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Location Analysis and Selection of Bulk  
Emulsion Sites for Mining Operations- a Case  

Study in West Africa

Introduction
African Explosives (Ghana) Limited (AEGL) is a wholly owned 

subsidiary of African Explosives Limited (AEL) based in South 
Africa. AEL is internationally recognised as one of the world’s 
largest manufacturers of explosives, initiating systems and blasting 
services and the leading supplier of these in Africa. As the name 
suggests, AEGL started operations in Ghana and has currently 
extended supplies of bulk emulsion and explosives products 
countries in the West African sub- region, namely Mali, Guinea, 
Niger, Sierra Leone, Nigeria and Burkina Faso. Currently, AEGL 
produces from two emulsion manufacturing plants at Bogoso and 
Tarkwa in Ghana to supply all its clients’ sites in West Africa under 
the following basic production requirements:

(i)	 Each plant has production capacity of 2700 tonnes per 
month, giving a total of 5400 tonnes per month for the two (2) 
plants.

(ii)	 Total clients’ demand is approximately 4810 tonnes of 
emulsion per month. 

Regardless of the apparent provision of adequate production, 
there have been challenges in implementing a consistent cycle of  

 
timely and adequate flow of emulsion supply, especially to sites 
outside Ghana. Emulsion supply to clients’ sites from these two 
manufacturing bases, is being managed within constraints of long 
supply chain network of manufacturing and transportation, limited 
storage capacities at clients’ sites, long transport distances to 
sites outside Ghana, erratic nature of variances in actual emulsion 
consumption from demand forecast of clients. One or a combination 
of the above constraints has been responsible for either recurring 
emulsion short supply or stock surplus at a client’s site at a 
particular time.

This study is driven by the need for a good decision on selecting 
optimal locations of the manufacturing facilities, leading to 
minimising total weighted costs, transportation distances and time 
for supplying emulsion to clients. This would earn AEL a strategic 
competitive advantage to maintain its market position in the 
explosives industry in West Africa and Africa as whole. 

The objective of the research is to conduct an assessment into 
the current locations of emulsion plants in Ghana based on cost to 
compare the suitability of relocating one of the plants from Ghana 
to another country.
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Abstract

The purpose of this paper is to consider the option of re-locating one of the plants from Ghana to a neighbouring country or locating a new facility, 
with all sites receiving emulsion supply from these manufacturing sources. The application of Lindo software for linear programming optimisation 
with transportation methods to determine the most suitable set of bulk emulsion plant locations and financial evaluations of the locations possibilities 
was done. An assessment into the current bulk emulsion plants locations in Ghana based on cost, distribution of customer demands and clients’ 
requirements; analysis into the options of an emulsion plant location or relocation outside Ghana revealed that locating a bulk emulsion plant with 
a monthly production capacity of 1200 tonnes in Burkina Faso C would provide a lower total operating cost. The Comparative analysis of selected 
scenarios of locations revealed that adding a bulk emulsion plant with a monthly production capacity of 1200 tonnes in Burkina to Faso Site C to the 
existing locations in Ghana constitute the most economically viable set. This would earn African Explosives Limited (AEL) a strategic competitive edge 
to maintain its market position in the explosives industry in West Africa and Africa as whole. The originality of the research is evidenced by the need for 
a good decision on selecting optimal locations of the manufacturing facilities, leading to minimising total weighted costs, transportation distances and 
time for supplying emulsion to clients.
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 A general facility location problem involves a set of spatially 
distributed customers and a set of facilities to serve customer 
demands [1-13]. Moreover, highlighted that distances, times or 
costs between customers and facilities are measured by a given 
metric. Possible questions to be answered are:

(i)	 Which facilities should be used? 

(ii)	  Which customers should be serviced from which facility 
(or facilities) so as to minimise the total costs? 

suggest that in a discrete facility location problem, the selection 
of the sites where new facilities is to be established is restricted to 
a finite set of available candidate locations. The simplest setting of 
such a problem is the one in which p facilities are to be selected 
to minimise the total (weighted) distances or costs for supplying 
customer demands. This is the so-called p-median problem.

Location of manufacturing and nonmanufacturing operations 
can have a great impact on operating costs, thereby affecting profit 
and perhaps price at which goods or services can be offered [5]. 
Long-range forecasts and capacity plans may reveal the need for 
additional capacity in some areas. If a company has excess capacity 

in one location or excess shipping costs to some areas, relocation 
of some facility or facilities may be desirable [5]. Network redesign 
is often triggered by expansion opportunities to new markets, 
mergers, acquisitions, and strategic alliances. Moreover, fierce 
competition may also force companies to change the configuration 
of their supply chains through the relocation of some facilities to 
areas with more favourable economic conditions. Facility relocation 
is a time-consuming process that must be carefully planned to avoid 
supply chain disruptions [9,5] states that location decisions are 
important and warrant management’s careful attention for several 
reasons. Two important reasons for care in the selection of facility 
locations are competition and cost. The Operations and entering 
multinational markets, so they must consider many more locations 
and address a broader array of issues in their location studies [5,8,9]. 
Stated that “as a result of economic globalisation, network redesign 
processes have become more frequent and have gained increasing 
importance” [3]. highlights that part of the planning processes in 
Supply Chain Management aims at finding the best possible supply 
chain configuration. In addition to the generic facility location 
setup, also other areas such as procurement, production, inventory, 
distribution, and routing have to be considered (Figure 1).

