were used. These
computers used Intel Core 15 M520 @2.40 GHz CPU, with 4.00 GB of RAM. They
are run under 64-bit system of Windows 7 Ultimate Operating System.

2) Software

e Microsoft Excel software was used for preliminary data preparation and
analysis. This software store data of times and distances obtained from calculation
with ArcGIS 9.3. These data will be used for further procedures of calculation
including calculation for costs occurred during blood distribution.

e Microsoft Access software was also used in this research. This is
relational database management software with capabilities to store data, process data,
prepare forms for inputting data, design data queries, and make reports of data for
printing out. However, this research used Microsoft Access mainly for preparing and
storing database of preliminary data that will be accessed and processed by Visual
basic 2008 software.

e Network Analyst Extension of ArcGIS 9.3 software was used for road
network analysis to find distances and times for transporting blood between hospitals
and the NBC. The software was determined to select the routes with shortest distances.
Results from processing with the GIS software were distances, in meters, and times, in
minutes, needed for traveling between the NBC and all hospitals in the blood service
network.

e Google Earth is also used. Google Earth is an online application
developed to view satellite images that can be overlaid with maps of cities, countries,
roads, etc. Since the GIS data of road network in Bangkok Metropolitan region,
Transport Fundamental Geographic Data Set (TFGDS), obtained from Permanent
Secretariat Office of Ministry of Transportation, was incomplete; Google Earth was

used to add locations of missing hospitals. Google Earth stores data in KML format,
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which is not supported by ArcGIS 9.3. Therefore, the next software was used to
convert the .kml file.

e DNR Garmin version 5.04.0001 was also used. Since the data required
for calculating for distances and times using ArcGIS 9.3 had to be in Shapefile format,
but the data of added locations of hospitals using Google Earth was in KML format,
DNR Garmin was used to convert the .kml file to .shp file.

e Visual Basic 2008 for coding the algorithm to design appropriate routes
for blood transportation. This research chose to use Visual Basic 2008 for this purpose
due to its popularity and simplicity that is suitable for beginners of software
development. Visual Basic 2008 has improved capability of enhancing processing
speed, and can be used to connect with data stored in a database system.

3.3 Mathematical model and solution approach

After considering the research problem, it was found that the problem
corresponds with vehicle routing problem (VRP). According to the literature review
section, there are various solutions to solve such this problem. These solutions require
computer programming capability for their processes, which make it difficult to solve
the problem in real practice. Therefore, the methodology to solve VRP with heuristic
will be used in this research since its mathematical principle is less complex than other
techniques. Heuristic relies on some determined rules that are used to find an
acceptable answer, even though that is not the optimal solution. From comparing
problem-solving methods in the literature review section, saving algorithm will be
used for the problem of this research because it is less time-consuming regarding data
preparation than other techniques. Saving algorithm method is about calculating for
solutions to save the distance of traveling. There are rules to find delivering points that
will produce more saving by linking 2 points into the same route rather than separating

routes. The process of this technique follows these steps.
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1) Select a node that represents the central depot, and specify this node as
the first Delivering Point.

2) Calculate for saving cost that will be derived from integrating routes of
a pair of delivering point i to delivering point j (S;;), which has value equal Cj; + Cyj—
Cij

3) Sort the saving values (Sj;) descendingly.

4) Select the highest saving values from the pair of delivering point i and
delivering point j without redundancy, then create a sub-route by linking between
delivering point i and delivering point j.

5) Repeat step 3) and Step 4) until all delivering points have been

processed.

3.4 Data analysis

After completing the data collection procedure, the next research
procedure is to analyze for input parameters of mathematical models and
transportation cost estimation. There are four necessary parameters; namely, travel
speed, distance matrix, blood demand and capacity.

1) Travel Speed

To calculate travel speed, it requires the Transport Fundamental
Geographic Data Set (TFGDS), which was prepared by the Permanent Secretariat
Office of Ministry of Transport. The dataset was last updated in March 2007. This
research used only the part of the dataset that covers the study area. However, since
the dataset does not include all locations of hospitals shown in the list of the NBC,
more coordinates of locations were manually added by using geographic capability of
Google Earth. Once all locations of all hospitals were obtained, DNR Garmin software
(Figure 3.1) was used to convert those coordinates into Shapefile format to be used for

further process.
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Figure 3.1 The interface of DNR Garmin version 5.04.0001

In order to approximate time needed for blood transportation with high
accuracy, the real situation must be considered. In real situation of blood
transportation, speed of blood-carrying vehicles may change according to road
conditions. The speed is also affected by positions of the hospitals and distances
needed for transportation. It is observed that, for long distance of transportation,
drivers normally choose main roads that allow them to drive at higher speed than city
roads and the selection of the route is based on their experience. Therefore, speeds to
be used for this travel distance calculation are determined differently according to
speed zones. The speed zones were determined by considering influence from external
factors. For example, travel speed in the city area with traffic congestion is lower than
the speed in suburb area. Distances from city area are used to determine speed zones
as follows;

Distances within 0 — 20 kilometers, the average speed is 12 km/hr.

Distances within 20 — 40 kilometers, the average speed is 23 km/hr.

Distances within 40 — 60 kilometers, the average speed is 35 km/hr.

Distances within 60 — 100 kilometers, the average speed is 47 km/hr.

Then digital maps of roads within the area covering Bangkok,
Samutprakan, Nonthaburi, and Pathumthani provinces were used to calculate for
distances and times needed for transporting blood from the NBC to all hospitals in the
blood service network. The calculation was conducted by using Network Analyst
(Feature OD Cost Matrix) of ArcGIS software.
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2) Distance matrix

The distance matrix or the Origin-Destination Cost Matrix represents
travel distances that occur during transporting from all to all nodes in the network. The
distance matrix was analyzed by using ArcGIS software. The data were in the TFGDS
Shapefile. In order to use ArcMap Network Analyst to solve problems regarding
transportation network, some data of the roads, such as average travel times, one-way
streets, etc., has to be prepared. Network Analyst is also very useful for finding routes,
service areas, Closet Facility, Origin-Destination Cost Matrix, with its ability to solve
vehicle routing problems.

3) Blood demand

There are a lot of vehicles to pick up units of blood at the NBC every day.
It is obvious that such distribution creates many empty movements from both front-
and back-haul, as compared to the vehicle capacity. This part is to analyzing the blood
demand, the number of hospitals and trips that the hospitals’ vehicles came to pick up
blood in the BMR.

4) Capacity

Based on the observation at the NBC, the types of pick up vehicles were
recorded. There are several types of them. However, for routing analysis, the
commercial version Toyota Commuter is selected as the representative for delivery
service. The maximum capacity is in the range of 600-700 kg. In this research, the

capacity is limited to 600 kg.

3.5 The assessment of transportation cost

This research is also conducted to assess all the costs from blood
distribution activities. The costs involve all expenses during blood distribution. There
are many factors that affect the costs for blood distribution activities. These factors
include characteristics of the transporting route, travel distance, travel time, etc. The

assessment of transportation cost was shown in Figure 3.2



Fac. of Grad. Studies, Mahidol Univ.

M.Eng. (Industrial Engineering) / 33

Data of blood demands from
the NBC

A 4
Analyze for

transportation cost

A 4

Do programming to design

distribution routes

A 4

Display results

from route design

A 4

with currentl

Compare the designed routes

y used routes

A

y

concl

Discussion and draw

usion

Figure 3.2 The assessment of transportation cost

3.5.1 Analysis on transportation costs occurring during blood distribution

After all required data have been collected; the next step is to analyze

these data by following these procedures.

1) Analyze general characteristics of blood distribution and problems that

arise during blood distribution of the society at present.

2) Geographic locations of the NBC and all hospitals in the blood service

network were used for Travel Distance Matrix calculation by using ArcMap 9.3.

3) Collect data about blood types and blood demands in order to analyze

for daily blood demands of hospitals in the network.

4) Distances and times resulted from the calculation were used for

analyzing and assessing for costs that occur from current blood distribution. These
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costs may consist of various expenses such as vehicle utilization cost, employee wage,

fuel cost, and opportunity cost, etc.

3.5.2 Designing new routing for blood distribution

This analysis procedure has the objective to find better blood distribution
than current practice. Steps for this analysis are as follows;

1) Suggest an idea about reducing number of vehicles that travel without
carrying blood products that will reduce blood transportation cost and improve blood
distribution service in the area of Bangkok Metropolitan Region for higher efficiency.

2) Analyze and design new blood distribution routes by using Microsoft
Visual Basic 2008 to do programming in Visual Basic language for solving problems
by heuristics method, i.e., saving algorithm.

3) Analyze to compare costs between current situation and the newly
proposed blood distribution routing in order to assess the cost that may be saved from

implementing the new design.

3.6 Research procedure

In order to do a research with an objective to improve blood distribution
service of the NBC to all hospitals in their network, the research must follow certain
procedures for achieving accurate results that will be useful for solving problems in
the NBC. Details of research procedures are as follows;

1) Study and review relevant national and international journals and
researches.

2) Define scope of the research by studying and collecting fundamental
data. The research tools can then be selected for data analysis. The study area has also
been defined to cover service area of the NBC and hospitals in the blood service
network. The study area mainly covers Bangkok Metropolitan Region.

3) Collect data to be used in the research. The collected data comprised
two types of data namely, primary and secondary data. Population of the study, which

including all hospitals in the blood service network, was investigated. Distances from
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the hospitals to the NBC were assessed. Sources of these data were books, websites,
researches, international journals, etc. Current situation of the NBC was also studied to
design data collection forms and prepare research tools prior to data collection
process.

4) Perform data analysis. After all required data have been collected; the
next research procedure is to analyze current daily blood demand of all hospitals in the
blood service network that will be used for designing new routes of blood distribution
with these following steps.

e Input locations of all hospitals in the blood service network into the GIS
application

e Analyze for costs that happen from using current transportation routes

e Analyze and design new distribution routes

e Analyze and assess how much cost that could be saved from using
newly designed distribution routes when comparing with the current practice

5) Tools used for the research

e A desktop computer and a laptop computer

e Microsoft Excel and Microsoft Access

e GIS software (ArcGIS 9.3)

e Programming language software (Visual Basic 2008), for coding the
algorithm to design newly appropriate blood distribution routing.

6) Summarize results and write a report. This is the final step of the
research procedures. The report will present conclusion of the research. Utilized data
and research results will be submitted to the advisor, and correction will be made as
advised. Progress of the report will need to be submitted regularly. The completed
report of the research will be submitted for publication or presentation according to the
graduation requirement of the university. Then the thesis defense examination will be
conducted. Finally, the thesis will then be published. All these procedures are shown

in Figure 3.3.



Papassorn Sukaboon Research Methodology / 36

Study relevant journals and

researches

A\ 4
Define scope of

the research

\ 4
Data collection

A 4
Analyze data for designing the proper routing.

There are four steps as follows;

1. Determine the distance matrix

2. Calculating for transportation cost that occur
3. Programming the heuristic to design proper

routing
4. Compare current practice with the newly

designed routing

Adjust new route and

No

re-design according to

the analysis

Test the efficiency of the program

A 4

Draw conclusions
and write a report

Figure 3.3 Procedures for conducting the research
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This chapter has described about research methodology. It covers details
on research data and research tools, which include locations of the NBC and hospitals
in the blood service network, existing transportation routes, vehicles for blood
transportation, and transportation characteristics, etc. Steps of data analysis, problem-
solving methods, working procedures, and research plan have also been explained.
The next chapter will describe about general conditions of blood distribution from the

NBC and hospitals in its service network. Details on newly designed blood

transportation routes will also be described in the next chapter.
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CHAPTER IV
RESULTS AND DISCUSSION

This chapter presents results from the analysis. The discussion will
emphasize on the results from implementing the research methodology and analyzing
the blood distribution designs. For ease of understanding, this chapter explains by
seven main topics; namely, case study, the blood supply chain, characteristics of blood
distribution, characteristics of blood distribution in Bangkok Metropolitan Region
(BMR), cost assessment, designed routes of blood distribution and summary. Details

on each topic are presented herein.

4.1 Case study

The National Blood Centre (NBC), Thai Red Cross Society, is a charitable
organization working on health care and medication. The NBC is located at 1871
Henri Dunant Road, Pathumwan, Bangkok, 10330. Figure 4.1 shows the NBC’s head
quarter building. Since its establishment in 1952, the Thai Red Cross Society has had
status of juristic. Its function involves humanitarian charity work according to the
principle of the International Committee of the Red Cross. According to the Thai Red
Cross Society Act in 1918, the NBC shall be supported by the Thai government. The
specified responsibility of the NBC is to work on blood procurement from blood
donors and other sources. Thus the Ministry of Public Health assigned the NBC to
take care of all kinds of blood services nationwide, with objectives to aid patients and
accident victims, and to store some blood for all public and private hospitals in the
blood service network.

Daily, there is high demand to use blood for patient treatment. With fast and
secure blood provision, doctors can treat patients more efficiently, and have more chances to
save their lives. In order to provide blood in a timely manner and with safe quality, the
personnel in charge must be able carry out operational activities efficiently, especially the

activities regarding management on blood delivery to patients. Comparing to other regions,
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blood demand is very high in Bangkok. Approximately 57% of blood received from
donation is used with patients in Bangkok, while the remaining 43% is transported to service
patients in other provinces (Nuchprayoon, 2010). Blood distribution to patients in
regional areas has been taken care by 12 Regional Blood Centers (RBCs) and hospitals

in the blood service network who must be members of the NBC.
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- B

THAI RED CROSS SM

Figure 4.1 The head quarter building

4.2 Data collection

Data collection process for this research was conducted in order to study
operations of blood service officers, to understand characteristics of blood distribution,
and to study the current condition of existing problems. Data collection should be
well-planned, fast and effective. The collected data should be accurate, precise, and
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complete. Data collection process is very important since it is one of the beginning
processes of research procedures. Efficient data collection will lead to successful
patterns of data analysis, and will help the research become smooth and more efficient.
Details on data collection and data features of this research are clarified in this section.

4.2.1 Data from the NBC

From studying operations of the NBC, it was found that the NBC has
complex operations. It has to keep blood in the highest quality throughout the supply
chain, which starts since the donor comes in the NBC for donating blood until the
blood reaches the patient or the final consumer. The studied population includes
hospitals in BMR that are network members of the NBC. In total, there are 131
hospitals as the research’s population. Data obtained from the NBC include:

1) Characteristics of blood distribution and operations of the NBC’s
officers

2) Number and types of vehicles used for transporting blood. There are
many vehicles being sent from many hospitals for receiving blood from the NBC.

3) Quantity of each type of blood required in each day to serve demands of
the network hospitals

Data collection from the NBC starts by studying general data from
relevant sources such as international journals, paper, documents, and reports from the
workshops regarding national blood services, etc. Field surveys were then conducted
to collect data at the NBC. There were several approaches in this research for
collecting the required data as follow;

1) Field visits

Asst. Prof. Somchai Pathomsiri, the instructor for EGIE 514 of the
Transportation Management and Physical Distribution class has arranged a field visit
at the NBC. This event allowed the researcher and some other students to study
procedures of blood flow and operations of officers. The operations begin since the
point when blood donors come to donate blood until the final step at the NBC, which
is distributing blood to hospitals in the network and RBCs. During the visit, officers of
each department at the NBC took care and explained the work for the researcher team

very well, as shown in Figure 4.2. From the field visit, existing problems of the
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current situation have been witnessed. Interesting issues that were investigated in
research include problems regarding blood quality, problems regarding logistics,
problems regarding personal, and lack of staff. Causes of the problems, as explained
by some officers, were overloaded work, the bureaucracy system, etc.

Figure 4.2 An officer is explaining about methods for packing blood

2) Meetings

After witnessing the existing problems, the topic of logistics problems is
the main interest for this research. Subsequently, the researcher has contacted some
administrators of the NBC and had series of meetings. The meetings were conducted
in order to exchange opinions, to monitor some operations, to gain some knowledge,
and to assess results obtained from the field visit, as shown in Figure 4.3. Opinions
from officers in all departments of the NBC were inquired and collected. Knowledge
from some personnel has also been collected as the additional information for the
research. As for the next procedure of the research, some officers were appointed to
have in-depth interviews for knowing details of the problems. According to the
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meetings and interviews, it became even more obvious that the blood supply chain still
has many problems to be solved and improved. Some problems are serious and needed
to be addressed urgently. Logistics researchers are required to help solving the
problem.

N
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Figure 4.3 Meeting with NBC’s administrators and key persons

3) Interviews

Interviews were conducted in a form of in-depth interview. The interviews
were intended to create a natural and open-ended discussion in order to facilitate
exploring the truth regarding the collected data. This is to ensure that the collected
data are understood in details and understand comprehensively about the problems and
operational procedures of the NBC in each day. The procedure starts at the selection of
persons who should be interviewed, making appointments with the persons,
conducting interviews, and summarizing data, as shown in Figure 4.4,
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Figure 4.4 The researcher is interviewing the operational staff

4) Participative observations

The researcher went to the NBC several times for conducting participative
observations. This procedure started by selecting activities or areas to be observed. In
this case the researcher chose to observe activities in the blood discharge room. The
researcher then informed the officer in charge, asking for permission to observe in the
working area with officers of the NBC. Photos were taken. Time and frequency that
each hospital sends its vehicle to pick-up blood were recorded. Vehicles that come to
receive blood were observed. The behavior of officers during operations was also
observed. The researcher also took part in some activities. This includes joining the
officers for a delivery trip by the NBC’s van. This is done in order to study the blood
distribution to various RBCs and regional hospitals, as shown in Figures 4.5 and 4.6.
The researcher also followed the officers of hospitals located in BMR, which comes to
receive blood from NBC. By following these officers, the researcher could observe
procedures of delivering blood to blood storage of each hospital, as shown in Figure
4.7.
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Figure 4.5 A participative observation performed with the NBC’s officers at Mochit

bus terminal

Figure 4.6 A participative observation with the NBC’s officers at Don Muang Airport
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Figure 4.7 The blood was delivery to blood bank of a network hospital

4.2.2 Secondary data

In addition to logistic study, this research also conducted ana alysis  on
transportation routing for blood delivery between the NBC and hospitals in the blood
service network within the area of Bangkok, Samut Prakan, Nonthaburi, and
Pathumthani provinces. Therefore, the secondary data on transportation network are
needed. The digital transportation data so-called the Transport Fundamental
Geographic Data Set (TFGDS) is used in this study. This dataset was collected and
maintained by the Permanent Secretariats Office of the Ministry of Transport. The
dataset was last updated in March, 2007. The study has extracted the data to obtain
only data in the study area. However, it was found that the data did not contain
complete information of all the hospitals as listed by the NBC. Therefore, the
coordinates of these missing hospitals had to be manually identified. For this purpose,
Google Earth, a wed-based geographic application program, was used to find locations
of these hospitals. After obtaining complete coordinates of all hospitals of interest by
using Google Earth, another software called DNR Garmin was used to convert the

saved file in KML format into the shapefile format. The shapefile will then be used for
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further procedures. The process of using DNR Garmin to convert coordinate data of

the studied hospitals is shown in Figure 4.8.
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] Figure 4.8 DNR Garmin to convert coordinates of the hospitals from KML format ]

to the Shapefile format

For accuracy of data conversion, the projection used in DNR Garmin has

to be specified to match the projection and datum of the TFGDS dataset, which is
Indian_1975 UTM_Zone_47N. Therefore, the Datum was set as Thailand Local
Datum, and the projection was set as Everest, Location Indian Thailand, and UTM

zone 47N, as shown in Figure 4.9.
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In total, there are 131 hospitals within the area of Bangkok, Samut Prakan,

Nonthaburi, and Pathumthani provinces. These hospitals comprise both public and

private hospitals that send their vehicles

to pick-up blood from the NBC. Locations of

these hospitals are shown geographically in Figure 4.10.
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Figure 4.10 Locations of hospitals in the NBC network
in Bangkok Metropolitan Region

In order to be able to receive blood from the NBC, the hospital has to sign
up to become a member of the NBC. The names of hospitals that have been listed as

members of the NBC are shown in Table 4.1.

Table 4.1 Hospitals in the blood service network

No. Code Hospital
1 001001 Chulalongkorn
2 001101 Bamrungrad
3 001102 Phyathai 1
4 001103 Phyathai 2
5 001104 Thonburi 1
6 001105 Samitivej (Sukhumvit)
7 001106 Bangkok
8 001107 Paolo Memorial
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Table 4.1 Hospitals in the blood service network (Cont.)

