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Abstract – Blood Transfusion Planning with its attendant
high patients’ demands, inadequate blood supply, and the
associated high cost, are major concerns of Health
Institutions both locally and internationally. A novel
approach to the problem using linear programming (LP) is
discussed in this paper, in respect of a Teaching Hospital in
Ghana. The aim was to model the blood transfusion needs of
the patients for the year 2011 as a Transportation Problem in
order to find minimum cost plans for meeting the transfusion
needs of the patients, under limited blood supply conditions.
The transfusion needs of the patients were analysed on the
basis of a whole year’s plan and quarterly ones for the entire
year considered. The results show that some cost savings can
be made while optimally meeting the transfusion needs of the
patients, whether under a whole year’s plan, or under the
quarterly ones.
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I. INTRODUCTION

The process of receiving blood products into one’s
circulatory system intravenously, known as blood
transfusion, is a major and delicate activity undertaken by
trained health professionals in order to save lives
worldwide. As part of the process, steps are taken to
ensure the quality, compatibility, and safety of the blood
products to the recipients [1]. The sources of blood are
either one’s own or someone else’s, with the latter being
the more common. Being an important part of the health
delivery system, planning the transfusion needs of patients
at optimum cost is a challenge faced by hospitals the
world over [2], generally due to inadequate blood supply,
high demand for blood, and the attendant high cost to the
hospitals of securing, testing, preserving and administering
the blood products.

The whole blood transfusion cycle involves acquisition,
testing, separation into components, storage, and
administration to recipients; which includes screening,
typing, and grouping of the blood samples. A recipient’s
blood is similarly treated to ensure compatibility before
transfusion [2]. These activities come at great costs to the
hospitals [3] which are then shared with the patient. Since
the late 1970s, the cost of transfusion has risen
considerably due largely to changes in blood safety
standards and increase in the number of tests that are
required to be performed on a blood sample [3]. Alongside
increase in costs is increase in demand for blood
transfusion. Due to inadequate supply, the demand for

blood transfusion has usually outstripped supply and
present hospitals with a challenge in their plans at meeting
the blood needs of patients. It is in this regard that the
adoption of a scientific approach to the problem to provide
a cost-efficient strategy/plan to optimally meet patients’
demands as much as possible, under the supply, demand,
and costs constraints, becomes important.

The transfusion planning problem is viewed as a
Transportation Problem (TP) and so as a special type of
Linear Programming (LP) [4], and modelled and solved as
such. The TP, as it is with LP, is concerned with finding
the best way to manage scarce resources [5]. It is one of
the many well structured problems in Operations Research
with many practical applications and use simple practical
computational procedures for solutions [5]. In earlier
related works, Ilhan and Pierskalla [6] proposed
algorithms to decide how many blood banks to set up,
where to locate them, how to allocate hospitals to the
banks, and how to route the periodic supply operation, so
that the total costs of transportation and the system cost
were minimum. Sapountzis [7] formulated an integer
programming model (LPs requiring only integer solutions)
for allocating units of blood from Regional Blood Banks
to hospitals in an area, taking the characteristics of the
hospitals into account. De Angels et al [8] developed a
multi-product, multi-period, multi-objective LP model to
help manage blood donation and transfusion system in
order to determine the best assignment of blood which
minimises the quantity of blood imported from outside the
system. A similar work based on a model which used the
knapsack algorithm was presented by Adewumi et al [9].
An integer programming model that assisted regional
blood centre managers to schedule the transportation of
blood from collection sites to the regional processing
centres was proposed by Ghandforough and Sen [10].
Nagurney and Masoumi [11] considered a multi-criteria
optimisation approach to the design of a blood banking
system consisting of collection sites, blood centres, testing
and processing labs, storage facilities, distribution centres
and demand points.