Figure 1: A Generic supply chain network [9].

The location of one component in the supply chain depends on 
the location of suppliers, consumers, and other facilities involved 
in the production distribution process. Ideally, a company should 
make location decisions to accomplish the entire production 
distribution process at maximum profit or minimum cost, at least, 
for that portion of the logistic chain under its control [5,12,13] 
indicates that location decisions often involve a broad array of 
factors that can influence revenue, cost, or both and consequently 
may affect profits. 

Materials and Methods 
 The methods and materials used were as follows:	

(i)	 A study of the current operational management of 
emulsion production and transportation to clients’ sites of AEL 

in West Africa.

(ii)	 Collection, collation and presentation of data. Relevant 
data in respect of current supplies from plants located in 
Ghana were the total cost of emulsion supply (production 
and transport costs), demands by various clients, revenues 
and travelling distances from each of the facility location to 
the various clients’ sites. Moreover, estimates of total cost 
of emulsion supply to clients’ sites, travelling distances to 
the various clients’ sites and revenues were presented for 
a proposal of locating an emulsion plant in one of the West 
African countries outside Ghana. Sources of data would be the 
Operations Department of AEGL, the Finance Departments of 
AEL (Ghana and other offices), Representatives of AEGL in the 
various sites, the contracted transporter of AEGL
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(iii)	 Target a plant location (a re-location or new facility 
location) from potential sites outside Ghana with the maximum 
concentration of demand.

(iv)	 Assessment of sizes of demands, times and distances of 
travel from the potential locations to select the site that would 
offer the minimum distances of travel to ensure that deliveries 
are done on time and required quantities to applicable clients’ 
sites.

(v)	 Application of Lindo software for linear programming 
optimisation to determine the most suitable set of bulk 
emulsion plant locations among potential options of locations 
that would provide the most optimal transportation cost of 
delivering emulsion to clients’ sites. 

(vi)	 Cash flows for the resultant set of emulsion plant locations 
to evaluate the relative financial and economic viabilities of 

the locations, using relevant economic indicators. Financial 
evaluations of the location’s possibilities include an assumption 
of financial losses from a loss of a major bulk emulsion supply 
contract due to keeping a long travel distance of supply, and 
thus, failing to meet the level of delivery requirements of the 
client.

An overview of the transportation method of linear pro-
gramming 

This is a special type of linear programming that deals with 
the transportation of a product from several sources with limited 
supplies, to a number of destinations with specified demands. 
The objective function is normally to minimize total cost of 
transportation.

he general structure of the transportation problem is 
represented in the network in Figure 2 below.

Figure 2: Structure of transportation problem.

The general formulation of a transportation problem with m 
sources and n destinations is as follows:
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Where,

xij= supply of an amount of product from supply source i to 
demand destination j.

Cij = unit cost of supply of transporting from supply source i to 
demand destination j.

This problem could be solved by the simple method but there 
are special solution methods which are computationally more 
efficient. Table 1 is a transportation tableau format.

In the transportation problem, there are m supply and n 
demand constraints, making m + n total constraints. In a typical 

Lineal Programming (LP) problem, the number of basic variables 
in the Simplex tableau is equal to the number of constraints. In the 
transportation problem, one of the constraints is redundant, due to 
the balance condition:

1 1

m n

i j
i j

S D
= =

=∑ ∑ 					   

Therefore, if m+n–1 constraint are satisfied, m+n equations will 
also be satisfied. Hence, only m + n – 1 independent equation exist. 
The initiation solution will therefore have m + n – 1 basic variables. 
Several methods are available for determining the initial solution: 
The Northwest Corner method and ‘Vogel’ Approximation Method 
will be examined.

The Northwest Corner method is summarized as follows:

(i)	 Start at the Northwest Corner (upper-left-hand corner) 
of the tableau and allocate as much as possible to x11 without 
violating the supply or demand constraints. i.e. x11 = {min 
(S1,D1).

(ii)	 Row 1 and/or column 1 will be eliminated, as one of 
supply and /or demand will be exhausted. Next, allocate as 
much as possible to the adjacent cell in the row or column that 
has not been eliminated. If both row and column are exhausted, 
move diagonally to the next cell.
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Table 1: Transportation Table format.
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(iii)	 Continue in the same manner until all supply/demand 
requirements have been met.

The Vogel’s approximation method (VAM) consists of making 
allocations in a manner that will minimise penalty (opportunity) 
cost for selecting the wrong cell for an allocation.

