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Abstract   

The goal of this capstone project is to solve vehicle routing problem under the Time 
Window constraint using Microsoft Excel and the equations and algorithms used to 
optimize transportation route. The analysis phase will consist at first of finding everything 
that has been published so far by other people on this subject, then the first research will be 
carried out to become familiar with the subject by focusing on what defines a vehicle 
routing problem, and finally, understand the equations, mathematical model and algorithms 
used to solve VRP . During this phase we will collect more concrete information and be 
able to bring the project into more focus. When all the primary data is gathered, we will be 
able to focus on the design part which will consist in optimizing the route of a transport 
vehicle using data   
from internet or through an interview with a company in order to optimize the route of 
several vehicles.        
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Introduction   

   

The vehicle routing problem, VRP, was defined in 1959 by George Dantzig and John 
Ramser. the problem consists in optimizing the routes of a set of vehicles in order to serve a 
set of customers. Each vehicle starts from the same place and must return there most of the 
time after its shift, this place is usually called the depot. In order to do so, basic conditions 
must be met:   

• All customers must be served.   
• Each vehicle leaves the depot, visits one or more customers and returns to the depot.   

• Each customer is served by one and only one vehicle.  A vehicle never visits the 
same customer twice.   

Over time, several types of vehicle routing problems have emerged with the addition of 
constraints that gives another dimension to the problem, and many algorithms were created 
to respond to all of them. For example, the transport of goods, mail delivery, or even the 
visit of a touristic city represents different VRPs. The importance of the optimization of 
transport activities is justified by the fact that one of the main concerns of industries is to 
improve the efficiency of their supply chains, in order to distribute their goods at the lowest 
cost and with the best service provided. (Rand, 2009)   

In this paper, we will first explain the most known types of VRPs, the mathematical 
notation will be described to get familiar with the problem, and then we will focus on the 
Time Window constraint and its solutions to finally solve a real-life situation using Excel.   

   

Notation:   

Customers, depot and routes form a non-directed graph G= (V,E) where V is the set of 
vertices and E is the set of edges.   

An index is associated to each vertex, if there are n clients in the problem, we will use index 
0 for the depot and indexes 1 to n for the clients. An edge is the section of road connecting 
two vertices, we note (i,j) an edge between index vertex i and j. We can then define E as: 
E={(i,j) where i,j ∈ V, i > j}.   

The cost of an edge is the weight associated with it, the higher the weight, the more 
expensive it is to travel on that section of road. We note ce or cij the cost of the edge (i,j). 
The cost can be defined, for example, as the length of the shortest path or the minimum 
time required to get from one node to another or any variable that define the original 
constrain.  (Horvat, Pop, Kara, 2012)   
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1. Steeple Analysis   
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2. Literature Review   

   

2.1 VRP definition:   

   

Find the most optimal route to serve all the required locations and minimize a variable that 
can be the price of transport, the time needed or the number of stops, all this through 
defined constraints   

   

2.2 Types of VRP:   

   

Basic VRP: Salesman problem:   

It is a problem without added constraints where you must visit all the vertices of a graph 
once and come back to the starting point in the most optimal way to reduce the transport 
cost.   

   

VRPSD Splitting delivery:   

It is a basic VRP but with several vehicles to be able to serve multiple customers at the 
same time by increasing the capacity and reducing the transport cost. Each vehicle will 
have a specific customers route instead of having a single vehicle that has to make the 
whole trip   

   

VRPTW Time Window Constraint:   

The customer has a time interval where he accepts delivery. We have to sort the customers 
to serve all of them during their time window while optimizing other variables. It makes the 
problem harder to visualize since vehicles might not take the shortest path to respect time 
windows.   

   

Capacitated Vehicle Problem CVRP   

It's a VRP where we add weight constrain to it. One or more vehicles have to transport 
goods to customers and it is therefore necessary to determine the number of vehicles 
required based on the weight and quantity requested by each customer and the maximum 
capacity of each vehicle to minimize the cost of transport instead of having one vehicle that 
make several trips back to the depot due to its limited capacity.   
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Distance constrained Vehicle Routing Problem (DVRP)   

The total distance of a vehicle should not exceed a certain amount.   

   

Depots Locations VRP:   

An analyze of routes to determine the best location of one or more depots to minimize the 
vehicle displacement.   