No. Code Hospital
9 001108 Saint Louis

10 001109 Hua Chiew

11 001110 Kasemrad 1 (Bangkhae)
12 001111 Wiphawadee

13 001112 Krungdhon 1

14 001113 Bangkok Christian

15 001114 Mayo

16 001115 Vichaiyut

17 001116 Paolo Memorial Chokchai 4
18 001117 Doctor Panya General
19 001118 Sukhumvit

20 001119 Mission

21 001120 Petcharavej

22 001121 Camillian

23 001122 Bangpo General

24 001123 Yanhee 2

25 001124 Mahesak

26 001126 Rajburana

27 001127 Decha

28 001128 Chaophya

29 001130 BNH

30 001131 Theptarin

31 001132 Ananpattana

32 001134 Bangmod

33 001135 Bangphai

34 001138 Klongtun

35 001140 Kluaynamthai

36 001143 Bangna 1
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No. Code Hospital
37 001144 Srivichai 1

38 001145 Srivichai 2

39 001146 Krungdhon 2

40 001148 Bangpakok 1

41 001149 Bangpakok 2

42 001151 Phyathai 3

43 001155 Navaminthra

44 001158 Thonburi 2

45 001159 Samitivej (Srinakarin)
46 001160 Ramkhamhaeng

47 001160 Central General

48 001162 Praram 9

49 001163 Bangkok Cancer Center
50 001164 Nakornthon

51 001167 B Care Medical Center
52 001172 Navaminthra 2

53 001173 Synphaet

54 001174 Phetkasem Bangkhae
55 001177 Ladprao General

56 001178 Seriruk

57 001179 Kasemrad Prachachuen
58 001180 Thainakarin

59 001183 Piyavate

60 001184 Mongkutwattana

61 001185 Sikarin

62 001186 Praram 2

63 001187 Vejthani

64 001188 Vibharam
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Table 4.1 Hospitals in the blood service network (Cont.)

No. Code Hospital
65 001192 Kasemrad Sukhapibal 3

66 001196 Bangkok International 9

67 001198 Saimai

68 001201 Rajavithi

69 001202 Lerdsin

70 001203 Children

71 001204 Priest

72 001205 National Cancer Institute

73 001206 Nopparat Rajathanee

74 001209 Prasat Neurological Institute
75 001301 Siriraj

76 001302 Ramathibodi

77 001303 Hospital for Tropical Diseases
78 001401 Bhumibol

79 001402 Phramongklao

80 001404 Somdejprapinklao

81 001501 Police

82 001601 Vajjira

83 001602 Bangkok Metropolitan Administration General
84 001603 Taksin

85 001604 Charoenkrung Pracharak

86 001605 Luangpho Thaweesak

87 001607 Lat Krabang

88 001608 Rachapipath

89 001609 Sirinthorn

90 001701 Thailand Tobacco Monopoly
91 001702 Metropolitan Electricity Authority
92 001703 Burachatchaiyakorn
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No. Code Hospital
93 001704 Veterans General

94 001P01 Navaminthra 9

95 101101 Nonthavej

96 101102 Kasemrad Rattanatibeth
97 101103 Mahnam

98 101105 Krungthai

99 101201 Pranangklao

100 101202 Chest Disease Institute
101 101204 Bangbuathong

102 101206 Bamrasnaradura

103 101801 Chonlaprathan

104 102101 Navanakorn General
105 102103 Pathumvech

106 102104 Rangsit General

107 102106 Ekpatum

108 102107 Muangpatum

109 102109 Phatara-thonburi

110 102201 Pathumthani

111 102203 Nongsuea

112 102205 Thanyaburi

113 102206 Klongluang

114 102301 Thammasat University
115 104101 Samrong General

116 104102 Mueangsamut Paknam
117 104105 Chularat 1

118 104106 Chularat 3

119 104109 Rattharin

120 104111 Paolomemorial Samutprakarn
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Table 4.1 Hospitals in the blood service network (Cont.)

No. Code Hospital
121 104112 Chularat 9

122 104113 Piyamin

123 104114 Bangpakok 3

124 104115 Bangna 2

125 104117 Ruamchaipracharug
126 104118 Mueangsamutpuchao
127 104119 Chaiprakarn

128 104201 Samutprakarn

129 104203 Bangphli

130 104205 Bangbo

131 104206 Bangchak

4.3 The blood supply chain in Thailand

Supply chain of blood is connected from the upstream to the downstream.
In other words, the supply chain spans from blood donation by donors to the
distribution of blood to the final customers, i.e., patients. The chain involves
recruitment for blood donors, testing, processing and storage of blood, distribution of
safe and standard blood products to hospitals in network and using blood products.
Conclusively, there are four main processes as shown in Figure 4.11.
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4.3.1 Recruitment and collection of blood

The blood supply chain has various problems, and the problems are very
complex since it may determine life or death of patients. It is obvious that number of
population has direct impact on the blood supply chain. With high population, blood
demand is also high.

At present, there is a requirement to obtain blood as much as possible from
donors to distribute to patients in various hospitals. The minimum amount of blood
required to be collected daily is 1,500 units or approximately 42,000 units monthly in
order to provide sufficient blood to all member hospitals in the country. The NBC

usually shows the required amount at the gate, as shown in Figure 4.12.

Figure 4.12 The amount of blood required in 20™ July 2010

To recruit blood donors, the activities start with advertising and educating
campaigns arranged for the target population. There are three groups of blood donors.
First, the walk-in donors refer to those who come to the NBC directly without any
appointment. Second, the appointed donors refer to those who come to NBC according
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to their appointment. Last, mobile-unit donors refer to those who donate via the
NBC’s mobile blood donation service. The procedures of blood donation for these 3
groups are similar. Mobile-unit donation is slightly different from the other two types
merely in term of the donation place. Mobile-unit donation is a service of NBC that
sends its vehicles to various places, such as universities, companies, organizations, etc,
in order to reach more donors. Donation at the NBC starts when a donor walks into the
service area, where some officers and volunteers are available for providing any
assistance. Interested persons can also find information regarding procedures for blood
donation and blood component donation at the signboard in front of the service area,
as shown in Figure 4.13. The NBC provides services for several kinds of donation.
Donors can choose to donate blood, eyes, stem cell, and many other organs at the
donor’s wish. Procedures for donating blood at the NBC are as follow.
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Figure 4.13 Procedures of blood donation on the board at the NBC
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1) Filling the form

After the donor has made decision to donate blood, he/she then has to fill
in a form, as shown in Figure 4.14. The form asks about name, address, weight, height,
readiness for donation blood, and health history. The donor have to answer some
dichotomous questions by choosing either Yes or No. This form is aimed to be used as
an initial screen for selecting appropriate donors and to ensure that the donor is ready
for blood donation. The donor then has to sign as an approval to statements in the form
and to confirm that all the given information is the truth. The true data of donors are
required so that the NBC can obtain safe and high quality blood. After filling in all
details in the form, the donor will have to press at the machine issuing a queue card,
which is placed in front of the examination room. Then the donor waits for his/her

queue. This queue-card system is used for smooth and fair operation.

Figure 4.14 Donors fill in the form of donated blood
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2) Screening of blood

After receiving a queue card, the donor sits down and waits in front of the
blood donor selection room as shown in Figure 4.15. At this room, the donors will
meet a doctor to check their general physical conditions such as blood pressure, pulse
rate, blood group, blood concentration, etc. These examinations are conducted in order
to screen for high quality blood and for safety of the donor. The donor will be rejected
if any of the responses to the health history indicate that this donor should not donate
blood. If the doctor has agreed that the donor is ready for blood donation, he/she will

enter the process of blood collection.

Figure 4.15 Donors are waiting for their queues in front of

the blood donor selection room

3) Blood donor registration

Those who pass the screening process will have to submit the donor
identification card and register for getting a unique number for their blood bag at the
registration counter, as shown in Figure 4.16. After finishing the registration

procedure, the donor will receive a barcode, which contains some useful information.
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For example, a barcode numbering 100.53.A.23995 contains these pieces of
information: 100 = The Red Cross Society; 53 = B.E. 2553; A = the unit that receives
the donation; and 23995 = running number. Then the donor has to move on to the

second floor for entering the blood drawing process.

Figure 4.16 Blood donor registration

4) Blood collection

In front of the blood drawing room, there is another queue card issuing
machine. The donor will have to press for a queue card and wait in front of the room,
as shown in Figure 4.17. When the queue has arrived, an officer will call for that
donor to get on a bed. A specialist will use a needle to pierce on a vein near the inside
of the elbow and blood will be drawn from there. Those who need anesthetic agent
must inform the officer before being pierced. The blood drawing process takes about 5
to 6 minutes to complete. Equipments used for this process are new, disposable, and
sterilized. There are two types for storing the blood from donors; namely, tube and
bag. The tube is used to keep blood for being checked to determine the blood group
and blood diseases, which requires four tubes for each sample. The tubes are labeled
differently with red, grey, pink, and purple colors. The bag is used to store blood that
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will be separated into various blood components. There are two sizes of commonly
used bags; namely, 350 ml. and 450 ml. The 350 ml bags are for donors whose weight
is within the range of 45 to 50 kilograms. The 450 ml bags are used with donors
heavier than 50 kilograms. When there is a beeping noise informing that blood
quantity is reaching either 350 ml. or 450 ml., the officer will stop blood flow by using
a forceps. Blood remaining in the plastic tube will be put in four testing tubes of which
lids are in different colors. These tubes will be used for laboratory tests. After
removing the needle from the donor’s vein, the wound is closed with some cotton and

tape.

Figure 4.17 Donors are waiting for their queues to have their blood drawn

5) Resting after blood donation

After the donors have finished with the blood collection process, they will
sit to take a rest and have some drinks or refreshment prepared by the officers or
volunteers in order to balance water condition in the body as shown in Figure 4.18.
Normally, it takes about 60 — 90 minutes to reach this process. This is because there

are usually many donors, especially on weekends and national holidays. Thus donors
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have to wait in line for a long time. After waiting for a while to make sure that the
donors are alright, they will be given a plaster to cover the wound and allowed to go
home. The officer also writes down the next appointment (next 3 months) in the
donor’s Blood Donor Card. The collected blood will be brought for examination
before entering further processes.

Therefore, in order to acquire sufficient blood donors, the NBC should
conduct some activities to promote understanding and knowledge about blood
donation. New solutions should be invented and adopted in order to provide more
safety to blood donors. Simultaneously, solutions should be implemented to prevent
donation of unsafe or risky blood. Achievement indicators of blood donation service
include having more safe donors, having more donors who require no incentives,
having more regular donors, having fewer risky donors, and having more institutions

assisting in campaigns for promoting blood donation.

Figure 4.18 Relaxing and taking a rest after donating blood
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4.3.2 Testing, processing and storage of blood

After obtaining blood from donors, the bloods in tubes are waiting for
further processes. These will be submitted to the Blood Group Testing Unit and the
Viral Testing Unit. Blood samples in tubes will be treated differently as described
below.

- Blood Group Testing Unit

e Clotted tube: To check blood groups (ABO, Rh").
e CPD tube: Check for red blood cell and plasma antibody.
- Viral Testing Unit
e Clotted tube: Check a blood diseases; namely, HIV-Ab,
HIV-Ag, Anti-HCV, and HBsAg and Syphilis.
e EDTA tube: Nucleic acid Amplification Testing and
Quarantine (NAT-Testing); namely, HIV, HCV, HBV.

The blood bag that has been centrifuged for separating products will result
in whole blood, which will then be separated into several types to be provided to the
patients who require them. For example, plasma can be used to treat patients with
hemophilia. Leucocytes can be used to treat highly infectious patients. Cases with
inefficient use of antiseptics and platelets can be used to treat patients who are in the
condition with low level of platelets such as dengue fever, cerebral hemorrhage, etc.
The process of centrifugation and filter whole blood is shown in Figure 4.19.

The whole blood that had been through centrifugation and filtering can be
further separated into many minor products. However, if the test tube results reveal
that the blood sample is not qualified, the blood bag of this donor will be separated
and destroyed. The donor will also be informed about the blood disease. Main
products produced daily at the NBC are:

e Packed Red Cell (PRC)

e Leukocyte-Poor Packed Red Cell (LPRC)

o Leukodepleted Packed Red Cell (LDPRC)

e Platelet Concentrate (PC)

e Leukocyte Poor Platelet Concentrate (LPPC)

e Fresh Frozen Plasma (FFP)
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e Leukodepleted Fresh Frozen Plasma (LDFFP)
e Cryoprecipitate (Cryo)
e Cryo-Removed Plasma (CRP)
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Figure 4.19 The process of centrifugation and filter whole blood

Having been through the tests and processing, the blood products will be
stored in a refrigerator at a temperature appropriate for individual product types
according to the standards. If the blood requires being moved or relocated, the
relocation time must be stamped. The process has to be finished within 15 — 20
minutes. The blood will be stored in the blood bank of the NBC using First In First
Out (FIFO) basis within the age category. Blood units are kept separately by types, at
a corresponding temperature, as shown in Figure 4.20 and Table 4.2. These procedures

are considered the mid-stream procedure of the blood supply chain.
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Figure 4.20 The blood bank of the NBC

Table 4.2 Temperature ranges of blood components to be controlled during the storage

Blood type Temperature
Red Cells (PRC, LPRC, LDPRC) 2-6°C
Platelets (PC, LPPC, SDP) 20-26°C
FFP, Cryoprecipitate <-20°C

4.3.3 Distribution of blood and blood products to hospitals in network

The blood service system has a center at the NBC, which has duties to
provide blood to hospitals in BMR, as well as 12 regional blood centers throughout the
country. However, according to the current situation, some regional blood centers
cannot provide blood services to support all hospitals under their responsibility due to
insufficiency of blood. Some hospitals, therefore, have to send their vehicles to receive
blood directly from either the NBC (see Figure 4.21 for an example) or the nearest
regional blood center with sufficient blood supply. This adds more expenses to the
transportation cost due to increasing transportation distance.
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Figure 4.21 The vehicles was send to receive blood directly from the NBC

4.3.4 Using blood components

The blood supply chain has various problems as well as complexity. This
is particularly the process of blood distribution. Examples of these problems are
uneconomical transportation and unreliable quality control of blood products during
transportation, etc. Blood is an important resource for medical activities. Therefore,
the problems require much attention. With high quality supply of blood or blood
products, the medical treatments of doctors can be enhanced. The procedures in blood
distribution system start when a patient requires to be treated with some blood. Then the
doctor will order blood through hospital in network, by specifying details of the patient,
type of blood, and required quantity. Then the hospital will send a vehicle to pick-up
blood from the NBC. After the blood is loaded and ready for transportation, the
vehicle will bring the blood back to the hospital. The hospital will test the blood by
using the cross-matching technique to verify that the patient’s blood is compatible
with the donor’s blood. After the blood is verified, it will be used to treat the patient,

and that is the downstream of the blood supply chain.
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4.4 Blood distribution in Bangkok Metropolitan Region (BMR)

From reviewing the researches, data collection, the interviewing with NBC
staffs, observing the operation and meeting with the NBC’s administrator and key
persons, it may be concluded that the current blood distribution is still far from perfect.
There are several issued needed to be addressed

Regarding blood distribution processes, the procedures start with a patient
requiring blood for his/her treatment. The doctor will then inform the hospital to
request for blood from the NBC. Then hospital will check with the NBC whether the
required blood type is available. With availability of the blood, the hospital will send
its vehicle to the NBC. After receiving the blood, the staff that came with the vehicle
will bring the blood back to the hospital. The blood will then be used to treat the

patient. Figure 4.22 shows the procedures of blood distribution.
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Figure 4.22 Procedures of blood distribution

Hospital

The NBC is therefore analogous to a distribution center (DC) in logistic
business. The NBC works on collecting, screening, storing, and distributing blood to
regional blood centers and hospitals. The duties of the NBC cover blood donation
services provided to blood donors until blood supply services provided to patients,

who are the final consumers of the blood supply chain. However, before the blood can
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be distributed to patients, it has to go through receiving and distributing processes of
the NBC and the hospitals in the blood service network. These processes can be

illustrated with details in Figure 4.23.

A patient requires
blood

!

The doctor makes an
order for blood

!

The hospital makes a
blood request

Unavailable| The hospital requests
blood from nearby
hospitals

The hospital asks the
NBC for availability
of the blood

Available

The hospital sends a
vehicle to the NBC

!

The hospital’s staff submits the
blood request form with details on
blood type, quantity, etc.

Figure 4.23 The blood receiving and distributing processes of the NBC and the

hospitals in the blood service network

The staff waits in line

!

The NBC checks out blood with
a barcode scanner
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Figure 4.23 The blood receiving and distributing processes of the NBC and the

hospitals in the blood service network (Cont)

Figure 4.23 shows the blood receiving and distribution processes of the
NBC and a hospital in the network. The process starts when a patient requires blood
for his/her treatment. The doctor will make an order for blood via the hospital. The
hospital will then make a request for blood. The hospital will call the NBC to check
the availability of the required blood. If the blood is available, the hospital will send a
vehicle with staffs to receive blood at the NBC. However, if the blood is unavailable at
the NBC, the hospital will need to contact nearby hospitals to borrow some blood from
them. Upon each blood request from a hospital, the blood inventory at the NBC may
not meet the specified amount due to demand of other hospitals and emergency cases.



Fac. of Grad. Studies, Mahidol Univ. M.Eng. (Industrial Engineering) / 69

The officers of the NBC will consider the situation and adjust the amount of blood
accordingly. The staffs of the hospital that comes for receiving blood has to submit a
blood request form to request for blood from the blood stock. Details in the form
include the hospital’s name, province, telephone number, fax number, membership
number, date of request, blood types/blood compositions, blood quantity, name and
position of the staff. The staff will then drop the blood request form in the document

basket. The blood request form is shown in Figure 4.24.
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Figure 4.24 The blood request form of the NBC



Fac. of Grad. Studies, Mahidol Univ. M.Eng. (Industrial Engineering) / 71

Figure 4.25 The basket for putting the blood request form together
with the hospital card

Figure 4.26 Some examples of blood containers from hospitals

in the blood service network
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After submitting the blood request form together with the hospital card

(Figure 4.25), the staff of the hospital will wait in the queue at the waiting area in front

of the counter. When he is called for receiving blood, the staff will bring the blood
container and put it in the counter. The blood container has to be strong and able to
control temperature to keep blood cool during the transportation. There is a variety of
containers that hospitals in the blood service network use for containing blood. These
containers can be made of plastic or foam, and can be in a form of a box, a bag, and so
on (Figure 4.26). The officers of the NBC will prepare blood and scan the blood

package with a barcode scanner (Figure 4.27) before giving the blood to the hospital
staff. In certain cases, the officers of the NBC may give blood less than the required
quantity since certain amount of blood needs to be spared for emergency cases and the
available blood has to be shared for all waiting hospitals. When the hospital staffs
have received the blood, he will check its correctness regarding blood type,
compositions, quantity, etc. The physical condition of the blood, such as number of
blood bags, leakage of the bags, etc. will also be checked. The staff will then drop the
blood together with some cushion and ice in the container. He will also need to sign in

the blood receiving form before taking the blood away.
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Figure 4.27 Scanning blood bags with a barcode scanner before




Fac. of Grad. Studies, Mahidol Univ. M.Eng. (Industrial Engineering) / 73

giving to the hospital staff
After receiving blood, the staff and the driver will bring the blood back to
the hospital. The vehicles that are used by hospitals for picking up blood from the
NBC may vary, depending on several factors that affect efficiency and characteristics
of work. These factors include distance, road conditions, economization, and cost of
transportation. From the observation, the vehicles from the hospitals in the network

may be ambulance, car, pickup, motorcycle, etc., as shown in Figures 4.28-4.31.
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Figure 4.28 An ambulance that came to pick up blood at the NBC
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Figure 4.30 A pick up that came to pick up blood at the NBC
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Figure 4.31 A motorcycle of a hospital that came to pick up blood at the NBC

Some hospitals in the blood service network are located far away from the
NBC. The long distance of transportation can be risky for the blood. Thus the driver
and staff of the hospital have to make sure that the blood is kept in stable condition
under controlled temperature so that it will be safe for using with the patient. The NBC
has conducted an experiment and found that the blood temperature can be controlled
only within a certain period of time. The temperature during transportation of each

blood component must be within the specified ranges shown in Table 4.3.

Table 4.3 Temperature ranges of blood components to be controlled during the

transportation

Blood type Temperature
Red Cells (PRC, LPRC, LDPRC) 2-10°C
Platelets (PC, LPPC, SDP) 20-24°C
FFP, Cryoprecipitate <-18°C
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In order to receive blood from the NBC, the hospitals in the network have
to pay for some charges. The price for each unit of blood and blood components is
calculated from the cost of blood bags and blood examination. The price of blood
itself is considered free of charge, since the blood is collected from donation. In
addition, since the NBC is a charitable and nonprofit organization, the price is

calculated based on actual expenses. Prices are shown by blood type in Table 4.4.