The process is summarized as follows:

(i)	 Calculate the penalty cost for each row and column. The 
penalty costs for each row are computed by subtracting the 
smallest Cij value in the row from the next largest Cij value in the 
same row. Penalty costs for columns are obtained in the same 
way, by subtracting the smallest Cij value in each column from 
the next largest column Cij value. These costs are the penalty 
costs for not selecting the minimum cost cell.

(ii)	 Select the column or row with the greatest penalty cost 
(breaking ties arbitrary). Allocate as much as possible to the 
cell with the minimum Cij value in the indicated row or column; 
that is, for minimum Cij xij = min {S1,D1}. As a result, the largest 
penalties are avoided.

(iii)	 Adjust the supply and demand requirements to reflect the 
allocation(s) already made. Eliminate any rows and columns in 
which supply and demand have been exhausted.

(iv)	 If all supply and demand requirements have not been 

satisfied, go to the first step and recalculate new penalty costs. 
If all row and column values have been satisfied, the initial 
solution has been obtained.

The total cost of the initial solution calculated using the VAM is 
lower than that for the initial solution using the Northwest corner 
method.

For the Determination of the optimum solution, two main 
methods for determining the optimal solution will be discussed: 
Stepping-Stone method and Modified Distribution method. In the 
Stepping-stone method, after finding the initial basic solution, the 
next step is to find whether the solution can be improved. The 
fundamental feature is evaluating non-basic variables to determine 
if improvement is possible and then reallocating the units. A closed 
path of occupied cells is used to evaluate each empty cell (non-
basic variable). For a non-basic variable (empty cell) to enter the 
solution, it must contribute to a reduction in the objective function 
value.

The following conditions for the construction of stepping-stone 
paths are given:

(i)	 The direction taken, clockwise or anticlockwise, is 
immaterial in determining closed path. The same path will 
result regardless of direction.

http://dx.doi.org/10.31031/AMMS.2018.02.000536
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(ii)	 There is only one unique closed path for each empty cell.

(iii)	 The path must follow only (change direction at) occupied 
cells; the exception being the non-basic variable being 
evaluated.

(iv)	 However, both empty and occupied cells can be skipped 
over in construction of a closed path.

(v)	 A path can cross over itself.

(vi)	 Exactly one addition and one subtraction must appear in 
each row and column on a path. 

The purpose of the closed path is to allocate units to an empty 
cell while maintaining supply and demand constraints. This 
means for a given closed path, allocating one unit to a cell (non-
basic variable) should be balanced with a subtraction of one unit 
from respective row and column cells at opposite ends, and so on. 
To determine which cells can enter the solution, determine the 
net cost change (C∗

ij) for various empty cells. This is achieved by 
summing up unit cost of each cell in a closed path, adding up unit 
cost of cells with positive allocations and subtracting unit cost of 
cells with negative allocations.

The following conditions apply in introducing an evaluated 
non-basic variable in the solution to reduce cost:

(i)	 The non-basic variable with a negative C∗
ij.

(ii)	 If there are two or more non-basic variables with C∗
ij 

negative, then select the most negative one.

(iii)	  In case of a tie, select arbitrarily.

The amount allocated to the entering non-basic variable is 
limited to the amount that can be feasibly transferred along the 
closed path and satisfy the demand/supply constraint.

The amount allocated to non-basic entering variable is 
restricted to the minimum amount in a cell to be subtracted from 
(x-

ij) in the closed path. In general, re-allocated xij is the minimum 
on the closed path.

Re-allocated xij = min (xij on closed path).

When all C∗
ij are positive, the solution is optimal; otherwise 

steps have to be iterated to attain it.

The modified distribution method (MODI) differs from the 
stepping stone method in the sense that it is unnecessary to 
determine all the closed paths for non-basic variables. Instead, 
C∗

ij values are determined simultaneously and the closed path is 
identified only for the entering non-basic variable.

In the MODI method, a value ui is defined for each row (i) and a 
value vj, is defined for each column (j) in the transportation tableau. 

For each basic variable, xij, the following relationship exists:

i i iju v C+ = 	

Where, Cij is the unit cost of transportation.

A summary of the modified distribution method is given as 
follows:

(i)	 Determine ui values for each row and vj values for each 
column by using the relationship ui + vj = Cij for all basic 
variables and assigning a value of zero to u1.

(ii)	 Compute the net cost change C*
ij for each non-basic 

variable using the formula: 

C*
ij = Cij - ui - vj.

(iii)	 If a negative C*
ij value exists, the solution is not optimal. 

Select the xij variable with the highest negative C*
ij value as the 

entering non-basic variable.

(iv)	 Allocate units to the entering non-basic variable, xij 
according to the stepping stone process. Return to step 1.

Prohibited routes exist when it is not possible to transport units 
over certain routes. Such transportation problems with prohibited 
routes are handled by assigning a large Cij value, M (e.g., 1000 000) 
to xij which is prohibited. The normal solution process is then 
conducted with M being treated as any other Cij.

Results and Discussion
This section relates to collation, presentation and analysis 

of relevant data, as well as results. Comparative evaluations of a 
suggested option of a location or re-location of a bulk emulsion 
plant between potential sites in one of the countries outside Ghana 
are carried out. Evaluation criteria include demand levels, total 
delivery costs and distances and their impacts on service levels to 
the clients.