DCVRP   

both vehicle capacity and maximum distance constraints are imposed. (Kaja, 

2020)   

   
Figure 1: Types of VRP   

   

2.3 Solution methods:   

   

Exact:   

It allows to find the optimal solution of a problem through the exploration of all the 
solutions that are evaluated one by one. These methods are limited because the more 
complex the problem, the more difficult it becomes to explore all the solutions without 
wasting too much time. Most Common Exact methods:   

• Constraint Programming    

• Linear Programming   
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Approximate Methods:   

These methods are incomplete: they allow to find good solutions but do not guarantee that 

they are optimal Heuristic:   

It is a way to guide choices made by an algorithm to simplify the complexity of problems. 
Each heuristic solution is specific to a problem and cannot be generalized. It starts by 
constructing an initial solution and then improve it:   

• Construction by insertion   
 Start with empty solution, choose which customer to insert and where in function of your 
needs (example of greedy, choose the customer or the position that increase most benefits)   
   

• Regret method   
 Insert customers in function of routes     

• Local Search   
Start with aa random solution and explore the neighborhood of one point to find a better 
solution.   

   

Meta-heuristics   

It is the same type of solutions than heuristics, but at a larger scale so they can be 
generalized to several optimization problems. For example, the Local Search method will 
have a larger neighborhood area. On the other hand, the solutions of metaheuristics are less 
precise but are not totally dependent of the problems since they can adapt to several types 
of situation by modifying the parameters.   

Others: Tabu Search, Simulated Annealing, Genetic Algorithms (Kaja, 

2020)   

   
Figure 2: Solution Algorithm   
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2.4 State of the art of VRP with Time Window   

   

The VRP with Time window represents a TSP with additional constraints that make the 
problem complicated.   
Indeed, if we add a time window to all customers, we will have to review the TSP solution 
because it will no longer be up to date. The vehicle must arrive during the time interval to 
be able to deliver the customer. If it arrives before or after that, then it represents an 
optimization problem because we lose time or a customer.    
   

   
Figure 3: Problem definition for VRPTW   

   

In this figure we try to minimize the number of vehicles used, the distance and time 
traveled and the waiting time. C represents a set of n customers, tij is the time between two 
customers, q is the capacity and di is the customer i demand.  [ai, bi] is the time window of 
customer I and sik is the exact time at which customer i will be delivered by vehicle k.   

The first two constraints mean that customers are visited only once and that the demand 
does not exceed the capacity of the vehicle.   

Constraints 3 4 5 make the vehicles start at the depot and return to it after the shift.   

Constraint 6 verifies that the addition of the time at which customer i was delivered and the 
time between i and j is inferior to the delivery time of customer j.   

Finally, constraints 7 and 8 states that sik is included in the time window and that xij, which 
represents the decision variable, takes the value 1 or 0.   
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Challenges of the VRPTW:   

The VRPTW belongs to the category of NP-hard, this is a particularly difficult problem to 
solve using an exact method. Indeed, a simple logistic problem becomes very complex and 
the addition of the time window constraint will completely change the order of the existing 
solutions. The respect of customers' schedules and the minimization of the distance traveled 
by each vehicle are two contradictory variables. The fact that the vehicles must be in a 
certain place at a certain time makes the problem difficult to optimize in terms of distance 
because it greatly limits the number of possible solutions if we want to serve everyone on 
time. This is what makes this type of problem too difficult to solve using an exact method, 
it would take too much time, so we have to use heuristics and meta-heuristics in order to 
find solutions that come as close as possible to the optimal solution.   
(El-Sherbeny, 2010)   
   

2.5 Clustering with K-mean method   

The k-mean method is used for clustering the cities according to the number of available 
vehicles. This allows to determine how many groups and therefore how many vehicles we 
need. In this algorithm, k represents the number of clusters and n the number of vehicles. 
We first choose the number of clusters k, then, we carry out an initial allocation of data to k 
groups, for each cluster we select a centroid which represents the depot(s) we will use for 
our case study, then, depending on the centroid we change the allocation of data of k groups 
and we repeat those steps until the location of centroids don’t move.   

For example, if we have two groups of clusters, we start by assigning to each destination 1 
for cluster 1 and 2 for cluster 2 randomly, then we assign to each cluster a centroid or 
deposit, then we calculate the distance between each element of a cluster and the two 
centroids and according to the results we reassign the numbers 1 and 2 to the destinations.    

   

Figure 4: Example of Cluster Analysis   
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3. Solving Simple VRP with Algorithms and Excel   

   

3.1 Dijkstra’s Algorithm Example   

   
   

Vertex   Least time from A   Previous vertex    

A   0      

B   6   A   

C         

D   1      

E         

   

We use two list, one to keep track of the vertices that we visited and one for unvisited 
vertices.   

