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Abstract 

For companies operating in emerging markets, the traditional channel has a critical role given that 

it accounts for the majority of the sales volume. To serve this fragmented channel, companies can 

choose to deliver the products directly to each of the small stores, or they can choose to work with 

wholesalers. There are strategic trade-offs between these policies. The direct scheme allows for closer 

proximity to retailers and favors merchandising activities that can lead to sales growth. On the other 

hand, the wholesale strategy is more efficient in terms of logistics costs and reduced complexity. If 

firms choose the most cost efficient alternative, they might risk the opportunity of increasing their 

market. Therefore, companies need to evaluate these trade-offs to define what is the best strategy to 

serve their clients. 

This thesis proposes a methodology for channel selection based on the integration of the 

commercial and logistics perspectives. Through scenario analysis, supported by assignment 

optimization approaches, the model analyzes different settings to define the best channel strategy to 

serve sales regions. The model is applied to a CPG manufacturer operating in the Democratic Republic 

of Congo. 
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Executive Summary 

When entering African markets, companies have to face a more challenging reality compared to 

developed economies. Apart from difficult business conditions and lack of infrastructure, firms have 

to deal with the logistics complexity of serving numerous traditional and informal stores. To serve 

these stores, manufacturers can choose to deliver their products directly or they can work with 

wholesalers. While the wholesale strategy can be more convenient in terms of costs and low 

complexity, the direct channel favors the proximity with the stores and can drive sales growth. Thus, 

it is critical for companies to evaluate the trade-offs between the direct and wholesale channels, to 

choose the best option to serve their customers.  

In this thesis, we addressed the channel selection decision and extend it to the demand allocation 

to warehouses. Furthermore, for sales regions where the level of data constrains the channel selection 

analysis, a methodology to identify their performance in terms of logistics costs and revenue was 

proposed. The analyses were applied to a Consumer Packaged Goods (CPG) manufacturer operating 

in the Democratic Republic of Congo (DRC). 

Channel selection and demand allocation  

A decision support model was developed to maximize the revenue resulting from the allocation of 

sales strategies to sales regions. To deal with data limitations, the distribution costs were computed 

based on a continuous approximation approach. Changes in demand were modeled by a lift factor of 

sales for each region, considering the sales volume and the number of stores. The model was solved 

through scenario analysis and a procedure to minimize distances between warehouses and sales 

regions and to allocate volume to sales strategies according to the maximum revenue.   

The model was applied to the operations of the CPG manufacturer in Kinshasa. The results showed 

that logistics costs increased with more direct deliveries. However, as the volume delivered directly 

became larger, the cost per unit decreased due to economies of scale. As a result, with more volume 

delivered directly, the revenue after logistics costs increased. In Figure 0-1, it can be observed that 

when no changes in demand occurred (static case), the logistics costs per unit increased by 23% when 

switching from indirect strategy (0% direct sales) to direct. However, given that the margin for direct 

deliveries is larger, the revenue after logistics cost also increased. In the case where a growth in 

demand was taken into account, it was observed that costs only increased 21%, and the revenue per 

unit was higher due to more volume sold and the benefits of economies of scale.  
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Figure 0-1: Logistics costs and revenue after logistics cost per unit 

The results are relevant because they show the importance of combining sales and logistics criteria 

in the channel selection decision.  

Furthermore, regarding the allocation of channel strategies to sales regions, the results suggested 

that regions with high store density achieved higher revenue per unit when a direct strategy was 

assigned. In turn, low-density regions favored indirect sales. Finally, the assignment of sales regions 

to warehouses revealed that a better allocation of demand and synergies with distributors in 

strategical regions can reduce the number of warehouses that the company manages.  

In addition, to gain high-level insights of the operations in regions where data availability limited 

the analysis of the channel selection, a cost-to-serve methodology was applied to identify the 

performance of regional warehouses.  

Cost-to-serve and profitability analysis 

 An analysis was performed to determine the revenue (after logistics costs) of each warehouse 

compared to the manufacturing plant from which it is served. The goal was to understand how cost 

reduction and pricing strategies can be combined to bring regional warehouses to the same 

profitability level. Warehouses were classified according to logistics costs and sales revenue. 

 The analysis suggested that strategies to improve performance should be applied to the majority 

of the warehouses, given that only in few cases they presented a better or equal performance 

compared to their benchmark. In addition, in terms of cost opportunities, it was identified that 

replenishment and warehouse costs had higher impacts in logistics costs. 

General insights and contribution 

This study concludes that the channel selection decision has to be based on both logistics and 

commercial aspects. If only a logistics perspective is applied, the decision may focus on cost efficiency, 

overlooking sales strategies that can drive sales growth. Furthermore, the results suggest that in sales 

0.555
0.457

% Direct sales

+21%

100%

+21%

4.544

0%

3.770

Revenue after Log. Costs

Log. Costs

0.568
0.461

4.531

+20%

3.766

100%0%

% Direct sales

+23%

Static Case Demand Increase



iv 
 

regions with high store density, companies can benefit from direct deliveries, while in low-density 

regions, companies can work with wholesalers to improve their distribution network.  

The academic contribution of this thesis reflects in the adaptation of Ge’s (2016) channel 

selection model to address the problem of network design, taking into account more than one indirect 

delivery alternative, a continuous approximation approach for non-rectangular sales regions, and an 

estimation of demand increase under data limitations.  
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1. Introduction Network Design and Channel Selection 

1.1. Motivation and research approach 

From 2000 to 2008, Africa’s GDP grew almost 5% a year, making this continent one of the fastest 

growing economies in the world (McKinsey, 2016). However, the continent’s economic growth slowed 

down between 2010 and 2015, achieving an average GDP growth of 3.3%, mainly due to political 

shocks and the price reduction of commodities, especially oil (Barton & Leke, 2016). Despite these 

challenges, the region is expected to rapidly increase its urban population. With an average 

urbanization rate of 3.2%, one hundred cities in the continent are expected to reach at least one 

million inhabitants by 2025 (UN Population Division, 2014). From these cities, Cairo, Lagos, Kinshasa, 

and Johannesburg are projected to reach a population greater than 10 million inhabitants in the 

upcoming years (McKinsey, 2016).  

Moreover, working-age population is increasing in African countries, contributing positively to the 

economic development in the region and fostering the increase of middle-class people. In fact, 

household spending growth has created a market opportunity of US$1.4 trillion (McKinsey, 2016). This 

context has motivated global consumer packaged goods (CPG) companies to capture the emerging 

demand in the region (Nielsen, 2015). Nowadays, more than 400 hundred multinational companies 

generate around $1 billion revenues in Africa, showing that companies can harness the market 

opportunities in this continent and enjoy significant market share (Agyenim-Boateng, Benson-Armer, 

& Russo, 2015). 

From a distribution standpoint, companies entering African markets have to face a more 

challenging reality compared to the developed world. For instance, the market development in Africa 

has been characterized by a strong state intervention in the distribution systems which has influenced 

the current distribution structures and strategies. This has led firms to relegate many of their channel 

management activities to downstream members, hindering the supply chain integration and 

increasing their logistics costs (Dadzie, Winston, & Hinson, 2015). Moreover, companies also face 

obstacles when trying to perform last-mile deliveries in the African rural regions, especially due to the 

lack of infrastructure, heterogeneity of demand and security levels (Sarangi, Patro, & Shekhar-Kumar, 

2014). Even though the conditions have improved for some countries, such as Kenya and Ethiopia, 

firms need to adjust their strategies when planning to serve African markets in order to keep profitable 

and outpace any challenge.    

