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Summary:
This thesis addresses the design of the supply network for a chemical company that is setting up an operation
in an emerging country to explore the nearby markets. We tackled this real-life business necessity with a twostage approach based on Mixed-Integer Programming and Discrete Event Simulation.
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KEY INSIGHTS
1. Scientific methodology and tools cope perfectly
with Business Strategic evaluations, mainly due
to the possibility of building and analyzing
different scenarios to support the decision
making process.
2. Mixed-Integer Programming (MIP) is a powerful
tool to assess the current Supply Chain Network
Design and determine the optimized setup to
minimize costs under given operational
constraints.
3. Discrete Event Simulation is a complementary
tool to evaluate the performance of the Network
configuration under uncertainty given a
randomly generated demand based on real data
statistical distributions.
Introduction
Supply Chain management is a key driver of
businesses in the globalized world, and the
companies configuration of how they manage their
supply chain network and allocate their resources are
crucial in whether or not they will still able to prosper
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healthily towards long term profitability and
sustainable growth.
The network design of the logistics and supply chain
of a company is of vital importance because as a
strategic level plan, it will influence long-term
business success. Within the topic of Supply Chain
Network Design (SCND), the Aggregate Planning
(AP) in the sense of resource allocation is extremely
critical and must be done in great detail, carefully
considering that optimized material and information
flows will have impact on total cost. Melo et al. (2008)
Simchi-Levi et al. (2007) as well as Chopra and
Meindl (2012) also highlight the importance of SCND
and AP as key drivers to operations cost while
satisfying the demand.
SCND and its component AP are the scope of this
project, and due to the fact of being a complex
process involving strategic decisions, a two-stage
approach is required in order to define the optimal
network configuration and the corresponding flows
among supply and demand nodes.
The sponsoring company of this thesis project is a
leading manufacturer of chemical products with
Business-to-Business (B2B) worldwide operations.

The focus of this project is on their operation in
Europe, Middle East and Africa (EMEA) of one
specific business unit (BU). Such BU has among
others, a certain product that is mainly a mix of 3
components of different properties. It is important to
mention that European Markets for such a product
offer very limited growth due to the maturity and
stability of the clients’ businesses in this region. In
that line of thought, the business the sponsor
company is setting up an operation in an emerging
market to add value locally and expand its current
market. This will allow them to produce 2 out of 3
components at a lower cost, being more costcompetitive for the local and nearby markets.

model is a MIP for the multi-source, multi-product,
multi-stage supply chain network design problem that
it is being thoroughly explained.
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Due to the large and complex scope, a two-stage
roadmap was developed to tackle this problem, each
step containing several tools which are explained in
this summary.
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In this sense, we started by understanding the thesis
problem, collecting data and building a simplified Bill
of Material (BOM), which was later confirmed 97%+
accuracy according to the company’s ERP. Then, we
performed a Pareto analysis in order to narrow down
the scope. This was followed by descriptive statistics
and distribution identification of the demand, hence
looking for trends and seasonality. All of this analysis
are described in the following steps.
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Since this is a cost-minimization problem, the
following objective function accounts for
manufacturing and blending costs, either variable
and fixed, as well as transportation costs among all
nodes.

Mathematical Model
The concept of our model is a supply chain network
representation with manufacturing sites, blending
facilities and the demand nodes along with all their
relevant characteristics, including capacities, possible
flows, demand and costs like the following map:
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A breakdown of the Mixed-Integer Programming
(MIP) will be exposed below and its mathematical
notation detailed for further understanding and
clarifications. In terms of definition, this mathematical
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these demands are allocated according to the MIP
findings. As soon as the order is prepared, it is
shipped to the corresponding cluster.
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This MIP model is subject to several constraints that
not only assure its functionality, but also incorporate
the real world limitations that the sponsoring
company has. For instance, among others there is a
bounding constraint like number (6), which is
intrinsically related to each manufacturing facility
where one or more components cannot be produced.
Simulation Model
The purpose of this simulation model is to evaluate
the performance of the optimized flows and network
setup derived from the MIP under randomly
generated demand according to statistical distribution
based on historical data.
The overall logic of our simulation model is shown in
the figure below (adapted from Pirard et al. 2010),
which represents the high-level exchange of
information (dotted line) and materials (solid line).
This model shows the interactions among the three
layers of the supply chain: customers, blending
facilities and manufacturing sites. Raw materials
sourcing is out of the scope.
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Since this is a high level modeling exercise for which
we have weekly data, we opted to work with days as
the simulation base time unit. Having said this, every
seven days our customers express their demands of
specific combinations of the four components and

Inventories in blending facilities are a mix of the
component, whose levels decrease whenever the
demands are allocated and the outputs are shipped.
At this point the model opens in two parts as
blending facilities one and two (Bld1 and Bld2)
produce their own components, whilst Bld3 source its
components from other. The former two blending
locations run continuous production-plus-blending
operations, whereas the latter runs a periodic review
every seven days to comply with an Order Up-To
Level stock policy.
Manufacturing sites have stocks of components that
are fed right after finishing production and consumed
after shipping the materials to the blending facilities.
It is important to keep in mind that Mfg1 is placed in
the same location as Bld1 and Mfg2 is placed in the
same location as Bld2. As this is the case, we
assumed transportation time zero and transportation
cost zero. On the other hand, Mfg3 sources a selfsustainable market but has some spare capacity,
which could be used to source only Bld3.
The simulation records flows generated in order to
meet the clusters demand and calculates revenues
for each component-cluster combination. In brief,
though the MIP was conceived as a cost
minimization exercise, the results of the DES are
expressed in revenue since we are pursuing new
markets and further business growth.
Setting Data for the MIP
Once the data was first analyzed, we realized that
the complexity and level of granularity was not
manageable under the scope and timeline of the
project. In the table below it is presented the
breakdown of the Pareto Analysis that left us with a
scope accounting for 90.4% of the total demand.
Round
Baseline
Pareto7destinations
Sub7total
Pareto7FGs
Sub7total
Product7type7XTZ
Sub7total
Imports7other7regions
New0Baseline

Kg
Percentage
24,561,039
100.0%
9345,580
91.4%
24,215,459
98.6%
9378,740
91.5%
23,836,719
97.1%
91,319,437
95.4%
22,517,282
91.7%
9310,650
91.3%
22,206,632
90.4%

Apart from the resulting 22,207 tons, an additional
3,600 tons were included regarding the company
expectations on the demand increase due to the
prospected markets.