Table 4.4 Prices by blood type

Blood type Price/Unit (Baht)
PC 320
PRC 420
LPRC 500
LDPRC 1,400
LPPC 3,000
SDP 6,000
FFP 320
CRP 280
Cryoprecipitate 280

4.5 Data analysis

This section discusses about the methodology for analyzing important data
required for designing blood distribution routes. The analysis can be divided into four
topics; namely, travel speed, distance matrix, blood demand, and capacity. Details of

each topic are discussed as follows;

4.5.1 Blood demand

The NBC collects blood in order to distribute it to hospitals in various areas.
There are two main areas that receive blood service from the NBC: Bangkok Metropolitan
Region (BMR), and regional areas throughout the country. In case of regional areas, the
NBC provides blood service to patients via 12 Regional Blood Centers (RBCs), the Special
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Regional Blood Center at Phuket, and hospitals that are members of the RBCs. In
Bangkok, there is a high requirement of blood. About 57 percent of donated blood is
supplied for hospitals in Bangkok Metropolitan Region (BMR). Meanwhile, the
remaining 43 percent of the blood is supplied for the rest areas through hospitals and
RBCs. It shows that the need for blood in Bangkok is a lot. Daily, there are about 100
hospitals travels to the NBC for receiving blood. The focus of this research is
discussed about the supply chain of blood and its distribution to hospitals in the BMR.

There are a lot of vehicles to pick up units of blood at the NBC every day.
In brief, it was found that on daily basis, there were about 80 hospitals dispatching
their variety of trips daily to pick up 1 — 500 blood bags. It is obvious that such
distribution creates many empty movements from both front- and back-haul, as
compared to the vehicle capacity. According to the collected statistics, the numbers of
vehicles coming to the NBC each day are fluctuating. Some days there are so many
vehicles, while some days there are only few vehicles. Some hospitals may send their
vehicles for many trips in one day. The collected data is based on field survey results
during Tuesday July 6 — Monday 12, 2010. Details of blood demand by hospital are
presented in Appendix A. The number of hospitals, their trips and number of blood

units can be concluded in Table 4.5.

Table 4.5 Blood demand based on field survey during July 6 — 12, 2010

Date/Month/Year | Number of hospitals | Number of trips | Number of blood units
Tue 06/07/10 72 75 2,324
Wed 07/07/10 84 94 2,453
Thu 08/07/10 83 92 2,465

Fri 09/07/10 80 89 2,417
Sat 10/07/10 69 75 1,577
Sun 11/07/10 54 62 1,176
Mon 12/07/10 78 87 2,824
Total 520 574 15,236
Average 74 82 2,176
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4.5.2 Travel distance

After obtaining the roads with determined speeds, the road data can then
be used to create a database of Network Dataset linking all roads together. The next
step is to analyze the data for finding the Origin-Destination Cost Matrix, which
represents the costs that occur during transporting from all to all nodes in the network.

The distance matrix is analyzed by using ArcGIS software. The data are in
the TFGDS Shapefile. In order to use ArcMap Network Analyst to solve problems
regarding transportation network, some data of the roads, such as average travel times,
one-way streets, etc., have to be prepared. Network Analyst is also very useful for
finding routes, service areas, Closet Facility, Origin-Destination Cost Matrix, with its
ability to solve vehicle routing problems. This research uses the Origin-Destination
Cost Matrix to find the shortest distances and times for traveling between all to all
nodes.

In order to find the shortest travel distance and time from the NBC to any
hospital in the blood service network, the first step is to add the Network Dataset of
the buffered road data, the locations of the NBC and all hospitals into ArcMap. Then
the properties of the Network Dataset layer have to be specified on the layer properties
window. With respect to property settings for distance-based analysis, the impedance

needs to be set as meters in the Analysis Settings Function, as shown in Figure 4.32.
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Figure 4.32 The Layer Properties of the Network Dataset layer

After specifying required values of the parameters in Layer Properties, the

next step is to determine locations of Origin and Destination. Both the Origin data and
Destination data must be in the Shapefile format. To specify a Shapefile as the origin,

right click at Origin then select Load Location, as shown in Figure 4.33.
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Figure 4.33 Selecting load locations of origins and destinations

The map resulted from finding distances between the NBC and all
hospitals are not clear due to complexity of the map. In order to show an example of
the analysis clearly, the Origin-Destination Cost Matrix analysis was conducted to find
distance between two points, which were the NBC and Thonburi hospital. The Origin
was set to be the NBC, and the Destination was set to be Thonburi hospital. The

parameters set in the Load Locations window are shown in Figure 4.34.
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Figure 4.34 Determining the load locations of origins and destinations

After specifying all the parameters, click at the Solve button to have the
program calculated for a point-to-point distance. After completion, an example of the

O-D connection between the NBC and Thonburi hospital is shown in Fig+ure 4.35.
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Figure 4.35 An example of the O-D connection between the NBC
and Thonburi hospital

In this example, the distance from the NBC to Thonburi hospital was
found to be 8,989.63 meters. On the other hand, the distance from Thonburi hospital to
the NBC was8,531.94 meters. This is only one example regarding distance
calculation. In fact, there are many more hospitals to do the analysis process, and the
results from the analysis can be extracted to obtain information of distances and times
needed for traveling from the NBC to all hospitals. When the NBC and all hospitals in
network are included, the total numbers of nodes to be analyzed are 132, or totally
17,424 routes. The information is contained in the attribute table of the dataset, as

shown in Figure 4.36.
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Figure 4.36 The attribute table of the route dataset with the information on

travel distances and times

The data required for assessing transportation cost include distance, travel

time, waiting time, employee wage, fuel price, and all other costs that may happen

during traveling. The first data to be used is the distance data between the NBC and

hospitals in the blood service network. The travel distance matrix can then be

calculated by using ArcMap 9.3. Results of the analysis, as shown in Table 4.6, are the

minimum distances on the road network between all nodes, which comprise the NBC

and all the hospitals. However, since there are different hospitals each day to receive

blood at the NBC, the total distance and time of those days are also different. Table

4.7 shown travel distance and time during July 6-12, 2010
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Table 4.6 An example of the distance matrix
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dij Destinations (j) 0 1 2 131
Zé = o %Zé g g é
S 2 S S =
0 The NBC 0.00 163.24 | 3,406.30 18,870.43
1 001001 377.18 0.00 | 3,244.41 18,930.80
2 001101 3,759.09 | 3,383.26 0.00 20,285.23
131 104206 18,863.72 | 19,026.96 | 20,544.65 0.00
Note:i = the origin point
j = the destination point
For example, 0 = the NBC
1 = code 001001 (Chulalongkorn hospital)
2 = code 001101 (Bamrungrad hospital)
131 code 104206 (Bangchak hospital)
Table 4.7 Travel distance and time during July 6-12, 2010
Date Distance (km) Time (hours)
06/07/10 1,957.63 108.68
07/07/10 2,491.13 142.78
08/07/10 2,598.70 145.69
09/07/10 2,534.08 141.33
10/07/10 1,906.39 107.51
11/07/10 1,317.39 82.35
12/07/10 2,223.86 129.67
Total 15,029.18 858.01
Average 2,147.03 122.57
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4.5.3 Travel speed

Traveling speeds on various road types can be different. Due to different
road conditions, the speeds of driving on a main road and on a minor road are
different. Therefore, appropriate traveling speeds must be determined in order to solve
the vehicle routing problem. For this research, the Buffer tool in ArcGIS is used to
determine speed zones. In brief, the procedures started by adding relevant data into
ArcGIS. The added Shapefile data are the study area (i.e., BMR), road network and
the location of Victory Monument. Speeds of traveling on the roads were determined
by using the current speed data in BMR (Tangpaisalkit, 2009). The speeds were
determined according to the range of distance away from the Victory Monument, as
follows;

Within the range of 20 — 30 km, the average speed is 47 km/hr;

Within the range of 10 — 20 km, the average speed is 35 km/hr;

Within the range of 510 km, the average speed is 23 km/hr;

Within the range of 0—5 km, the average speed is 12 km/hr.

The map of the road network after using the Buffer command to determine
traveling speeds on the roads at certain distances away from the Victory Monument is

shown in Figure 4.37.
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Figure 4.37 Speed zones as determined by the distance away from

the Victory Monument



Papassorn Sukaboon Results and Discussion / 86

4.5.4 Capacity

For routing design in this research, it is assumed that all the vehicles from
hospitals are TOYOTA COMMUTER model that use diesel engine. The TOYOTA
COMMUTER vans are used to deliver blood to hospitals in the network. The van is
capable to carry 12 passengers, and each passenger’s average weight is about 60
kilograms. That means the model can have a maximum loading capacity of 600-700
kilograms or approximately 700 bags of blood. The van can carry so many bags
because the weight of each blood bag is little. However, since there are only 5-6 nodes
of hospitals per trip, the total number of blood bags is therefore relatively few

comparing to the van’s capacity.

4.6 Assessment of the current transportation cost

Each day, hospitals in the blood service network send a great number of
vehicles to receive blood at the NBC. This results in a lot of transportation cost.
Simply put, more vehicles mean more cost.

Blood distribution activities incur both fixed and variable (running) costs.
This research is conducted to assess all the costs from blood distribution activities. The
costs involve all expenses during blood distribution. There are many factors that affect
the costs of blood distribution activities. These factors include characteristics of the
transporting route, travel distance, travel time, etc. There are two major resources that
produce costs during blood distribution. The two resources are:

e Vehicles from hospitals in the blood service network that come to pick-
up blood at the NBC. Costs that arise with this resource include fuel cost, depreciation
cost, insurance cost, maintenance cost, etc.

e Drivers and officers working with hospitals’ vehicles that come to
receive blood at the NBC. Costs that arise with this resource include wage of drivers,
overtime, etc.

There can be more factors that affect costs on the above two resources.
Familiarity on the roads of the drivers is also important. The route chosen by the driver
might not be the shortest route. Such this inefficiency may produce various kinds of

cost. Therefore, the cost assessment must consider all compositions of costs, which



Fac. of Grad. Studies, Mahidol Univ. M.Eng. (Industrial Engineering) / 87

can be categorized into three types, i.e., fixed costs, variable costs and opportunity

costs.

4.6.1 Fixed Costs

Fixed costs include all costs that the organization has to pay regardless of
vehicle usage. Examples of fixed costs are the vehicle price, wage of the driver, etc.
For simplicity of cost assessment in this research, it is assumed that all the vehicles
from hospitals are of TOYOTA COMMUTER model. The price of a new TOYOTA
COMMUTER is 1,138,000 Baht, and the price will go down to 530,000 Baht with 5
years of useful life. The wage of drivers is assumed to be 8,000 Baht/month.
Considering the overall cost for transportation, it can be estimated, given the following
data and assumptions;

e Motor-vehicle tax 2,000 Baht/year (Nurakkhe, 1998)

e Cost of insurance policy according to Victim Protection Act 1,000
Baht/year (Department of Land Transport, 2011)

e Cost of general insurance policy 20,000 Baht/year (Nurakkhe, 1998)

e Maintenance cost 15,400 Baht/year (Department of Land Transport,
2011)

e Vehicle inspection cost 500 Baht/year (Singburi Provincial Land
Transportation Office, 2009)

e Depreciation is calculated by the straight-line method. The initial price
of vehicle is 1,138,000 Baht (Toyota, 2010). The useful life is 5 years and the salvage
value is 530,000 Baht. In this case,

Depreciation = (The initial price of vehicle — Salvage value)/Useful life
(1,138,000 - 530,000)/5
121,600 Baht/year

The calculation is assumed that there are 30 days per month and 8 hours

per day. The hourly costs can be summarized as follows;
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Baht/hour
Motor-vehicle tax 0.69
Cost of insurance policy according to Victim Protection Act 0.35
Cost of general insurance policy 6.95
Maintenance cost 5.35
Vehicle inspection cost 0.17
Depreciation 42.22
Total 55.73

According to the analysis of data, the total travel time on July 6™, 2010
was 108.68 hours (Table 4.7), the total traveling distance of 1,957.63 km (Table 4.7).
From field surveys, the average waiting time for each hospital to pick-up blood is 56
minutes with the data collected during observation 15 hospitals. On July 6™, there
were 75 hospitals. Therefore, the total waiting time was (75x56)/60 = 70 hours. The
wage of drivers is assumed to be 8,000 Baht/month (Department of Labour Protection
and Welfare, 2010), the overtime (eight hours per week) is be 1,200 Baht/month. (The
regulation of Banphaeo hospital on welfare and benefits of officers and employees,
2004) and on duty two times per month (The overtime of hospital, 2010) is 780 Baht.
Totally, the wage is 9,960 Baht/month or 47.88 Baht/hour. As an example, the
estimated fixed cost on July 6™, 2010 can be calculated by

Fixed cost of vehicle Total cost x (Travel times + Waiting times)

=  55.73x(108.68+70) Baht/hour x hour/day
= 9,957.84 Baht/day

Fixed cost of the driver = Wage x (Travel times + Waiting times)
= 47.88 x (108.68+70) Baht/hour x hour/day
= 8,556 Baht/day

The estimated fixed costs for the whole period of seven days are presented
in Table 4.8.
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Table 4.8 Assessment of fixed cost for blood distribution in BMR

Date/Month/Year Fixed cost (Baht) Total fixed cost
Vehicle Driver (X1) (Baht/day)

06/07/10 9,958 8,556 18,514
07/07/10 12,847 11,037 23,884
08/07/10 12,905 11,087 23,992
09/07/10 12,506 10,744 23,250
10/07/10 9,893 8,499 18,392
11/07/10 7,815 6,744 14,559
12/07/10 11,753 10,097 21,850
Total 77,728 66,733 144,461

The cost of vehicle usage and wages of drivers is estimated based on the

data of seven days, from July 6 — 12, 2010. The assessment revealed that the average
fixed cost (X1/7) is 144,461/7 Baht or 20,637 Baht/day. Currently, the hospitals in the
blood service network send their vehicles to the NBC every day. Therefore, the

average annual cost of vehicle usage and drivers’ wage is 20,637 (Baht/day) x 365
(day) or 7,532,505 Baht/year.

4.6.2 Variable costs

Variable costs are expenses that change in proportion to the amount of

activity. In this case, costs arise whenever the vehicle is used. These costs include fuel,

tire, brake, battery etc. It can be estimated, given the following data and assumptions;

Tire cost (Department of Land Transport, 2011)

Engine oil cost (Department of Land Transport, 2011)

Brake cost (Department of Land Transport, 2011)

Battery cost (Department of Land Transport, 2011)

Total

Baht/km
1.32
0.70
0.30
0.23
2.55
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Given the following data and assumptions;

e Fuel price (diesel) on August 5, 2010 is 27.99 Baht/liter (Petroleum

Authority of Thailand, 2010)

e The total travel distance on July 6, 2010 is 1,957.63 kilometers

e The fuel consumption rate is 10.5 km/liter or 0.1 liter/km. (Nurakkhe,

1998)

Results and Discussion / 90

The variable cost of July 6™, 2010 can be computed by

The total variable cost

(Fuel price x Fuel consumption)] x Distance
(Baht/km + ((Baht/liter) x (liter/km))) x km/day
[1.32+0.70 + 0.30 + 0.23 + (27.99 x 0.1)] x 1,957.63
10,471.36 Baht/day

Variable costs are assessed for round-trip. The pick-up trip is mostly

empty whereas the delivery trip is little loaded with blood bags. These costs for the

[Tire + Engine oil + Brake + Battery +

whole period of seven days are displayed in Table 4.9.

Table 4.9 Assessment of the variable cost for blood distribution in BMR

Date/Month/Year Variable cost (X3)
(Baht/day)

06/07/10 10,472
07/07/10 13,326
08/07/10 13,901
09/07/10 13,555
10/07/10 10,198
11/07/10 7,047
12/07/10 11,896

Total 80,395
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The variable costs were estimated based on total travel distance from July
6 — 12, 2010. The average distance is 2,147 km/day. The fuel cost alone can be as high
as 80,395 Baht during the seven days of observation. That means, on average (X»/7),
the cost is 80,395/7 Baht or 11,485 Baht/day. Therefore, in one year, the variable cost
can be as high as 4,192,025 Baht/year. This figure is quite enormous. When the
vehicle is used, both fixed costs and variable costs do certainly arise; namely, current

cost of blood distribution. These costs are presented in Table 4.10.

Table 4.10 Assessment of the current cost for blood distribution in BMR

Date Total fixed cost (X3) Variable cost (X2) Total cost (X1 + X3)
(Baht/day) (Baht/day) (Baht/day)

06/07/10 18,514 10,472 28,986
07/07/10 23,884 13,326 37,210
08/07/10 23,992 13,901 37,893
09/07/10 23,250 13,555 36,805
10/07/10 18,392 10,198 28,590
11/07/10 14,559 7,047 21,606
12/07/10 21,850 11,896 33,746

Total 144,461 80,395 224,856

Combining the fixed cost and the variable cost together (X1 + X3), the
figure for seven days is 224,856 Baht. That means the average of these two costs is
32,122 Baht/day. Given the average daily distance of 2,147 km, the average of
distribution expense per distance is (32,122/2,147) = 14 Baht/km. This figure may
seem little. However, considering for a whole year, the figure of total (fixed plus
variable) costs is as high as 11,724,530 Baht/year.

4.6.3 Opportunity cost
Opportunity cost is the value of any activity measured in terms of the best
alternative foregone. It is the sacrifice related to the second best choice available to

someone who has picked among several mutually exclusive choices. Opportunity costs


http://en.wikipedia.org/wiki/Mutually_exclusive
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are not restricted to monetary or financial costs. The real cost of output forgone, lost
time, pleasure or any other benefit that provides utility should also be considered as
the opportunity cost. In this research, this cost happens due to uncertainty of vehicle
usage that is sent to receive blood at the NBC. Most of them are ambulances, which
have a very high price. Ambulances are also intended to be used for carrying patients.
Thus using ambulances for carry blood might lead to great losses. The standard cost of
using an emergency ambulance is 500 Baht/trip. (The emergency ambulance service,
2010) The following is an example of cost calculation for the loss that happened on
6™ July 2010, given that the number of trips is 75 (Table 4.5)

Opportunity cost = Number of trips x Standard usage cost of ambulance
Opportunity cost in the 6" day = 75 x 500 (trip/day) x (Baht/trip)
= 37,500 Baht/day

The daily opportunity cost during the seven day period from 7% — 12" July
2010 are presented in Table 4.11.

Table 4.11 Assessment of the opportunity cost of vehicles

Date/Month/Year Opportunity cost (Xs)
(Baht/day)

06/07/10 37,500
07/07/10 47,000
08/07/10 46,000
09/07/10 44,500
10/07/10 37,500
11/07/10 31,000
12/07/10 43,500

Total 287,000

The opportunity cost (X3) arises with blood distribution activities. This

cost happens due to uncertainty of vehicle usage. Hospitals cannot be certain that their


http://en.wikipedia.org/wiki/Real_versus_nominal_value_(economics)
http://en.wikipedia.org/wiki/Production_possibilities_frontier
http://en.wikipedia.org/wiki/Utility_(economics)
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vehicles are needed for blood transportation every day. Without blood requirement,
some vehicles may not be used at all. In addition, when coming to the NBC, the
vehicles come with empty load. The use of vehicles may not also be worthy because
blood quantity is too little when compared to the vehicle capacity so those vehicles are
not fully loaded. Importantly, it is found that all these vehicles are ambulances. Thus the
utilization of these vehicles is not considered fully efficient. That means the
opportunity costs of vehicles during the seven day period from 7™ — 12" July 2010 are
287,000 Baht, or 41,000 Baht a day or 14,965,000 Baht/year.

4.6.4 Total cost

The total cost of blood distribution is made up of fixed, variable and
opportunity costs. The fixed cost has to be paid regardless of vehicle usage. It includes
inputs that cannot be varied in the short term, such as vehicle price and wage of the
driver. The variable costs arise whenever the vehicle is used. It includes inputs such as
fuel, tire, brake and battery. Therefore, when combining all three costs, the figure for
seven days is equal to X;+X,+X3 = 511,856 Baht. That means the total cost is 73,122
Baht per day or 26,031,533 a year. This figure is really very high.

From assessing costs that happen during the blood distribution, we can see
problems clearly. These problems may involve vehicles, employees, fuels, opportunity
cost etc. Thus we have to analyze and design new system of blood distribution. The

current situation and the newly proposed blood distribution will be compared.

4.7 Re-designing blood distribution

As mentioned previously, blood has to pass through many procedures
before reaching the patient. With intention to provide blood to patient quickly and
safely, the research found that blood distribution services at this time are still
inefficient. Distribution costs have seems too high. Better solutions for blood
transportation are needed to reduce risk of blood damage before reaching the patients.
The more efficiency of blood distribution means the cost will be reduced, while the

blood quality must not be decreased. Therefore, this research has tried to design a


http://en.wikipedia.org/wiki/Variable_cost
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better distribution system. The processes of developing such system consist of four

main components as shown in Figure 4.38.