The Starting vertex is A, the time from A to A is 0, then, from A we start to visit the 
unvisited vertex with the smallest time to travel. The unvisited neighbors are B and D, the 
time from A to B is : 0+6 = 6 and the time from A to D is : 0+1 = 1, We can therefore 
update the table by adding the Least time from A from A for B and D and the previous 
vertex are in this case A, and add to the visited vertex list A. The next step is to visit the 
unvisited vertex which takes the least time from the previous one. From the table we can 
see that it is vertex D, its   

Vertex   Least time from A   Previous vertex    

A   0      
B   3   D   

C         
D   1      

E   2      
unvisited neighbors are B and E, the time from D to B is: 1+2 =3 and from D to E is:   
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 1+1 = 2. If the new calculated distance of a vertex is less than the know distance, we 
update it in the table:   

Visited vertex: A D                    Unvisited vertex: B C E   

   

Next vertex to visit is E since it is the path that take the least time, its neighbors vertex are 
B and C, again we calculate the time needed to go E to B and E to C while considering the 
time of the previous path. E to B: 2+2 =4  E to C = 2+5 = 7. We don’t need to update the 
distance of B this time since 3 is less than 4.   

Next vertex to visit is B with this time only one unvisited neighbor, C, since it is the last 
vertex in the unvisited list left, the time taken from B to C = 3+5 = 8. Again, we don’t need 
to update the least time from A of the vertex C since 7 is less than 8.   

C has no unvisited neighbor so there are no more vertices to visit   

Vertex   Least time from A   Previous vertex    

A   0      

B   3   D   

C   7   E   

D   1   A   

E   2   D   

   

Finally, if we sort vertex by previous vertex using A as the first one, we get the shortest 
path which is A D E C   

   

   

3.2 Traveling Salesman Problem using Branch n Bound. (dynamic programming)   

   

How to determine which path is the fastest while visiting all 

points.        

              Time matrix between two points:   

     1   2   3   4   

1     0     10   15   20   

2   5   0   9   10   
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3   6   13   0   12   
  4   8   8   9   0   

   
The following graph represents the different paths we can take to visit all the points and go 
back to the beginning. To solve the problem using this method, we start from the bottom 
and work our way up to calculate the time of each different path to find the optimal solution 
to our problem.   

   

   
Figure 5: Branch and Bound Tree   

For example, if we take the branch on the right, to go from point 4 to point 1 it takes 8 
minutes, then to go from point 3 to point 4 it takes 12 minutes, at the moment the path takes 
12+8 = 20 minutes. Then we get to vertex 2 where there are two choices, 2 to 3 or 2 to 4, so 
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we have to calculate the time of the branch 4 to 3 to be able to decide. On the graph we see 
that branch 4 to 3 = 15 and in the table, we see that 2 to 3 = 9 and 2 to 4 = 10.   

we can see that 10 +15 is smaller than 9+20 and that the branch 2 to 4 to 3 to 1 is faster than 
the branch 2 to 3 to 4 to 1.   

We then repeat the same thing to see which branch is the fastest going from the bottom to 
the top and in the end, we see that it is 1 to 2 to 4 to 3 to 1.   

   

General Formula for dynamic programming:   

G(1,{2,3,4}) = min { T-1k + G(k {2,3,4} – {k} )}  with k can be equal to 2,3 or 4   

Where T-1k is the time from 1 to any k, G(k {2,3,4} – {k} )}  is the time of remaining 
vertex and -k is to try for all the k values    

G(i,{S}) = min { T-ik + G(k {S} – {k} )}     

Where i is starting vertex and S set of vertices   

For example, if we take the optimal path that we found before:   

G(3,1) = 6   

G(4,{3}) = 15   

G(2,{3,4}) = 25   

Or the exact equation for our problem is:   

   

G(1,{2,3,4}) = min { T-1-2 + G(2 {3,4}) , T-1-3 + G(3 {2,4}), T-1-4 + G(4 {2,3})}   

              10 + 25 = 35               15+25 = 40                       20+23 = 43   

   

The function will take the minimun which is the solution we found: 35 minutes.  

(Pogančić, 2019)   

   

let's solve it now with excel:   
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Figure 6: Solving Branch n Bound on Excel   

We will use the Excel solver to find the path that will take the least amount of time. For the 
moment the optimal path is just a random path to be able to calculate the total distance and 
minimize it later.   

   

   

Figure 7: Excel Solver for Branch n Bound Example   

Through the solver, we select the total distance as the value to be minimized and the 
variable cells which are the path 1-2-3-4-1.   
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Figure 8: Adding a Constraint on Excel   

   

Then, we add our constraint which consists in that, in our way, we do not pass more than 
once on a vertex.   

   

   
We leave a maximum of 30 seconds to the solver to find the optimal path.   
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Figure 9: Excel Solution for Branch n Bound example   

Finally, we find the same solution as above with the method of Branch n Bound.   