 The overall economic viability and profitability between current 
set of emulsion plants in operation and a set of plants including a 
proposed location outside Ghana are compared. Consequently, the 
optimal bulk emulsion plant locations for AEGL in West Africa are 
determined

Potential sites for a bulk emulsion plant in Burkina
Potential sites in Burkina Faso for the plant location are 

considered. Initial analysis for determining potential sites is based 
on sites with the highest demand for bulk emulsion. Burkina Faso 
Sites C and Burkina Faso D, with initial demand of 300 tonnes 
each of bulk emulsion per month, constitute sites with the highest 
demand when their operations. Consequently, Burkina Faso Sites C 
and Burkina Faso D become potential sites one of which will be the 
optimal location for a bulk emulsion plant, after a further analysis. 
Table 2 and Table 3 present round-trip distances and cycle times 
of bulk emulsion deliveries respectively, from manufacturing sites 
(established and potential sites) to clients’ sites. It is assumed here 
that supplies are made from a plant location to all clients’ sites. 

Results from Table 2 and Table 3 reveal that Burkina Faso Site C 
offers the lowest total round-trip distances and cycle times of bulk 
emulsion deliveries respectively, to the various sites. These mean 
that compared to the other locations, Burkina Faso Site C is the 
most centrally located.
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Table 2: Round trip travel distances from manufacturing sites.

To/From Ghana, Site A (km) Ghana, Site B (km) Ghana, Site C (Potential 
Location) {(km)} Ghana, Site D (Potential Location) {(km)}

Ghana, Site A 0 69 2900 3000

Ghana, Site B 69 0 2934 3034

Ghana, Site C 68 53 2968 3068

Ghana, Site D 91 76 2938 3038

Ghana, Site E 48 120 2960 2960

Guinea Site B 4584 4550 3340 3150

Guinea Site A 5784 5750 4540 4350

Mali Site A 3644 3610 2400 2210

Burkina Faso, Site A 2634 2600 300 400

Burkina Faso, Site B 2784 2750 150 250

Burkina Faso, Site C 2934 2900 0 100

Burkina Faso, Site D 3034 3000 100 0

Niger, Site A 3454 3420 450 555

Nigeria, Site A 3734 3700 3800 3905

Sierra Leone, Site A 7146 7112 5902 5712

Total 39874 39710 35683 35733

Table 3: Cycle times of bulk emulsion deliveries.

To/From Ghana (Days) Burkina, Site C (Potential Location) {(Days)} Burkina, Site D (Potential Location) {(Days)}

Ghana, Site A 1 8 9

Ghana, Site B 1 8 9

Ghana, Site C 1 9 9

Ghana, Site D 1 9 9

Ghana, Site E 1 11 11

Guinea Site B 16 12 12

Guinea Site A 20 16 16

Mali Site A 12 8 8

Burkina Faso, Site A 7 1 1

Burkina Faso, Site B 7 1 1

Burkina Faso, Site C 8 1 1

Burkina Faso, Site D 8 1 1

Niger, Site A 11 2 2

Nigeria, Site A 10 12 12

Sierra Leone, Site A 25 20 19

Total 129 119 120

Determining optimal location of bulk emulsion plant in 
Burkina Faso 

Analysis is conducted on Burkina Faso Sites C and D to 
determine the most optimal site for a bulk emulsion plant location. 
The goal is to minimize the product losses and the total cost Lozano 

et al. [8]. Analysis was based on two factors:

(i)	 Total optimal transportation costs to clients’ sites when 
the facility is in either of the potential sites.

(ii)	 Present and future demands of Burkina Faso Sites C and 
D for bulk emulsion 
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Table 4: Table for optimising transportation costs involving Burkina Faso site C location.

  To/
From

Ghana 
Site A

Gha-
na 

Site 
B

Gha-
na 

Site C

Gha-
na 

Site 
D

Gha-
na 

Site E

Guinea 
Site A

Guin-
ea Site 

B

Mali 
Site A

Burki-
na Site 

A

Burki-
na Site 

B

Burki-
na 

Site C

Burki-
na 

Site D

Niger 
Site A

Ni-
geria 
Site 

A

Sierra 
Leone 
Site A

Dum-
my

  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 D Sup-
ply

Tarkwa 1 $0 $0.30 0.7 1.2 0.8 1000000 280 226.7 166.7 166.7 191.3 193.3 216.6 234.3 1000000 0 2700

Bogoso 2 $0.30 $0 0.7 1.2 0.8 1000000 280 226.7 166.7 166.7 191.3 193.3 216.6 234.3 1000000 0 2700

Burkina 
Site C 3 $219.10 216.5 221.6 219.4 221 341.8 242.9 1000000 5.5 2.8 0 1.8 36 295.1 443.5 0 1200

Demand De-
mand 2500 250 200 100 200 100 180 200 100 200 300 300 30 70 80 1790 6600

Table 5: Table for optimising transportation costs involving Burkina Faso site D location.