In the African context, it is important to distinguish between countries that have decreased their 

growth in the past years and the ones that, despite the political and social shocks, have shown an 
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increase in their economies. Among the latter group, the Democratic Republic of Congo (DRC) is 

classified as a vulnerable grower because, notwithstanding the relatively low levels of socio-political 

stability, it has a clear potential for economic growth if security, governance, and macroeconomic 

stability improve (McKinsey, 2016). 

Even though the economic situation has recovered from social conflicts and political instability, 

difficult business conditions and lack of infrastructure still persist in the country. In fact, the logistics 

performance index (LPI) ranked DRC the position 127th among 160 countries, and position 145th 

regarding infrastructure. Thus, the benefits of the emerging market opportunities cannot be exploited 

completely because companies need to deal with the quality of infrastructure and its impact on 

logistics costs and lead times (Avasthy, Dekhne, Malik, & Weydringer, 2015). Another major challenge 

for CPG companies is the complexity of the retail system (Nielsen, 2015). 

The presence of modern trade is still small in most African countries. Therefore, companies 

entering DRC markets need to reach smaller and numerous traditional and informal stores that 

account for approximately 90 percent of the retail transactions (Deloitte, 2016). Moreover, the 

country’s geographical extent, the lack of infrastructure and its consequent long distance 

transportation have increased the logistics costs, leading to downsizing decisions for some companies 

(Xiaoyun, 2016).  

In addition, difficulties in transportation also increase the complexity in last-mile deliveries. As a 

result, some companies in DRC foresee in secondary distribution an appealing alternative for the 

route-to-market strategy1 (Xiaoyun, 2016). Therefore, it is critical for companies to analyze whether a 

direct or wholesale channel strategy is the most profitable and effective way for making their products 

available to consumers.  

As part of a distribution network re-design project, this thesis aims to model the distribution 

channel selection decision for a CPG company operating in DRC, by developing an applied model based 

on the existing literature and stylized models to integrate the commercial and supply chain criteria in 

the channel selection strategy. The company has several production plants and warehouses in the 

country, from which it distributes the products to urban and rural regions. Depending on the regions 

served, the firm has a market share that varies between 50% and 80%. Such presence forces the 

company to have direct and indirect distribution systems. However, transportation difficulties and 

high costs have made the company question their actual distribution network and have raised the 

                                                           
1 Route-to-market strategies are defined as the processes through which a customer can select, purchase, order 
and receive a product.  
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need to review their route-to-market and distribution strategies in order to minimize costs and 

improve customer coverage. 

This chapter is structured as follows: Section 1.2 discusses the literature relevant to the 

distribution network design, commercial and distribution strategies selection. Then, section 1.3 

explains the research questions derived from the literature review. Section 1.4 describes the 

methodology that will be applied to answer the proposed research questions. Finally, sections 1.5 and 

1.6 explain the scope and thesis outline, respectively.  

1.2. Literature Review 

African retailing landscape is characterized by traditional and informal stores. The most common 

types of traditional stores are the ‘dukas’ and the ‘table tops’. The ‘dukas’ are small local grocery 

stores, while the ‘table top’ refers to a stand located aside roads or in open-air markets to capture 

local and floating customers (Nielsen, 2015). Qualitative analyses performed in some countries of the 

region highlighted the uniqueness of open-air markets and revealed that 90 to 97 percent of a firm’s 

sales can come from this segment (Onyemah & Akpa, 2016).  

For companies, it is important to understand the structure of the market and how to serve all the 

existing channels or develop new high-growth segments. In the CPG industry, researchers have found 

through case studies in the region that manufacturers use direct and indirect delivery options to serve 

the customers. Direct distribution is the preferable alternative for retailers within the main cities and 

the surrounding villages (Voordijk, 1999). In addition, a pre-sales2 scheme is used to bypass the 

distributors when dealing with large customers (Abdulai, Ebo, & Annig-Dorson, 2011). Boulaksil, 

Fransoo, Blanco, and Koubida (2014) identified that retailers in Morocco, in addition to pre-sales 

strategies, employ the on-board3 sales strategy in their distribution systems. Similar information was 

not found for the Democratic Republic of Congo (DRC). However, previous findings may be generalized 

to the situation in DRC because they share similar economic features (McKinsey, 2016). Nevertheless, 

the general characterization of African markets and channel structures are still open for further 

research.  

The complex characteristics of the retail systems in emerging markets and the wide variety of sales 

and distribution schemes require companies to adapt their business and operation models when 

                                                           
2 In pre-sales, the salesperson visits the point of sale, take the order and the product is delivered with a specific 
lead-time (usually 1-2 days after), but sales and distribution are not simultaneous. The driver who delivers the 
goods, is also responsible to collect the money (Blanco & Garza, Multichannel distribution strategies in Latin 
America, 2012). 
3 In on-board sales, the product is stored in the vehicles, so the salesperson or driver captures the order, delivers 
the product and collect the payment during the same visit (Blanco & Garza, Multichannel distribution strategies 
in Latin America, 2012).  
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entering African markets. Therefore, it is critical for firms to have an adequate distribution network 

design and a framework that can support the distribution channel selection decisions, in order to 

maximize profitability.  

Jindal, Reinartz, Krafft, and Hoyer (2007), referred to route-to-market as a strategy for accessing 

a customer base that involves sales force, retailers, company outlets, call centers, catalogs and online 

stores. Dent (2008) highlighted the importance of these strategies as means to control access to the 

target market, control brand and product differentiation. Therefore, they can constitute a competitive 

advantage for firms. However, these business strategies cannot operate solely from a market 

perspective because they need to be supported by effective distribution strategies. The inter-

functional coordination between marketing and distribution strategies influences the customer 

service performance and the profitability of firms (Dent, 2008). Therefore, the analysis of distribution 

channel selection is critical to have a complete understanding of how customers should be served. 

Regarding research work in distribution channel selection, substantial research has been 

conducted from a marketing perspective. Based mainly on regression models and transaction cost 

analysis, studies have analyzed the factors that lead a company to select a specific distribution 

channel. For instance, direct sale is favored when products have high unit value and very low 

frequency of purchase (Miracle, 1965) and for highly differentiated products (Anderson & Couglan, 

1987). Klein, Frazier, and Roth (1990) agreed on product complexity as a relevant factor to determine 

channel selection. However, Klein et al. (1990) found that, independently of product complexity, a 

firm can benefit from the economies of scale resulting from the distribution of multiple product lines 

through the channels.  

In addition to frequency of purchase and product complexity, Blanco and Garza (2012) discussed 

other factors that influence the decision of channel selection. In their analysis of the Latin American 

distribution strategies, the authors considered the market share, geographic concentration (consumer 

density), and drop size. As a result, the framework shown in Figure 1-1 for the distribution channel 

selection in Latin American markets was developed.  
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Figure 1-1: Framework for Distribution Channel Selection, Blanco, and Garza (2012) 

This framework favors direct distribution for those customers with high drop size and product 

complexity, while indirect distribution fits better under low market share and low geographic 

concentration (Blanco & Garza, Multichannel distribution strategies in Latin America, 2012). 