   

3.3 Tabu Search Algorithm   

   

Tabu Search is a meta-heuristic algorithm that use a dynamic neighborhood search method   

How it works: it keeps searching for solutions, even when a local optimum is met, by 
allowing trips that do not improve the solution and using memory to avoid backward 
movements   

Memory is represented by a taboo list that contains the movements or solutions that are 
temporarily forbidden, it is possible to break an interdiction when a banned movement 
provides the best solution recorded   
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Figure 10: Tabu Search    

   
Figure 11: Tabu Search Algorithm   

Where s0 is the initial solution, s* best solution found for now, s is new solutions in the s* 

neighborhood, f(x) objective function to be minimized, and f(s*) : value of the best solution  

(Jayaswal, 2015)   
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4. VRP Spreadsheet Solver   

It is an Excel spreadsheet in opensource programmed by Erdogan, that allows to solve 
complex VRP including Time Window VRP that are not possible on Excel without the use 
of Visual Basic for Applications, VBA, which is a programming language. It can solve 
around 60 variants of VRP. Most VRP solvers are normally developed under C++ and are 
not easy to use. VRP Spreadsheet Solver has a simple and easy to access interface since it 
runs on Excel, it was developed using VBA. It allows you to customize the type of VRP 
you want to solve by choosing the location with the number of depots you want and the 
number of customers, it also displays the geolocation and distances between the selected 
points using a geographic information system (GIS) and mapping software, using Bing 
Map. To do so, you just have to connect to the Bing map site and activate a free trial key. 
You can then choose the type of vehicles, the number of vehicles and the average speed. 
Concerning the proposed solutions, we can solve any type of problem except those with a 
capacity constraint, we can choose if some vehicles return to the depot or not and the type 
of time window, hard or soft constraint, and add a delivery-pick up constraint. Finally, in 
terms of visualization, the program determines the best solution, or if no solution can 
satisfy all the constraints, the most realistic solution, and then displays the vehicle routes 
directly on Bing map with the necessary time of arrival and the distance traveled. Let’s take 
an example with 5 customers and 2 vehicles to see how it works. First, we need to get the 
Bing Map free trial key. (Erdoğan 2017)   

   
Figure 12: VRP Spreadsheet Solver Initialization    

After filling in the first sheet, click on location in the top left corner and then on setup 
location worksheet.   

Here I have selected as depot Rabat and 5 clients who are located in Kenitra, Casablanca, El 
Jadida, Khemisset, and Meknes.   



24   
   

I then used the Bing map extension to generate the geolocation of the clients to have the 
latitude and longitude and a map to be able to visualize everything.   

   
Figure 13: VRP SpreadSheet Solver Computing glocalization    

Then, again with the use of Bing map extension, we obtain the distance between each point 
and the duration of the trip.   

   
Figure 14: VRP Spreadsheet Solver Computing Distances   

   
The next step and configure the number of vehicles you want to use, the capacity if 
necessary, the distance limit, when to start and end and fixed cost per trip.   
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Here we will use only 2 vehicles without real time constraint to simply show how it works.   

     

You can finally click on solver to find a solution and let the computer find the best solution.   

CPU time is set at 60 seconds, but we can increase it if needed.   

   

Figure 15: VRP Spreadsheet Solver Computing Solutions   

   

5. VRP Spreadsheet Solver more in Depth   

   

5.1 Parameters   

   

Calculation the Distance   

It is possible to calculate the distance between the entered coordinates in different ways 
depending on the type of problem you have.   

• Euclidian distances using the formula:  12=√( 1− 2)2+( 1− 2)2 where x and y are the 
coordinates of the locations.   

• Hamming (Manhattan) distances using the formula: 12=| 1− 2|+| 1− 2|,   

• Bird’s flight distances in kilometers or in miles, more used for boats or aircraft.   
• Bing Maps driving distances in kilometers or in miles   

In our case study we will use the Bing map driving distance in kilometers to be able to have 
the real distances between different points according to the available routes.   

   

Calculation of the Duration   

For this part there are three methods available:   

• Average vehicle speed,   
• Bing Maps driving durations   
• Manual Entry   
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The first one uses the distance travelled divided by the average speed to determine the 
duration of the trip. The second one uses the API (application programming interface) of 
Bing Map; the service is based on different types of data. First, there are speed limits and 
recommended speeds that depend on the type of road. Bing also relies on a record of data 
transmitted by users, such as their average speed at certain times of the day and the actual 
duration of their trips. Real-time driver data is also used. The service then uses all this 
information to make its own calculations and provides an estimation. the last method allows 
the user to manually enter data for each route. Regarding which method will be used for our 
case, we will make a comparison of the results of the first two methods to see which one is 
the most realistic.   