According to the same line of reasoning, it was
decided to perform a cluster analysis using Minitab,
where eight demand clusters were built. An
additional two clusters were built aggregating the
demand of the current market that surrounds our
sponsor’s new plant, as well as the expected new
market to be served from this location. The ten
clusters centroids are presented in the map below.

Nevertheless, this clustering efforts popped up the
need of calculating new transportation cost from all
four potential blending facilities to all 10 centroids. In
order to perform this task, we used weighted
averages with demand as the weighting factor.
After this, since the composition of all finished goods
is a mix of the 3 same components and considering
the fact that there is no major difference in
transporting components or FGs, a simple yet
creative approach was deployed. In order to capture
the flows of finished goods, we aggregated the
demand of every component for each cluster.
Then, we used Minitab’s Distribution ID with
Anderson Darling Normality test to define whether we
had evidence to demonstrate that the sample could
be approximated by a Normal distribution. Our
sponsor company advised us to assume
deterministic demand for those nodes that did not
follow any other distribution.
MIP Results
The software chosen to develop the computerized
model of the presented formulation was Excel Solver
full pack, being the reason for this that it can be
easily replicated or used whenever needed by the
sponsoring company.
The AS-IS Scenario consisted of 12 months of
historical data and was used to find out the current
network total costs. As seen in the following table,
only manufacturing site 1 (Mfg1) and blending facility
1 (Bld1) are active in the current setup. It is also
important to mention that Bld2 is considered active
only when there is a receiving flow of component H
from Mfg1.

The TO-BE scenarios were made up from the
combination of three factors suggested by the
sponsoring company: new market demand (1000
Tons or 3600 Tons); capacity at Mfg2 (3600 Tons or
14400 Tons); and backhaul optimization (fully
optimized or partially optimized). Regarding the latter,
we called partially optimized whenever we had empty
backhauls, and fully optimized whenever we were
able to avoid them.

It is important to see how the network is configured
under different parameters. It is relevant to mention
that Bld3 operates only in TO-BE 4 and that Mfg 3
clearly should not operate.
Setting Data for the Simulation
As the TO-BE 4 scenario is aligned with the
sponsor’s long-term strategy, this was the one
chosen to be evaluated by the Simulation model.
Apart from the optimal network configuration given by
the MIP, we had to define stock policies to be used in
the simulation for which we defined along with our
sponsor an Order-up-to-Level (OUL) policy with
periodic review with the corresponding base-stock
(S) levels.
Simulation Results
The results of the simulation are presented in the
following tables respectively: Flows among facilities,
which clearly shows the interactions among
manufacturing sites and blending facilities; and
revenues by blending site, which is an important kpi
for the company in order to control their operations.

Based on the results showed above, as well as, other
executions of the simulation, we conclude that the
footprint calculated for this scenario is enough to
source the market while absorbing demand variation.
Investment Analysis
The implementation of the recommended Supply
Chain Network configuration for the short and long
term will require the usage of special containers to
transport components and store them. The estimated
number was calculated by dividing the sum of S
levels for all components by the unit capacity.
Additionally, the sponsor company required an
investment analysis in order to define whether they
should buy or lease the containers. After contacting
the potential supplier of the solution, we performed
an NPV analysis bringing the monthly leasing cash
flows for the next ten years to the present value.
Finally, we found that purchasing ended up being
29% cheaper than leasing, so we recommend buying
them which will pay back in less than 2 years.
Conclusions
The MIP scenarios that were built are part of our
lessons learnt, because as we started to run them,
we realized the real meaning of performing sensitivity
analysis and understanding the dynamic in the
background of the results. Another important action
was the sensitivity analysis and adjustments of the
intermediate transportation flows cost that was
performed along with the sponsor company, when
we had to analyze the penalties of empty backhauls
and execute new runs of the model to assure the
network configuration would not change.
Moreover, the MIP allowed us to reach conclusions
and recommendations for the company of how they
should structure their network in the short-term, as
well as in the long-term, empowering their
competitiveness within the markets that they operate
and prospected ones. The outcome of this thesis will
allow the sponsor company to optimize their network
and reduce operation costs when compared to their
current supply chain network cost structure as well
as increase revenues due to higher market reach.
The simulation model was very time-consuming and
required a very detailed and careful approach, being
its major importance the fact of evaluating the
performance of the network configuration suggested

by the MIP under uncertain demand randomly
generated following the historical demand
distributions. In this case we were able to attest that
the new network setup, along with the stock policy
developed, are able to run the business with no
major headwinds.
As the recommended new supply chain network
setup involves the usage of a special type of
container, an investment analysis was made
comparing the possibility of buying or leasing such
equipment. This necessary investment led us to also
compare whether the benefits of the new network
would payoff the investment in containers within a
reasonable time frame
The most important takeaway is the alignment
between Business and Academia as value partners
in order to solve complex business problems and
support the strategic decision making process.
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