The current work sought to find a minimum cost plan
for meeting the blood needs of patients in the selected
hospital under the prevailing supply and demand
constraints. In Section 2 the general TP model is
discussed; the model is then adapted to the transfusion
problem in Section 3, the relevant data and solutions
obtained for the model are presented and discussed in the
section. Section 4 conclusions the discussions and make
recommendations with pointers to future work.
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II. METHODOLOGY

The usual Operations Research methodology of
formulating the problem, constructing a mathematical
model, collecting data, solving and testing the model, and
making recommendations for implementation was used for
this study [5]. The blood transfusion planning problem
will be assessed on the basis of a whole year’s plan and on
quarterly ones, starting from January to December of the
year considered. The results from the assessments will be
analysed in order to arrive at definite conclusions and
make recommendations.
A. The Transportation Problem

The standard TP assumes that there are m sources, each

of which have available is units of the product

),..,2,1( mi  , and n destinations, each of which requires

jd units of the product ),...,2,1( nj  , where is and jd

are positive integers. It further assumes that it cost ijc

units to transport one unit of the product from the thi'
source to the thj '' destination and seeks to find how many

units of the product to transport from the thi' source to the
thj' destination in order to ensure that the total cost of

transportation is a minimum. If it is decided that ijx units

of the product are transported from the thi' source to the
thj' destination, then the resulting TP model is:

Minimise ij
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is satisfied then the problem is called balanced otherwise
it is unbalanced. Equation 1 is the objective function,
whilst equations 2 and 3 are respectively product supply
and demand constraints. Equation 4 rules out negative

values of the decision variables ijx . The quantities ijc , is

and jd ( ,1 mi  nj 1 ) are parameters of the

problem.
B. Solution of the Model

The TP is a special form of LP and therefore may be
solved by any standard package that runs the Simplex
Algorithm [12] though useful only for the balanced
problem, since it will return infeasible solution (i.e. no
solution) for the unbalanced one. Even so, there are a
variety of methods specifically designed to take advantage
of the special structure of the TP and these are more

efficient than the simplex algorithm [4]. They are able to
work also with unbalanced problems by creating a
fictitious source to balance the problem and apply
prohibitive costs in transporting the goods from that
source to any destination; consequently, the source is not
actually used. Leading examples are the Northwest Corner
Rule, the Least Cost method, and the Vogel’s
Approximation method. The interested reader is referred
to Taha [5], Dantzig & Thapa [13] and Dantzig [14] for
detailed discussions of the simplex algorithm and the
specialised methods named above. In this particular work,
the Northwest Corner Rule, run by the package:
Quantitative Methods (QM) for Windows, version 2.2 was
employed as the solution algorithm due to its superior
ability to meet the required number of source-destination
allocation levels [13].

Five versions (based solely on the value of the
parameters involved) of the model derived from viewing
the planning problem first in terms of a whole year’s plan
and then in terms of quarterly ones were considered for
solution. Details of the data collected from the health
institution and the solution outputs obtained from runs of
the solution algorithm are presented and discussed next.

III. RESULTS & DISCUSSIONS

Three categories of data covering each of the twelve
months of the year 2011 were collected from the teaching
hospital for the study. They were: the blood types and their
supply volumes, patients’ blood type demand volumes,
and the cost of replacing a unit volume of each blood type
(taken as unit cost of supply).

The teaching hospital supplied units of blood of types:
A+, A-, B+, B-, AB+, AB-, O+, and O- to patients throughout
the given year; these were treated as the   sources, the
patients needing a particular blood type were grouped
according to the planning periods considered and treated
as the destinations. The total units of blood available for
each blood type for a planning period therefore became the
level of supply at the sources, and those required by the
patient groups became the demands at the destinations.
Knowing therefore the unit cost (35 Ghana Cedis in this
case) involved in supplying a particular blood type to a
particular patient group, the parameters of the model
constituted by equations 1 to 4 are complete, and thus the
optimal units of blood of a particular type that must be
supplied a patient group at minimum overall cost can be
determined.