Type of Route   

The user can choose which type of road will be used to find a solution:   

• Shortest   
• Fastest   
• Fastest -Real Time Traffic   

We'll use the second option, Fastest, because even if "Shortest" seems to be the best option 
at first, after a simple test, we can see that it's the one that takes the most time since 
choosing the shortest route will make the vehicle pass through the most visited roads of the 
city that contain a lot of traffic jams. The Fastest Real Time Traffic is highly accurate but in 
real time. This means that the values can change considerably depending on the time of 
day. For example, if we determine the optimal route for a night vehicle, the solution will 
not be the same if the vehicle must deliver during the day.   

Type and number of Vehicles   

The software allows the user to define the type and number of vehicles used. The software 
allows the user to define the type and number of vehicles used. It is therefore possible to set 
a distance limit, maximum capacity, driving time not to be exceeded and the time when the 
vehicle starts. There are other advanced parameters available such as the vehicle model but, 
in this study, we will assume that all vehicles are of the same type.   

Return to Depot   

During the configuration, you can choose whether the vehicles should return to the depot or 
not. You can choose which vehicle returns to the depot and how many times. Selecting No 
makes the solution easier because there is no need to determine the return path.   

   
Time Window Option   

There are two types of options, Hard and Soft. Hard means that if the vehicle does not reach 
its delivery point on time, the solution is not accepted. Soft, on the contrary, accepts a 
solution where the delivery time is not respected but does everything possible to avoid this 
scenario.   
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Location Parameters   

After filling in the location parameters, we select for each position if it must be delivered. If 
we choose not, the destination will not be taken into account, but if we let the software 
choose by selecting "may be visited" it will use a greedy algorithm that will determine 
according to the total profit if the destination should be visited.   

Vehicle Parameters   

In addition to the type and number of vehicles, it is also possible to choose various 
parameters:   

• Service time, which represents the time a vehicle will spend with a customer before 
getting back on the road.   

• Capacity of the vehicle and how much he should pick up and delivery   
• Cost per unit distance   
• Duration Multiplier, Since Bing Map determines the travel time of a car and not of a 

truck, thanks to Duration Multiply, we can choose, in percentage, how much longer 
our vehicle will take.   

• Vehicle compatibility, the software can determine, using Bing data, which type of 
vehicle is compatible with the solution proposed.   

5.2 Algorithms Used   

   

Clarke and Wright (1964) heuristic:   

The Clarke & Wright algorithm, also called the saving algorithm, allows to find the most 
economical solution using as few vehicles as possible.   

The first step is to assign a vehicle to each customer. Then we calculate all savings for 
joining two customers and eliminating a trip back to the depot. To do so we use the 
formula:    

Sij = Ci0 + C0j - Cij   

Where Sij represent the savings made by creating a route from i to j, i and j are customers, 0 
is the depot, and C represent the cost.   

Next step is to order savings from largest to smallest and finally we create a route by 
linking customers according to savings.   

Example:   

Table showing the distances/cost between two customers and a depot.   

Cij   0   1   2   

0   -   8   9   

1   8   -   4   



28   
   

2   9   4   -   
   

We start by assigning to each customer a vehicle:   

   

Then we Calculate the Saving S12 = C10 + C02 – C12 = 8+9-4 = 13    

The saving is positive, so we store it to sort it after. Since it is just an example and we have 
only two customer we can already show the solution:   

   
(Clarke, Wright, 1962)   

Large Neighbor Algorithm Heuristic:   

Algorithm:   
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1. Start with a feasible Solution   
2. Select a neighborhood   
3. Optimize the neighborhood   
4. Repeat from step 2   

It starts from the depot, select the closet neighborhood, which is a set of customers, 
optimize it and then goes to another neighborhood until a solution is generated.   

For a Time, window VRP, we use the transition time between two customer and minimize 
the sum of all transition time in function of the time window constraint.   

   
Figure 16: Large Neighbor Search   

This graph represents a solution of VRPTW while using Large Neighbor Algorithm, every 
line is the time window of a customer at a particular position and the blue dots show when 
the Vehicle is delivering the customer. The Yellow box represent a subsequence or 
neighborhood that we want to optimize. When the first subset is fixed, we displace the 
yellow box to another one and reoptimize it. The algorithm will repeat this until it finds an 
optimal solution   (Pisinger, Ropke, 2010)  

   
(Erdoğan 2017)   



30   
   

5.3 How does this Spreadsheet, which includes the majority of the VRPs, formulate it?   

   

Figure 17: Formulation of multiple VRP’s   
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Parameters:   