Research related to model the distribution channel selection has focused on the analysis of 

integration or disintegration strategies to determine if competing companies can benefit from the 

integration of mediators or if using them provides better results in terms of profitability (Jeuland & 

Shugan 2008, Coughlan 1987, Pun & Heese 2010, Lin et al. 2014, Coughlan 1985). However, none of 

these studies include the modeling of logistics costs and their impact on the channel selection strategy. 

Nevertheless, other authors have tried to fill this gap. 

Ge (2016) addressed this issue by developing a model to support the decision of the manufacturer 

whether to deliver directly to stores or use wholesale distribution. The model focuses on companies 

that operate in emerging markets. It was found that channel selection decision depends on two main 

characteristics: the immediate profitability of the channel, which reflects the margin that the producer 

earns at a specific moment in time; and the growth-adjusted profitability, that includes the potential 

growth of the strategy to develop the market and increase the demand in the planning period. Thus, 

the model assumes that demand can increase over time depending on whether the product is sold 

directly or through a wholesaler. In addition, to estimate the market growth rate for each sales region, 

Ge uses an annual sales growth per channel and the population density of the regions.  

Other authors have explored the reduction of delivery costs in a distribution network through 

simulation in accordance with an order delivery protocol (Puranik, 2010). Scarvada, Seok, Puranik, and 

Nof (2015) analyzed the direct/indirect delivery problem under dynamic situations. The authors used 
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collaborative control theory to develop an adaptive direct/indirect delivery protocol for determining 

the delivery decisions at the three layers of the distribution network: manufacturer, distributor, and 

retailers. The model is based on the condition that information flows smoothly within the three layers 

of the network. Under this approach, retailers have the flexibility to select the most convenient 

delivery method depending on the market conditions and network situation on a specific moment in 

time (Scarvada, Seok, Puranik, & Nof, 2015).  

The existing frameworks for channel selection are based on a marketing approach. Even though 

authors have pointed out the importance of considering the inter-functional coordination between 

marketing and distribution, the reviewed frameworks do not take into account the effect of 

distribution and logistics costs (Ge 2016; Scarvada et al. 2015). Moreover, the trade-offs between 

increased logistics costs and sales growth potential under different sales strategies has not been 

analyzed in African markets.  

Even though research has shown that the characteristics of African markets resemble other 

emerging markets, empirical studies in the region are still scarce. Similarly, no findings regarding 

quantitative models for channel selection in African markets were encountered. As a result, it can be 

noticed that there are research opportunities in the field of the distribution channel selection in 

emerging markets. This research project aims to contribute to the development of a quantitative 

model for channel selection that captures the reality of African markets, in order to support companies 

face the challenges in these emerging economies. 

1.3. Research questions 

The current situation in DRC supposes major challenges for companies that want to establish their 

businesses in the country since they have to manage the geographical constraints and the 

fragmentation of the retailing landscape that has resulted from the increase of urban population and 

the wider variety of consumption patterns. A better understanding of the sales strategies, market 

structure, and logistics aspects of the company can help other CPG manufacturers to improve their 

route-to-market and distribution strategies by answering key research questions: 

RQ1: What are the characteristics of the distribution channels in DRC and what sales strategies 

might be used by CPG manufacturers to serve them? 

In addition, the economic situation in the country may force CPG companies to focus on the 

logistics costs reduction perspective. However, in order to support sales strategies, logistics and 

commercial perspectives must be integrally planned and deployed. Further, limited data availability 
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of the traditional channel restricts the level of detail to perform distribution network design and 

channel selection analyses. Thus, the next research question follows: 

RQ2: How can sales and logistics perspectives be integrated to determine the best channel strategy 

that should be used by a CPG firm to serve diverse distribution channels under data availability 

constraints? 

This research question defines in what cases direct/indirect distribution should be applied. The 

following step will analyze the indirect distribution scenarios in order to understand the role that 

distributors need to have to outsource distribution in a profitable way for the company. Hence, the 

research question is: 

RQ3: In what way can distributors support a CPG manufacturer’s channel selection in DRC? 

Considering the economic and logistics challenges that companies face to operate in the country, 

it is important to provide insights on what are the features of the most profitable regions to operate 

in. Similarly, a better understanding of the most costly facilities can help managers to identify where 

to improve efficiency through logistics and commercial strategies. Therefore, the fourth research 

question is:  

RQ4: How can companies identify logistics and commercial strategies to improve the profitability 

of regional warehouses?  

1.4. Methodology 

In this section, the methodology used to address the research questions is described. First, the 

data collection and validation procedures are explained, followed by the model formulation. Finally, 

the steps for the application and analysis of results are discussed.  

1.4.1. Data collection and validation  

To characterize the distribution channels and strategies (RQ1) data collection was performed as 

follows: 

 Research on-site and interviews with sales and distribution staff to understand the dynamics 

of the sales and product delivery processes.  

 Information about customer orders and sales was requested. An average month (October 

2016) was selected based on the input from managers and executives who suggested to 

consider this month in order to isolate the impact of operational changes (such as the closure 

of facilities).  A seasonality analysis was performed to confirm that October is an average 

month in terms of customer orders and sales.  
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In order to address the channel selection problem and to support the distribution network study 

of the company, data was collected related to: 

 Characteristics of the facilities: number, type, location, capacity, coverage, distances between 

manufacturing plant and depots/end-customers 

 Product portfolio characteristics 

 Finished goods from manufacturing plants to customers 

 Volumes from sales and market returns 

 Sales strategies and schemes used to serve clients 

 Distribution and other logistics costs 

 Population density and income level. 

 Number and density of traditional stores served by the company. 

 Customer order characteristics (drop size and frequency of purchase). 

 Logistics costs per channel, margin per channel, market growth per channel. 

Information regarding the income level per region, the number of traditional stores and customer 

order characteristics was estimated through informal interviews with sales force and a Trade Census 

(which covered about 30% of the points of sales) performed in 2016. 

Data were analyzed and validated through meetings with sales and distribution staff and 

executives. The meetings involved the validation of distribution processes, product flows through 

facilities (i.e., manufacturing plants, depots) to customers and logistics costs. Regarding costs, these 

computations were validated against financial reports. However, as is acknowledged by executives, 

the company lacks the structure of financial reporting of replenishment, storage and distribution 

processes, which constrained the data validation phase. These limitations were overcome by 

conducting several validation meetings with cross-functional teams (finance, supply chain, and 

commerce). Additionally, sales growth data per region was validated through informal surveys to sales 

managers and sales representatives. Moreover, to ensure general applicability, input data were 

compared with studies that the company has conducted in the region. 