To/
From

Ghana 
Site A

Gha-
na 

Site 
B

Gha-
na 

Site 
C

Gha-
na 

Site 
D

Gha-
na 

Site 
E

Guinea 
Site A

Guin-
ea 

Site 
B

Mali 
Site A

Burki-
na Site 

A

Burki-
na 

Site B

Burki-
na 

Site C

Burki-
na Site 

D

Niger 
Site A

Ni-
geria 
Site A

Sierra 
Leone 
Site A

Dum-
my

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 D Supply

Tarkwa 1 $0 $0.30 0.7 1.2 0.8 1000000 280 226.7 166.7 166.7 191.3 193.3 216.6 234.3 1000000 0 2700

Bogoso 2 $0.30 $0 0.7 1.2 0.8 1000000 280 226.7 166.7 166.7 191.3 193.3 216.6 234.3 1000000 0 2700

Burki-
na Site 

D
3 $226.60 224 229.1 226.8 228.5 337.7 236.7 1000000 7.3 4.6 1.8 0 38.9 298.6 441.7 0 1200

De-
mand

De-
mand 2500 250 200 100 200 100 180 200 100 200 300 300 30 70 80 1790 6600

The transportation method was used to formulate a model 
based on the bulk emulsion supply chain with the objective of 
minimising total transportation cost per month. The model was 
formulated for two cases: Case 1 is where the facility is located at 

Burkina Faso Site C and Case 2 is where the facility is located at 
Burkina Faso Site D. Table 4 and Table 5 are transportation tableaux 
laid out to evaluate total optimal transportation costs if a third 
emulsion plant is in Burkina Faso sites C and D respectively. 

Table 6: Cashflow analysis for bulk emulsion supplies from ghana plants.

Equity Capital 
=60% =US$ 

720,000

Revenue per 
month

= US$ 
2,837,900

Total Operating Cost when Burkina’s Demand Increases 
= US$ 35,343,120

Loan Capital =40% 
=US$ 480,000

Project Pe-
riod under 

Review
= 7 yrs Revenue per Month when Burkina’s Demand Increases = 

US$ 2,978,025

Total Capital Costs 
= US$ 1,200,000

Interest 
Rate = 27%

Working Capital = 
US$ 1,702,740

Discount 
Rate = 35%

Total Operating 
Cost (per yr) = US$ 

33,762,966

Percentage 
Equity = 60%

Item Year
0 1 2 3 4 5 6

7

Gross Revenue (Sr) 0.00 34,054,800 34,054,800 35,736,300 35,736,300 35,736,300 35,736,300 35,736,300

Less:

Operating Cost 
(Opcost) 0.00 33,762,966 33,762,966 35,343,120 35,343,120 35,343,120 35,343,120 35,343,120

Net Revenue (Rn) 0.00 291,834 291,834 393,180 393,180 393,180 393,180 393,180

Less:

Depreciation 0.00 153,000 224,400 128,520 128,520 128,520 128,520 128,520
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Interest 0.00 129,600 111,086 92,571 74,057 55,543 37,029 18,514

Loss Carry Forward 0.00 0 0 43,651 0 0 0 0

Taxable Income 
(Ti) 0.00 9,234 -43,651 128,437 190,603 209,117 227,631 246,145

Less:

Local: Tax, T1 = 
(25% X 88% of Ti) 0 2,032 0 28,256 41,933 46,006 50,079 54,152

Export: Tax2   = (8% 
X 12% of Ti) 0 89 0 1,233 1,830 2,008 2,185 2,363

Total Tax Tt 0.00 2,120 0 29,489 43,762 48,013 52,264 56,515

Location Allowance 
= ½ of Tt

0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50

Actual Total Tax 
Payable T = ½ X Tt

0.00 8,174 -43,651 113,692 168,721 185,110 201,499 217,888

Add: 0 0 0 0 0 0 0

Depreciation 0.00 153,000 224,400 128,520 128,520 128,520 128,520 128,520

Loss Carry Forward 0.00 0 0 43,651 0 0 0 0

New Net Working 
Capital 0.00 1,702,740 0 84,075 0 0 0 0

Less:

New Net Working 
Capital 0.00 0 0 0 0 0 0 0

Equity Capital 720,000.00 0 0 0 0 0 0 0

Loan Repayment 0.00 68,571 68,571 68,571 68,571 68,571 68,571 68,571

Cash Flow (CF) -720,000,00 1,795,343 112,177 301,367 228,670 245,059 261,448 277,837

NPV @ 35% = $994,607.88

IRR = 164.08%

Table 5 and Table 6 have details of the supply capacities of 
the plants, demand requirements at the clients’ sites, and the 
transportation costs ($/tonne) for the two options. The model was 
coded in the Lindo software to evaluate the two options considered 
for the location of bulk emulsion plant in Burkina Faso. The model 
is as follows:

Let Xij = tonnes of bulk emulsion transported from plant i to site j. 

