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Haldun Süral Industrial Engineering Department
Middle East Technical University

We conducted a study for Efes Beverage Group to evaluate
various sites as potential locations for new malt plants. We
performed an economic analysis that showed the inferiority of
some alternatives. To evaluate the remaining alternatives, we
developed a mixed-integer-programming model that considers
both the location of new malt plants and the distribution of
barley and malt. It considers the long-run effects of the deci-
sions and minimizes the present value of total costs. Sakarya,
Izmir, and Ankara turned out to be the best locations for new
malt plants. Efes is currently using the model for distribution
decisions. Based on our results and new developments that oc-
curred since then, top managers are currently debating where
and when to locate the new malt plants.

We conducted a study for a beer
company in Turkey, Efes Beverage

Group (Efes), to determine the locations of
new malt plants. Efes has both domestic
and international operations. Its interna-
tional operations are based mainly on soft
drinks and cover a region from the Bal-
kans to Central Asia. Domestic operations

consist of three beer breweries, two malt
plants, and a hops-processing plant. Efes
has about 1,500 employees for its domestic
operations and has an annual beer brew-
ing capacity of 7.85 million hectoliters. In
1994, Efes’ beer production was about 4.5
million hectoliters, which constituted
around one percent of total beer produc-
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tion in Europe. Efes has a market share of
about 75 percent of the beer consumption
in Turkey and brews four types of beer:
nonalcoholic, light, regular, and strong.

Turkey has been living under high infla-
tion for over a decade, as high as 100 per-
cent per year at times. In the early years of
this period, companies had difficulty
changing the habits they had acquired un-
der low inflation [Kirca and Köksalan
1996; Dogrusöz 1989]. However, many
companies adjusted to the conditions after
several years, and managers have devel-
oped the ability to make sound decisions
under high inflation. Efes, for example, is
one of those Turkish companies that copes
with high inflation successfully by estimat-
ing the inflation rate quite accurately, ac-
counting for the inflation explicitly, mak-
ing frequent price adjustments on its
products, and working with low inventory
levels as much as possible. In this study,
we converted cost estimates to US dollars,
assuming that this would take care of the
issues related to inflation. This assumption
is justified based on the past data on in-
creases in the costs used in this study
(transportation and fixed costs).

We previously conducted a project
[Köksalan, Süral, and Kirca 1995] to deter-
mine the locations of new breweries, and
Efes has already implemented some re-
sults of that project. In this follow-up pro-
ject we used some findings and the model
from the earlier project. Our clients in this
project were Serdar Bölükbasi, a middle-
level manager of Efes, and Ayhan Atilir,
the manager of a malt plant of Efes. In this
project, our clients originally wanted a
study to help determine the location of a
new malt plant to open in 1998. Some

early analysis showed that ignoring the
long-term effects of the decisions would
yield misleading results by overemphasiz-
ing the fixed costs and underemphasizing
the transportation costs. Through discus-
sions with our clients, we converged on a
model that considers both location and
distribution decisions and minimizes the
present value of total costs over an infinite
horizon.

Facility location problems have been
well studied [Aikens 1985; Francis,
McGinnis, and White 1983; Hax and
Candea 1984; Jacobsen 1990]. Though the
problem is usually treated as a single-
period problem because of computational
difficulties, there are several multiperiod
formulations. Klein and Klimpel [1967]
suggest maximizing the net present value
while Wesolowsky and Truscott [1975]
consider minimizing the present value of
costs for a multiperiod problem. Schulman
[1991] develops heuristics to solve large-
scale multiperiod models and reports fa-
vorable results in terms of both the quality
of solutions and the computational effi-
ciency. Pooley [1994] discusses an applica-
tion for a food-processing company and
evaluates different strategies regarding
production and distribution decisions.