1.4.2. Model Formulation 

The complexity of the retail operations in the country and the lack of data regarding demand 

points, sales volume, and stores locations, do not fit the traditional distribution network design and 

demand allocation approach that the company was planning to perform. The data availability 

constraint and the accuracy of the existing information could convey risks when making decisions 

regarding facility locations. Consequently, the network design was limited to the demand allocation 
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to the existing warehouses and integrated with the channel selection problem. Therefore, the model 

described in this project aims to provide enough flexibility to analyze different sets of scenarios to 

offer managerial insights for decision making coming from both projected revenue and costs.   

In this phase, we distinguished between the approach towards Kinshasa and other regions. Given 

that data availability was higher in Kinshasa compared to other provinces, the level of detail allowed 

for developing a model for channel selection and demand allocation. For other regions (Kisangani and 

Bukavu), an analysis was performed on warehouse level to determine the variation between logistics 

costs and the sales revenue.  

To address research questions RQ2 and RQ3, a decision support model and tool were developed 

for channel selection and demand allocation. The formulation is structured as a Mixed Integer Linear 

Problem (MILP). Due to corporate decisions and for the simplification of the model, the tool was 

implemented in Excel. The sub-stages of this phase are (Xiaoyun, 2016): 

1. Construction of base case scenario: According to the current situation the network flows, 

demand flows and costs were modeled to build a base case scenario. 

2. Base line improvement: Once the parameters, variables and constraints of the model were 

identified, the reference scenario was optimized through demand allocation based on 

minimum distance.  

3. Scenario analysis: The decision support tool was built based on trade-off and scenario analysis 

supported by assignment optimization models. Logistics costs were computed using 

continuous approximation approaches (Daganzo, 2005). The tool computes the profit4 based 

on the simulated scenario and assignment of sales strategies. 

 To address the problem of warehouse profitability in other regions (RQ4), the decision support 

tool was extended to include a cost-to-serve5 and revenue analysis as described below: 

1. Sales revenue calculation: Based on the sales prices per region, the sales revenue was 

computed for each warehouse. 

2. Logistics costs calculation: The replenishment, storage and distribution costs associated with 

the sales volume in the warehouses were computed following a cost-to-serve methodology 

(Mejía, Higuita, & Hidalgo, 2015). 

3. Cost to serve and profitability analysis: The difference between the sales revenue and logistics 

costs was calculated and compared to the most efficient warehouse in each region. As a result, 

                                                           
4 In this thesis, we refer to ‘profit’ as the difference between sales revenue and logistics costs.  
5 Cost to serve is the analysis of the activities and costs that are incurred to meet customer demand (Richardson, 
2014). 
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regions (i.e. warehouses) were classified according to their profitability to facilitate managers 

the identification of cost reduction initiatives or pricing strategies.  

1.4.3. Model application and results analysis 

The methodology was applied to a CPG manufacturer operating in the Democratic Republic of 

Congo (See chapters 4 and 6).  

1.5. Scope 

The thesis project involves the data analysis from the production or distribution locations and 

stores in Kinshasa. Supply chain flows from manufacturing plants to customers (direct and indirect 

deliveries) are included. All SKUs are taken into account (approx. 40). Logistics cost structures, sales 

forecast and profitability are considered for analysis. For other regions (Kisangani and Bukavu), the 

data is analyzed at warehouse level due to data limitations.     

Production planning, cash flow, raw materials and packaging flows, export and import flows and 

the vehicle routing problem are left out of scope. Similarly, the project does not include the analysis 

of characteristics of distributors (exclusive, non-exclusive), merchandising or pricing strategies. 

1.6. Contribution 

Besides the empirical insights derived from the application of the proposed methodology into a 

CPG manufacturer with operations in African markets, the theoretical contributions encompass: 1) 

the adaptation of Ge’s (2016) approach to consider non-rectangular sales regions in Daganzo’s 

continuous approximation of distribution distances, 2) the estimation of lift factors per region by using 

the volume sold, instead of growth rates and population density, due to the presence of incomplete, 

unreliable data, 3) a network design that takes into account more than one indirect delivery 

alternative (i.e., indirect deliveries via warehouses and self-collect deliveries performed by the 

clients).   

1.7. Thesis Outline  

This thesis is structured as follows: 

 Chapter 2: Addresses research question 1 through the description of the distribution channels 

and sales strategies in DRC. 

 Chapter 3: Develops a decision support model for channel selection, combining logistics cost 

efficiency and potential demand increase. 

 Chapter 4: Describes the application of the channel selection model to the case of a CPG 

manufacturer operating in DRC. 
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 Chapter 5: Describes an adapted methodology to evaluate the performance of warehouses 

based on a cost-to-serve analysis, and its application to evaluate warehouses operating in 

DRC.  

 Chapter 6: Concludes the thesis with the discussion of the contributions, recommendations 

and practical implications. 
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2. Characterization of the distribution channels and processes of the 

company 

The goal of this section is to address research question 1 by providing a description of the 

distribution processes and channels of the consumer packaged goods (CPG) company operating in 

DRC. The methodology applied for this characterization is adapted from research studies of 

distribution strategies in emerging markets (Blanco & Garza, 2012) and is summarized below: 

 

Figure 1-2: Methodology for characterization of distribution channels 

Thus, this section starts with a brief description of the company, followed by an explanation of the 

distribution channels, route-to-market strategies and distribution processes used to serve these 

channels. Finally, the volume flow, information, and financial flows are described. 

2.1. Company profile 

The company under study is a CPG manufacturer that started its production at Kinshasa in 1923. 

After 25 years, it expanded its operations to other regions in DRC: Sud-Kivu, Orientale, Bas-Congo, 

Equateur, and Katanga (Figure 1-3). In 1987, the company joined a multinational holding leader in the 

industry. Despite the support from this holding, during the last years, strong competition has entered 

the market causing a decrease of 10%6 in the market share of the main product category from 2012 

to 2016.  

 

Figure 1-3: Provinces of DRC 

                                                           
6 Refers to market share in Kinshasa. 
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At the beginning of 2016, the company operated five manufacturing plants (excluding Lubumbashi 

region). However, due to cost increase and reduction in profitability, two facilities were closed. As a 

result, the company is currently managing three manufacturing plants and 26 warehouses, located in 

Kinshasa, Kisangani, and Bukavu. The manufacturing plant located in Kinshasa accounts for 74% of the 

sales volume and supplies the warehouses in the surroundings of Kinshasa like Bas-Congo and 

Bandundu. Kisangani’s manufacturing plant supplies the provinces Orientale and Equateur, located in 

the north of the country and covers 9% of the total sales volume. Finally, 17% of the sales volume 

comes from the eastern part of the country (provinces of Nord-Kivu, Sud-Kivu, and Maniema) and is 

covered by the manufacturing plant located in Bukavu. The location of the facilities is illustrated in 

Figure 1-4 (red dots represent the manufacturing plants, and blue dots are the warehouses). 

 

Figure 1-4: Facility location in DRC 

2.1.1. Supply chain 

The company’s supply chain is formed by suppliers, manufacturing plants, and company’s clients 

who can be wholesalers and retailers. A general description of the supply chain is presented in Figure 

1-5. The manufacturing plant receives the raw material from external suppliers and 4% of the product 

portfolio from imports. The finished goods are distributed from the factories to warehouses and 

directly to company’s clients. The company manages three types of distribution schemes: 

1. Primary distribution: From manufacturing plants to the company’s warehouses. 

2. Direct distribution: Direct distribution to customers, generally using own trucks. These 

customers can be transshipment depots, small depots, and retailers. They can be served 

directly, either from a manufacturing plant or from a warehouse.  