In this application, note was further taken of the fact that
in the transfusion planning process patients of certain
blood types could receive certain other blood types as
well, while certain blood types could be given to patients
of other blood types [15]. A chart depicting these choices
is given in Table 1 below. The choices of blood by a
patient group are classified as first, second and so on,
indicating preference levels for the blood types (1 to 8) for
a given patient group: the first being the most preferred
and the fourth the least. The information on blood supply
and demand levels for each blood type together with those
derived from Table 1 formed the basis for formulating the
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necessary constraints for the planning problem in both the
whole year’s plan and the quarterly ones.

Table 1: Choices of Blood Types by Patient Groups
Patient
Group

Choice of Blood

First Second Third Fourth

A+ (Type 1) A+, A- O+, O-

A- (Type 2) A- O-

B+ (Type 3) B+, B- O+, O-

B- (Type 4) B- O-

AB+ (Type
5)

AB+ A+ B+ O+, O-

AB- (Type 6) AB- A- B- O-

O+ (Type 7) O+, O-

O- (Type 8) O-

Source: The Transfusion Unit of the studied hospital

A. Model for a Whole Year’s Plan
Patients, for the entire year who needed a blood type,

were taken as a group, leading to eight patient groups

seeking eight blood types, in this case. Letting ijx be the

quantity of blood type i , )8,...,2,1( i that must be

supplied to a patient group j , )8,...,2,1( j the following

blood type supply constraints were determined:
Type 1: 7051511  xx

Type 2: 115262221  xxx

Type3: 180,13533  xx

Type 4: 146464443  xxx

Type 5: 28555 x

Type 6: 3866 x

Type7: 056,577757371  xxxx

Type 8: 237888685  xxx
The numbers to the right of the inequalities are the

supply volumes of blood for each blood type. Thus type 1
may be given to patient groups 1 & 5 and that cannot
exceed the supply volume of 705, for instance. The patient
group demand constraints were also determined as
follows:
Group 1: 80881712111  xxxx

Group 2: 1368222  xx

Group 3: 344,183734333  xxxx

Group 4: 1778444  xx

Group5: 3958575553515  xxxxx

Group 6: 4686664626  xxxx
Group 7: 922,58777  xx

Group 8: 26988 x
The figures to the right of each inequality in the blood

type supply constraints are the demands for the blood
types, thus for instance, group 1 required 808 volumes of
blood of type 1 and that could be met by certain volumes
(to be determined) of types 1, 2, 7, and 8. (The model thus
had 24 variables and 16 constraints). The objective
function follows immediately from equation 1.

It observed that the blood type 7 (O+) had both the
largest supply and demand for the year 2011, followed by
type 3 (B+). Type 6 (AB-) had the least supply or demand.
The aggregate volume of blood supply taken across all
blood types was 7782 and the aggregate demand volume
was 8970. It is clear therefore that the aggregate demand
for blood exceeded the supply; suggesting that the model
was an unbalanced one. This was the case for all the
problems analysed.
B. Models for Quarterly Plans

The whole year was partitioned into quarterly (three
months per quarter) ones and each treated as distinct
planning periods. The model for each planning period was
the same as discussed in section A; except that the
parameter values were different in as far as they were for a
specific quarter. The form of the constraints was the same
as already discussed in section A. The patient groups were
similarly formed and their corresponding demand data
taken from those for the quarter.
C. Solution Output

Results from run of the solution algorithm are displayed
in Table 2 and show optimal blood type volumes and the
optimal (minimum) cost. The first column from the left of
the table identifies the blood types required by the patient
groups. The rest of the columns specify the details for the
four quarters and the whole year; the sub-columns, show
the demand and supply volumes of blood (designated
respectively as DEM and SUPL). The entries under the
DEM sub-column are the demands for a blood type and
those under SUPL are the optimum supplies. The
numbers under the SUPL sub-columns indicate the
optimal volumes of a blood type that may be supplied;
those in parentheses indicate the blood type. For instance,
under the first quarter, of the 198 unit volumes of blood
type 1 required by patient groups in need of that type of
blood, 173 unit volumes of type 1 and 25 unit volumes of
type 7 may be given to meet that need.