Input

- Locations of the
NBC and all
hospitals

- Blood demand

- Distance matrix

- Time matrix

Mathematical
formulation
Vehicle
Routing
Problem (VRP)

Solution
approach

Heuristic

Output

- Route of blood
distribution

- Total blood
ordered

- Total distance

- Total time

Figure 4.38 Designing process for the better blood distribution system

4.7.1 Input preparation

To design blood distribution routes, data have to be prepared before

inputting into the developed system. The prepared data are kept as a database in

Microsoft Access format. The database can be linked for calculation by specifying the

location of the database to be connected. Data that need to be prepared as input data

for designing blood distribution routes are:

- Locations of the NBC and all hospitals in the blood service network,

these are nodes of blood distribution. The data are recorded as a database in Microsoft

Access format. The database is intended to make it easy for retrieving by the

application software developed by Microsoft Visual Basic 2008 to design the routes.

The detailed data of hospitals that contain their codes, order, distances from the NBC,

and names are in the first sheet of the database, as shown in Figure 4.39.
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Tdewi Tasne (Toow
code - order - distance - name -
0 0.00 @uHUENITIARALWITNE
001001 1 920.00 Tsowaninayiiasnsal
001101 2 3930.00 TSoWaNALNTITIHYT
001102 3 4080.00 Tsswenaawaln 1
001103 4 5370.00 Tsswzniawaurin 2
001104 5 10600.00 Tseweninasuys 1
001105 ] 7290.00 Tssweninadadautanain
001106 7 7520.00 TSOWENUIANTIMIN
001107 a 8300.00 Tsswenanaihlas wwa
001108 9 2845.00 Tsananunavuueawand
001109 10 4100.00 Tsswanunaiinda
001110 11 17880.00 TsdWeENINANHUTIHYS 1 UnA
001111 12 15710.00 Tsawenunainné
001112 13 6920.00 Towennangau 1
001113 14 1020.00 Tsswanunangwasaiau
001114 15 13820.00 Tsowanuawmly
001115 16 7210.00 Tsemenuaitaans
001116 17 19720.00 Tsowennauhlawludaa Tuaza 4
001117 18 11920.00 Tsswanuawwndiluan
001118 19 7730.00 Tsewenunaduuin
001119 20 4720.00 Tsoweaninadiniu
001120 21 12050.00 TSWEILALWLTLIL
001121 22 7750.00 Tsawanuaeidadau

Figure 4.39 The database with details of the hospitals in the blood service network

- Distance Matrix, it can be derived from the analysis using ArcMap as
explained in the Section 4.5.2. The matrix is stored in the second sheet of the database.
The database was stored in the Microsoft access format with the matrix of 132 x 132.
In the matrix, the id 0 isthe NBC, and 1, 2, ...., until 131 are hospitals in the network,

as shown in Figure 4.40.
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= detail J z=z| distanoe\"\
id - o

- 1 - 2 - 3 - 4 - = -

0 0.00 163.24 3400.30 3485.07 4330.36 89859.63

1 377.18 0.00 3244.41 3323.18 4963.04 9096.45

2 3759.09 3383.26 0.00 3374.64 5022.97 11254.81

3 4052.91 3945.79 3619.58 0.00 212227 9047.05

4 5339.20 5232.07 4450.73 2545.72 0.00 10333.33

5 8531.54 8695.18 10714.92 9969.01 10425.98 0.00

6 7033.24 6657.41 4428.00 6509.43 8§157.82 14623.69

7 7662.17 7293.22 4096.89 5582.10 6968.41 13978.11

8 7817.04 7709.91 6928.57 5023.56 2932.24 12446.36

9 2916.69 3079.54 5655.47 6068.83 7008.25 8774.78

10 3830.46 3830.23 4552.18 4103.24 4585.07 6945.18
11 16987.30 17150.54 19524.54 19075.59 19557.42 12383.56
12 14216.31 14109.18 13263.77 11358.76 9331.51 16713.44
13 7200.84 7364.08 10030.13 10316.03 10797.87 58159.23
14 8584.48 1047.72 3890.41 4032.33 5206.87 §915.54

Figure 4.40 An example of the distance matrix stored in the database

- Time matrix, it can be derived from the analysis using ArcMap. The
process of this analysis follows these steps.

1) The attribute table of the existing shapefile is edited so that
it has one additional field for speed.

2) Speeds on the roads vary by buffer. There are four levels of
buffering as explained in the Section 4.5.3. Firstly, all roads are selected with the
largest buffer distance, by setting the Victory Monument as the center. Speeds are then
determined for the all roads in the buffer. Then the smaller circle is created with a
smaller buffer distance. The outputs form buffering procedures are intersected in order
to categorize the roads and a set of different speeds for individual road categories.

3) Then, the shapefile was added two fields for storing times of

delivery and back-haul. The formula for calculating the travel time on each link is

Travel time = Distance/ Speed

4) To compute the time matrix, it is similar to the distance
calculation. It can be computed by using the New OD Cost Matrix feature in ArcMap
to find the shortest path based on time for traveling between all to all nodes (Section
4.5.2).
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The results were stored in the Microsoft Access with the matrix size of 132
X 132. In the matrix, the id 0 is the NBC whereas codes 1, 2, ...., until 131 are
hospitals in the network, as shown in Figure 4.41.

5 detail | =5 distance |j d’stanoeﬁnié"‘-\

id - 1] - - - 3 - - -
H 0.00 0.81 17.03 17.42 24.15 35.65
1 1.88 0.00 16.22 16.61 24.81 36.18
2 18.79 16.91 0.00 16.87 23.11 49.71
3 20.26 19.72 18.09 0.00 10.61 38.67
4 26.69 26.16 22,25 12,72 0.00 45.11
5 34.04 34.85 44,95 42.86 44.34 0.00
6 34.00 32,12 20.97 31.38 39.62 65.39
7 36.83 34.99 15.00 260.47 33.40 61.85
8 39.08 38.54 34.64 25.11 14.66 50.41
9 12,77 13.59 26.38 28.53 33.23 22.81

10 19.15 19.15 22,76 20.51 22,92 25.44
11 43.58 44.39 63.52 61.28 63.69 26.20
12 59.64 59.11 55.68 46.16 35.22 49,15
13 24.12 24.94 37.76 44.50 46.90 15.13
14 4.42 5.23 19.45 20.16 26.03 35.28

Figure 4.41 An example of the time matrix stored in the database

- Blood demand refers to the volume of blood ordered by hospitals in the
network. For receiving blood, the drivers will submit the form as shown in Figure
4.24. However, they might not receive blood at the required quantity, due to
insufficiency of blood supply. The personnel at the NBC will consider the blood
quantity. Blood demands vary day by day. Some days there are high demands, and
some days the demands are low or none at all. Therefore, it is impossible to fix the
quantity of blood demand in the program for designing the routes. Users have to
always input the blood demand quantity before designing a new route because blood
demand is very important for capacity of vehicles. For the calculation, the vehicle’s
maximum capacity is set to be between 600-700 kg. The example of blood demand
during 6™ — 12" July 2010 is shown in Table 4.12.
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Table 4.12 Example of blood demand during 6™ — 12™ July 2010

Hospital Daily blood volume (bags)
6Jdul | 7Jul | 8Jul | 9Jul | 20Jul | 11 Jul | 12 Jul
Chulalongkorn 346 481 251 438 75 116 330
Bamrungrad 43 25 107 28 22 24 76
Phyathai 1 10 15 49 4 3 17 11
Phyathai 2 8 5 15 11 28 10 18
Bang chak 0 0 0 0 0 0 0
Total 2,324 | 2,453 | 2,465 | 2,417 | 1,577 | 1,176 | 2,824
Average per hospital 33 30 30 31 23 22 37

4.7.2 Mathematical model and solution approach

There are many mathematical formulations for designing routes and
solving the Vehicle Routing Problem (VRP). However, VRP is the NP-Problem that is
difficult to find the optimal solution. Especially the problem in this research is large.
From the literature review section, there are several studies and research to find the
solution for VRP subject to a set of restrictions or constraints. For the blood
distribution problem, it may take a long time to find the optimal solution. From the
literature review, it found that there are currently two types of methods to solve
vehicle routing problems; namely, exact and heuristic algorithms. The exact algorithm
shows the result that is the optimal solution. However, its application is usually good
for only simple or small problems, but takes too long time for solving larger problems.
On the contrary, heuristic is a very good solution method that gives the near optimal
solution. So this research uses a heuristic algorithm to find the solution. Although it is
not the optimal, such solution is acceptable under the time constraint. The resulting
routing provides an efficient blood distribution routing solution with the minimum
cost.

Some hospitals do not require blood every day. Some of them dispatch the

vehicles twice a day. As a result, it leads to a huge waste of fuel and other medical
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resources. The heuristic method used to solve this problem for designing the vehicle
routing needs to be a rapid calculation. This research compares two characteristics,
i.e., the type of solution and the computing time. The most appropriate method has to
give the best answer, but less computing time. Therefore, the research adopts the
saving algorithm heuristic to develop program for designing blood distribution routes
by coding in Visual Basic version 2008. The algorithm is not much complex
calculation. It can find the solution within the reasonable amount of time.
Furthermore, this program shows the total distance and cost.

4.7.3 Program development

The heuristic “saving algorithm” was coded in Visual Basic version 2008.
There are rules to find delivering points that will produce more saving by linking two
points into the same route rather than separating routes. The development process is
started by selecting a node that represents the central depot, and then specifying this
node as the first delivering point. For this research, the central depot is the NBC. Other
data, such as hospital code, number and hospital name are shown in the interface and
let the user input the data on blood demand and some other variables such as distance,

capacity and number of hospitals, as shown in Figure 4.42.

Tswnsudnudumamsnudalasn

Iﬂ Soud a T. - Constraint on route by
FUATHIAMALUITATIVUR LAWS ® Maximum distance O Maximum travel time

laiayn | pmiwsiiwmanisnssmalada

vion Demand  sfulsenna  sda Halsmanua

O e T
] Wi H Tssugnratgssings
] Wi 3 Tsswgnrangla 1
] w0 4 Tsswgnanangnlo 2
] w1104 5 Tssuganasuys 1
O 0105 [ Tsawunneaiifiirzdgin
O 0108 7 Tsamenunansaam
O o7 8 Tsamenuraalay wna
O o108 4 Tsenanrmandnged
O o103 10 Tsawamnadindes
O oo 11 Tsomamnanensiegs Tunua _
] Wi 12 Tsswnuratna
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Figure 4.42 The interface of the program for designing blood distribution routes
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The next process is about calculation. This program build a route by using
concept of cost saving. Suppose that node 1 represents the central depot or the NBC.
This method derive the cost saving from integrating routes between node 1 to the
delivering point i and node 1 to the delivering point j into one route, ie., 1-i-j-1. The
saving value is equal to Cj; + C4;— Cjj. Then the saving values (Sj;) will be sorted. This
is done by selecting the highest saving values from the pair of delivering point i and
delivering point j without redundancy, then creating a sub-route by linking between
delivering point i and delivering point j. These steps are repeated until finishing all
points and not exceeding the threshold. The resulting saving distance values will be
stored in the database of Microsoft access so that it can be easy to retrieve the data for
designing blood distribution routes. The developed program is verified with some
known problems in order to validate the software before the real implementation. The

procedures for verifying the results are explained next.

4.7.4 Program testing

The program was run on the desktop computer with Intel Core 15 M520
@2.40 GHz CPU, 4.00 GB of RAM. It is the 64-bit system of Windows 7 Ultimate
Operating System. After the program for designing blood distribution routes has been
coded, it has to be tested prior to the real implementation. The program was tested
with the examples with known results for verification. Also, the test was conducted in
order to check whether the database connection and data display worked properly.
Outputting data for calculation and displaying the results were also tested. There were
three examples that were used to test the results and efficiency of the developed
program for designing blood distribution routes. Details of the verification are reported
in Appendix B.

The program testing with three examples show satisfactory results both in
terms of computing time and solution correctives. Such successful verification ensures
the applicability of the developed program to the real problem for designing
distribution routing of blood in BMR.
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4.7.5 Routing design for blood distribution in BMR

Blood distribution in BMR still has many problems waiting to be solved
and improved. At present, hospitals need to send their vehicles to pick-up blood at the
NBC. However, the blood distribution can be more efficient by redesigning the routes.
The routes will be designed so that all trips will start from the NBC to reach several
stops at one trip. The new transportation system should be under responsibility of
NBC or its contractor, in other words, third party logistic provider. Conventionally, the
routing plan should be designed and managed by an expert or experienced personnel
who are familiar with various blood transportation routes in order to make an efficient
plan. However, there might be some mistakes happen from the work of the expert due
to some limitations. For example, there might be physical limitation such as the ability
to remember all places in the routes. In addition, if the personnel in charge of route
management have resigned from the center, his experience will be lost, and the new
personnel will have to learn from scratch again. Therefore, the approach of using a
software or computer system to assist in route management can help to reduce such
mistakes and enhance efficiency of route design for blood distribution. Moreover, the
computer software can process and analyze data in a short time, which help saving
time and reducing procedures for rearranging blood transportation routes. Using
computer software is faster and more accurate than learning routes by oneself. The
resulted routes from software calculation will have shorter distance and be more
appropriate than original routes. According to results from the experiment, the
developed program could perform very well in solving the problem. The developed

program starts with the first window screen, as shown in Figure 4.43



Papassorn Sukaboon Results and Discussion / 102

AwaRenTmig L unsy

Figure 4.43 The window of developer program

The program is applied to solve the real problem of blood distribution in
BMR, as illustrated in Figure 4.44. The first part of the program processing is the
procedure of using Microsoft Access to extract relevant details. These details are the
location of the distribution center (in this case, the NBC) and hospitals, distance and
time matrices from all nodes to all nodes. These distances can be combined to make a
Travel Distance Matrix that will be used with the interface of the developed program.
The interface is the place to input fundamental data needed for analyzing and
designing blood transportation routes. At the program interface, the user can select a
hospital and input the quantity of blood that the hospital requires.

The second part of the program processing is the procedure of determining
constraints regarding loading capacity, number of hospitals along a route, maximum
distance, maximum time and service time. Also, the user can determine the
distribution expense by per unit or per distance. This procedure is conducted in order
to make the program be more flexible for utilization.
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Figure 4.44 User interface of the program for designing blood distribution routes
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The developed program is used to solve the real problems involving blood
transportation to 131 hospitals in the network. The blood distribution system is
redesigned so that the hospitals are no longer required to send their vehicles to receive
blood from the NBC. Instead, the NBC will prepare the vehicles and send them out
with blood products to deliver to all hospitals in the same route. Each trip will be
designed so that the distance is as short as possible. This approach will make the blood
transportation system becomes more efficient. The analysis was conducted based on
the blood distribution data during the dates of 6" to 12" July 2010. The assumption
was made by using TOYOTA COMMUTER as the vehicle model for distributing
blood. Since these hospitals do not require blood to be transported every day, and their
blood required quantities are different, the route management has to be designed for
each specific day. The procedures start by specifying hospitals that require blood on
that date, then specifying blood quantity and limitations or constraints regarding the
transportation distance. There are two types of constraints, i.e., the maximum distance

and maximum travel time as shown in Figure 4.45.

Constraint on route by

® Maximum distance O Maximum travel time
Figure 4.45 Constraints on routing
This section is the choice of delivery constraints between maximum

distance and maximum travel time. The user needs to choose one, and then fill out the

corresponding values, as shown in Figure 4.46.
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Figure 4.46 Display for default constraints

If the constraint is the maximum distance, there are three further delivery
sub-constraints; namely, loading capacity, number of hospitals, maximum distance.
Details of these constraints are discussed as follows;

- Loading capacity

For routing design in this research, it is assumed that all vehicles from
hospitals in the network are TOYOTA COMMUTER model. The van is capable to
carry 12 passengers. Suppose each passenger’s average weight is about 60 kilograms
that means the van has the maximum loading capacity of 600-700 kilograms or
approximately 600 bags of blood. Therefore, the loading constraint is specified at 600
units of blood

- Number of hospitals

It is assumed that the NBC leases a fleet of vehicles to be used (or hires the
logistics provider) for delivering the blood. The closest hospital which has placed an
order which the NBC can fill is scheduled as the first stop on a trip. However, we do
not know the optimum number of stops that should be contained in each route. From
reviewing, the research in USA (Gregor et al, 1982) suggested that stops are scheduled
up to a maximum of five. In this research, we have tested different number of stops by
running blood distribution program with the data collected during the seven-day
observation. The number of hospitals (or stops) was used as a constraint. The program
was run with the increasing numbers of stops, starting from 1, 2, 3, .... up to 10 stops.
With this approach, the effect of the parameter on computing time is revealed clearly,
as shown in Table 4.13. However, since there are different numbers of vehicles

coming from hospitals each day for receiving blood at the NBC, the average
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computing times of those days are also different. Figure 4.47 reveals that the
computing time tends to decline from the 5™ stop, although there are some
fluctuations. Values of computing time are quite similar. That means, technically, the
program works fine, and does not have any computing problems. Thus the problem
may be concerned with only the administration and management.

The researcher therefore suggests that, in each trip, there should be the
maximum of six stops, after which the vehicle returns to the NBC. This will allow
each vehicle to reach all assigned stops within three hours. Subsequently, the vehicles
will be able to deliver blood for two trips a day: one in the morning and one in the
afternoon. The traveling distances of each trip should also be appropriate since they
are not too far. In addition, having six stops per route also helps reducing number of
trips required for each day. Therefore, it is roughly determined that each route has
three stops. However, it does not mean that having six stops per route is the best or the
most appropriate option for all routes on every day. Other factors should be taken into

consideration as well.
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Figure 4.47 The trend of computing times constrained by the maximum
distance of 100 km

- Maximum distance

Traveling in BMR is more difficult than in other provinces due to traffic
lights and traffic jam on the crowded roads. Vehicles carrying blood on BMR’s roads
could not travel at the preferred speeds. Since blood has short expiration time, these
vehicles are not supposed to carry blood for a very long distance or time. Under
fluctuating temperature, blood quality can be degraded. Therefore, the maximum
distance for carrying blood in each trip must be determined. The NBC has to make
sure that the routing is indeed close enough to be efficient, so we require that the trip
must not be over 100 kilometers.

- Maximum time

From studying operation of various companies that involve logistics
service, such as book companies, canned food companies, etc., it was found that they
had their vehicles deliver products to their customers for about two rounds a day. This
pattern of transportation can be adjusted according to management of the company.
Such pattern can be applied to blood distribution by, for example, specifying that each
round trip of a vehicle must take no longer than three hours. The reason for this is that
when a driver works longer that this, he will be exhausted and should take some rest

for efficiency of the work. In addition, time to deliver blood and blood components
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depends on the traveling distance and the speed of the vehicles. It is widely known that
BMR is the area of traffic jam, which can cause unplanned delay on blood delivery.
Therefore, scheduling of delivery may be made one or two times per day with three
hours per trip.

- Service Time

According to the interviews with drivers, they leave the NBC for their
hospitals by choosing the routes they deem suitable. Route design cannot be based
only on traveling distance. Traveling time must also be taken in each route. There can
be many activities happen during blood transportation. After their arrival, the drivers
may spend time differently due to the variation of practices and procedures of
individual hospital laboratories. These factors can have impact on the service time.
The average service time of about 15 minutes was obtained from the observation. In
order to examine the time needed for blood transportation, the researcher runs the
developed program. The constraint on route was set to be Maximum travel time. The
collected data of seven days were used as the input. Number of hospitals, or stops, for
each trip has been set increasingly from 1, 2, 3, ....... up to 10 stops. This facilitates
clear understanding regarding computing time. According to Table 4.14, it was found
that the time needed for solving the problem gradually decreased until the 5 stop
before turned to keep increasing. Figure 4.48 represents the trend of computing time
when using Travel time as the constraint, which is similar to the case of using

Maximum distance as the constraint.
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Figure 4.48 The trend of computing times constrained by the maximum

travel time of three hours

Another part of this program is about cost calculation for blood

distribution. Data regarding expenses for blood distribution was collected by

conducting a meeting with some key personnel of the NBC. According to the meeting,

there used to be an outsourced company offered to pick-up and deliver blood for a fee

based on variable unit cost. The program therefore allows the user to calculate the

transportation cost. The expense will be calculated based on two approaches; namely,

distribution expense per unit of blood and distribution expense per distance traveled,

as shown in Figure 4.49.

Figure 4.49 Unit cost of the distribution expense
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- Distribution expense per unit

The amount of incurred expense may depend on blood quantity and
transported distance. Regarding distribution expense per unit, the outsourced company
will charge the cost for about 10% of the blood price, and this cost will be charged for
all blood bags. The total transportation expense in each day is up to the blood quantity
transported in that day. The Table 4.15 presents blood demand data by blood type that
was collected during July 6-12, 2010.