VD are the vertex that contains depots and VC for the customers, VM VC Represent the set 
of customers that must be delivered. Pi is the profit per customer, qi the quantity to pick up 
and q^ the quantity to deliver per customer. Concerning the time, si is the service time 
given by a customer and his time interval is then defined by [ai, bi]. The set of vehicles is K 
and k is one vehicle a belonging to K. τk is the time when one vehicle leave the depot, fk is 
the cost of using that vehicle, Qk Is its capacity, Dk its distance limit, D^k is the driving time 
limit, Wk the working time limit, and rk represent the return to depot. dij is the distance 
between two customers i and j and d^ij is the time it takes. ck

ij represent the cost of going 
from i to j. Ω is a condition parameter that take two value, 1 or 0, when it is equal to 1 it 
means that the vehicles have to return to depot at the end, otherwise, when it is equal to 0, 
they don’t need to. Θ is another condition parameter that represent the type of Time 
window, if it is equal to 1, it is soft, otherwise it is hard.   

There are 6 parameters that allow to take a decision in this algorithm, xk
ij is equal to 1 if the 

vehicle is going to use the route between i and j, otherwise it is equal to 0. Yk
i takes the 

value 1 if the customer i is going to be served by the vehicle k, else it takes the value 0. wk
ij 

and zk
ij represent respectively the number of items to be pick up and delivered by each 

vehicle. Finally, tk
i represent the the time of arrival of a vehicle to  i and vi how late it will 

be.   

Explanation of the Algorithm’s constraints:   

Constraint 1, pi yk
i  represent the profit is the profit earned by each customer that will be 

served. ck
ij    xk

ij represent the cost of travel between each customer, fk xk
o
k
j is the fixed cost of 

using each vehicle and Π the cost for being late. So, the first line represents the 
maximization of profit minus the cost of travel, the fixed cost of vehicles and the penalty of 
being late.   

Constraints 2 and 3 force vehicles to visit each customer once and exclude customers that 
don’t need to be served.   

Constraint 5 ensure the possibility of connection between the depot of the vehicle k and the 
customers visited by this vehicle.   

Constraint 6 determine if the vehicle should return or not to depot.   

Constraint 7 says that a vehicle k cannot travel from ok to j, which is the whole route from 
depot to last customer, more than once. Which means a vehicle cannot be used more than 
one time.   

Constraint 9 and 10 verify that the amount of pick up items carried by the vehicle is equal 
to the amount of pick up items required by the customer.    

Constraint 11 and 12 represent the same as constraint 9 and 10 but for delivery items.   

Constraint 13 14 15 defines the Time Window constraint. The first equation in constraint 13 
explains that addition of the time of arrival at customer i, the driving duration, the service 
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time minus the working time limit should be less than the arrival time at customer j. The 
second equation in constrain 14 make sure that the arrival time is between the beginning of 
the time interval of the customer and the end of the time interval minus the service time 
plus the delay time allowed if it is a soft Time Window. The last equation of constraint 15   

determine if the Time window is soft or hard.   

Constraint 16 and 17 determine the time when the vehicle should start working and ensure 
that it goes back to depot on time if it has to.   

Constraint 18 prevents the vehicle from having more objects to deliver and collect than its 
capacity allows.   

Constraint 19 set the distance limit for a vehicle k.   

Constraint 20 set the driving time limit for a vehicle k   

Constraint 21 set the working time limit for a vehicle k   

Constraint 22 to 26 just shows the values that the variables can take.   

   

After analyzing all the constraints of this algorithm, we can see how it managed to group 
together a large part of Vehicle Routing Problems and offer an efficient solution. After 
conducting some research, there is not, to my knowledge, any other algorithm with as many 
constraints.   

Of course, the fact of trying to solve so many problems in a single metaheuristic algorithm 

would create limitations that a simple algorithm would not have.   

5.3 Limitations of the VRP Spreadsheet Solver   

   

This Spreadsheet Solver has several limitations which are particularly due to the use of the 
VBA programming language, which allows coding on Microsoft products such as Excel, 
and to the number of constraints in the algorithm:   

• Maximum of 200 customers   
• Limitation of cost variables (only fixed cost and cost per unit distance for vehicles)   
• Limitation of information (fuel consumed, CO2 emission…)   

• Can’t solve complex VRP’s that might ask for a vehicle to go twice at the same 
location.   

• Need to learn VBA language to be able to customize the spreadsheet.   
• No Alternative Solution. When one or more constraint is not respected, the 

algorithm returns a red answer to show the infeasibility of the solution. Sometimes it 
is still possible to use this solution even if the software says otherwise. For example, 
if the Working time limit is not respected, we can pay extra money to the driver.  
(Erdoğan 2017)     
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6. Study Case: Henry’s Biscuit delivery.   