The results in Table 2 indicate that the demand for
blood types 1, 3, 5 and 6 (i.e. A+, B+ AB+, and AB-) can
be fully met in all cases, whether by quarterly or a whole
year’s plan. Blood types 2, 4, 7, and 8 (i.e. A-, B- O+ and
O-), however, may only be partially met. More
specifically, the results indicate that:
 Demand for A+ could be fully met by the specified

volumes of A+ and O+.
 Demand for A- can only be met partially as specified.
 Demand for B+ can be fully met by the specified

volumes of B+ and O+.
 Demand for B- can only be met partially as specified.
 Demand for AB+ can be fully met by the specified

volumes of AB+ and O-.
 Demand for AB- can be fully met by the specified

volumes of AB- and O-.
 Demand for O+ can only be partially met as specified.
 Demand for O- can only be partially met as specified.

The minimum cost value for the whole year’s plan was
271,670 Cedis; compared with a cost of 272,370 Cedis
which was the incurred cost for supply blood for the year.
Table 2 provides similar cost figures for the quarterly
plans as well.
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(to be determined) of types 1, 2, 7, and 8. (The model thus
had 24 variables and 16 constraints). The objective
function follows immediately from equation 1.

It observed that the blood type 7 (O+) had both the
largest supply and demand for the year 2011, followed by
type 3 (B+). Type 6 (AB-) had the least supply or demand.
The aggregate volume of blood supply taken across all
blood types was 7782 and the aggregate demand volume
was 8970. It is clear therefore that the aggregate demand
for blood exceeded the supply; suggesting that the model
was an unbalanced one. This was the case for all the
problems analysed.
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The whole year was partitioned into quarterly (three
months per quarter) ones and each treated as distinct
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parameter values were different in as far as they were for a
specific quarter. The form of the constraints was the same
as already discussed in section A. The patient groups were
similarly formed and their corresponding demand data
taken from those for the quarter.
C. Solution Output

Results from run of the solution algorithm are displayed
in Table 2 and show optimal blood type volumes and the
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the table identifies the blood types required by the patient
groups. The rest of the columns specify the details for the
four quarters and the whole year; the sub-columns, show
the demand and supply volumes of blood (designated
respectively as DEM and SUPL). The entries under the
DEM sub-column are the demands for a blood type and
those under SUPL are the optimum supplies. The
numbers under the SUPL sub-columns indicate the
optimal volumes of a blood type that may be supplied;
those in parentheses indicate the blood type. For instance,
under the first quarter, of the 198 unit volumes of blood
type 1 required by patient groups in need of that type of
blood, 173 unit volumes of type 1 and 25 unit volumes of
type 7 may be given to meet that need.

The results in Table 2 indicate that the demand for
blood types 1, 3, 5 and 6 (i.e. A+, B+ AB+, and AB-) can
be fully met in all cases, whether by quarterly or a whole
year’s plan. Blood types 2, 4, 7, and 8 (i.e. A-, B- O+ and
O-), however, may only be partially met. More
specifically, the results indicate that:
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271,670 Cedis; compared with a cost of 272,370 Cedis
which was the incurred cost for supply blood for the year.
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type supply constraints are the demands for the blood
types, thus for instance, group 1 required 808 volumes of
blood of type 1 and that could be met by certain volumes
(to be determined) of types 1, 2, 7, and 8. (The model thus
had 24 variables and 16 constraints). The objective
function follows immediately from equation 1.