The software applies the general formulation of a transportation 
problem with m sources (plants) and n destinations (sites). This is 
a minimisation problem specified by Eq. (1) subjected to Eq. (2):

1 1
. 

m n

ij ij
i j

Min Z C X
= =

=∑∑ 	
	

Where Xij is the tonnes of emulsion transported from plant i to 
site j per month, i is the ith plant, j is the jth site; m is the number 
of plants, n is the number of sites, Cij is the cost of transporting a 
tonne of emulsion from plant i to site j, Si is the monthly production 

capacity of plant i and Dj is the monthly demand of site j.

Results from lindo software application

Lindo results revealed total optimal transportation cost 
(objective function) for Case 1 (if an emulsion plant at Burkina 
Faso Site location is added) to be $ 181 612 per month. Result for 
total optimal transportation cost for Case 2 (if an emulsion plant 
at Burkina Faso Site location is added) is $ 181 127. Optimal cost 
for Case 2 is less than that of Case 1 by $ 485 per month. The cost 
difference in favour of case 2 is insignificant compared to the 
higher proportion of demand growth rate that Burkina Faso Site C 
is expected to provide than Burkina Faso Site D. 

Thus, overall analysis justifies the selection of Burkina Faso Site 
C as a location for the proposed bulk emulsion plant with a monthly 
production capacity of 1 200 tonnes. Hence, $ 1612 becomes a 
variable cost component for an alternative set of bulk emulsion 
plant locations of AEGL. The optimal transportation routes and 
respective supplies are graphically shown by Figure 3.
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Figure 3: Structure of transportation problem.

Costs of bulk emulsion supply from plants options

Figure 4 depicts major components and total costs of production 
and supply of bulk emulsion and highlights the following:

a.	 AEGL’s current two bulk emulsion plants in Ghana Sites 
A and B.

b.	 The option of the current bulk emulsion manufacturing 
plants in Ghana plus a bulk emulsion manufacturing plant with 

a monthly production capacity of 1 200 tonnes in Burkina Faso 
site C.

Figure 4 establishes that total cost of supplying bulk emulsion 
from current Ghana locations is higher than the option of adding a 
manufacturing location in Burkina Faso Site C to current facilities 
in Ghana. This is although it is far cheaper to produce in Ghana. 
Figure 5 shows percentages of fixed and variable costs components 
incurred in the production and supply of bulk emulsion.

Figure 4: Costs of bulk emulsion supply.

Figure 5 demonstrates that if an additional bulk emulsions plant 
with a monthly production capacity of 1 200 tonnes is introduced 
in Burkina Faso site C, fixed cost portion would increase from 2.9 
percent to 4.1 percent, whilst variable cost portion would decrease 
from 97.1 to 95.9 percent. Variable cost components considered 

are bill of material (BOM) and transportation of emulsion from 
manufacturing locations to demand sites. 

Also Figure 5 shows that although delivered costs of raw 
materials are estimated to increase from 84 percent of total costs 
for Ghana plants to 89.4 percent for an added plant in Burkina Faso 
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site C, transportation costs would reduce drastically from 13.1 
to 6.5 percent. This is due to a significantly minimised weighted 

distance of transportation from manufacturing locations to clients’ 
sites and reduced amount of inter country import duties. 

Figure 5: Percentages of major cost components of bulk emulsion plants in Ghana.

The reduced transportation cost of deliveries to clients’ 
sites from the introduction of a facility location in Burkina Faso 
outweighs the effects of higher costs of the total delivered costs 
of raw materials and fixed costs. The combined effects of these 
factors were responsible for the total lower supply cost, exclusive of 
inter country operational taxes, relative to exclusive supplies from 
Ghana. The reason for the reduced transportation cost of deliveries 
outweighing higher cost of delivered raw material is the limited 
quantities of the raw materials required for the recommended 
production capacity of the plant location in Burkina Faso Site C. 

Economic evaluation of AEGL’s emulsion plants

As AEGL is a business entity, it is important to compare the 
economic viability of the two scenarios of AEGL’s bulk emulsion 
plant locations – maintaining the existing two locations in Ghana 
and the proposal of adding a smaller capacity facility in Burkina 
Faso. Results of these evaluations are used to determine the optimal 
bulk emulsion plant locations for AEGL. Conjunctive applications 
of NPV and IRR values are used to measure the relative viability 
and profitability of supplies from the two-location options a fore 
mentioned over a project period of seven years. 

Table 7: Cash flow for bulk emulsion supplies from Ghana plants minus supplies to Burkina Faso site c from third year.