Table 4.15 Blood demand during July 6-12, 2010

Price/Unit Daily blood demand in July, 2010

Types of blood
(Baht) 6 Jul 7 Jul 8 Jul 9Jdul | 10Jul | 11 Jul | 12 Jul
PC 320 276 689 767 574 562 303 504
PRC 420 635 440 259 417 302 218 340
LPRC 500 336 194 231 183 246 140 148
LDPRC 1,400 138 228 224 204 192 300 308
LPPC 3,000 168 354 427 421 128 85 391
SDP 6,000 18 440 440 520 80 70 800
FFP 320 623 72 96 82 39 44 317
CRP 280 10 36 21 16 28 16 16
Cryoprecipitate 280 120 0 0 0 0 0 0
Total 2,324 | 2,453 | 2,465 | 2,417 | 1577 | 1,176 | 2,824

According to the data in Table 4.15, the daily expense for blood
transportation can be calculated by the following formula;
The daily expense of blood = blood price x quantity of blood
(Baht/unit) x (units)
For example, the expense of PC blood on 6™ July 2010
320 x 276 (Baht/unit) x (units)
88,320 Baht

The results from calculating the daily blood expense are shown in Table

4.16.
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Since the blood price varies by the type, the weighted price should be used
as the standard value for distribution expense per unit. The request for cryoprecipitate
IS not so common; therefore, it was not weighted in the average price. After obtaining
blood prices for each blood type, blood prices of all products in each day has to be
summarized, and then the average price of that day can be calculated. From examining
the average prices in Table 4.16, the average price is lowest on 6™ 10" 11" and
highest on 12" July, 2010. Therefore, those prices were removed for the reason of
being outliers. The average prices of the remaining 3 days, 7, 8", and 9" July are
quite similar, and their average is found to be 2,000 Baht/unit.

Suppose that the distribution expense is 10% of the blood price; hence,
the distribution expense =10% x the average of blood price (Baht/unit)

=10% x 2,000 (Baht/unit)
= 200 (Baht/unit)
This results in the distribution expense being approximately 200
Baht/unit.

- Distribution expense per distance

This part is about determining unit transportation costs per kilometer. The
cost calculation is based on vehicle types, speed, and distance from the origin to the
destination. Again, the TOYOTA COMMUTER is assumed for blood transportation.
The cost for transporting with this type of vehicle can be summarized as follows;

¢ The average unit distribution expense is 14 Baht/km.
¢ The operating cost is 15 %.
¢ The profit of operation is 20%.
¢ The value added tax is 7%.
Therefore, the distribution expense by distance is
= 14 (Baht/km) x 15 % x 20% x 7%
=21 Baht/km
The cost for is about 21 Baht/km. This figure is derived from the

estimation, without considering the expressway fee and parking fee.

After finishing the processes of writing the program and testing it with

sample data, the researcher applied it to real implementation. The program was firstly
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used with the data of 6™ July 2010. As previously stated, there are two options for
selecting constraints: maximum distance and maximum travel distance. Therefore, the

results can be divided into two cases as follows;

Case 1 The constraint is the Maximum distance. After selecting hospitals
and specifying quantity of blood demand, other parameters are as follows;

- Loading capacity is 600 units.

- Maximum number of stops is six hospitals.

- Maximum distance is 100 km.

- Distribution expense per unit is 200 Baht.

- Distribution expense per distance is 21 Baht/km.

After all parameters are set, the Calculation button is pressed. Then a
message will appear on the top-right corner, reading ‘Vehicle routing’ and showing
numeric values that imply progress of the running process of the program. After the
running process is completed, the pop-up message box, reading “Routing completed”,
will appear, as shown in Figure 4.50. Click at the OK button, the results will be shown

in the tab named “Resulting routes for blood distribution”, as shown in Figure 4.51.

(EETL TR E]

L]
\14) Raouting completed

Figure 4.50 The message box that appears after the program has finished running
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Figure 4.51 Resulting routes for blood distribution

According to Figure 4.51, details of the results obtained from the running
process of the program include the following information;

- Blood distribution routes were arranged with the saving algorithm. Each
of these routes starts from the NBC and also ends at the NBC. For example, the first
route starts from the NBC and passes through Mongkutwattana hospital, Pathumthani
hospital, Mahnam hospital, Chest hospital, Chonprathan hospital, Bumradnaradul
hospital, before returning to the NBC.

- Number of stops in each route, which represents number of hospitals
locating along the route. For example, the first route has the total of six stops.

- Quantity of blood carried in each trip, the first route delivers only 90
units.

- Van utilization, for the first route, it can be calculated by

Van utilization (Demand / Loading capacity) x 100%
(95 / 600) x 100%
15.83 %

- Distance of transportation in each trip, the first route travels as far as

93.43 km.

- % distance utilization, for the first route, it can be calculated by
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% distance utilization (Travelled distance/ Maximum distance)
x 100%

(93.43/100) x 100%

93.43 %

- Travel time, which is the time required for traveling in each route. This

time can be calculated by dividing the distance of each route with the average speed of

30 km/hour. For the first route;

Travel time Distance (km.) / Average speed (km./hour)
= 93.43/30
=  3.11 hours

- Expense by unit = Demand (unit) x Price of blood (Baht/unit)
= 95x200
= 9,200 Baht

- Expense by distance = Distance (km.) x Expense (Baht/km.)
= 93.43x 21

= 1,963 Baht

The results from redesigning the blood distribution system on 6™ July 2010

can be shown in Table 4.17
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Recall that on July 6, 2010, there were 72 hospitals requested blood from
the NBC, but there were totally 75 round-trips altogether (Table 4.5). This is because
some hospitals send vehicles to pick up units of blood twice a day. The repeating
orders are consolidated into one order, assuming that we know the order today and
planning routing in the evening to prepare for blood distribution in the next day. The
total transported distance from the calculation was found to be 1,958 kilometers (Table
4.7). Instead, these routes could have been rearranged in a way that blood was
transported from NBC to nearby hospitals until either all the constraints or all the
destinations are met, then the vehicle would return to the NBC. After rearranging the
routes, it was found in Table 4.13 that the computing time was only 15.8 seconds and
only 14 routes (round-trips) are needed in order to reach all network hospitals. Thus,
on average, the computing time equals to 1.12 seconds per route. This amount of time
required for designing each new route is considered very little. As seen from the
bottom line of Table 4.17 example, the total distance is reduced to be only 654
kilometers (33.40% of the current total distance). That means the route rearrangement
can save transportation distance for 1,303 kilometers per day. With this newly designed
system, each trip will take no longer than three hours.

The new system can therefore be designed so that there are two round-trips per
day, which are from 09.00 — 12.00 a.m. and from 01.00 — 04.00 p.m. However, there will
be two trips that need to take longer than three hours. They are trips No. 1 and No. 6. This is
because their terminal hospitals are hospitals locating far away from the NBC, which require
longer time for transportation than nearby hospitals. In real implementation, a vehicle might
be assigned to take the route No. 1 (or No. 6) for only one trip a day. When the vehicle
arrived back at the NBC it might be assigned to take another short trip on that same day.
Therefore, it is evident that if blood distribution system in BMR is redesigned and
rearranged properly, the cost of blood transportation can be saved significantly. This
approach can also be contributive for energy conservation of the country and the
world.

Appendix C reported similar results for the data on 7, 8" 9™ 10™ 11%
12" July, 2010.
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Case 2 This case chooses Maximum travel time of three hours as the
constraint. Additional sub-constraints were also defined, such as loading capacity,
maximum of hospital, maximum distance, distribution expense per unit, distribution
expense per distance, etc. When choosing a hospital and specifying quantity of blood
demand, parameters were set as follows;

- Loading capacity is 600 units.

- Number of stops is six hospitals.

- Maximum time is three hours.

- Service time is 15 minutes.

- Distribution expense per unit is 200 Baht.

- Distribution expense per distance is 21 Baht/km.

As an example, the results derived from running the program based on the
data of July 6™, 2010 are shown in Table 4.18.
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Recall that on July 6, 2010, the total traveling distance was found to be
1,958 kilometers (Table 4.7). However, when rearranging the routes by specifying a
total travel time of three hours for each trip as the constraint, it was found that the
computing time was only 16.8 second (Table 4.14). The trips were redesigned by
starting from carrying blood out of the NBC then continue to nearby hospitals in the
same route until the constraint is met or all destinations have received the blood. Then
the vehicle will have to return to the NBC to complete the trip. The rearrangement
resulted in 17 routes (round-trips), as shown in Table 4.18. Therefore, the average
computing time is 0.99 second/route, which is considered very little for each route. In
addition, the total traveling distance has decreased to only 1,035 kilometers.
Consequently, the efficiency of transportation would increase by 47.14% (52.86% of
the total distance at present). Traveling distance could have been saved for as much as
922 kilometers. The transportation cost would have been 464,800 Baht when
calculated by unit, or 21,739 Baht when calculated by distance. Most of the newly
designed round-trips take no longer than three hours. This will make it possible to
design blood delivery system so that there are two round-trips per day for each van,
which are from 09.00 — 12.00 a.m. and from 01.00 — 04.00 p.m. However, there are
three trips that require longer time, which exceeds the three-hour limitation. These are
the trips No. 15, 16, and 17. These are the trips to Phatara-Thonburi Hospital,
Thammasat University Hospital, and Pathum Thani Hospital. These hospitals are
located so far away from the NBC, thus take longer delivery time than other hospitals.
Further consideration may need to be taken when actually implementing this new
routing system. For example, one trip per vehicle may be assigned for the trip No. 15, 16,
and 17, and the traveling time will not be limited. If the vehicle finishes delivering blood in
a short time, it can return to the NBC to receive blood and continue another trip on that day.
It can be seen that, from analyzing and redesigning blood transportation routes in BMR
appropriately, the transportation cost to the network hospitals can be reduced greatly. This is
also beneficial in saving energy in blood transportation.

Appendix D reported similar results for the data on 7, 8" 9™ 10", 11%,
12" July, 2010.



Fac. of Grad. Studies, Mahidol Univ. M.Eng. (Industrial Engineering) / 129

4.7.6 Comparison of transportation costs

At present, blood distribution is conducted by the network hospitals. They
send their vehicles to receive blood directly at the NBC. Then the vehicles will return
to their hospitals with the blood. This method involves many losses, such as cost of
vehicle usage, wage for the driver, fuel cost, and opportunity cost. Each vehicle has to
waste much time waiting for receiving blood in a long queue that comprises vehicles
from many other hospitals. Therefore, it would be better to rearrange the blood
distribution. A better alternative should be in a way that blood distribution starts from
the NBC. Routes for the new pattern will be designed by using Saving Algorithm.
After obtaining appropriate routes from the design, costs for blood distribution with
the new system and these designed routes will be compared with costs of the existing
system. This should reveal benefits and efficiency of the new system. Results from the
comparison will be informative and useful for making decision about outsourcing a
logistics provider to deliver blood. The analyzed cost can help determine the charge or
fee of blood distribution. A fair price can be calculated and determined by using the
total cost obtained from redesigning the routes. The charge or the fee of blood
distribution should be equal to this price or not too much higher.

According to Table 4.18, it can be seen that the new system will lead to a
great reduction in both distances and costs for distributing blood along the new routes.
Distances shown in Table 4.19 are distances that were determined by setting
maximum distance as a constraint. This new system results in 60% higher efficiency
regarding distance. Table 4.20 compares routes that were designed by using maximum
travel time as a constraint, which was found to have slightly lower efficiency than
using maximum distance. However, this new system is still better than the current
pattern for over 50%. Comparing to the routes derived from using maximum distance
as a constraint, the cost for blood delivery using maximum time as a constraint was
found to be slightly higher. This is because there are longer transportation distances
and higher numbers of vehicles and staff. In addition, since the routes were designed
so that vehicles are sent away from the NBC, staffs from hospitals do not have to wait
for receiving blood any longer. Therefore, after the new routes have been designed, it
is likely that situation will be better in terms of distance, traveling time, and cost that

incurs during transportation.
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4.8 Summary

Based on the analysis, the blood supply chain may have several problems.
Particularly, the problems regarding the current blood transportation system seem to
be obvious. This system has much possibility to be improved for higher efficiency. By
solving this problem, blood can be delivered to patients faster, safer and at the cheaper
cost. This research has analyzed to reveal the lost in terms of wasteful costs. Under the
current system, the hospitals waste money, time, and opportunity for utilizing their
vehicles, which are mostly ambulances, for other purposes. Normally, planning routes
for blood distribution from the NBC would require a specialized carrier who has good
experience and knowledge on the routes. This is to ensure the efficiency of the
transportation. However, sometimes using merely experience can lead to mistakes due
to physical limitations of the route planner. For example, the planner may fail in
memorizing all destinations or in prioritizing their importance. In addition, when the
route planner has resigned from the carrier company, the skill will go with him/her.
The company will have to spend more time developing a new planner to become
experienced and skilled on those routes.

This research employs knowledge on business administration and logistics
for designing a new blood transportation system. The new system is intended to have
as few transportation trips as possible. Instead of letting network hospitals send their
vehicles to receive blood at the NBC as the current system, the new system will
require the NBC to manage the blood logistics for all network hospitals. Blood will be
distributed from the NBC to multiple hospitals along the same route on one trip. The
approach for designing the new system applied the Saving Algorithm to solve the
vehicle routing problem. By implementing route management program for helping
rearranging the routes, mistakes can be reduced and efficiency can be enhanced. The
program can help reducing procedures for planning and managing blood distribution.
With the calculation capability of the program, route design can be finished in a short
time, and the result will be more accurate than manual work. This should allow the
newly designed routes to be shorter and more appropriate. For using the program,
some constraints have to be determined. When maximum distance is used as the

constraint; the loaded quantity is limited to 600 blood bags, the number of stops on a
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route is limited to six hospitals, and the maximum traveling distance for each round-
trip is limited to 100 km. Similarly, when using maximum travel time as the
constraint, other parameters remain the same, except only unlimited maximum
travelling distance. Instead, the maximum travel time will be limited to three hours at
most. The results from running the developed program with these constraints can be

summarized in Tables 4.21 and 4.22.

Table 4.21 Summary of routing design by using 100-km maximum distance as the

constraint
DIMIY Number of | Quantity of | Number Total Total travel

hospitals | blood (units) | of routes | distance (km.) | time (hours)
06/07/10 72 2,324 14 654 21.50
07/07/10 84 2,453 16 739 24.62
08/07/10 83 2,465 15 830 27.68
09/07/10 80 2,417 16 780 25.99
10/07/10 69 1,577 15 638 21.25
11/07/10 54 1,176 11 449 14.98
12/07/10 78 2,824 16 728 24.28
Average 74 2,176 15 688 22.90

Table 4.22 Summary of routing design by using three-hour maximum travel time as

the constraint

DIM/Y Number of | Quantity of | Number Total Total travel
hospitals | blood (units) | of routes | distance (km.) | time (hours)
06/07/10 72 2,324 17 1,035 41.00
07/07/10 84 2,453 18 940 34.35
08/07/10 83 2,465 20 1,087 45.17
09/07/10 80 2,417 22 1,267 53.27
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Table 4.22 Summary of routing design by using three-hour maximum travel time as

the constraint (Cont.)

D/M/Y | Number of | Quantity of | Number Total Total travel
hospitals | blood (units) | of routes | distance (km.) | time (hours)
10/07/10 69 1,577 18 813 59.90
11/07/10 o4 1,176 12 570 26.80
12/07/10 78 2,824 21 1,010 44.67
Average 74 2,176 19 960 43.59

Comparing to the newly designed routing system, the current transportation
system requires very much transportation distance. This is because, in the existing
system, all network hospitals have to send their vehicles to receive blood at the NBC.
The newly designed system has proved to be more economical in terms of distance,
time, and cost. According to Tables 4.21 and 4.22, the number of trips in the new
system has decreased, comparing to the existing system. The highest number is 22
trips per day. The lowest is 11 trips per day. The numbers of trips in each day is not
equal, depending on the number of hospitals, quantity of requested blood, distance,
and travel time. When using maximum distance as the constraint, the average number
of trips per day is 15. However, when using maximum travel time as the constraint, the
number of daily trips on average turns to be 19. If the NBC wants to distribute blood
by itself, it may use a van as a blood transportation vehicle, as proposed in the
assumption. Inside the van, there must be a refrigerator for keeping blood at a certain
temperature to ensure its quality. To meet daily demand of the network hospitals,
approximately 12 vans should be prepared for blood distribution. One of the 12 vans
might be reserved for emergency use. The work will start at 08.30 a.m., according to
the regular working hour of Thai government. The drivers will prepare for the trip,
receive schedules of blood delivery for the day, and check quality of the blood before
starting the first trip of blood delivery. The new system is designed so that each
vehicle can deliver blood for two trips per day, which are during 09.00 — 12.00 a.m.
and during 01.00 — 04.00 p.m. The van may return late until 4:30 p.m. After returning,

the driver will have to submit reports of blood delivery. Each trip is designed to take
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no longer than three hours, and comprises no more than six stops. Each vehicle will
deliver blood no more than two trips per day. According to the routing plan, most
travel times are very short whereas some trips are longer than three hours. To balance
the workload of the drivers, the driver who takes a very short trip will have to take the
second trip of longer-than three hours trip as well. For example, in Table 4.24, a
vehicle is supposed to take delivery route number 10 (0.95 hours) in the morning, then
come back to complete the day with the delivery route number 17 (3.65 hours) in the
afternoon. Tables 4.23 and 4.24 summarize the planned delivery schedules on July 6,
2010 for the case of 100-km maximum distance and three-hour maximum travel time,

respectively.
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Therefore, eight vehicles are considered to be sufficient for blood
distribution with this new system on July 6, 2010. Similarly, the planned delivery
schedule for July 7, 8, 9, 10, 11, 12 are reported in Appendices E and F. Operational
regulations should be developed in order to facilitate the implementation of the new
system. Such regulations can become a useful guideline, whether the NBC will decide
to operate blood distribution by itself or to outsource a carrier for this task.

This chapter has presented results of the research, which appear to be
satisfactory. The new design of blood transportation routes by using Saving Algorithm
of Heuristics was found to be efficient. The algorithm could facilitate the route design
very well, and was easy to use. The resulting routes from the problem-solving
approach are similar to the currently utilized routes. Thus it is believed that the results
can be implemented in real practice. This approach is therefore promising for applying
to solve problems at a bigger level. This research is expected to provide a guideline for
helping the nation to save energy and its budget. With this newly designed system, all
hospitals still receive blood according to their requirements. Blood delivered in shorter
time will be beneficial to both the hospitals and the patients. The next chapter
concludes the research and gives some recommendations in terms of policies and

future research.
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CHAPTER V
CONCLUSIONS

This research studied the procedure of current blood distribution in
Bangkok Metropolitan Region (BMR) including their problems. It was found that
there are many problems in the blood supply chain, especially those involving
transportation. Chapter 1 described about the background and the problems of
currently blood distribution. The chapter also determined the objectives and the scope
of the research. Chapter 2 reviews theories and researches relating to blood
distribution service, vehicle routing management for regular product delivery, and
issues in blood distribution. It covered the characteristics and problems of blood
service in Thailand and other countries as well as methods to solve the vehicle routing
problem. The main purpose of this chapter is to gain fundamental knowledge and
guidelines for conducting this research to answer the objective regarding the supply
chain of blood service and distribution management. Chapter 3 explained about the
data, analytical tools and the procedure used in this research. Chapter 4 reported
results on the characteristics of blood distribution in Bangkok Metropolitan Region
(BMR), cost assessment, and the development of a program for designing blood
distribution routes. It also discussed the implementation in detail. In this chapter, the
research is concluded. Suggestions and recommendation for further development are

also provided.

5.1 Blood distribution in BMR: Current practice and issues

Blood supply chain involves connection of activities from the upstream to
the downstream. It begins from the collection of blood from donors until giving blood
to patients (Rytilaand Spens, 2006). During the whole process, it can be seen that
there are activities of servicing blood donors, collecting blood, separating blood

products, checking blood quality, storing blood tidily, and giving blood to a patient at
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the terminal hospital. The patient will be given only the blood product that is
compatible with his/her blood. It can be seen that the blood supply chain is very
complex. This research starts from studying existing problems that happen in the
operation of the NBC, which is the main responsible organization at the national level
regarding blood services. The responsibility of NBC is crucial for living of all Thai
people.

When a patient requires blood for his/her treatment, the doctor will make an
order through the hospital for an appropriate blood product. The hospital will request for the
blood product from the NBC. Then the hospital will send its own vehicle to the NBC
for receiving blood. Quantity of blood supplied from the NBC might not meet the
requested quantity of the hospital. This is because there are many hospitals requesting
blood to the NBC every day. Some hospitals may just order blood for keeping in its
stock for emergency use. The NBC therefore has to ensure that blood is distributed
evenly and appropriately to all hospitals. The decision is made according to the
consideration of the officers who take care of blood distribution. According to the
report by Nuchprayoon (2010), blood demand in Bangkok is very high. About 57% of
blood received from blood donors is used with patients in Bangkok, while the remaining
43% is distributed to patients in other provinces. Among this 43% of blood from the NBC,
some might be distributed to provincial hospitals directly, while the other is distributed via
the Regional Blood Centers.