In our application, the problem size is
fairly small, which allows us to study vari-
ous aspects of the problem in detail with-
out running into computational
difficulties.
Problem Definition

As early as 6000 BC, people were brew-
ing beer made from malted grain in Meso-
potamia, the land between the Tigris and
Euphrates, rivers that originate in Turkey
in southeast Anatolia. Barley, the main in-
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gredient of malt, was cultivated around
Konya (an agricultural region for grains
and the location of one of Efes’ two malt
plants) in 7000 BC. However, it is not
known whether people were brewing beer
in the region then. The first ancient civili-
zation known to have brewed beer in An-
atolia was the Hittite around 2000 BC.
People have brewed and consumed beer
in Anatolia ever since. Even during the
Ottoman Empire, the restrictions on alco-
holic beverages were only sporadic, de-
pending on the attitude of the reigning

In 1994, Efes’ beer production
constituted about one percent
of total beer production in
Europe.

sultan. Sultan Süleyman the Magnificent
(1520–1566) was a strict prohibitionist, for
instance. On the other hand, Sultan
Ahmed III (1718–1730) permitted alcohol
consumption. During the War of Libera-
tion (1920–1923), the new Turkish govern-
ment imposed a ban on alcohol, but since
then there have been no restrictions in
modern Turkey, a secular state [Gülerman
1993]. Current surveys indicate that
around 48 percent of the adult population
consumes alcoholic beverages, and about
42 percent of those who do not drink state
that their religious beliefs are the main
reason for abstaining.

Though the annual per-capita beer con-
sumption in Turkey, about 10 liters, is not
high compared with that of many other
European countries (it ranges from 50 to
160 liters for the 20 countries with the
highest rates of consumption), it has been
steadily increasing in recent years. Accord-

ing to studies conducted by Efes, the age
range of people who consume most of the
beer in Turkey is 18 to 45. The demo-
graphics of the country show that the
population in this age range will grow
substantially over the next two decades
even if the overall population growth
slows down. Based on these observations,
Efes plans to open new breweries and
malt plants to meet the increasing
demand.

The main ingredients of beer are malt,
water, and hops. Hops is used in small
amounts to give beer its characteristic fla-
vor. Malt production is a rather simple
process. Barley is first soaked in water in
large tanks to take in oxygen and give off
carbon dioxide. Next it is stored in “ger-
mination streets” to transform barley into
malt with the help of a cool and moist air-
flow. Finally, hot air is forced through
malt at another storage place to complete
the process. The whole process takes close
to 10 days.

In selecting a site for a malt plant, the
transportation costs of barley and malt are
the main factors to be considered. Efes has
two malt plants, both located close to
main barley regions in Konya and Afyon
(Figure 1). About 750 to 800 kilograms of
malt are produced from each metric ton of
barley. The malt produced is either trans-
ported to Efes’ beer breweries or exported.

At the start of this project, one of the
managers we were working with was
strongly inclined to locate the new malt
plant at a port town and to either con-
struct the company’s own harbor or to
make the necessary investment in an exist-
ing harbor for private loading and unload-
ing equipment. In studying these invest-
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Figure 1: Locations of the facilities and barley regions.

ment alternatives, it turned out to be
cumbersome to find the necessary infor-
mation but straightforward to perform the
economic analysis.

Each shipload of imported barley or ex-
ported malt requires around 100 truck-
loads to transport the material between
the harbor and the malt plants. Because
this operation cannot be performed while
the ship is docked at the harbor, barley
and malt must be stored at the harbor. In
addition to the storage related costs, Efes
incurs penalty costs for delays in loading
and unloading the ships and transporta-
tion costs to and from the harbor. The
storage, penalty, and transportation costs
could be avoided if the company were to
invest in a private harbor. If the company

were to invest in private loading and un-
loading equipment in an existing harbor, it
could avoid just the penalty costs. Penalty
costs are well-established costs and are
known accurately. Efes personnel gave us
a rough estimate of the storage cost, and
we estimated the transportation costs by
fitting a regression model to the available
data.

Since Efes does not anticipate much
change in the amounts of exported malt
and imported barley in the foreseeable fu-
ture and since the savings are directly pro-
portional to the volume of imports and ex-
ports, we assumed a constant annual
savings corresponding to each investment
alternative. Assuming a yearly interest
rate of 0.10 and an economic life of 20
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years for the investment, we found the net
present value of total savings for the two
alternatives. This revealed that the savings
to be obtained are far below the necessary
investments in either a new harbor or an
existing harbor. Since there was an order-
of-magnitude difference, we concluded
that we did not need to estimate the an-
nual savings or the required investment
amounts accurately. After this analysis,
Efes agreed to eliminate these alternatives
from further consideration.