Equity Capital =60% 
=US$ 720,000

Revenue per 
month

= US$ 
2,837,900

Total Operating Cost when Burkina’s De-
mand Increases = US$ 31,736,402

Loan Capital =40% 
=US$ 480,000

Project Period 
under Review = 7 yrs Revenue per Month when Burkina’s De-

mand Increases = US$ 2,697,775

Total Capital Costs = 
US$ 1,200,000 Interest Rate = 27%

Working Capital = US$ 
1,702,740 Discount Rate = 35%

Total Operating 
Cost (per yr) = US$ 

33,762,966
Percentage Equity = 60%

Item Year
0 1 2 3 4 5 6

7

Gross Revenue (Sr) 0.00 34,054,800 34,054,800 32,373,300 32,373,300 32,373,300 32,373,300 32,373,300

Less:

Operating Cost (Opcost) 0.00 33,762,966 33,762,966 31,736,402 31,736,402 31,736,402 31,736,402 31,736,402

Net Revenue (Rn) 0.00 291,834 291,834 636,898 636,898 636,898 636,898 636,898

Less:

Depreciation 0.00 153,000 224,400 128,520 109,242 128,520 128,520 128,520

Interest 0.00 129,600 111,086 92,571 74,057 55,543 37,029 18,514

Loss Carry Forward 0.00 0 0 43,651 0 0 0 0
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Taxable Income (Ti) 0.00 9,234 -43,651 372,156 453,599 452,835 471,350 489,864

Less:

Local: Tax, T1 = (25% X 
88% of Ti) 0 2,032 0 81,874 99,792 99,624 103,697 107,770

Export: Tax2   = (8% X 
12% of Ti) 0 89 0 3,573 4,355 4.347 4,525 4,703

Total Tax Tt 0.00 2,120 0 85,447 104,146 103,971 108,222 112,473

Location Allowance = 
½ of Tt

0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50

Actual Total Tax Payable 
T = ½ X Tt 0.00 1,060 0 42,723 52,073 51,986 54,111 56,236

Net Income 0.00 8,174 -43,651 329,432 401,526 400,850 417,239 433,628

Add: 0 0 0 0 0 0 0

Depreciation 0.00 153,000 224,400 128,520 109,242 128,520 128,520 128,520

Loss Carry Forward 0.00 0 0 43,651 0 0 0 0

New Net Working 
Capital 0.00 1,702,740 0 0 0 0 0 0

Less:

New Net Working 
Capital 0.00 0 0 -84,075 0 0 0 0

Equity Capital 720,000.00 0 0 0 0 0 0 0

Loan Repayment 0.00 68,571 68,571 68,571 68,571 68,571 68,571 68,571

Cash Flow (CF) -720,000,00 1,795,343 112,177 517,107 442,197 460,799 477,187 493,576

NPV @ 35% = $1,256,731.05

IRR = 169.95%

Table 8: Cashflow for bulk emulsion supplies from Ghana plants plus a proposed plant in Burkina Faso site C.

Equity Capital =US$ 
930,000

Revenue per 
month

= US$ 
2,837,900

Total Operating Cost when Burkina’s Demand 
Increases = US$ 34,825,935

Loan Capital =40% =US$ 
620,000

Project Period 
under Review = 7 yrs Revenue per Month when Burkina’s Demand 

Increases = US$ 2,978,025

Total Capital Costs = US$ 
1,550,000 Interest Rate = 27%

Working Capital = US$ 
1,702,740 Discount Rate = 35%

Total Operating 
Cost (per yr) = US$ 

33,456,180

Percentage 
Equity = 60%

Item Year
0 1 2 3 4 5 6

7

Gross Revenue (Sr) 0.00 34,054,800 34,054,800 35,736,300 35,736,300 35,736,300 35,736,300 35,736,300

Less:

Operating Cost (Opcost) 0.00 33,456,180 33,456,180 34,825,935 34,825,935 34,825,935 34,825,935 34,825,935

Net Revenue (Rn) 0.00 598,620 598,620 910,365 910,365 910,365 910,365 910,365

Less:

Depreciation 0.00 197,625 289,850 166,005 166,005 166,005 166,005 166,005

Interest 0.00 167,400 143,486 119,571 95,657 71,743 47,829 23,914

Loss Carry Forward 0.00 0 0 0 0 0 0 0
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Taxable Income (Ti) 0.00 233,595 165,284 624,788 648,703 672,617 696,531 720,446

Less:

Local: Tax, T1 = (25% - 
30% x required % of Ti) 0 54,360 38,463 145,935 150,960 156,525 162,090 167,655

Export: Tax2   = (5% - 
8% x required % of Ti) 0 2,018 1,428 5,398 5,640 5,811 6,017 6,224

Total Tax Tt 0.00 56,378 39,891 150,792 156,564 162,335 168,107 173,879

Location Allowance 
Percentage 0.00 0.35 0.35 0.33 0.33 0.33 0.33 0.33

Actual Total Tax Payable 0.00 36,928 26,129 101,785 105,681 109,576 113,472 117,368

Net Income 0.00 196,668 139,156 523,004 543,022 563,041 583,059 603,077

Add: 0 0 0 0 0 0 0

Depreciation 0.00 197,625 289,850 166,005 166,005 166,005 166,005 166,005

Loss Carry Forward 0.00 0 0 0 0 0 0 0

New Net Working 
Capital 0.00 1,702,740 0 84,075 0 0 0 0

Less:

New Net Working 
Capital 0.00 0 0 0 0 0 0 0

Equity Capital 930,000.00 0 0 0 0 0 0 0

Loan Repayment 0.00 88,571 88,571 88,571 88,571 88,571 88,571 88,571

Cash Flow (CF) -930,000,00 2,008,461 340,434 684,512 620,456 640,474 660,493 680,511

NPV @ 35% = $1,544,774.84

IRR = 149.56%

AEGL fully depreciates capital assets and pay up loans and 
interests in seven years. Thus, the choice of the seven years period 
for the cash flow analysis was to conform to AEGL’s operations to 
obtain practical results. Table 6-8 are respective cash flows for 
supplies from:

(i)	 The existing bulk emulsion plants in Ghana.