According to the data collected during the field observation, it is found
that the network hospitals locating inside BMR have to send their own vehicles for
taking blood from the NBC. Most of these vehicles come to the NBC with empty
loading. They are normally used only for receiving blood. According to statistics,
there are so many vehicles coming from hospitals to receive blood at the NBC every
day, with an average of 82 trips per day. All round-trips comprise one empty-loading
trip. Thus there are many unloaded vehicles. This results in waste regarding energy
and waiting time, since these vehicles have to wait in a long line for receiving blood.
The costs that happened due to these vehicles having to receive blood at the NBC are
also high. Total costs can be calculated by considering fixed costs (such as vehicle
usage, insurance, driver, etc) and variable costs (fuel, engine oil, maintenance, depreciation,
etc.). Altogether, the total cost was found to be as high as 10,664,778 Baht/year. In
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addition, this is inefficient usage of vehicles since blood is not fully loaded on these
vehicles. Actually, the quantity of blood loaded on these vehicles is very little as
compared to their volume or loading capacity. Moreover, most of these vehicles are
ambulances. They are more valuable than just being used for carrying blood. Driving
ambulances with empty load is considered a great opportunity lost while they are
highly needed to serve many emergency patients. According to the estimation, it was
found that the opportunity cost can be as high as 14,965,000 Baht/year. The blood
distribution can be considered as a vehicle routing problem (VRP). Therefore, in order
to improve blood distribution for higher efficiency, this research developed a program
to analyze and design new delivery routes. The program development was coded in
Microsoft Visual Basic 2008, and employed Saving heuristic algorithm (Clarke and
Wright, 1964; Laporte et al, 2000) to solve the VRP. This method is preferable
because it is not very complicated and requires little time for calculation. With this
program, constraints regarding distance, travel time, number of hospitals, blood
quantity, and service time can be set as needed. The major purpose of routing design is

to obtain new routes that require the minimum transportation cost.

5.2 Designing of an efficient blood distribution system

Having confirmed that saving algorithm is appropriate for solving such
this VRP problem, the method is applied for developing the blood distribution
program. Based on the test with three examples, it was found that the program could
work very well by obtaining answers that are identical with the known correct
answers. The program was then implemented with the real data to rearrange the routes
used for blood distribution. All the new routes start from the NBC and go to several
hospitals on the same route that are nearby. The routes are designed to reach all
destinations or until the defined constraints are met. Then the vehicles will return to
the NBC. The developed program allows the user to select hospitals that requested
blood, quantity of required blood, and other constraints such as maximum distance of
each route, vehicle capacity, travel time, and number of stops along the route, etc. The
calculation is conducted for arranging routes during the period of seven days. The total

distance is actually very long, approximately 2,147 km/day on average. However,



Papassorn Sukaboon Conclusions / 144

when comparing the newly designed system with the current transportation, the new
system is found to be very economical. The new blood distribution system can reduce
many trips because hospitals do not have to send vehicles by themselves. Whether
using maximum distance or maximum travel time as the constraints, the calculation
revealed that the total distance decreased more than 50%. Therefore, this new system
is proved to be beneficial in reducing the total transportation costs if actually
implemented in the future.

If the NBC aims to distribute blood by itself, it should prepare special
vehicles for this purpose. The type of these vehicles should be a van. The blood
container inside these vans should be a refrigerator that can keep blood at a standard
temperature as specified by the Ministry of Public Health. Appropriate number of vans
to be prepared for this new system of blood distribution is 12 vans, which should be
sufficient for serving daily blood demand of the network hospitals. One of the 12 vans
might be reserved for emergency use. The new system should be designed so that each
van works for two trips a day. The work will start at 08.30 a.m., according to the
regular working hour of Thai government. The drivers will prepare for the trip, receive
schedules of blood delivery for the day, and check quality of the blood before starting
the first trip of blood delivery. The first trip is made during 09.00 to 12.00 a.m., and
the second trip is made during 01.00 to 04.00 p.m. After returning, the driver will have
to submit reports of blood delivery. Each trip should take no longer than three hours,
and contain no more than six stops. However, from testing the application, some trips
(some routes) were found to exceed the specified constraints. For example, the
distance of that trip might be over 100 km (route numbers 15, 16 and 17 in Table
4.18), or it might take more than three hours (route numbers 15, 16 and 17 in Table
4.18) to complete the trip. This is because the terminal hospital is quite far from the
NBC. Thus it takes longer than usual for serving such these hospitals. Therefore, when
truly implementing this new system, the routes should be reconsidered so that they are
most suitable for real situations. A possible solution might be to allow a vehicle that
deliver blood to a far hospital to travel more than three hours. After having finished
that long trip and arrived back at the NBC, the vehicle might be assigned to proceed
with another short trip on that same day. This approach of regulating the transport

operation can provide a guideline to facilitate real implementation of a new system.
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Whether the NBC will decide to distribute blood by itself or to outsource this task to a
carrier company, this approach should be adopted. In addition, this approach might be
useful when applying to a bigger problem, such as when the NBC expand its services
to cover a larger hospital network. By implementing such this new design of blood
distribution system, energy and national budget can be saved, while all hospitals in the
blood service network can be served faster and more efficient. This will be greatly

beneficial to both the hospitals and the patients that require blood.

5.3 Fair price for outsourcing blood distribution service

In reality, the problem posed might not be technical, but could be caused
by the transport management which either be operated by the NBC itself or a third
party service. But due to the lack of expertise in transportation business, the NBC
should not be able to develop efficient transport routing plan, such as how the routes
should be re-designed, how many stops should be placed on a route. This inability
suggests that the NBC is likely to hire the third party who has a refrigerator container.
There comes another problem when the NBC cannot make a decision on which carrier
it should hire. The simplest means is to assess the cost first and then determine a fair
price.

According to the NBC, there have been few companies offered the pick-up
and delivery services. Some charge for 10% of the blood value. This may result in the
higher cost of blood, affecting the end-consumers, the patients, who will have to face
more medical fees. To prevent this, a fair price is set in order to select the most proper
transportation service provider, and can be applied as the basis for holding an auction.
Suppose the maximum travel time is the constraint on July 6, 2010, the transportation cost
calculated by percent may be as high as 464,800 Baht per day (Table 4.18). It is
possible that the NBC or the network hospitals will altogether bear so much expense.
Another choice is to estimate cost by distance, which should be more reasonable as the
transport cost depends on distance. This way, the transport cost is 21,739 Baht/day
(Table 4.18) or about 21,739/17 = 1,280 Baht per round trip. The cost can be calculated
after adding operational cost of 15% for the carrier company and a profit charge of 20%.
From the calculation, the fair price for the carrier should be 21,739 x 1.15 x 1.20 = 30,000
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Baht/day. This price can also be used as a standard or a fair price for conducting an auction
to find a carrier company to be in charge of blood transportation. On the other hand, if all
hospitals reach an agreement to cooperate, the money saved can be spent on hiring
third party transport service provider to offer more efficient blood distribution.

5.4 Policy implications

Currently, the NBC is highly determined to improve the efficiency of its
activities throughout the supply chain. The NBC has initiated many plans, especially
regarding intra-logistics inside an organization, such as collection, storage, quality
control, etc. The NBC has been able to manage these activities with high standards.
This is partly because it has knowledgeable and skillful personnel that match the work
relating to medication and health science. However, there are still many aspects that
the organization should try to improve. Here only three of them are provided.

1) Blood distribution

The blood transportation task in BMR is currently under the responsibility
of hospitals. Therefore, the cost does not incur directly to the NBC. There may be a
feeling that it does not have to hurry to solve the problem. The money and time that
can be saved from the new transportation system will directly benefit hospitals in the
network, not the NBC. The transport management may be operated by the NBC itself
or an outsource service. But due to the NBC's lack of expertise in transportation
logistics, it is unable to develop effective transport routing plan that answer basic
questions such as how the routes should be re-designed, how many stops should be
placed on a route. This inability suggests that the NBC should hire outsources. There
comes another problem when the NBC cannot make a decision on which outsource it
should hire. The NBC does not know the fair price for blood distribution, because
there is no standard price to compare. Therefore, the investment for this new approach
should be considered carefully. The best solution for this might be the approach of
outsourcing blood transportation task to an external company with expertise in blood
transportation. Such this company should be paid by hospitals in the network who will
gain benefit from the new system. These hospitals might also need to share the cost of

investment for establishing the new designed system. If it happens this way, the NBC
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will not have to take a burden of investment cost, and the designed system will have a
high chance to be implemented in the near future.

2) Resource saving

By using the van with a refrigerator (a cooler) inside, the new system can
help to reduce the number of staff and time needed for the work. Time for packing
blood can be reduced. Dry ice and paper can be saved, or might not be needed at all
when delivering blood to nearby hospitals. In addition, by using the returnable
container, it reduces manual work. This will allow staff to work with other tasks that
require more skills, or tasks that suit more with his/her capability. As a result, the cost
of packing blood can also be reduced.

3) Quality aspect

With the existing blood distribution system, blood delivered to various
hospitals cannot be controlled under the same standard throughout the transportation.
This is because there are various types and sizes of containers. The methods for
keeping blood of each hospital are also different. Controlling temperature of blood
products during transportation is a difficult task. Thus all trips of blood delivery to all
hospitals should be made under the same standard to ensure blood quality. A solution
for this might be to use a standard type of container. There should also be three
standard sizes; for example, small, medium, and large, which can be selected to use
according to blood quantity. If the task is outsourced to a carrier, the carrier may be
required to install temperature-controlled containers inside the van. The reusable
container must have a firm lid so that it can be opened and closed securely to ensure

that the blood will reach the terminal hospitals safely.

5.5 Recommended future research

Blood supply chain is a large and complex system. It can be divided into
many subsystems. The system of distributing blood between the NBC and hospitals in
the network, as studied in this research, is one of the sub-systems. Results from this
research can be used as a model for other systems. According to the research findings,

recommendation for future research may be proposed in different views such as
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1) The improvement should be made on the development of a better
mathematical model. For example, this research has not considered about the time
window, a program or an application should be developed so that the time for blood
delivery of hospitals in the network is also taken into account. With this information,
work schedule can be planned. Distance and time for traveling should be more realistic
than what was found in this research. In real driving situation, effects from traffic light
and traffic jams are involved. Such these factors can take transportation longer time.
Therefore, these matters should be considered as well.

2) Blood quality assessment deserves further investigation, since there are
many hospitals’ vehicles coming to the NBC each day. These hospitals used
containers of different sizes and types. Approaches of blood storage are also different,
depending on limitations of each hospital. Due to these non-standard approaches,
blood quality may be degraded or unreliable when it reaches the destination. These
days, the NBC aims to keep quality of blood at the destination to be as same as at the
origin. Thus the relationship between packaging method and blood quality is another
interesting research topic that should be studied seriously.

3) Inventory is also very important. Due to the greater number of hospitals
and a lot of patients at present, blood is always required. Demand for blood keeps
increasing over time. However, blood kept in the NBC’s stock is insufficient for the
demand, resulting in the shortage of blood supply. Regarding the blood donation, the
number of blood donors is quite unreliable or unpredictable. Most donors like to come
during important and special days such as the National Father Day, the National
Mother Day, the World Red Cross Day, etc. During these periods, the NBC might gain
much donated blood. However, in other periods blood becomes scarce as usual. The
management of blood inventory is therefore an interesting research topic.

4) Estimation of blood demand, since blood demand has been increasing
continuously, shortage in blood supply do happen at certain times. Therefore,
continuous public relation or campaigns about blood donation are required. The
campaigns should promote interest of people, and make them realize importance of
blood donation.

However, blood quantity as supplied from the NBC to hospitals might not
be the real quantity of blood that those hospitals required. Many of those hospitals
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might be able to acquire certain quantity of blood by themselves, though the amount
was insufficient for their patients. They might request for only some amount of blood
from the NBC in order to stock in their own inventory. Thus the total quantity of blood
supplied from the NBC is only a proportion of the overall blood demand of hospitals.
The real demand might be actually much higher than that. If this trend of blood
demand continues, the NBC will have to acquire more and more blood to serve the
demand, which seems to be uncontrollably and ceaselessly increasing over time. In
addition, for the benefit toward its operation, the NBC should make a forecast about
blood donation so that a good plan regarding its inventory of blood can be made.
Otherwise the NBC would not be able to plan its operation to cope with the ongoing

situation, and manage resources appropriately for its services.
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APPENDIX A
BLOOD DEMAND DURING JULY 6-12, 2010

There are a lot of vehicles to pick up units of blood at the NBC every day.
It was found that on daily basis, there were about 80 hospitals in BMR dispatching
different types of vehicles to pick up 1 — 500 blood bags at the NBC. Some hospitals
may send their vehicles several trips in a day. Table A.1 presents the collected data on

blood demand by hospitals during July 6-12, 2010.



M.Eng. (Industrial Engineering) / 157

Fac. of Grad. Studies, Mahidol Univ.

'S LT . . 4 - g 9 GT uensuyo oxbueg | T
LT 3 - - - - 0 4 - T uoypbuniy | €T
T 8z LT - - - T - - sapemeydipn | 2T
4 4% > 8. orT - 0 14 0 (oeyxbueg) T peswasey | TT
82 96T 29 GT el 144 . T 6T M3y eNH | 0T
€T 08 €T 1 6 L - 6C 01 sinojjues | 6
8 85 - - 0T T 1 €T 01 [eLIOWSIA Ojoed | 8
- - - - - - - - - yoxbueg | /
6 9 14 g T oT 0T 14 . (Awnydng) awes | 9
4% TTE 0g€ 91T S/ 8EY 152 T8 ore Tunquoyl | §
VT S6 8T 0T 8¢ 1T GT g 8 ZreyreAuyd | v
o1 60T T LT € 14 4 ST 0T TreyreAud | ¢
o Gze 9/ 44 44 8z 0T 2 ey peibuniweg | ¢
162 L€0'C | 0ge 91T Gl 8EY 15C 18 ove uloxbuorelnyd | T
- - - - - - - - - 2aN 8yl
(KepysBeq) | el | Inc2t | INCTT | INCOT | INC6 Inc 8 Inc . Inc 9

abelany (sbeq) puewsp poojg fendsoH N

0102 AIne ,2T — ,9 BuLINp puewisp poolg T'V 8|geL




Appendices / 158

Papassorn Sukaboon

14 8 - : 9 : . . [4 HNG | 6Z
ST Sy 4" - - - - e1 81 eAydoeyd | gz
9 4} - - 14 8 : 3 3 eyoed | /¢
91 TE LT - - - T - - eueingfey | 9z
q 67 14 - € 8 - 14 : AeSayeIN | G¢
LT oTT 17 9¢ 14 (104 8 17 174 C BYUEA | V¢
S 6 - - 9 - € - - [esauao odbBueg | €z
0T 19 4 14 - 8 14} L 9 ueljiwey | ¢¢
11 7 L el 17 14 0T €T L [onereydlad | Te
€l LL € G1 8 : L 0¢ 14! UOISSIN | O¢
14 4} - qT L qT € [4 . HawnuIng | 67
/ 0z 9 - - 8 - 9 - [eJaua9) eAuRd J0100Q | 8T
9 LT - [ - L - 8 - ¥ 1eydoyd [elIoOWsA ojoed | /T
a7 142 LE [4 4} 9 LC L €c INAIRYIIA | 9T
8 $14 [4 [4 9 9 ) - LC 0RelN | ST
(Aepysfeq) | [e30L | INCZT | INCTT | INCOT | INC6 | INC8 | INCZ | INC9

abelany (sbeq) puewsap poojg IedsoH oN

(Ww02) 0102 AINC ,2T — ;9 BulNp puewsp poold T'V d|qeL




M.Eng. (Industrial Engineering) / 159

Fac. of Grad. Studies, Mahidol Univ.

g 01 - - 9 - 14 - - zunquoyl | i
e) 8y - ST 9z L - - - RIYIUIWEARN | EF
4! 65 4! g 0T 81 4" - - g reureAud | zv
- 0 - - - - - - - ¢ >oxedbueg | Ty
144 61T - €1 91 v 61 62 - T doxedbueg | ov
14 8 ST GT 9 ST ST 4 ¢ uoypbuniy | 6€
61 96 9 - Y 9z 81 g - Z IRYJIALIS | 8E
8 8 8 - - - - - - T IRYIIALS | /€
4! €l € 4 4! T 4" 62 - Teubueg | 9g
6 44 - 8 - T L 8 01 leyiweuken)y | Gg
G 0C 14 - - 8 - 14 14 umbuoy | vg
02 6. 6v - 8 - 4 81 - leydbueg | €g
44 44 - - 44 - - - - lowbueg | z¢
T 99 8¢ - g € - 0C - euenedueuy | T
€ 0T - - - Z T Z g ueydayl | og
(AepysBeq) | 1eol | InCgT | INCTT | INCOT | InC6 | Incg | IncZ | InC9

abelany (sbeq) puewsp poojg FendsoH N

(Ww02) 0102 AINC ,2T — ;9 BulNp puewsp poold T'V d|qeL




Appendices / 160

Papassorn Sukaboon

9 6T 6 - - 9 - - 14 ajenehld | 65
8 144 - 4 8 - 4! 01 8 uiexeureyl | 8
134 8¢ 48 29 1A ¢ 0z 81 95 uanyoeyoeld peiwasey | /S
Z 9 T - Z - 4 T - ANIAS | 9G
T 89 81 €1 €2 Z 4 - 01 |esoua oeldpe | G§
L L - - - - L - - oeyybueg wasexiayd | ¥§
01 0S g - 14 g 43 14 - 19eyduis | €g
L €1 - - - - T 1 - g elypuiweneN | zg
0T 05 T - 8 14 144 - £ JB)UBD [eoIpaN 3eD d | TS
61 96 - - 95 g ST g ST UOLJUIOXEN | 0§
€ e e - - - - - - 191ua) Jeoue) Moxbueg | 6¥
8 144 - 0T 4 4! - - - 6 Weleld | g
8 144 - - - 14 9 ¥T - [eJ8U39) [eNU3D | /v
T 66 g 8T 9 €1 01 g 144 Buseywewuwey | o
61 geT € T 6¢ TE 14 0 14 (uLexeuls) fanniwes | Gy
(Aepysbeq) | el | IncgT | INCTT | INCOT | INC6 | INC8 | IncZ | InC9

abelany (sbeq) puewsp poojg fendsoH N

(Ww02) 010z AINC 2T — ;9 BulNp puewsp poold T'V d|qeL




M.Eng. (Industrial Engineering) / 161

Fac. of Grad. Studies, Mahidol Univ.

14 00T - - 02 - 8¢ 12 T4 ammnsu| [edlbojonaN Jeseld | ¥/
8y LEE 19 Ll Ly Geg 8y 0 67 saueyreley JeseddoN | €/
9¢ LL LT 0T - - - - 0S aInisu| 19oue) [euoneN | 2.
€e TET 02 - - - 143 [44 GG 1s8Ud | T/
9C €8T 62 €2 9z GE €1 1 14 uaIpliyo | 0.
6Y e €G 01 €2 05 6. €e 16 uIsp4a | 69
6T 0T | 222 GE 29 G/ 98¢ 06T vl lupaeley | 89
T LG 14 1 - T2 - - 0C lewles | /9
€2 85T g 14 v 8T o [44 65 6 [euoneutalu| YoxBueg | 99
[44 83 4 - - T 0S ST - € [eqideyyns pewasey | G9
T S Gt 14 01 L ST 81 - WeseydiA | 9
6 o 14 S - - g T T2 IueyoA | €9
o1 8y - € 62 - - - o1 g Wesedd | 29
14 123 14 - (44 - - 8y - uedIS | 19
[44 68 Ve - - €2 TE - T BUERMINYBUOINL | 09
(AepysBeq) | 1eol | InCgT | INCTT | INCOT | InC6 | Incg | IncZ | InC9

abelany (sbeq) puewsp poojg FendsoH N

(Ww02) 0102 AINC ,2T — ;9 BulNp puewsp poold T'V d|qeL




Appendices / 162

Papassorn Sukaboon

ST 19 9z - G2 - g - g Yredideyoey | 88
4! 4 - - 4 - - - - Bueqesy 17| /8
44 19 - T 6¢ - - LT - Yesaamey oydbuen | 9g
TG 80€ £6 - 01 144 vET 9z T2 Meteyoeld Buniusoseyd | S8
1S 6E 4%’ 1S T 8¢ 19 8¢ 8y uisxel | +8
|edsua9) uoljellsiuiwupy

L€ e 8¢ - 2§ e 91 05 e eniodonan xoxBueg €8
%3 vET 144 - - 62 12 ¥G - elilfen | 28
8¢ 992 LT LT 7 06 o e 0 llod | 18
€8 6v2C T0C - - ee - - <)) oepuidesdfepwos | 08
91T €18 8z¢ 69 0T €12 o7 LT 9€T oepjfuowrlyd | 62
144 6 9¢ 9z - - 4 0 - logiwnyg | 8/
4! 9¢ 4 - ST T €2 - - saseasiq [eordod | Joj [endsoH | £/
€12 verT | 2€E /8 9/ £8¢ 86 992 1414 Ipoqiyrewey | 9/
- - - - - - - - - feais | G/
(Kepysbeq) | el | IncgT | INCTT | INCOT | INC6 Incg | Inc. Inc 9

[endsoH "ON

abelany (sbeq) puewsp poojg

(Ww02) 0102 AINC ,2T — ;9 BulNp puewsp poold T'V d|qeL




M.Eng. (Industrial Engineering) / 163

Fac. of Grad. Studies, Mahidol Univ.