One could think that Efes managers
might have strategic reasons for locating a
plant at the harbor. Such reasons never

Sultan Süleyman the
Magnificent (1520–1566) was a
strict prohibitionist.

came up during our lengthy discussions.
That they quickly ruled out these invest-
ment alternatives after seeing the eco-
nomic analysis leads us to believe that
they had not realized the magnitude of the
necessary investments. In the final analy-
sis, Efes’ yearly import and export vol-
umes were too small to justify investing in
harbor facilities, and these facilities would
have stayed idle much of the time. There
is, of course, the possibility of renting out
the facilities during idle periods but such
alternatives were beyond the scope of our
study.

We considered the location decisions of
malt plants during a time horizon for
which the demand forecast should be rea-
sonably accurate. Efes had already de-
cided upon the capacities of new malt
plants, based on available technologies
and their costs. It had also decided to

open no new malt plant so long as the ex-
isting malt plants could meet the demand.
This policy decision also turned out to be
economically justified. The problem
turned out to be determining the locations
of the two malt plants that would start
their operations in 1998 and 2002 and
planning the distribution of barley and
malt. We consider 15 barley regions (one
of them representing imports), two exist-
ing malt plants (Konya and Afyon), seven
alternative sites for the new malt plants
(Izmir, Ankara, Sakarya, Mersin, Tekirdag,
Konya, Afyon), three existing breweries
(Istanbul, Izmir, Adana), and four new
breweries that are planned to start operat-
ing within the planning horizon (Ankara
and its expansion, Sakarya and its expan-
sion) (Figure 1). The alternative sites still
include several port towns but without in-
vestments in harbor facilities. Efes uses
three ports, Istanbul, Izmir, and Mersin,
for imports and exports. Each malt plant
uses its closest port.
The Model

We formulated the problem as a mixed-
integer program. The model uses a year as
the time period. We used an infinite plan-
ning horizon, but studied the first T years
in more detail. T is the more predictable
portion of the planning horizon, during
which the currently considered new malt
plants will start operating and reach full
capacity. To represent the long-term trans-
portation costs, we used the present worth
of a representative year’s cost as if it
would repeat each year beyond T.

The model’s solution determines where
to locate the new malt plants as well as
the amounts of barley and malt trans-
ported among different locations each
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year. Constraints of the model make sure
that malt demands of all breweries are sat-
isfied, necessary amounts of barley are
shipped to each malt plant, and the capac-
ities of malt plants as well as barley avail-
ability in each region are observed. The
objective function of the model is to mini-
mize the long-term discounted total cost
which includes the fixed cost of opening
new plants and transportation costs of
barley and malt. We give the detailed for-
mulation of the model in the appendix.

There is a sizable tax on imported bar-
ley unless it is used for producing malt
that will be exported. Therefore, Efes
wanted to explicitly restrict the amount of
imported barley to within some propor-
tion of the exported malt. Exporting malt
is not as profitable as using it in the do-
mestic market. None of the managers of
the malt plants are eager to do all the ex-
porting because this reduces their profits.
The company headquarters does not want
to force any malt plant to do most of the
exporting even if such a solution is less
costly overall. We therefore include con-
straints in our model that prevent a solu-
tion in which one plant does most of the
exporting.
Determining the Parameters

Efes supplied us with the forecasted
beer demand for each of the large number
of zones they had defined and the yearly
export volumes. We input the demand
data into the beer-distribution model we
had developed earlier [Köksalan, Süral,
and Kirca 1995] to find the yearly beer
production of each of the breweries. We
then calculated the annual malt demand of
each brewery for each year.

We determined the unit transportation

costs by fitting the data compiled by Efes
into a simple linear regression model. The
model explains the data well and indicates
that there is a fixed cost incurred to trans-
port each ton regardless of the distance
and there is an additional variable cost
that is proportional to the distance carried.
The transportation cost of exported malt
and imported barley includes a handling
cost at the port in addition to the transpor-
tation cost to and from the port. This han-
dling cost, which includes storage and
loading or unloading costs, is smaller for
sites that are close to the harbor since they
do not need to store imports and exports
at the harbor.