It observed that the blood type 7 (O+) had both the
largest supply and demand for the year 2011, followed by
type 3 (B+). Type 6 (AB-) had the least supply or demand.
The aggregate volume of blood supply taken across all
blood types was 7782 and the aggregate demand volume
was 8970. It is clear therefore that the aggregate demand
for blood exceeded the supply; suggesting that the model
was an unbalanced one. This was the case for all the
problems analysed.
B. Models for Quarterly Plans

The whole year was partitioned into quarterly (three
months per quarter) ones and each treated as distinct
planning periods. The model for each planning period was
the same as discussed in section A; except that the
parameter values were different in as far as they were for a
specific quarter. The form of the constraints was the same
as already discussed in section A. The patient groups were
similarly formed and their corresponding demand data
taken from those for the quarter.
C. Solution Output

Results from run of the solution algorithm are displayed
in Table 2 and show optimal blood type volumes and the
optimal (minimum) cost. The first column from the left of
the table identifies the blood types required by the patient
groups. The rest of the columns specify the details for the
four quarters and the whole year; the sub-columns, show
the demand and supply volumes of blood (designated
respectively as DEM and SUPL). The entries under the
DEM sub-column are the demands for a blood type and
those under SUPL are the optimum supplies. The
numbers under the SUPL sub-columns indicate the
optimal volumes of a blood type that may be supplied;
those in parentheses indicate the blood type. For instance,
under the first quarter, of the 198 unit volumes of blood
type 1 required by patient groups in need of that type of
blood, 173 unit volumes of type 1 and 25 unit volumes of
type 7 may be given to meet that need.

The results in Table 2 indicate that the demand for
blood types 1, 3, 5 and 6 (i.e. A+, B+ AB+, and AB-) can
be fully met in all cases, whether by quarterly or a whole
year’s plan. Blood types 2, 4, 7, and 8 (i.e. A-, B- O+ and
O-), however, may only be partially met. More
specifically, the results indicate that:
 Demand for A+ could be fully met by the specified

volumes of A+ and O+.
 Demand for A- can only be met partially as specified.
 Demand for B+ can be fully met by the specified

volumes of B+ and O+.
 Demand for B- can only be met partially as specified.
 Demand for AB+ can be fully met by the specified

volumes of AB+ and O-.
 Demand for AB- can be fully met by the specified

volumes of AB- and O-.
 Demand for O+ can only be partially met as specified.
 Demand for O- can only be partially met as specified.

The minimum cost value for the whole year’s plan was
271,670 Cedis; compared with a cost of 272,370 Cedis
which was the incurred cost for supply blood for the year.
Table 2 provides similar cost figures for the quarterly
plans as well.
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Table 2: Plan of Blood Allocations
1st Quarter 2nd Quarter 3rd Quarter 4th Quarter Whole Year

DEM SUPL DEM SUPL DEM SUPL DEM SUPL DEM SUPL

TYPE1
GROUPS

198
173(1)

205
177(1)

197
178(1)

208
177(1)

808
705(1)

25(7) 28(7) 19(7) 31(7) 103(7)
TYPE2
GROUPS

33 30(2) 36 29(2) 33 27(2) 34 29(2) 136 115(2)

TYPE3
GROUPS

330
290(3)

339
301(3)

329
294(3)

346
295(3)

1,344
1,180(3)

40(7) 38(7) 35(7) 51(7) 164(7)
TYPE4
GROUPS

43 37(4) 44 36(4) 43 35(4) 47 38(4) 177 146(4)

TYPE5
GROUPS

90
75(5)

91
77(5)

86
59(5)

92
74(5)

359
285(5)

15(8) 14(8) 27(8) 18(8) 74(8)

TYPE6
GROUPS

11
11(6)

12
10(6)

11
8(6)

12
9(6)

46
38(6)

0(8) 2(8) 3(8) 3(8) 8(8)
TYPE7
GROUPS

1,430 1,181(7) 1,569 1,196(7) 1,424 1,222(7) 1,499 1190(7) 5,922 4789(7)
TYPE8
GROUPS

65 44(8) 70 44(8) 67 28(8) 67 39(8) 269 155(8)