(ii)	 Bulk emulsion plants in Ghana plus a proposed location in 
Burkina Faso site C.

(iii)	 An assumption of bulk emulsion supply from plants in 
Ghana without supply contract to Burkina Faso site C after 
second year of supply.

The cash flows were analysed with the following facts and 
assumptions:

(i)	 Mine’s projections of increased emulsion usage from 300 
tonnes to 440 tonnes and 300 to 350 tonnes by Burkina Faso 
site C and D respectively.

(ii)	 Assumption that AEGL loses the big contract with Burkina 
Faso site C from third year of supply, after falling short of 
standards of just in time supplies due to long travel distance 
and increased supply requirements from production locations 
in Ghana.

The calculation of selected parameters in the cash flow

Gross revenues=Quantity of bulk emulsion used (tonnes) x 
unit price of the bulk emulsion applicable to a site. Investments 
provisions in Ghana and Burkina Faso were applied. Examples are 
as follows:

Corporate tax=25% of taxable income from sales in Ghana.

Export tax=8% of taxable income from exports.

Location allowance=50% of total tax

Depreciation by accelerated cost recovery system (ACRS) was 
applied.

Losses were carried forward for 5 years.

Location allowance is a tax rebate enjoyed by manufacturing 
companies located outside regional capitals. 

The following are applicable taxes and investment allowances 
in Burkina Faso: 

Corporate tax=30% of taxable income from sales in Ghana.

Export tax=5% of taxable income from exports.

Accelerated cost recovery depreciation (ACRD) was applied.

Losses were carried forward for 5 years.
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Figure 6: Economic viability indicators of bulk emulsion plants of AEGL.

The corresponding NPV and IRR values calculated from cash 
flow analysis are found in Table 6-8 are summarised in Figure 
6. Supplies from current bulk emulsion plants in Ghana plus a 
proposed plant in Burkina Faso Site C produces the highest NPV 
of $1 544 775 but the lowest IRR, whilst supplies from Ghana 
Plants but losing contract supply to Burkina Faso Site C after first 
two years of supply, produces the highest IRR of approximately 
169.95%. Exclusive supply from Ghana plants to all sites in West 
Africa produces the lowest NPV.

The above findings reveal the following results:

A.	 Supplies from current bulk emulsion plants in Ghana plus 
a proposed plant in Burkina Faso Site C constitute the optimal 
set of bulk emulsion plants locations, although this set produces 
the lowest IRR. This is because the NPV represents the crucial 
indicator once the calculated IRR is not a negative value and is 
greater than the set discount rate, in comparative evaluations of 
mutually exclusive projects.

B.	 All three scenarios of facility locations and supplies 
produce both positive NPVs and IRRs which are greater than 
discount rates. These indicate that that they are all economically 
viable and profitable projects. However, differences in their 
economic indicators show that they have relative degrees of 
projects viability and profitability.

C.	 Supplying exclusively from Ghana plants to all sites in 
West Africa as in the current situation constitutes the least 
profitable option.

Conclusion

This study is driven by the need for a good decision on selecting 
optimal locations of the manufacturing facilities, leading to 

minimising total weighted costs, transportation distances and time 
for supplying emulsion to clients. This would earn AEL a strategic 
competitive edge to maintain its market position in the explosives 
industry in West Africa and Africa as whole. The objectives of the 
paper was to conduct an assessment into the current locations of 
emulsion plants in Ghana based on cost; consider the option of re-
locating one of the plants from Ghana to a neighbouring country 
or locating a new facility, with all sites receiving emulsion supply 
from these manufacturing sources; and conduct relevant analysis to 
compare suitability of the selected scenarios of locations.

Assessment into the current bulk emulsion plants locations 
in Ghana based on cost, distribution of customer demands, and 
meeting clients’ requirements revealed that they are sufficient 
for the Ghana explosives market. However, they do not provide 
minimum cost, time and distance of supplies to sites outside Ghana. 
Analysis into the options of an emulsion plant location or relocation 
outside Ghana revealed that locating a bulk emulsion plant with 
a monthly production capacity of 1200 tonnes in Burkina Faso C 
would provide a lower total operating cost. Comparative analysis of 
selected scenarios of locations revealed that adding a bulk emulsion 
plant with a monthly production capacity of 1200 tonnes in Burkina 
to Faso Site C to the existing locations in Ghana constitute the most 
economically viable set.
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