3. Wholesale distribution: Distribution to distributors and wholesalers, either from the 

manufacturing plants or from warehouses. Two sub-schemes are distinguished: 

Kinshasa 

Kisangani 

Bukavu 
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• Delivery: Company delivers to the distributor’s headquarters or depots.  

• Self-collect: Distributors and wholesalers self-collect orders from the company’s 

warehouses. 

 

Figure 1-5: General scheme supply chain CPG manufacturer 

In addition to the variety of distribution schemes, a vast geographical extension of the country, 

poor infrastructure conditions, and market characteristics have caused distinctions in the product 

portfolio and sales price structure in these regions. These characteristics are described in the next 

sections. 

2.1.2. Finished goods flow 

As depicted in Figure 1-5, finished goods flow from the manufacturing plant in three streams: to 

a company warehouse, a wholesaler depot or a customer directly. The distribution of the volume in 

these streams differs depending on the demand characteristics and the capacity of wholesalers in each 

region. Hence, the volume flow is described separately below.  

i. Volume flow Kinshasa 

Until October 2016, the manufacturing plant supplied five warehouses located in the city and four 

in the outskirts. With the closure of one of the manufacturing plants at the end of 2016, Kinshasa took 

over the sales volume from Bas-Congo province, increasing its number of warehouses from 5 to 13. 

Kinshasa region accounts for 74% of the monthly sales volume in DRC. For explanatory purposes, the 

volume flow coming from the manufacturing plant was analyzed in two parts: the first one 

corresponds to the warehouses located within the city and in the outskirt of Kinshasa province 
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(Warehouse 1 to 9)7, and the second part refers to warehouses located in Bas-Congo (Warehouse 10 

to 14). Appendix A1 contains the details of the volume flow from the manufacturing plant in Kinshasa.  

The direct sales volume delivered from warehouses within the city accounts for 88% of the total 

sales, while wholesalers account for 12%. Nevertheless, the market returns are larger in the direct 

deliveries sales, corresponding to 26% of the gross sales volume. The number of market returns is 

higher in the Bas-Congo region (34%), where 100% of the sales volume comes from direct deliveries. 

ii. Volume flow Kisangani 

The region covered by the manufacturing plant located in Kisangani accounts for the 9% of the 

total monthly sales volume. The plant serves 11 warehouses by land and river transportation. The 

average distance from the manufacturing plant to the warehouses is 834 km and can take up to 12 

days to reach the farthest warehouse. Appendix A2 illustrates the number of finished goods that is 

shipped to each location. The market returns, in this case, correspond to 15% of the shipped volume.  

In this region, the information of sales volume was not available per type of channel, hence, no 

conclusions regarding the direct and wholesale volume could be obtained.  

iii. Volume flow Bukavu 

Sales volume in this region is 17% of the total volume. The manufacturing plant serves four 

warehouses which are reached by land and river transportation. In contrast to other manufacturing 

plants, in Bukavu, finished goods are shipped to a warehouse located 4km away from the plant and 

no sales are done at the factory. The percentage of direct sales account for 60% of the total volume 

and the market returns correspond to 32% of the shipped volume in this region. Appendix A3 depicts 

the distribution network in Bukavu.  

Volume flow is distinguished only per sales strategy, not per distribution channel because the 

information related to sales volume is aggregated depending on the route-to-market strategy used to 

serve the POS (i.e. sold directly or through wholesalers). Therefore, for the analyses performed in this 

study, no distinction is made in the sales volume at a channel level due to data accuracy and availability 

constraints. 

2.1.3. Product portfolio 

The focal company offers a product portfolio consisting of 47 SKU’s from two main categories 

according to the product composition. Due to confidentiality reasons, this report refers to these 

                                                           
7 Sales volume for Warehouse 5 is not included because it started to operate in Dec-2016 and data studied for 
this research consider only Oct-2016. 
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product groups as Category 1 and Category 2. Figure 1-6 shows that sales volume for each category 

differs among regions. In Kinshasa, Cat. 2 accounts for a sales volume 14% higher than Cat. 1. In 

contrast, in Kisangani and Bukavu, Cat.1 has a higher presence and Cat. 2 represents 75% less volume 

than Cat. 1. 

 
Figure 1-6: Sales volume per category for Kinshasa (Oct-16) 

 

Furthermore, Figure 1-7 illustrates that Cat.2 has a higher share in the sales volume of Kinshasa, 

both in the direct and wholesale channels (52% and 61%, respectively). In Kisangani and Bukavu, the 

opposite was observed, where Cat.1 represents the majority of the sales in both channels.   

 

Figure 1-7: Product category per channel 

The previous analysis reveals that there exists a product differentiation per region that is out of the 

scope of this project. Therefore, in logistics terms, we handled both product categories without 

distinction in storage and transportation costs to perform our analysis. 

2.1.4. Sales price 

Sales price is the price per unit charged to wholesalers or to truck drivers (in the case of the direct 

deliveries). According to information from the company, the main difference comes from the sales 

strategy used. For instance, in Kinshasa, the price of direct deliveries is higher to compensate 

transportation and sales force costs, and the wholesale price varies depending on whether the 
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distributor asks to be delivered in its depots or self-collect the product from a warehouse. A similar 

effect is observed in Bukavu, where the direct sales price is higher than the wholesale. Nevertheless, 

the data collected did not show this effect in Kisangani, because the price differentiation per channel 

only occurs in two out of 11 distribution centers.  

Another factor that causes the price differentiation among regions is the production costs. Figure 

1-8 suggests that the lowest weighted average price corresponds to the warehouse located at the 

manufacturing plant in Kinshasa, while Bukavu’s average price is 11% higher. This is due mainly to 

higher transportation costs of raw materials which are imported or shipped from Kinshasa to the other 

manufacturing plants. Thus, these additional costs are translated into higher sales price for other 

locations different than the main source.  

 
Figure 1-8: Weighted average price per region 

 

Finally, price differentiation can also be observed within each region. In all regions, the lowest sales 

price is charged in the closest warehouse to the manufacturing plants. The gap between the lowest 

and the highest sales prices among diverse regions varies between 23% and 38%. In all cases, the 

warehouse with the highest sales price is the one located farthest to the manufacturing plant. This 

suggests that the pricing policy of the company may be driven by the transportation costs and a 

strategy to compensate the cost to serve the regions with a higher price. Detailed information on sales 

prices per region can be found in Appendix B. 