We used an opportunity cost of 10 per-
cent per year in calculating the discount
factor based on consultation with our
client.
Solutions

We implemented the computer program
using several interacting software modules
on a personal computer: the data was en-
tered using the Lotus spreadsheet soft-
ware; a Fortran program read the data and
generated the mixed-integer program; the
model was solved using Lindo; and a For-
tran program transformed the solutions
into tables suitable for our purposes.

Our solutions included the runs for the
analysis of the sites for the first new plant
alone and for the first and second new
plants simultaneously. In these runs, we
kept the two existing malt plants at their
current locations and capacities. We then
made separate runs to analyze the loca-
tions and capacities of the existing malt
plants.
First New Malt Plant

Although Efes planned to open two new
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Site Total Cost (2$1,000)
Percentage Above
Minimum Cost Site

Izmir 40,224 0.00
Ankara 40,460 0.59
Sakarya 40,592 0.91
Mersin 40,775 1.37
Tekirdag 41,997 4.41
Konya 42,975 6.84
Afyon 43,039 7.00

Table 1: In our comparison of sites for the first new malt plant, we found that the total costs for
the least costly four sites are very close.

malt plants within eight years, we first
considered the case of four years and
opening only one new malt plant. We had
two reasons for doing this. First, the fore-
casts are more reliable in the short term,
and we thought it would be interesting to
see results based on only the more reliable
portion of the data. Second, we thought it
would be interesting to see if the location
of the first malt plant is sensitive to the
time period we used.

We compared the costs of locating the
plant at the seven sites, Izmir, Ankara, Sa-
karya, Mersin, Tekirdag, Konya, and Af-
yon. Table 1 shows the present value of
the total cost that Efes would incur to
open the plant at each site, and the per-
centage by which that cost exceeds the
lowest-cost alternative. The total costs for
four of the sites are very close. The two
sites with the largest total costs are the
sites of existing malt plants.
Two New Malt Plants

Table 2 shows the present value of total
costs for various scenarios. Opening the
first malt plant at Sakarya and expanding
that plant later (Sakarya-Sakarya) turns
out to be the optimal solution, and Izmir-
Izmir, and Izmir-Ankara correspond to the
second and third best solutions, respec-

tively. There were a total of 7 2 7 4 49
possible sites for the two new plants. Of
these, we reported on 21 scenarios that
would be interesting or that the clients re-
quested. These scenarios are also represen-
tative of the cost range. Several solutions
had a total cost very close to that of the
optimal solution. A comparison of Table 1
and 2 shows that the results we obtained
considering only one new plant do not
prevent us from implementing one of the
better solutions for the two-plant problem.
That is, the lowest cost solutions in Table 2
are not in conflict with the best locations
shown in Table 1.
Analysis of Existing Sites

The sites of the existing malt plants
turned out to be the worst locations for
the new plants. We and Efes wanted to
clarify how good the existing sites would
be if we had no existing malt plants and
we were to locate three new malt plants in
1998 with a total capacity equal to the to-
tal capacity to be obtained when the first
new plant is opened. Dividing this total
capacity equally among three plants, we
obtained a plant capacity close to the ca-
pacity our clients had decided on for the
new malt plants. We assumed that the
fixed costs would be approximately the
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Site
(Plant 1–Plant 2) Total Cost (2$1,000)

Percentage Above
Minimum Cost Site

Sakarya-Sakarya 57,091 0.00
Izmir-Izmir 57,225 0.23
Izmir-Ankara 57,270 0.31
Ankara-Sakarya 57,342 0.44
Ankara-Izmir 57,384 0.51
Sakarya-Ankara 57,551 0.81
Mersin-Ankara 57,748 1.15
Izmir-Sakarya 57,875 1.37
Mersin-Sakarya 58,113 1.79
Mersin-Mersin 58,548 2.55
Ankara-Ankara 58,606 2.65
Tekirdag-Ankara 59,049 3.42
Konya-Ankara 59,365 3.98
Mersin-Konya 59,653 4.49
Afyon-Ankara 60,019 5.13
Konya-Mersin 60,586 6.12
Afyon-Mersin 61,166 7.14
Afyon-Afyon 61,430 7.60
Afyon-Konya 61,718 8.10
Konya-Konya 61,928 8.47
Konya-Afyon 61,937 8.49