MIN COST 67,235 68,320 67,725 68,390 271,670

IV. CONCLUSIONS & RECOMMENDATION

This study has been a discussion of the application of
the transportation model of linear programming to the
planning of blood transfusion in a selected teaching
hospital in Ghana. The aim was to find a minimum cost
plan for the hospital for meeting the transfusion needs of
its patients and to demonstrate the utility of the scientific
method to the planning process. This section concludes the
discussions and makes recommendation aimed at making
the findings of practical value to the hospital.
A. Conclusions

The results obtained by viewing the transfusion
planning on a whole year’s basis, or on quarterly ones
were all satisfactory. In all the cases some modest cost
savings were possible. The results also showed the specific
volumes of blood to be supplied and the types, to meet
patient group demands as much as possible. Particularly,
the demands for A+, B+, AB+, and AB- may be fully met
by using specific volumes of the stated blood types and
those of O+ and O-. The other blood types may, however,
be only partially met. In this arrangement a savings of 700
Cedis could be made in respect of the whole year’s plan,
while similar savings could be made in quarterly plans as
well. Thus, whether by quarterly or yearly plans, some
savings were possible. The modest savings recorded above
were notably because there was absolutely no variability
in the unit cost values of blood (the eight blood types had
the same unit cost) used, for the solution algorithm to
exploit. That there were nevertheless some savings is
indication of the effectiveness of the model to find
minimum cost solutions.
B. Recommendation and Future Directions

Since the data collected from the hospital were post-
administrative (i.e. recorded after transfusion had been
done), the current work, while interesting, may not be of
adequate benefit to the hospital. In order that such a study
could be of direct benefit, there is the need for follow-up
research (i.e. Post-findings research) to help determine
(estimate) reasonably well the expected blood demand and
supply levels ahead of a planning period. There is the need

also to ascertain the actual cost of supply of a unit volume
of each blood type. The uniform value used across all
blood types was not quite realistic. To achieve these, the
hospital (and any other, for that matter) may have to study
the trends of blood transfusion supply and demand levels
over a reasonable period; this certainly requires good
records keeping and perhaps the services of a statistician.
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A. Conclusions

The results obtained by viewing the transfusion
planning on a whole year’s basis, or on quarterly ones
were all satisfactory. In all the cases some modest cost
savings were possible. The results also showed the specific
volumes of blood to be supplied and the types, to meet
patient group demands as much as possible. Particularly,
the demands for A+, B+, AB+, and AB- may be fully met
by using specific volumes of the stated blood types and
those of O+ and O-. The other blood types may, however,
be only partially met. In this arrangement a savings of 700
Cedis could be made in respect of the whole year’s plan,
while similar savings could be made in quarterly plans as
well. Thus, whether by quarterly or yearly plans, some
savings were possible. The modest savings recorded above
were notably because there was absolutely no variability
in the unit cost values of blood (the eight blood types had
the same unit cost) used, for the solution algorithm to
exploit. That there were nevertheless some savings is
indication of the effectiveness of the model to find
minimum cost solutions.
B. Recommendation and Future Directions

Since the data collected from the hospital were post-
administrative (i.e. recorded after transfusion had been
done), the current work, while interesting, may not be of
adequate benefit to the hospital. In order that such a study
could be of direct benefit, there is the need for follow-up
research (i.e. Post-findings research) to help determine
(estimate) reasonably well the expected blood demand and
supply levels ahead of a planning period. There is the need

also to ascertain the actual cost of supply of a unit volume
of each blood type. The uniform value used across all
blood types was not quite realistic. To achieve these, the
hospital (and any other, for that matter) may have to study
the trends of blood transfusion supply and demand levels
over a reasonable period; this certainly requires good
records keeping and perhaps the services of a statistician.
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