2.2. Distribution channels and route-to-market strategies 

The distribution scheme explained in Figure 1-5 supports that direct and wholesale distribution 

are used to serve final customers. In this section, we aim to provide a more detailed description of 

these strategies and the distribution channels that are managed. First, we describe the distribution 

channels. Then, we explain how they are served through the channel structure and distribution 

processes, and finally, we include a description of the physical, information and financial flows in 

company’s supply chain.  
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2.2.1. Distribution channels 

The company manages a wide variety of distribution channels which, for the purpose of this study, 

are grouped into four main categories:  

1. Horeca: Bars, clubs, restaurants, and hotels. 

2. Traditional channel: Kiosks, ice boxes and households (ménages). 

3. Modern channel: Boutiques, supermarkets, and mini markets. 

4. Wholesalers: Small depots (dépôt relais), wholesalers and distributors. 

The channel that dominates the market is the traditional channel with a market share8 of 41% of 

the sales volume and 47% of the number of customers’ locations served by the company. Horeca and 

modern channels account together for 43% of the market share, while the wholesalers represent 16%, 

as seen in Figure 1-9. The dominant presence of the traditional channel observed in this case matches 

the findings of other studies in developing countries, where this channel holds a substantial 

participation and it is quite fragmented (Blanco & Fransoo, 2013).  

 

Figure 1-9: Market share per channel 

Based on the approach of Blanco and Fransoo (2013) to describe the modern and traditional 

channels in emerging countries, the following table explains the main characteristics of the 

aforementioned categories: 

 

 

 

 

                                                           
8 Market share as percentage of the monthly sales volume in the city of Kinshasa 
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Table 1-1: Distribution channel comparison9 

  Horeca Traditional Modern Wholesalers 

Type of location 
Varies from low comfort 
businesses to upper-
class locations 

Point of sales (POS) can be 
inside or on the same 
parcel as the house of the 
vendor, also in open 
spaces 

Small to large locations 
where products are 
presented on shelves  

Closed spaces to store large 
quantities of full product and 
open spaces for empty 
packages 

Line items Full case packs 
Consumer units and mixed 
packs 

Full case packs or pallets Full case packs or pallets 

Market share 30% 41% 13% 16% 

Drop size 10 CU10/day 2-5 CU/day 10 CU/day 
Small depots: <100 CU/day, 
wholesalers and distributors: 
200-1000 CU/day 

Frequency of 
purchase 

Daily Daily Daily Daily 

Channel strategy 
Direct delivery or by 
small depots 

Direct delivery, small 
depots or wholesalers 

Direct delivery or 
wholesalers 

Deliver or self-collect 

Financial flow Cash Cash Cash and formal credit Cash and formal credit 

 

In terms of the type of locations served by the company, traditional channel in Kinshasa is similar 

to other developing markets where no many formal barriers exist to operate these outlets and the 

stores can be located inside or on the same parcel as the house of the vendor (Blanco & Fransoo, 

2013). In addition, drop size is low compared to other channels (2 to 5 CU per day11) and the product 

assortment is constrained because of storage space limitations. Hence, vendors prefer to buy a limited 

number of units with a mix of products. In contrast, in the case of the modern and wholesaler channel, 

the volume allows delivering case packs or pallets.  

Moreover, there are channel features that increase the logistics complexity for the company. For 

instance, storage space limitation requires visiting the retailers daily to deliver small drop sizes in the 

case of horeca, traditional and in small formats of the modern channel (e.g., mini markets). In addition, 

the payments are generally done by cash. Therefore, trucks must arrive on time, before the competitor 

to assure that the vendor will have cash to buy the goods. As a result, the company needs to define 

the best way to serve these channels and balance the market opportunities with the logistics 

complexity based on specific features from each channel.   

2.2.2. Route-to-market 

To serve its channels, the company has developed a channel structure based on two main 

strategies: direct sales strategy and wholesale strategy. The majority of the sales volume is captured 

by the direct scheme and corresponds to 84% of the total, while 16% is done through wholesalers. In 

                                                           
9 Information for each channel was retrieved from the trade census performed by the company in 2016 and 
through interviews and market visits. 
10 CU: Commercial unit 
11 Drop size determined based on sampling during market visits. 
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this channel, there are small depots (dépôt relais) that have an intermediate role between the CPG 

manufacturer and the channels, as seen in Figure 1-10. They have drop sizes smaller than 100 CU/day 

and can serve customers from all the channels. The company estimates that around 20% of the points 

of sale (POS)) is served by these intermediaries. The difference between these mediators and other 

wholesalers is that sales volume is significantly lower, which allows the company to use their own 

trucks and daily market visits to serve them.  

 

Figure 1-10: Channel structure CPG Manufacturer 

As stated in studies on emerging markets (Blanco & Fransoo, 2013; Ge, 2016), there are strategic 

trade-offs between the direct and the indirect strategies. For instance, direct sales allow closer 

proximity to stores, enable an active relationship with the store owner and higher merchandising 

activities, and lead to better control in demand generation. On the other hand, direct strategies 

increase logistics complexity and costs since the companies invest in trucks and sales force to reach 

POS (Blanco & Fransoo, 2013). Additionally, the indirect strategy can decrease distribution, 

operational costs and logistics complexity at the cost of losing visibility of end customers and 

shopkeepers, with the opportunity to promote more demand on their products (Ge, 2016).  

Consequently, it is critical for companies to consider the sales and logistics perspectives in the 

decision of the channel strategy. This allows decision makers to analyze trade-offs and select strategies 

based on long term implications. 

2.2.3. Order placement and distribution processes 

Each route-to-market strategy defines an order placement and distribution process. In this section, 

the direct sales and wholesale processes are explained. Wholesalers can either be delivered directly 
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by the company or can collect the product themselves from the manufacturing plant. In both cases, 

the wholesaler places the order at the company’s manufacturing plant and it is processed by the 

commercial and logistics department. If the wholesaler chooses for the delivery option, he/she will 

state to which depot the order should be delivered. Thus, the company pays the corresponding 

transportation costs and picks the empty packages to return them to the manufacturing plant. If the 

wholesaler self-collects from the manufacturing plant, the order is loaded in his/her own truck and 

the company pays a fee for the empty packages that are handled in. A detailed description is provided 

in the process flow in Appendix C1. 

Direct sales are done by an on-board sales scheme, in which the truck driver performs the role of 

a sales representative. Sometimes, drivers might be accompanied by a cashier that will collect the 

order and payments and two or three additional workers to unload the products. A sales delegate, 

who is in charge of the activation and merchandising activities, provides a first estimate of the demand 

for the next day. This estimation might be adjusted during working hours based on actual sales 

reported by the driver. With this sales forecast, the loading list for the next day is prepared and trucks 

are loaded during the night. Next day, the driver visits the POS in his/her route. Orders placement, 

payment collection, and distribution are done in the same visit. At the end of the day, the truck returns 

to the warehouse where the driver deposits the collected payments in the warehouse’s bank. 

Similarly, returns and empty packages are registered back into the warehouse. The detailed 

description of this process is explained in Appendix C2. 

Currently, the company is planning to implement a direct sales scheme based on pre-sales. Under 

this scheme, the sales delegate will be in charge of taking the orders at the POS. Truck loading will be 

based on this information and deliveries will be done only to clients who placed an order and in the 

amount demanded12. 

In the next section, the information flow resulting from these processes is analyzed. 

2.2.4. Information flow 

Information flow varies between sales strategies. In the wholesale strategy, the customer demand 

is captured by the wholesaler who transmits this information to the company at each order placement. 

This order is registered in the transactional system from which the picking list and the delivery 

information is retrieved. Figure 1-11 represents this flow.  