   

6.1 Overview of the problem   

   

The company I studied for this case study is the smallest of the 17 distribution depots of the 
Mobigen Group, which includes several food brands such as Pinguin ice cream and Henry's 
cookies. It is located in Temara and has 4 trucks at its disposal. The specificity of this depot 
is that it does not belong to Mobigen but has a contract with them to deliver to the 
neighborhoods too far away from the real depot located in Rabat. My goal will be to 
improve as much as I can their distribution management of Henry's cookies. (La Vie éco, 
2006)   

In Morocco, most companies that use a method to optimize their supply chain are 
international or very large. Too many companies of medium or small size often do not 
bother to look for the most optimal solution to serve their customers if they have a route 
that works and that brings benefits. This is the case of the company I studied. despite the 
problems due to their poor management of their vehicles, they thought that the optimization 
will not change much at their scale and that, given the number of customers who are 
counted by dozens, it was not necessary to be interested in it. That's why solving a Vehicle 
Routing Problem in a small company in Morocco is for me an important step because it will 
allow them to be more competitive against large distributors, and on a bigger scale, if all 
the companies in Morocco did the same, there will be much less traffic and pollution.    

On Saturday 11/14 I finally had an appointment with the head of the distribution center for 
Henry’s cookies.   

He explained to me that his distribution network works on a daily basis and gave me the 
addresses of the customers who are served every Monday as well as the delivery time. He 
also explained to me that they had a problem because the schedules were never respected, 
and he found himself with customers who sometimes have other deliveries in progress or 
are simply not there to receive their delivery. I will therefore try to optimize his distribution 
network to avoid having trucks waiting for a customer to be available. The first part will be 
a bit complicated and I will have to find the exact coordinates of each customer because, for 
confidentiality reasons, they did not give me the names of the customers but only their 
addresses and since all the Monday delivery takes place in the Hay Fath district, I will have 
to try to find the addresses on Bing Map.   
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Figure 18: Sample of the data received   

   

6.2 computation of client coordinates and distance between them   

   

The addresses of the customers were difficult to find on google map to be able to have the 
exact longitude and latitude coordinates. Thanks to the distribution manager who offered 
me to go with the truck to see its route, I was able to use my phone at every stop to find the 
exact localization and fill the file for the 43 customers localization in the Excel spreadsheet   

Figure 19: Sample of Customers Coordinates on VRP Spreadsheet Solver   
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After that, the Spreadsheet calculated the distance between each customers and depot using 
Bing map information:   

   
Figure 20: Distance between customers    

I discussed with them whether the customers are soft or hard concerning their time window.  
Since their customers varies from grocery store to coffee shop to school ... it really depends. 
Most of them are retail grocery stores that require delivery in the morning. For this type of 
customer with a soft time window, I put their delivery between 8am and 12pm. The others 
gave specific times because they have other deliveries going on the same day.   

   

6.3 Performance with one vehicle   

   

 The first attempt was a failure because I didn't succeed in adding the delivery time which is 
10 minutes. I found myself with a wrong solution because the truck was arriving and 
leaving directly to the next customer as we can see in the following figure:   
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Figure 21: First attempt of solving study case with one vehicle   

After adding the delivery time and using only one vehicle I got this 

result:   

   
We see in red all the customers whose Time Window has not been respected. I understand 
why they told me that he had problems with some customers because their truck was 
always late. I asked him why they don't use two trucks and he explained to me that first, 
because it's the same neighborhood they don't want to use more than one truck to save fuel, 
then, because they have 4 trucks in total that they rent to neighboring companies and that 
they also use them to go and collect the raw material. For me, the fact that only one truck is 
used is a huge problem because:   

• The solution above is the cheapest route in time available with one vehicle   
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• The truck drives from 8am to 4:30 pm without a break for the driver, which 
monopolizes a truck for a whole day.   

• The truck never follows a specific route and always arrives late to certain customers 
depending on the route it takes    

• Customers find themselves asking the driver to come back later because they are in 
the middle of a delivery.   

• They can potentially lose customers as it has happened in the past.   

   

6.4 Performance with two vehicles   

   

I tried to add a truck to see if it would help the situation:   
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Figure 22: Solution and visualization of study case with two vehicles   

• Using 1 or 2 trucks in term of energy consumption is the same as we can see in the 
previous figures, 1 truck alone covers 31.41 km while two trucks together covers 
15.58+18.59 = 34.17 km.   

• The trucks finish at 2pm and 2:22pm instead of 4:3pm.   
• All customers are delivered on time with a maximum delay of 4 minutes.   
• They can therefore rent the trucks since they are not used all day long.   