Table 2: In comparing sites for two new malt plants, we found that the best two actions corre-
spond to opening a new plant in 1998 and expanding it in 2002. We also found that there are
many solutions that have total costs exceeding the minimum-cost-solution only slightly.

same at different sites and made the anal-
ysis in terms of the transportation costs
only. The optimal solution turned out to
be Ankara-Izmir-Mersin at a total cost of
$19,020,000. On the other hand, when we
forced the model to use Afyon, the site of
one of the existing plants, then the optimal
solution for the remaining two plants was
Izmir-Sakarya at a cost of $19,622,000 (Ta-
ble 3). The difference between the costs of
the two solutions is small. When we fixed
the locations of two existing plants, that is,
Afyon and Konya, then the optimal solu-
tion for the third plant was Sakarya with a
total cost of $21,167,000 (Table 3). The de-
viation of the corresponding cost from that
of the first solution in this case was signifi-

cant. The cost of the optimal solution
when the existing plants were at their cur-
rent capacities and the new plant had the
planned capacity was $21,335,000. In this
case, the increase in the cost compared to
the third solution was small. Noting that
sites Konya and Afyon are close to each
other and near the barley region and that
in the last two solutions we have about
two thirds of the total capacity, we con-
clude that it would still be a good choice
to have some malt-production capacity
(about one third the total capacity) in the
barley region. Efes does not plan to re-
place the existing malt plants in the fore-
seeable future because these plants are far
from the ends of their economic lives. If



EFES BEVERAGE GROUP

March–April 1999 97

Site Total Cost (2$1,000)
Percentage Above
Minimum Cost Site

Ankara-Izmir-Mersin 19,020 0.00
Afyon-Izmir-Sakarya 19,622 3.20
Afyon-Konya-Sakarya 21,167 11.00
Afyon-Konya-Izmir 21,335 12.17

Table 3: We found out that the optimal solution does not include the existing sites Afyon or
Konya if we were to decide on the locations of all malt plants now. We also found out that
building about a third of the total malt production capacity in one of the existing sites would
yield a result close to optimal but using both existing sites increases the costs significantly. Af-
yon and Konya plants are set at their existing capacities for the fourth solution.

replacing existing facilities becomes a fea-
sible option in the future, we can extend
our analysis to see which facilities to close
and which to open.
Other Variations

We could consider other variations of
the model to obtain further useful infor-
mation. In our analysis we assumed that
the installation times of both malt plants
were fixed. We considered opening a new
plant when Efes expected capacity short-
ages. A more general approach would be
to allow the second malt plant to open
earlier if profitable. We studied this case
and found out that opening the malt
plants as late as possible is indeed the best
decision. That is, the savings in the trans-
portation cost are too small compared to
the cost of making an investment earlier
than needed unless the opportunity cost is
very close to zero.
Sensitivity Analysis

There is uncertainty in the malt demand
because of the uncertainty in the beer de-
mand. To see how robust the solutions we
obtained were, we studied the sensitivity
of the solutions to changes in the geo-
graphic distribution of demand.

We made different runs by increasing
the malt demand in one of the breweries

by a certain percentage and decreasing the
malt demand in the other breweries, while
keeping the total demand fixed. The re-
sults of these runs show that the observa-
tions we made were still valid. When we
increased the malt demand in one of the
breweries by as much as 30 percent and
decreased it in the other breweries propor-
tionately, our three minimum-cost solu-
tions still yielded the best results. The
ranking between the best three changed in
some cases, but our main observation that
the total cost values for these three solu-
tions are very close still remains valid.
Imports and Exports