It is worth mentioning that the company is aiming to implement a spreadsheet tool that will help 

the wholesalers to have a more formal way of managing their customer portfolio and sales volume. 

                                                           
12 By the end of this project the pre-sales scheme was not yet implemented. 
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By doing this, the company plans to increase the visibility of the POS and create synergies with the 

wholesalers to capture more stores and increase demand.  

 

Figure 1-11: Information flow Wholesalers 

In the direct sales scheme, the sales orders and market knowledge of the sales delegate are 

translated into sales forecast for the next day. This forecast can be adjusted based on the input of the 

driver from the actual sales. With this information, a loading list is created and registered into the 

system as a sales order to be later retrieved for the truck loading. The order release is conducted by 

the driver. Orders are captured during the sale process when the driver registers the order in a tablet, 

generates and prints the invoice. The information flow is depicted in Figure 1-12. 

Similarly to the case of the wholesalers, the company is working on improving the follow-up of the 

customer portfolio by capturing and storing sales volume and GPS coordinates of each client. This will 

allow the company to use this information for demand mapping, the definition of sales regions and 

allocation of the sales force to these regions.  
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Figure 1-12: Information Flow in Direct Sales 

2.2.5. Financial flow 

The most common payment method in both sales strategies is cash. In the case of the direct sales, 

the payment is collected by the driver of each route at the moment of the sale, it is stored in the safe-

deposit box in the car and is taken at the end of the day to the warehouse where the company 

manages its treasury office (warehouse bank).  

Wholesalers and customers of the modern channel can either pay by cash or bank notes. The 

wholesalers have their own bank at their depots where they collect the payments of their clients 

(generally in cash). The financial flow is depicted in Figure 1-13. 

 

Figure 1-13: Financial flow Direct and Wholesale processes 
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2.3. Key takeaways from Chapter 2 

With this chapter, the characterization of the distribution channels and sales strategies of a CPG 

manufacturer operating in DRC were addressed. It was identified that the market is characterized by 

a variety of distribution channels and that the traditional channel has a substantial participation in the 

market, accounting for the majority of the sales volume.  

Regarding the channel structure, there are direct and indirect sales. The latter are performed 

through small depots and wholesalers. There are strategic trade-offs between direct and indirect 

strategies. The direct scheme allows for closer proximity to retailers and enables merchandising and 

promotion activities that can lead to demand increase. However, the indirect scheme is more efficient 

in terms of logistics cost and operational complexity.   

The situation of the areas outside Kinshasa was also discussed. The analysis revealed that there is 

a differentiation in the product portfolio and sales price structure among the regions. In addition, the 

level of detail regarding demand volume differs from Kinshasa. For instance, in Kisangani, the 

information of sales volume is available only at a warehouse level. This variance in the level of data 

availability impacts the methodology choice, as it is explained in the next chapter.  
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3. Channel selection and demand allocation methodology 

Given that data availability and granularity vary between Kinshasa and other regions, the company 

decided to focus decisions on the operations related to Kinshasa. For regions outside Kinshasa, 

managers consider that instead of alternative location decisions and channel selection, it is important 

to understand the difference between the cost-to-serve and revenue in each region. Hence, the 

proposed methodology distinguishes two approaches: channel selection and demand allocation for 

Kinshasa and the delta cost-to-serve and revenue analysis. In this section, we describe the first one, 

while section 5 describes the second. 

To develop a suitable methodology for channel selection and demand allocation, it is important 

to consider the characteristics of the channels, distribution processes, and information flows 

explained in Chapter 2. In addition, to overcome limitations in data availability, it is necessary to 

integrate the available information on approximation methods that can support the estimation of 

certain parameters.  

The goal of this chapter is to explain the design of the model for channel selection supported by a 

continuous approximation approach. Section 3.1 presents a general scheme of the channel selection 

process. In section 3.2, the assumptions considered in the model formulation are discussed, followed 

by the mathematical formulation in section 3.3. Finally, the solution method is explained in section 

3.4.  

3.1. Channel selection and demand allocation model 

The proposed approach to address channel selection and demand allocation includes three stages. 

First, for each sales region, the model aims to decide the sales volume that should be delivered to 

customers by a direct sales strategy or indirectly through wholesalers. The next decision is related to 

the demand allocation to a company warehouse. Finally, when a wholesaler’s depot is selected, the 

model aims to support the decision whether it should be delivered from the manufacturing plant, 

another warehouse, or if wholesalers should self-collect the product from a warehouse. This decision 

process is summarized in Figure 3-1: 
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Figure 3-1: Channel selection and demand allocation process 

3.2. Model assumptions 

The model explained in this section assumes the following: 

- Demand is deterministic and uniformly distributed within the sales region. This is reasonable 

given that cities in emerging markets are characterized by a high store density and might be 

segmented into sales regions (communes) based on socio-demographic features. In addition, 

the model subdivides regions with large geographical extension into smaller areas. 

- Demand increases following company´s forecast. Forecasts help to estimate a lift factor13 per 

channel strategy. Moreover, the model analyzes a static case to account for zero-growth in 

demand. 

- A sales region can be served directly, indirectly or by a combination of both strategies. In 

either case, demand per sales region is always satisfied 100%.  

- We assume that vehicle capacity differs per type of channel. Direct deliveries are done in 

smaller trucks compared to the ones used to replenish wholesalers’ depots.  

- Replenishment costs from the production plant to warehouses are based on a fixed tariff from 

origin to destination. Therefore, replenishment cost depends only on the volume (CU) shipped 

but not on distances traveled.   

3.3. Mathematical formulation  

The notation used for sets, parameters, and variables in the model are explained in the following table.  

Table 3-1: Sets, parameters, and variables - Channel selection and demand allocation 

Sets 

𝑖 ∈ 𝐼 Set of warehouses 

𝑗 ∈ 𝐽 Set of wholesalers’ depots 

𝑘 ∈ 𝐾 Set of sales regions 

                                                           
13 We use the term ‘lift factor’ to refer to demand changes in discrete periods of time. We distinguish the lift 
factor from a growth rate given that the analysis does not include a time horizon.  
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𝑙 ∈ 𝐿 Set of sales strategies (e.g., Direct (D), Wholesalers delivered (W), self-collect (S)) 

Parameters 

𝜋𝑙 Revenue after logistics costs from sales strategy 𝑙 (US$) 

𝑐𝑖
𝑅 Variable transportation cost from production plant to warehouse 𝑖 (US$/CU) 

𝑐
𝑖

𝑆𝑓  Fixed storage cost at warehouse 𝑖 (US$) 

𝑐𝑖
𝑆𝑣 Variable storage cost at warehouse 𝑖 (US$/CU) 

𝑐𝑊𝑓 Fixed cost per tour to deliver to wholesalers (US$) 
𝑐𝑊𝑣 Variable transportation cost for deliveries to wholesalers (US$/CU-km) 
𝑐𝑊𝑒 Variable cost under self-collect (wholesalers pick products from warehouses) (US$/CU) 

𝑐𝐷𝑓 Fixed cost per tour for direct deliveries to retailers (US$) 
𝑐𝐷𝑣 Variable transportation cost for direct deliveries (US$/CU-km) 
𝑝𝑙  Unit sales price in sales strategy 𝑙 (US$/CU) 
𝑑𝑖𝑗  Distance from warehouse 𝑖 to wholesaler depot 𝑗 (km) 