   

6.4 Performance with three vehicles   

   

After exploring possible solutions with one and two vehicles, we will now see if it can be 
further optimized with three vehicles.   
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the first option with 3 vehicles leaves 60 seconds for the CPU to find a solution:   
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Figure 23: Solution and visualization of study case with three vehicles   

We see that the first vehicle finishes its journey at 12:00 which is 2 hours earlier than the 
first vehicle of the solution with 2 trucks. Unfortunately, the two other vehicles finish at 
14:00 and 14:22 which is the same as the solution with two trucks since two of them will 
not be available before 14:30.   
Concerning the distance traveled, the 3 vehicles cover 44km together, while with two 
vehicles only 34.17 km are covered. This shows that it is more optimal to use 2 vehicles 
rather than 3 in terms of time and money spent on fuel.   
The second option with 3 vehicles second leaves the CPU 300 seconds to find a solution: 
Increasing the searching time allows the computer to have more time to find the most 
optimal solution, but sometimes this does not change the solution obtained.   
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Figure 24: Solution and visualization of study case with three vehicles and 300 seconds   

As we can see, the 300 seconds allowed the software to find a slightly better solution 
regarding the order of the clients since there is less delay on the time windows. But the time 
at which the trucks finish and the distance they travel remains the same no matter how 
much time is given to the computer.   
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6.5 Insertion of Tuesday's customers to Monday's shift   

   

   

   

According to the head of the distribution center, Tuesday's customers are simply Monday's 
customers that they couldn't deliver. So, I tried to get them into the Monday shift so that 
they could use Tuesday for another activity.    

   
Figure 25: Tuesday’s Customers   

   

To determine the time windows for Tuesday's customers, I used the same method as for 
Monday's shift   
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Figure 26: Two vehicles solution and visualization of Tuesdays customers into Mondays    
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Figure 27: Three vehicles solution and visualization of Tuesdays customers into                    Mondays    

   

Tuesday's customers can be inserted into Monday's shift without adding constraints or time 
conflicts.   
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6.6 Performance with three vehicles   

   

     
Figure 28: Solution using 30 vehicles   

As can be seen after setting up 30 vehicles, the software used only three to solve the 
problem.  
This shows that no matter how many vehicles are inserted, the software will always provide   

  the most optimal solution. That's why the vehicles number 4 to 30 are empty.      
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6.7 Recommendations   

   

As we can see the two-vehicle solution remains the most optimal in terms of time and 
resources used to respect the time windows of all customers.   

Finally, I explained to the distribution manager the benefits of using two trucks instead of 
one and following the route determined by the software instead of letting the driver decide:   

• Customers are served on time and satisfied, which gives a good image of their depot 
and avoids losing their contract with Mobigen.   

• Adding an extra vehicle on the turn is not a constraint because it consumes less fuel 
since the distance traveled is a little less than with a vehicle, and it allows the driver 
to finish much earlier.   

• Trucks are available earlier which allows for more activities during the day.   
• With Tuesday free, they can try to find a contract with another company instead of 

renting their trucks.   

I hope that they will try to implement the solution and that this study has been useful to 
them.   

   

6.8 Challenges of the study case.   

   

 I had a hard time finding usable data for VRPTW because most of the data available online 
are for Capacity VRP and are not from a Moroccan firm. So, I contacted two companies in 
Rabat including Coca Cola but after several phone calls and days of waiting none of them 
agreed to share their data but only to let me visit them and explain me how their distribution 
system works. The addresses of the customers were difficult to find on google map to be 
able to have the exact longitude and latitude coordinates. Finally, the online guides are not 
detailed enough to understand all the errors of the software.   
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7. Conclusion   

   

Excel may not be the most optimal software to solve complex VRPs, but it is perfect for 
simple ones as we have seen in this paper with the solving of a time constrained VRP. 
Indeed, to be able to solve a VRPTW with Excel, it is necessary to know how to code using 
Visual Basing for Application. That's why I learned how to use the VRP Spreadsheet 
Solver and I studied how it works through the algorithms it uses. Despite its limitations, the 
VRP Spreadsheet Solver is an excellent tool for small and medium sized companies with no 
more than 200 customers. Its metaheuristics and heuristics algorithms allow you to solve all 
types of VRPs and to configure the parameters to find a solution that adapts to the situation. 
For example, we can choose to use greedy or regret algorithm depending on whether we 
want to optimize the benefits coming from customers or route optimization. Of course, 
there are other more powerful software to solve VRPTWs, but for most of them, I found 
that they are heuristic, not easy to use, don't allow to configure as many parameters, and are 
sometimes not free of charge. On the other hand, they allow to find solutions for larger 
scale problems because the VRP Spreadsheet Solver is coded with VBA which is not the 
most efficient code language to solve these problems. I still recommend the use of Excel to 
solve by yourself the simple VRPs like CVRP or DVRP, and the use of the VRP 
Spreadsheet Solver which is the only software I know that allows to solve several types of 
VRPs at the same time and solve VRPTW on Excel.   
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