We also analyzed the effect on the solu-
tions of changing the amounts of exported
malt and imported barley. The sites corre-
sponding to port towns are, as expected,
sensitive to the exported and imported
amounts. The alternatives that are not sen-
sitive to these quantities may be preferable
because there is considerable uncertainty
in these amounts. Such robust alternatives
are Sakarya-Sakarya and Ankara-Sakarya
(Table 2), while Izmir and Mersin are sen-
sitive to exports and imports. We thought
that Ankara-Sakarya would be a better
choice since it has the potential of extra
savings in future expansions as both
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INTERFACES 29:2 98

plants can undergo expansions (each plant
can undergo only one expansion due to
technological reasons). However, when we
considered the effect of opening a third
malt plant in year 2006, in both alterna-
tives the results did not validate our argu-
ment. The best location for the third malt
plant turned out to be Ankara and Sa-
karya for alternatives Sakarya-Sakarya and
Ankara-Sakarya, respectively, with respec-
tive total costs of $57,090,928 and
$57,342,222. This is mainly because the
present value of the costs that accrue so
late is small and does not affect the differ-
ence between the costs of the alternatives
much.

To see the effects of the constraints the
clients imposed on imported barley and
exported malt, we made runs relaxing
them. Under these conditions, Ankara-
Izmir turned out to be the best solution

Obtaining the optimal
solution alone has very
limited benefits.

with a total cost of $53,393,000, and Izmir-
Ankara also yielded a small total cost of
$53,663,000. These imply that Efes can
save about seven percent of the total cost
(or about 20 percent of transportation
costs) if it relaxes the constraints on im-
ports and exports.

Alternatively, we could handle the re-
strictions on barley imports and malt ex-
ports more explicitly. The constraints on
barley imports can be eliminated by ac-
counting in the objective function for the
tax charged on the portion of imported
barley that is not used for producing malt
to export (appendix). If we also eliminated

the constraints that put an upper bound
on the amount of malt each plant can ex-
port, some plants would end up exporting
more than they would like to. Compensat-
ing these plants by some sort of transfer
payments from the plants that do not ex-
port seems a reasonable approach since
Efes can realize a sizable overall savings.
Progress of the Project

Several departments of the company
were involved in this project. This caused
us some delays in the flow of information.
However, we were able to obtain the in-
formation we needed with less effort than
we have experienced in other real-life
problems.

One of the main difficulties we had was
in studying the feasibility of investments
in a harbor. We had to insistently question
the sources and magnitudes of savings
that would be realized by investing in a
harbor. The data we eventually obtained
revealed that the savings resulting from
such investments were far too small to jus-
tify the needed investments.

Another issue that was overlooked at
the beginning of the project was related to
the imported barley and exported malt. In
the early solutions, we did not impose any
restrictions on imports and exports. After
seeing the solutions, our client wanted to
enforce constraints on the total imported
barley as well as on the exported malt by
each plant. Although we included these
constraints in the model, we also provided
our client with the solutions relaxing the
constraints on the exports each plant could
make. These solutions demonstrate the po-
tential value of an alternative way of look-
ing at the problem from a centralized
perspective.
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We had difficulty obtaining data on the
availability of barley of the required qual-
ity in different regions in different years.
We had to go back and forth several times
to get the information. We were first pro-
vided with the total barley production in
each region. It took us some time to real-
ize that barley conforming to Efes’ quality
requirements was only a small proportion
of total available barley in each region.

The fixed cost of locating a plant at a
specific site turned out to be one of the
most critical pieces of data. Company per-
sonnel provided us with rough estimates.
The values for many of the sites were
quite close to one another. We suggested
that Efes do a more detailed study of the
fixed costs of opening a plant before mak-
ing a final decision on locating the new
plants. The fixed cost of opening a plant is
an important part of the total cost and the
results may be quite different when these
costs are estimated accurately.

Company personnel told us that the op-
erating and maintenance costs would be
approximately equal at different candidate
sites because the production process for
malt is quite simple and the sites consid-
ered are all in well-developed regions.
Therefore, we did not incorporate those
costs into our model. It is straightforward
to make the necessary changes in the
model if and when Efes wants to account
for these costs.
Conclusions

One of the main uses of the model we
developed was to evaluate the various sce-
narios our clients requested or we gener-
ated. We worked closely with Efes to in-
terpret various solutions, and company
personnel appreciated this because it

helped them learn more about their prob-
lem. Our experience in this and other pro-
jects shows that obtaining the optimal so-
lution alone has very limited benefits. The
decision makers usually benefit from the
opportunity to compare different solutions
and appreciate it more. We believe that it
is necessary to provide both good solu-
tions and some poor solutions to give a
client a sense of the range of available
solutions.