LT 99 - ¥ 6 - - Ly 9 einpeJeuselureq | Z0T
I 1 ) 3 . 1 - - - Buoyrengbueg | 10T
TE ) - - - 12 0S 1A% g anysu| aseasid I1s8Yyd | 00T
6 e 9z 9¢ 6Y 19 L€ 6 GE oepbueueld | 66
- - - - - - - - - regibuniy | 86
6 €5 € - T 9 L ST 8 WeuyeN | /6
6T LS - - - Z 8 - Ly Llagueueney pewssey | 96
L T - - Gt 9 - 8 [oneyyuoN | 6
61 95 - - 91 - 01 - 0 6 RIIUIWRARN | 16
T LS 6 - - - 1 2 T |eIBUBD) SUBIDIBA | €6
14 8T 14 - T L 14 4 uloxeAreyoreyoeing | z6
Auoyiny

¢ ¢ - - ) ) - ¢ - A101119913 uenjodosa N 16
6 8T - - 4 - - - 9 Ajodouoy 033eqOL puB|lRYL | 06
14 vET - - - €2 9 - S0T uoyulis | 68
(Kepysbeq) | el | IncgT | INCTT | INCOT | INC6 Inc 8 IncZ | Inc9

abelany (sbeq) puewsp poojg fendsoH N

(Ww02) 0102 AINC ,2T — ;9 BulNp puewsp poold T'V d|qeL




Appendices / 164

Papassorn Sukaboon

Z Z - - - Z - - - TIerInyd | LTT
L 6Y . LT € 9 T L 8 weuxed inwesbuesn|y | 91T
6 82 - 9 - - o1 9 - [esauag Buoswes | GTT
v 162 9¢ €8 GT oy 2L g Ausienlun yesewwreyl | $TT
14 14 - - - - 14 - - Buenjbuoly | €1T
TE TE - - - - TE - - unqeAueyl | ZTT
0 09 - - - GT - 14 - eansbuoN | TTT
02 8TT 4! L - T 43 02 9¢ |ueyiwinyred | OTT
9 144 € - - 8 - g 9 linquoyj-eteleyd | 60T
- - - - - - - - - wnyedbuenin | 80T
T LT - - - 0T - LT - wnyedy3 | 20T
8 144 T - - 14 - 6 - [esaua0 ysbuey | 90T
6 29 8 01 9 9 01 01 4 yoaAwnyed | S0T
14 o1 - - 9 14 g T - [eJ8USD) UIOMeUBABN | 0T
Ve 102 T 6v - Ve 09 GT 62 ueyreidejuoyd | €0T
(AepysBeq) | 1eol | IncgT | INCTT | INCOT | InC6 | Incg | InfZ | InC9

abelany (sbeq) puewsp poojg FedsoH N

(Ww02) 0102 AINC ,2T — ;9 BulNp puewsp poold T'V d|qeL




M.Eng. (Industrial Engineering) / 165

Fac. of Grad. Studies, Mahidol Univ.

- - - - - - - - - Seyobueg | TeT
- - - - - - - - - ogbueg | O€T
Z Z Z - - - - - - llydbueg | 62T
[4 14 - - - Z - - - uteqesdinwes | 821
o1 6v €e - - 9 01 - - urexesdieyd | /2T
4 70T - - - Geg 9T o oeyondinwesBuesniy | 92T
g g - - - - g - - Bnreyoeidreyoweny | GzZT
T Ve o1 - - - - L T g eubueg | 21
9 81 - - - g TT 4 - g oxedbueg | €21
43 43 - - - - - 3 A utweAld | zzt
6 L€ 9 - - GT 01 9 - 6 JeleInyd | TeT
9 4} 9 - 9 - - - - ulexeidinwes [eliowswojoed | 0ZT
0T 0€ - - 61 9 - S ureyney | 6TT
8 o1 4’ - - - - 14 - € Jelenyd | 81T
(AepysBeq) | 1eol | InCgT | INCTT | INCOT | InC6 | Incg | IncZ | InC9

abelany (sbeq) puewsp poojg fedsoH oN

(u02) 0TOZ AINC 2T — ;9 BuLInp puewsap poo|g T'V d|geL




Appendices / 166

Papassorn Sukaboon

0€ 902 L€ 2z £z ¢ 0¢ 0¢ ee (rendsoyy/sbeq) abessny
L1T'C 9€2'ST | ¥e8'c | 9LT'T | LLS8'T | LT¥'z |S9v'e |ssv'e | vee'e (sBeq) re1oL
(Repssbeq) | [ewoL | INCgT | INCTT | INCOT INC 6 InC 8 Inc 2 Inc9
[endsoH "ON
abelany (sbeq) puewsp poojg

(Ww02) 0102 AINC ,2T — ;9 BulNp puewsp poold T'V d|qeL




Fac. of Grad. Studies, Mahidol Univ. M.Eng. (Industrial Engineering) / 167

APPENDIX B
PROGRAM TESTING WITH THREE EXAMPLES

The saving algorithm program was coded in Microsoft Visual Basic 2008
and ran on the laptop computer. The specification consists of Intel Core 15 M520
@2.40 GHz CPU, with 4.00 GB of RAM. The program is rigorously tested prior to the
real implementation. Also, the test was conducted in order to check whether the
database connection and data display worked properly. Outputting data for calculation
and displaying the resulted data from the calculation were also tested. Three examples
with known results were used to test the program’s functionality and its efficiency

program for designing blood distribution routes.

Example B.1 (Pathomsiri, 2010) A transportation service company received orders
from eight customers namely, the customers 2, 3,...., 9, while Node 1 is the
transportation company. The quantity of products that each customer required is
displayed in Table B.1. The distances from the company to each customer are
displayed in Table B.2. The vehicle capacity was specified as 12 units.

Table B.1 Demand for products by customer

Customers 2 3 4 5 6 7 8 9
Demand for products (units) 4 7 3 2 6 3 2 3

Table B.2 Distance matrix for the nine-node example (kilometers)

1 2 3 4 5 6 7 8 9
1 0 40 30 58 32 52 28 67 55
2 40 0 43 81 29 87 63 106 94
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Table B.2 Distance matrix for the nine-node example (kilometers) (Cont.)

1 2 3 4 5 6 7 8 9
4 58 81 37 0 88 27 77 S7 67
5 32 29 53 88 0 85 40 96 80
6 52 87 46 27 85 0 62 30 43
7 28 63 57 77 40 62 0 62 40
8 67 106 70 57 96 30 62 0 25
9 55 94 70 67 80 43 40 25 0

The data in Example B.1 was stored as a Microsoft Access database as an
input for the program. The program worked with this database as if they were data of
blood distribution service. Firstly, the customers that order the products must be
selected by checking in the box as shown in Figure B.1. The quantity of products that
the customer required is then input. The condition specified in the Example (that the
vehicle capacity is 12 units) was also input into the program. The customer selection

process is illustrated in Figure B.1.

Select | Demand [unit] Code I Lmber Hozpital name Digtance [k.m]
= I
4 00110 2 clsZ a0
7 001102 3 cusd 30
3 001103 4 cuszd 5g
2 01 104 5 cus5 32
g 001105 E cush 52
3 001106 7 cus? 28
2 001107 a cusd B7
3 001108 ] cusd 55

Figure B.1 Selecting customers and specifying their demands: example B.1

After the delivering conditions and the number of customers have been
determined, the calculation can then begin. The computing time is only 12.4 seconds.

The result is a list of routes with details on demand units and transportation distances.
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These routes are needed for delivering products to all customers with their specified

quantities. The result is displayed in Figure B.2.

Murmnber Dreliveny mute Demand [unit) Digtance [Km])
cuz] -cuzb-cusl-cusd-cusl 11 Ea
2 cuz] -cuzd-cuzd-cusl 10 17
3 cusl-cusd-cush-cusd-cusl 3 173
Tatal 3 30 415

Figure B.2 Results from designing product delivery routes by using the program:
example B.1

Based on the results, it is found that three routes are required in order to
deliver products to all customers. The total quantity of products is 30 units. The total
transportation distance is 419 kilometers. The solution is the same as in Pathomsiri
(2010). It shows that the program operation is reasonably fast, accurate and precise in

term of solution quality.

Example B.2 (Larson and Odoni, 1981) The depot is at node 1. The nine nodes to be
visited are now recognized to pose different requirements in terms of the expected
quantity of products to be collected on each daily tour. The pertinent distance and

saving data are shown in Tables B.3 and B.4.

Table B.3 Distance matrix for the ten-node example (kilometers)

1 2 3 4 5 6 7 8 9 10
1 - 25 43 57 43 61 29 41 48 71
2 25 - 29 34 43 68 49 66 72 91
3 43 29 - 52 72 96 72 81 89| 114
4 57 34 52 - 45 71 71 95 99 | 108
5 43 43 72 45 - 27 36 65 65 65
6 61 68 96 71 27 - 40 66 62 46
7 29 49 72 71 36 40 - 31 31 43
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Table B.3 Distance matrix for the ten-node example (kilometers) (Cont.)

1 2 3 4 5 6 7 8 9 10
8 41 66 81 95 65 66 31 - 11 46
9 48 72 89 99 65 62 31 11 - 36

10 71 91| 114| 108 65 46 43 46 36 -

Because the distance matrix is symmetric, the distance d(i,j) and the saving
s(i,j) can both be exhibited in a single 10x10 matrix (no saving are associated with the
depot, i.e., node 1). The saving s(i,j) are shown in Table B.4. For instance,

s(4,6) = d(1,4) + (1,6) — d(6,4) =57 + 61 — 71 = 47

Table B.4 Saving matrix from the calculation

1 2 3 4 5 6 7 8 9 10

1 - - - - - - - - - -
2 - - 39 48 25 18 5 0 1 5
3 - 39 - 48 14 8 0 3 2 23
4 - 48 48 - 55 47 15 3 6 20
5 - 25 14 55 - 77 36 19 26 49
6 - 18 8 47 77 - 50 36 47 86
7 - 5 0 15 36 50 - 39 46 57
8 - 0 3 3 19 36 39 - 78 66
9 - 1 2 6 26 47 46 78 - 83
10 - 5 23 20 49 86 57 66 83 -

Table B.5 lists the quantities of goods to be picked up from each of the
nine nodes, 2 through 10. We assume that the capacity of each vehicle is equal to 23
units and apply the saving algorithm to the savings list, as shown in Table B.5. No

constraint other than the maximum capacity one is assumed to exist.
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Table B.5 Quantities of products to be picked up at each point

Node 2 3 4 5 6 7 8 9 10
Quantity 4 6 5 4 7 3 5 4 4

The data in the example was brought into a Microsoft Access database in
order to be used with the developed program. The program treated this database as if it
is the data of blood distribution service. Visual Basic was used to calculate the routes.
The customers and their demands for products pick-up were specified as shown in
Figure B.3.

Select | Demand [unit] Code Murmber Hozpital name Drigtance [m)
s (om0 —
4 amim 2 g2 258
B aminz E] g3 43
A om0z 4 cusd A7
4 o004 5 cush 43
7 am105 B cush B
a 1106 7 cus7 29
5 001107 8 cuisd 41
4 ooos q cusd 48
4 am10g 10 cugl 71

Figure B.3 Selecting customers and specifying their demands: example B.2

After selecting customers and specifying the loading condition of 23 units,
the program can start its calculation. It takes only 13.6 seconds to complete the route

building by saving algorithm. The result of the routing design is shown in Figure B.4.

MHurnber Delivery route Demand [unit) Distance [km)
Cusl-cusd-cusb-cus 0-cusS-cusd-Cusl 23 185
2 Cuzl-cuzd-cuzd-cusd-cuzb-Cusl 13 283
Total 2 iz 474

Figure B.4 Results from designing product delivery routes by using the program,
under the condition of 23-unit vehicle capacity



Papassorn Sukaboon Appendices / 172

Under the condition that a vehicle has a loading capacity of 23 units, it was
found that two routes were required in order to send products to all nodes of specified
customers. The total quantity of products demands was 42 units. The total
transportation distance was 474 kilometers. From the same example, if the loading
capacity changed from 23 units to 16 units, the results would change. The new results
of routing design are shown in Figure B.5. It requires three routes for the same set of
product demand. However the total distance is increasing to 516 kilometers, which
corresponds to the known solution of this example (Larson and Odoni, 1980). The

program seems to work properly and provide a near optimal solution.

Murnber Delivery route Demand [unit) Diztance [Km)
Cuzl-cushb-cuzl 0-cus3-Cusl 15 100
2 Cuzl-cus3-cusd-cush-Cus 15 233
3 Cuzl-cus2-cusf-cusS-Cus 12 183
Total 3 42 A1E

Figure B.5 Results from designing product delivery routes by using the program,

under the condition of 16-unit vehicle capacity

Example B.3 (Pathomsiri, 2010) A company has 7 customers; namely customers No.
1, 2,..., 7. The company has to send products to these customers regularly. The orders
of these customers are displayed in Table B.6. The distances between the company
and all these customers were recorded by the Transportation Manager of the company,
as shown in Table B.7. The vehicle capacity was set to be 820 kilograms.

Table B.6 Demand for product by customer: Example B.3

Customer Orders Quantity (kilograms)
1 484

2 541

3 326

4 293

5 24
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Table B.6 Demand for product by customer: Example B.3

Customer Orders Quantity (kilograms)
6 815
7 296
Total 2,781

Table B.7 Distance matrix for the seven-node example (kilometers)

Cust.1 | Cust.2 | Cust.3 | Cust.4 | Cust.5 | Cust.6 | Cust.7
Cust. 1 19
Cust. 2 57 51
Cust. 3 51 10 49
Cust. 4 49 53 18 50
Cust. 5 4 25 30 11 68
Cust. 6 12 80 6 91 62 48
Cust. 7 92 53 47 38 9 94

The data was stored in a Microsoft access database. The database was
saved in the folder to be accessed by the program. The customers and their demands

were then specified, as shown in Figure B.6.
Select  Demand [unit) Code Mumber Hozpital name Diztance [m)
:
541 o102 2 Cuz2 57
326 001103 3 Cuzd 51
293 001104 4 Cuzd 43
24 001105 5 Cuszh 4
815 001106 E Cuszh 12
295 0107 7 Cus7 13

Figure B.6 Selecting customers and specifying their demands: example 3
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The results contain four routes as shown in Figure B.7. Node that one
should know that the minimum number of route requirement (total weight/vehicle
capacity = 2,779/820) is 3.39.

MHurmber Delivery route Demand [unit] Diztance [m]
compaty-Cusd-Cuzgf-ompaty el 1580
2 compary-Cug3-Cus -omparny 210 a0
3 compary-Cus-Cush-omparny BEG 1
4 company-CusB-ompany 15 24
Tatal 4 2773 345

Figure B.7 The result of route design for Example B.3

Under the condition that a vehicle has a loading capacity of 820 kilograms,
four routes are required. There is the total quantity of products demands was 2,779
units and the total distance of transportation was 345 kilometers. It shows that the
program operation is very good and corresponds to the known solution of this example
(Pathomsiri, 2010).

In summary based on the above three examples, the coded program yields
correct results within the short period of time. The program is very efficient to deal
with small-size problems. Then it is applied to solve the real problem for designing the
blood distribution routing.
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APPENDIX C
RESULTS FROM ROUTE REARRANGEMENT FOR BLOOD
DISTRIBUTION (CONSTRAINED BY MAXIMUM DISTANCE)
DURING JULY 7-12, 2010

This case specifies the maximum travel distance of 100 kilometers as the
constraint. The additional constraints were also defined, such as loading capacity of
600 units, maximum number of hospitals of six stops, distribution cost of 200
Baht/unit, distribution cost of 21 Baht/km. The results derived from the program based
on the July 7-12, 2010 data are shown in Tables C.1-C.6.
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APPENDIX D
RESULTS FROM ROUTE REARRANGEMENT FOR BLOOD
DISTRIBUTION (CONSTRAINED BY MAXIMUM
TRAVEL TIME) DURING JULY 7-12, 2010

The results in this appendix were derived from the program for designing
blood distribution route during July 7-12, 2010. This case specified the maximum
travel time of three hours as the constraint. The additional constraints were also
defined, such as loading capacity of 600 units, the number of hospitals of no more than
six stops, the maximum time of three hours, the average service time of 15 minutes,
distribution expense of 200 Baht/unit, distribution expense of 21 Baht/km. The results

are shown in Tables D.1-D6.
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APPENDIX E
PLANNED DELIVERY SCHEDULE ROUTES CONSTRAINED
ON 100-KM MAXIMUM DISTANCE, JULY 7-12, 2010

The results in this appendix were planned delivery schedule routes during
July 7-12, 2010. This case specified the maximum distance of 100 km as the
constraint. The new system is designed so that each vehicle can deliver blood for two
trips per day, which are during 09.00 — 12.00 a.m. and during 01.00 — 04.00 p.m. The
plans are shown in Tables E.1-E®6.
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APPENDIX F
PLANNED DELIVERY SCHEDULE ROUTES CONSTRAINED
ON THREE-HOUR TRAVEL TIME, JULY 7-12, 2010

The results in this appendix were planned delivery schedule routes during
July 7-12, 2010. The vehicle can deliver blood for two trips per day, which are during
09.00 — 12.00 a.m. and during 01.00 — 04.00 p.m. Each trip is designed to take no

longer than three hours, and comprises no more than six stops. The plans are shown in
Tables F.1-F.6.
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APPENDIX G
A CERTIFICATION OF BEST PAPER AWARD (HONORARY

MENTION) FROM THE NATIONAL CONFERENCE ON

INDUSTRIAL ENGINEERING 2010
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Figure G.1 A certification of best paper award (honorary mention) from the National

Conference on Industrial Engineering 2010
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APPENDIX H
A PUBLICATION IN THE NATIONAL CONFERENCE ON
INDUSTRIAL ENGINEERING 2010
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ABSTRACT: The Natwonal Blood Center (NBC), Thai Fed Crozs Society 1= responsible for providing blood and blood products to
hospitals that need them. To accomplish the task, NBC carez most about speed and medical safety. Thiz paper diseusses the supply
chain of blood and itz distribution to hospitals in the Bangkok Metropolitan Fegion (BME). The data iz based on field survey resuli=
durmg June to August 2010, In brief, it was found that on daily basis, there were about B0 hospitals dizpatching their variety of
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to these empty movements. In addition, the framework for reducing the loss and improving the distribution efficiency was propozed.
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Abstract

Everyday, the demand for blood is enormous in order to save lives. Quick and safe blood service is crucial for the
efficiency of medical treatment. However, distribution cost of blood should be of important as well. In Bangkok Metro-
politan Region, the individual hospital needs to send its vehicle to pick up the requested blood at the National Blood Center
(NBC), Thai Red Cross Society. On average, there are approximately 74 hospitals sent various kinds of vehicles to wait
and pick up blood between 1 — 300 units from the NBC. With the current individual pick-up system, the transportation
cost is excessive due to too many empty trips. This research paper presents the results from the study and analysis of the

current blood transportation system. The new design is proposed based on the management science and business logistics
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concept. The problem is modeled as the vehicle routing problem (VRP) and solved by the Clarke and Wright’s heuristic

method. By testing with the real data, the results show that a lot of trips and total distance can be saved. Potentially, the

transport efficiency could be increased by 68.53%. The paper also discusses about the business model for implementing

such concept at the NBC.

Keywords : Transportation, distribution, blood, supply chain, National Blood Center, heuristic
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APPENDIX L
A PUBLICATION IN THE INTERNATIONAL CONFERENCE ON
INDUSTRIAL ENGINEERING AND SYSTEM 2013 (ICIESM
2013), BARCELONA, SPAIN, FEBRUARY 27-28, 2013

Determination of a Fair Price for Blood
Transportation by Applying the Vehicle Routing
Problem: a Case for National Blood Center,
Thailand

5. Pathomsiri, P. Sukaboon

Absmrace—The Nationzl Blood Caater, Thai Fed Cross Sociery is
responsible for providing bleod to hespitals all over the couniry.
When any bespital needs blood, it will have to send the vehicle to
pick up at the NBC._ There are a lot of vehicles to pick up blood at the
NBC every day. Each wehicle is usnally empty for mbound oip snd a
little loaded for outbound. The NBC realized such waste or loss and
there have been the third party offered to distmbute blood and charge
for fee. This paper proposes to apply the wehicle routing problem
(VEF) for estimating the fair price. The idea is tested with the real
data during seven-day period of § — 12 July 2010 to estimate the fair
price for ransporting blood in Bangkok Metropolitan Region.