In the current situation, it seems best for
Efes to locate the new plants close to beer
breweries. We suggested that Efes care-
fully reevaluate and accurately estimate
the fixed costs of opening a plant at each
site before making the final decision. Cur-
rently, top managers are debating where
to locate the new plant in light of the re-
sults we presented. We submitted the
user-friendly software that we developed
to our clients together with a user’s man-
ual. Efes intends to use the software in fu-
ture for both location and distribution de-
cisions, changing the values of the
parameters when necessary. We are in
close contact and will be involved in fur-
ther analyses if necessary before Efes
makes its final decision on plant locations.

A more general approach to the prob-
lems of our client would be to consider the
locations of the new malt plants together
with the locations of the new beer brewer-
ies. This problem could again be repre-
sented as a mixed-integer-programming
problem. Computationally, the model
would be manageable if treated as a
single-period model. The multiperiod ver-
sion is difficult both because of the large
number of binary variables and because of
the very large number of continuous vari-



KÖKSALAN, SÜRAL
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ables caused by the abundance of beer-
demand zones. However, the model
would be separable by year for a given set
of open locations and it may be solvable.
To reduce the number of smaller-sized lin-
ear programming (or transshipment) prob-
lems to be solved, one could perform an
initial screening to eliminate some of the
alternative sites. There may also be many
application-dependent features that can be
exploited in these types of problems to im-
prove the efficiency of the solution
procedure.

The managers we worked closely with
throughout the project were not the final
decision makers on the locations of new
plants. However, they had a strong influ-
ence on top management. The fact that
these middle level managers could com-
municate very well both with us, the ana-
lysts, and with the final decision makers,
had an important positive effect on the
success of the project.
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APPENDIX
We present the decision variables, the

parameters, and the mathematical model.
Decision Variables

Xijt: tons of barley shipped from region
i to malt plant j in year t (i 4 1 stands for
imports).

Yjkt: tons of malt shipped from malt
plant j to demand point k in year t (k 4 1
stands for exports).

Zjn 4
1 if jth site is used to open nth

new plant (n 4 1,2),50 otherwise.

Zj 4
1 if both new plants are opened

at site j,50 otherwise.

Indices and Parameters
I: the set of barley supply regions.
JA: the set of current malt plants.
JB: the set of alternative sites for new

malt plants.
J 4 JA ø JB.
K: the set of malt demand points.
T: number of years in the more pre-

dictable part of the planning horizon.
T8: the year in which the second new

malt plant will be opened.
Dkt: tons of malt demand at point k in

year t.
Cj: the yearly capacity of malt plant j

(tons).
Ait: tons of barley supply at region i in

year t.
ri: tons of malt that can be produced

using one ton of barley of region i.
aijt: present value of the cost of ship-

ping barley from region i to malt plant j in
year t ($/ton).

mjkt: present value of the cost of ship-
ping malt from plant j to demand point k
in year t ($/ton).

sjn: fixed cost of opening nth new malt
plant (n 4 1,2) at site j at the beginning of
the planning horizon ($).

sj: present value of the savings in fixed
cost when both new malt plants are
opened at site j($).

a, b, and c: parameters predetermined
by the decision maker.
The Mathematical Model

The total amount of malt shipped from
all malt plants to each demand point k
must satisfy the demand at that point each
year:
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Y $ D ∀ k [ K, t 4 1, . . . , T.o jkt kt
j[J

The balance between the total malt pro-
duction in malt plant j and the necessary
amount of barley for that production must
be satisfied each year:

Y # r X ∀j [ J, t 4 1, . . . ,T.o jkt o i ijt
k[K i[I

The total amount of malt produced at
malt plant j cannot exceed its capacity
each year:

Y # C ∀j [ J , t 4 1, . . . , T,o jkt j A
k[K

Y # C Z ∀j [ J ,o jkt j j1 B
k[K

t 4 1, . . . , T8 1 1,

Y # C Z ` C Z ∀j [ J ,o jkt j j1 j j2 B
k[K

t 4 T8, . . . , T.