Keywords—Blood Supply Chain, Vehicle Routing Problem,
Heuristic, 5aving Alporithm Fair Price.

1. INTRODUCTION

ike other countries around the world, Thailand uses a large

amount of blood every day. Blood service m Thailand 15
responsible by the National Blood Center (WBC) housed 1n
Bangkok, the capital city. When a hospital needs blood for its
patient, it has to request and send a velucle to pick-up blood at
the NBC. The meommg vehicle 15 always almost empty for the
front-haul tnp and little loaded for the back-haul because the
amount of blood 15 very little as compared to the capacity of
the vehicle. In addition, the drvers have to spend a long tume
waitng for only few blood units due to crowded quenes from
different hospitals at the NBC. Many wvehicles are the
ambulance which 15 very valuable for emergency case. From
the logistic perspective, the cwrent protocol mewrs a lot of
mefficiency 1o terms of excessmve fuel and other resources as
well as the opportunaty loss to utilize the velcle.

In fact, the NBC 15 well aware about thiz inefficient
transportation svstem. However, 1t cannot do much due to the
lack of expertise and understanding about transportation
business. Although m the past, there have been a few third
party logistic providers offered to take care of the blood

P. Sukaboon is with the Department of Industrial Enpineering, Faculty of
Engineering. Mahidol University, Nakompathom province 73170, Thailand
(e-mail: p_sukaboonyaboo. com)

5. Pathomsini iz with the Deparment of Civil and Envirommental
Engineering, Mahidol University, Nakompathom province 73170, Thailand
(phope: + §61-889-2138 ext. 6306-7; fax: +662-880-2138 ext G388 e-mail:
Somchai Patjimabidol ac th)

transportation in exchange of fee, the NBC administrators
could not make decizion. Cm one hand the NBC feels that the
fee 15 too high and 15 very reluctant to add it to the prnice of
blood. On the other hand, the NBC does not know the night or
fair price for negotiation or bidding.

This research 15 aimed to supply the information on the fair
price for the NBC to make an informed decision. We propose
to determine the fair price for transporting blood by usimg the
solution to the velicle routng problem (VEP) as the basis.
The idea is to treat blood just like other goods that usually
required effictent route planming when the customers (or
hospitals, i this application) are many. Then, we seek to re-
route fransportation of blood where the NBC 15 the distnbufion
center (or depot m VREP termunology) and hospitals m the
blood service network are customer points. Suppose that the
camier 15 somehow efficient, the least-cost solution to the VEP
should be close fo its cost. And if we allow for some overhead
charge and profit, the NBC will be able to come up with the
reasonable fair price for bidding. In this paper, we report the
research results in six sections. Followed this introductory
section, section II briefly prowides the Literature review on
blood distibution issues, VEP mathematical model and
transportation management. Section III explains about the
research methodology. The analysis results and discussion are
m section IV. Last, section V coneludes the paper together
with the recommendations.

O LITERATURE REVIEW

A. Blood Distribution Problems

Danly, there are a large number of patient: who need blood
m ther treatment, so 1t 15 vital that hospitals store sufficient
blood. However, the hife cycle of blood 15 relatively short;
therefore, toc many blood umgtz should not be stored.
Nonetheless, we cannot allow a blood shortage to happen as 1t
will endanger bives of patents. Consequently, bospitals have to
send their vehicles to the NBC for pickmg up blood As a
result, there 15 a transportation cost which mamly consists of
the vehicle cost, zasoline, and the drver, efe.

Fast researches show that analyzing the bloed supply chain
15 difficult and complex. In parficular, the problem of blood
distibution [1] in developed countries such as the Umnted
States of Amenica and England tried to schedule transportation
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and routes [2]. The best answer to this problem 15 the effective
and most profitable or most economical dismbution plan. The
blood distibution problem can be wviewed as the wvehicle
routing problem (VEF) which 15 an important problem m
logistics management. The distnbution concept 15 smular to
pulk runs (delivery problem) operation. Eather than the
kospital arranges the vehicle to pick-up blood at the NBC, a
vehicle may be dispatched to deliver the blood to a senes of
kospitals along the route.

B. Mathematical Model for Vehicle Routing Problem

The VEP ccours in many fypes of businesses such as mail,
raw mulk, aute parts, cil fransporting, ete. Mathematically, the
vehicle roufing problem is the NP-Problem which 15 wvery
difficult to find an optmal seluton, especially when the
problem n terms of the mumber of customer nodes 15 large.
Finding the best answer may take 2 very long time to caleulate
or it may be impossible to find an answer. There are two
possible solution approaches to tackle the VEP; 1e., exact and
approximation methods.

I. Exact Method

First of all, the VEP 15 formulated as the mixed integer
hnear program (MILP). This method solves such the
mathematical formulation by wsing the sophistcated algornthm
to explore all possibilifies untl 1t finds the optimal solution.
Intwitrvely, this method 15 very tme-consumng, so it 1= ideal
for a small problem which has a small oumber of customers.
However, 1t also requires very high efficient solver.

[I. Apprommation Method

This method nses heuristic to define some steps to solve the
problem. The solution does not guarantee to be the optimal. If
an algonthm 15 efficient, 1t will be able to solve the large
problem quekly. One of well-known heunsties 15 saving
algonithm [3 - 4] ete.

Zanakis and Evan (1981) [3] suggested usmg a beunstoe to
find a solution when the nature of the problem 15 complex hke
a problem that has so many practical terms that the exact
method takes too long time to find the solution. Hawing
leamed from previous research, here the saving algonthm is
adopted. Although the algonthm may be old, the research idea
15 simply to get the fair price, not the optimal one. Therefore,
the algonthm 15 sutable to obtain the solution in a short peniod
of time [4], [6]. Ancther good thing is that it 15 not difficult to
code. This makes it convement and easy to apply mn the real
implementation.

O Transportation Management

An important objective of tramsportafion 15 to deliver
products to customers according to their requirements with the
mmimum total cost. If the problem of route manzgement and
distmbution are solved effectively, the total fransportation cost
can be reduced to as much as 5 - 20% [7]. For the success of
therr businesses, enfrepremewrs should &y to reduce all
involved costs as much as possible, particularly the
transportation cost, which 15 the highest logistics cost of most
businesses. Regarding the transportation management, the
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owners of goods have two optons; namely, to deliver the
merchandize by oneself, or to hwe a camer for the
transportation task.

At present, the NBC 15 analogous to a merchandize (blood)
owner. However, the NBC 15 cwrently ot taking
responsibility of delnrering blood to hospitals m Bangkok
Metropolitan Region. Thus 1t does not have so mmch pressure
or motivation to improve the blood distnbution. Since 1t does
not carry the cost of transportation, the NBC does not have to
worry much about the expense. However, there 1z the
possibility for upcomung future that stakeholders of blood
distrbution will realize the necessity of enhancing efficiency
of blood dismbution. There used to be a few camier companies
contacted the WNBC and offer thewr services for blood
distbution. These compames suggested charging for
fransportation cost as the percentage of blood price delivered
to hospitals. However, the NBC percerved that the charge was
quite hagh, and 1t would ipeur enticism of taking too much
profit if the cost 15 transfarred to hospitals. Ths would contrast
with the operationzl phulesophy of the NBC, which was
founded as a non-profit orgamzation. Thus the NBC has not
taken any decisions regardmg this matter, although 1t
recognizes the persistent problems of blood distribution. If, in
the fature, the NBC make a decizion that it should admimister
bloed distribution, the likelihood 15 that the NBC wall hire a
cammier company for transportation services. This 15 due to 1ts
madequacy of tansportation skill The amalyses on route
admuimistration presented in this paper will reveal costs of
efficient blood transportation, which should be useful for the
NBC. With the puidance of these resulting costs, the NBC
should be able to determune a fawr price for considering about
hiring a company.

II. RESEARCH METHODOGY

A. Scope of the Smdy

This research analyzes bloed distnbution between the NBC
and the network hospitals m Bangkok Metropolitan Fegion.
There are totally 131 member hospitals m the network. Fig. 1
shows location arrangement of the network hospitals on a2
digital Geographic Information System map within Bangkok
Metropolitan Fegion.
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I Fig 1 Locations of the neterork hospitals in Bangkok Meatropolitan
Regzion

B Data Collection

This research collected a great deal of relevant data
regarding general charactenstics of blood services by the
NBC. The procedures of data collection started from
preliminarily reviewing a good number of infemational
Journals and national symposiumsworkshops regarding blood
distribution services. Then a series of field chservations were
conducted to collect detalled data. The field observations
began by interviewing the NBC's staff Names and locations
of hospitals that are network members of the NBC were
collected. Photos were taken in order to study procedures of
receiving blood at the NBC. Types and number of vehicles
sent from hospitals as well as their containers used for
receiving blood were recorded. Quantity of daly blood
demand of the network hospitals was also collected. Data
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collection regarding daily blood demand took place at the
NBC for a peniod of seven days, during 6 to 12 July 2010.

C. Data Preparation

The first set of data needed for solving the VEP is the
distance matrix, which represents all distances along the roads
from all nodes to all nodes in the network. These nodes refer
to the NBC and all the network hospitals. Fer distance
calculation, a GIS software package called ArcMap 9.3 was
used. The distances were recorded in a form of Travel
Distance Matrix, d;. Some part of the mafrix is shown as an
example in Table L.

TABLEI
AN EXAMPLE OF THE DISTANCE MATRIT
d; 0 1 2 . . 131
0 0 153 3406 132870
1 377 0 324 12,930
2 3759 3383 0.00 20,285
131 18863 19.026  20.544 - . (]
Se 0 =  teNBC
1 = Hospital 1
2 = Hospital2
131 = Hospital 131

The second set of data is blood demands of the hospitals.
The data were collected during a period of seven days. The
mean value of daily blood demand by hospital was caleunlated.
The results were then used as the fizures of blood quantity
delivered to the network hospitals. This will allow VEP ready
to be solved. Characteristics of daily bleod demand data are
presented in Takle II.

TABLET
BLOOD DEMAND DURIVG JULY 6-12, 2010
) Blood Volume (bazs)

mmber Hospitals I3 7 I D 10 11 1z Toml | Avemgze
1 Hospitals 1 345 81 251 438 7 116 330 037 201
2 Hospitals 2 3 25 107 28 2 4 5 325 46
131  Hospitals 131 0 0 0 0 0 0 o 0 0
Total 1324 2453 2465 2417 1577 1176 2824 15236 2177
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D Mathemartical Modeling

The problem of bleod dismbution has a charactenstic that
correspond to a pattern of VEP. Since the problem size is
very large, by contaming over 100 customers (network
hospitals), a saving heuristic is then adopted for solving the
VEP in the reasonable amount of time The algorithm is
coded in Visual Basic 2008. Procedures for calculation of
the algenthm are as follows;

1. Choose the central depot, which is the NBC
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II. Calculate for saving values that will be resulted from
ntegrating mulfiple routes mto the same one between each
pair of node 1 to node J. The saving cost (55) 15 equal to d;+

0O =the central depot (the NBC)

d,; = distance from the NBC to hospital 1

dj, = distance from the hospital J to the NBC

dy =distance from hospital i to hospital

TABLE I
ANENAMPLE OF SAVING DISTANCE VALUES {M:I

5 de s d; Saving distance

S EX] 3406 328 377+3406 324 =3530

5 m 3,485 3303 377+3485+3323=530

W 37 4230 4963 377+4830+4063 =249
Sis1130 18863 27,301 32048 18.863+27,301- 32048 =13,307
Bisiis 13,863 42003 47640 13,863+ 42,003 - 47,640 = 13307

Table IIT Show example of saving valuesIll. Sort the saving
values (5;) descending
IV. Choose the highest saving value from each pair of node 1
to node j, without any repetition of node 1 and node j. Then
create sub-routes by connecting between each pair of node 1
and node j.
V. Repeat step 3) and step 4) untl all nodes are completed.
The solutien to the VEP can be used to estimate the
transportation costs. These costs can be regarded as the most
efficient costs. A professional camer company should adopt
this method of wvehicle routing for proposing a plan to
support the distribution service for the NBC. After adding
costs mcurred in other tasks and percentage of profit to these
costs, such company can obtain the total cost to propose to
the NBC. Alternatively, the NEC muay set this total cost as a
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fair price for arranging an auction to find an appropriate
carTier.

IV. EEsULT:

A. Results of Re-designed Route

The saving algorithm was coded by Visual Basic 2008
with the user-interface (Fig. 2) specially designed for easy
and convenient access. The user is only required to select
from the name-list hospitals in need of blood transport,
assign the demanded amount as well as other constraints
such as distance, loading capacity, number of stops, fravel
time, etc.

Munirear muvdl dze

fndinncs ernerany suen (ree
ren W pyane Tevr e e sl
i lmniian

Fig. 2 User interface of the program for designing blood distnbution routes
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Once all inputs are i, the program will calculate the
routes for transport. The analysis was conducted base on
blood distribution data during seven days and determuined
constraints regarding loading capacity 600 umits and
maximum travel time three hours. For each tmp, the mmber
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of stops 15 added by 1, starting from 1,2,3...., to 10 stops,
in order to observe the performance of the preblem and find
the proper number of hospitals in the trp. Table IV shows
results of the calculation.

COMPUTING TIME mmmm%gmmmm BY USING SAVDIG ALGORITHM
DMT Compuing tme (5ec)

Trips 1 2 3 4 5 6 7 g 9 10
1 72 307 168 168 166 153 168 166 163 158 156
2 84 384 208 202 201 14 197 188 01 202 129
3 83 370 18 17 2S5 213 A4 LS A3 05 208
4 80 354 203 19.3 126 184 186 185 183 1822 184
5 60 281 162 156 154 154 156 167 167 157 158
8 54 158 115 17 108 108 16 123 113 117 142
T 78 331 123 184 182 182 176 180 179 124 183
Averase 82 316 180 177 175 170 173 176 175 172 17.6

From tesung wim real IMpiementanon of more man 1uy
hospitals, the program seems to prove effectively fimctional,
be able to design route in a short penod of time (less than
4() seconds). It can be concluded that there is no calculation-
related difficulty. The average time for processing 1s only
within 20 seconds. In reality, the problem posed might not
be techmical but could be caused by the tramsport
management which either be operated by the NBC itself or a
third party service. But due to the lack of expertise in
transportation business, the WBC should not be able to
develop efficient transport routing plan, such as how the
routes should be re-designed, how many stops should be
placed on a route. This mability suggests that the NBC is
likely to hire the third party. There comes another problem
when the NBC cannot make a decision on which carmer it
should hire. This research provides a solution to such a
situation. The simplest means is to assess the cost first and
then determine a fair price.

E. Calculation for Proper Transpertation Hiring Cost

Table V shows the results on routing calculated by the
computer for & July, 2010. It can be seen that totally 17 trips
(Toutes) are required in order to guarantes that every
hospital receives desired amount of bleed The total
distance is 885 km., compared to the current sitiation where
hespitals need to take 72 rounds or 1,937 km. in total It 13
obvious that the VEP sclution can potentially reduce the
energy consumption dramatically by (1.957 — 885) = 1,072
km per day. Provided the transport cost, the fixed cost (e.g.
vehicle, registration, insurance, dmver, etc), and the
vamable cost (fuel. engine oll, maintenance, depreciation,
etc.) are 21 Bahtlm. ., saving value by transport routing is
1.072 km /day x 21 Bahtkm. =22.512 km /day.

TABLEV
RESULTS FROM THE PROGRAM FOR DESIGNING BLOOD DISTRIBUTICN R.OUTES
Faoute Delivery routs Demand Drzmance Travel Time Expence by Expense by
no. (Umits) (km) (hinrs) umit (Baht) distance (Baht)
1 0-90-03-60-15-0 T8 60.6 o 15,600 1273
2 0-55-63-73-04-87-0 23 1077 28 18,600 2262
3 0-116-119-124-122-58-0 L2 7.0 19 12 800 2,038
4 0-93-78-67-51-0 189 7.6 19 37800 1420
5 (-80-6-44-11-34-0 63 514 22 12,600 1,080
] 0-8-57-95-102-24-0 185 60.0 24 33,000 1,260
7 0-3-28-06-11-0 114 1024 19 2 800 2,150
B 0-§8-62-50-66-13-0 197 6.7 22 3n400 1,205
o 0-82-91-16-T4-72-0 143 .2 14 28,500 423
10 (-30-6-22-50-02-0 33 26 20 5,600 601
11 0-T0-T8-76-71-20-0 381 13.7 11 76,200 287
12 0-10-83-0 &7 B 0.7 13 400 185
13 0-B0-84-60-0 148 17.3 09 8 600 348
14 0-14-29-0-116-35-0 T 341 L4 15,400 T15
15 0-3-68-4-2-1-0 431 14.2 12 06,200 297
146 0-109-0 4 61.8 34 1,200 1208
17 0-110-0 25 T8 EX. 5,000 1,637
Toml 2314 8852 42 464,800 18,589
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The saving value of 22,512 Baht/day is contributed to all
hospitals received blood service on the sample day. Ths
money might be sufficient for paying the third party to take
responsibility for blood distibution. According to the NBC,
there have been several companies offered their services.
Seme charge for 10% of the blood value. This may result m
the higher cost of blood, affecting the end-consumers, the
patients, who will have to face more medical fees. To
prevent this, a fair price is set in order to select the most
proper transportation service provider, and can be applied n
an auction.

This sample calculation 1s only conducted for § July 2012
The transport cost per blood bag, provided the average cost
of blood is 2,000 Baht'unit. The charge is 10% of the blood
value. For route 1, the expense can be calculated as follows.
Expense by unit = The number of units x 200

(Baht/umit) x 10%
=T8=x2000x01
=15.600 Baht

If the total cost is calculated with transport cost, fixed cost
(e.g vehicle, registration, msurance, drver, efc.), and the
variable cost (fiel, engine oil, maintenance, depreciation,
etc) are 21 Bahtkm The results are as follows;

Expense by distance = Cost per km (Bahtkm ) x
Distance (km.)
=21x60.60
=1,273 Baht

Foutes 2-17 are calculated in the same way. Table 3
shows the summary of transport cost on 6 July 2010. Asseen
m the table, each route takes no loneer than three hours. Thus the
new blood dismbubion system can be designed fo have two tnps
per day. tlree howrs per tmp, and woding howr from 09.00 -
12.00 am. and from 01.00 — 04.00 p.m. However, there are
two routes that take longer than three hours. These are routes
Mo. 16 and 17, which go to Phatara-Thonbun Hospital and
Pathim Thani Hespital respectively. These two hospitals are
located relatvely very far flom the NBC, companng fo other
hospitals in the network. In practice. the vehicle assigned for either
the route No. 16 or No. 17 can be allowed fo spend more than 3
hours for the mp. After amiving back at the NBC, the vehicle can
be assigned for another short rowte, such as the route No. 12 or No.
13.

It 15 seen that if the tramsportation cost 15 calculated by
percent, the cost may be as high as 464 800 Baht per day. It
15 possible that the WBC or the network hospitals wall
altogether bear so much expense. Another choice is to
estimate cost by distance. which should be more reasonable
as the transport cost depends on distance. This way, the
transport cost 1s 12,589 Baht/day or about 1,100 Baht per
round trip. This number is much lower than the current cost
(1957x21=41,097 Baht).

Provided that a camer has expertise in route planming and
15 able to design the route not less efficiently than reported
herein, the transportation cost should be around 18.600
Baht, plus 30% for operatmg cost and 20% for profit. The
fair price for the camer should be 12,600 x 1.30 x 1.20 =
29000 Baht. This can be used as the fair price to start the
auction. On the other hand if all hospitals reach an
agreement to cooperate, the money saved can be spent on
hiring third party transport service provider to offer more
efficient blood distmbution.
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V. Comcrusion

From the view of transportation people. solving the VEP
is only an effort to meet the need of clients for the best
efficiency, especially for the leastcost transportation plan.
However, from the view of the NBC, the product (blood)
owner, it is something more. It 13 about the proper and fair
cost of ransport if it 15 necessary to lure a third party to take
responsibility for distributing bleod to hospitals. This paper
suggests that the analysis of vehicle routing problem by
transport businesses can be also used for the mterests of the
owner of products in order to set up a proper price for
hiring. If the third party can manage the transport routes
efficiently, and calculate cost properly, alemg with
reasonable operating cost and profit, they will have a proper
price for themselves. The NBC can possibly use this final
price as a “fair price’ for hinng transport carmer to distnibute
blood in Bangkek Metropolitan Fegion in the future.
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