The total amount of barley shipped
from each barley region i cannot exceed
the capacity of that region each year:

X # A ∀i [ I, t 4 1, . . . ,T.o ijt it
j[J

Only one new malt plant will be opened
in 1998 (i.e., year 1) and another one will
be opened in 2002 (i.e., year T8):

Z 4 1 n 4 1,2.o jn
j[JB

Special constraints are needed for using
the same site for both new malt plants:

Z # Z ∀j [ J , n 4 1,2.j jn B

The amount of barley imported by malt
plant j each year must be within an inter-
val proportional to the amount of malt ex-
ported by that plant that year:

aY # X # bY ∀j [ J, t 4 1, . . . ,T.j1t 1jt j1t

The amount of malt exported by plant j
cannot exceed a proportion of the total ex-
ported malt each year:

Y # cD ∀j,t.j1t 1t

Restrictions on variables:

Z 4 {0,1}, Z 4 {0,1} ∀j [ J , n 4 1,2.jn j B

X $ 0 ∀i [ I, j [ J, t 4 1, . . . ,T.ijt

Y $ 0 ∀j [ J, k [ K, t 4 1, . . . ,T.jkt

The objective function to be minimized
is the total discounted transportation and
fixed costs:

T

Min V 4 a Xo o o ijt ijt
t41 i[I j[J

T

` m Yo o o jkt jkt
t41 j[J k[K

` (s Z ` s Z 1 s Z )o j1 j1 j2 j2 j j
j[jB

2` L(T 1 1)d /(1 1 d),

where

L(T 1 1) 4 a Xo o ij(T11) ij(T11)
i[I j[J

` m Y ,o o jk(T11) jk(T11)
j[J k[K

and d is the discount factor.
The objective function includes all dis-

counted transportation and fixed costs in-
curred in years 1 through T and an addi-
tional term, L(T 1 1), to represent the
long-term transportation costs. We used
the total transportation cost incurred in
year T 1 1 to represent the transportation
cost of each year beyond T. As the in-
crease in the malt demand is expected to
continue in the foreseeable future, Efes
plans to open a new malt plant every
three or four years. Therefore, the capaci-
ties of malt plants will not be tight on av-
erage and year T 1 1 is more representa-
tive of years beyond T in terms of capacity
utilization since the capacities of all malt
plants are almost fully utilized in year T.
Alternatively, one could employ other ap-
proaches such as using the average trans-
portation cost of the T years to represent
the long-term behavior. We would not,
however, expect any important differences
in the results by changing this approach.
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Accounting for Tax
Let be the amount of imported bar-X81jt

ley that is not used for exported malt in
malt plant j in year t and be the addi-a81jt

tional tax charged for each ton of .X81jt

Then we need to add constraints $X81jt

X1jt 1 bYj1t for all j,t and add the terms
RR into the objective function to ex-a8 X81jt 1jt

plicitly account for the tax charged on the
imported barley that is not used in ex-
ported malt.
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Serdar Bölükbasi, Marketing Director,
Efes Beverage Group, Turunçlu Sokak No.
25, Merter 34010 Istanbul, Turkey, writes:
“We have been utilizing the results of the
study . . . in several ways. Prior to this
study, locating a new malt plant at a port
town and investing in a private harbor or
in at least private loading and unloading
equipment was seen as a viable alternative
because of barley imports and malt ex-
ports of the company. The economic anal-
ysis conducted in this study clearly dem-
onstrated that this alternative was far too
expensive relative to its benefits. Conse-
quently, we ruled this alternative out.

“Throughout the study, many solutions
and their corresponding costs were gener-
ated. This was an important learning pro-
cess for us. It was important to know that
there were several good alternative sites
having total costs in the same neighbor-
hood. It was also useful to know how
much better these sites were, compared to
other sites.

“So far, we have partially adapted the
distribution plans implied by the model
and enjoyed important savings in the
transportation costs. We intend to use the
model and repeat the analysis with up-
dated data before making a final decision
on the locations of our new malt plants.

“An additional important benefit of this
study (as well as several other studies we
conducted) is its positive effect on the
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company personnel in developing scien-
tific thinking.

“We found the project team’s approach
to our problem very refreshing, and their
ability to adapt from a theoretical stance
to an industrial view point was very much
appreciated.”