𝑑𝑖𝑘  Distance from warehouse 𝑖 to the centroid of sales region 𝑘 (direct deliveries) (km) 
𝑑𝑘 Delivery kilometers within sales region 𝑘 based on Daganzo’s approximation methods 

(km) 

𝑅𝑘
𝑙  Number of tours required to cover sales volume under strategy 𝑙 in region 𝑘  

𝑚 Dimensionless constant to estimate tour distances 
𝐴𝑘 Geographical extension of sales region 𝑘 (km2) 
𝛿𝑘  Store density in sales region 𝑘 (number of stores/km2)  
𝑛𝑘 Number of stores served per tour in sales region 𝑘 
𝑁𝑘  Total number of stores that are served directly in sales region 𝑘 
𝑤𝑘 Average drop size per store in region 𝑘 (CU) 

𝛼𝑘
𝑙  Lift factor of sales in region 𝑘 when performing sales strategy 𝑙 

𝑄𝑙 Maximum capacity of vehicle used for sales strategy 𝑙 (CU) 
𝑢𝑖𝑗𝑘 Volume handled by wholesaler’s depot 𝑗 in region 𝑘 delivered from warehouse 𝑖 (CU) 

𝐶𝑎𝑝𝑆𝑖 Capacity of warehouse 𝑖 (CU) 
𝑧𝑘 Total demand volume of sales region 𝑘 (CU) 

Decision variables 

𝑣𝑖𝑘
𝑙  Volume of sales area 𝑘 served under sales strategy 𝑙 from warehouse 𝑖 (CU) 

𝑦𝑘 = {
1 if wholesalers in region k self-collect the product from a warehouse
0 if product is delivered by the CPG manufacturer to depot in region k 

  

 

 The model aims to maximize the revenue after logistics costs considering the volume that is served 

directly or by a wholesale strategy in each sales region and to select from the scenarios with the 

highest revenue. Therefore, the objective function is defined by: 

П = ∑ 𝜋𝑙𝑙∈𝐿            (1) 

 This term in (1) represents the overall revenue after logistics costs acquired from serving clients 

under all possible strategies. The revenue for each type of strategy is determined by the difference 

between sales revenue and total logistics costs (see equation 8). The components of the objective 

function are described below: 

a. Sales revenue: Is defined by the unit sales price 𝑝𝑙  multiplied by the volume delivered by sales 

strategy 𝑙, 𝑣𝑖𝑘
𝑙 , which includes the lift factor of sales 𝛼𝑘

𝑙  for each sales region: 
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𝑝𝑙 ∗ ∑ ∑ 𝑣𝑖𝑘
𝑙

𝑘∈𝐾 ∗ (1 + 𝛼𝑘
𝑙 )𝑖∈𝐼                     ∀ 𝑙 ∈ 𝐿       (2) 

b. Replenishment costs: The transportation costs of the product from the manufacturing facility to the 

warehouses are defined by: 

∑ ∑ 𝑐𝑖
𝑅 ∗ 𝑣𝑖𝑘

𝑙 ∗ (1 + 𝛼𝑘
𝑙 )𝑘∈𝐾𝑖∈𝐼                   ∀ 𝑙 ∈ 𝐿       (3) 

c. Storage costs: They correspond to the sum of fixed costs and variable costs of storing the sales 

volume in each warehouse:  

∑ ∑ 𝑐𝑖
𝑆𝑣 ∗ 𝑣𝑖𝑘

𝑙 ∗ (1 + 𝛼𝑘
𝑙 )𝑘∈𝐾𝑖∈𝐼 + ∑ 𝑐

𝑖

𝑆𝑓
𝑖∈𝐼                   ∀ 𝑙 ∈ 𝐿     (4) 

d. Distribution costs: These costs are differentiated per sales strategy. In each case, fixed and variable 

costs are considered. For direct delivery, the tariff per commercial unit (US$/CU) is decomposed into 

two categories: the first one corresponds to the fixed cost per tour and includes the cost of trucks 

(insurance and depreciation) and damaged products, and is denoted by 𝑐𝐷𝑓. The second is the variable 

component denoted by  𝑐𝐷𝑣 which includes the driver’s salary, fuel, repair and maintenance costs. 

This cost corresponds to the transportation of a unit per kilometer from the warehouse to the stores. 

Therefore, distribution cost for the direct strategy is modelled as follows:  

For 𝑙 = 𝐷: 

𝑐𝐷𝑓 ∗ ∑ 𝑅𝑘
𝑙

𝑘∈𝐾 + 𝑐𝐷𝑣 ∗ ∑ ∑ (2 ∗ 𝑑𝑖𝑘 + 𝑑𝑘) ∗ 𝑣𝑖𝑘
𝑙 ∗ (1 + 𝛼𝑘

𝑙 )𝑘∈𝐾𝑖∈𝐼     (5) 

 For wholesale strategy, a fixed cost per tour, denoted by 𝑐𝑊𝑓, is assigned when wholesalers are 

delivered from the company’s warehouses. In addition, a variable cost, 𝑐𝑊𝑣, is assigned for each unit 

transported from a warehouse to the wholesaler’s depot. In the case when wholesalers self-collect 

the goods, the variable cost per unit is denoted by 𝑐𝑊𝑒 and we distinguished between self-collect and 

delivery by adding the variable 𝑦𝑘: 

For 𝑙 = 𝑆: 

𝑐𝑊𝑒 ∗ ∑ ∑ 𝑣𝑖𝑘
𝑙

𝑘∈𝐾𝑖∈𝐼 ∗ 𝑦𝑘           (6) 

For 𝑙 = 𝑊: 

𝑐𝑊𝑓 ∗ ∑ 𝑅𝑘
𝑙

𝑘∈𝐾 + 𝑐𝑊𝑣 ∗ ∑ ∑ ∑ 𝑢𝑖𝑗𝑘 ∗ 𝑑𝑖𝑗 ∗ (1 − 𝑦𝑘)𝑘∈𝐾𝑗∈𝐽𝑖∈𝐼      (7) 

Therefore, the profit for sales strategy 𝑙 is modelled as follows: 

𝜋𝑙 = 𝑆𝑎𝑙𝑒𝑠 𝑟𝑒𝑣𝑒𝑛𝑢𝑒 − 𝑅𝑒𝑝𝑙𝑒𝑛𝑖𝑠ℎ𝑚𝑒𝑛𝑡 𝑐𝑜𝑠𝑡𝑠 − 𝑆𝑡𝑜𝑟𝑎𝑔𝑒 𝑐𝑜𝑠𝑡𝑠 − 𝐷𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡𝑠   (8) 
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 In addition, in order to account for the capacity in warehouses and wholesalers depots, and to 

guarantee that all the demand on a sales region is met, the following constraints are introduced: 

∑ ∑ 𝑣𝑖𝑘
𝑙

𝑘∈𝐾 ∗ (1 + 𝛼𝑘
𝑙 )𝑙∈𝐿 ≤ 𝐶𝑎𝑝𝑆𝑖               ∀ 𝑖 ∈ 𝐼      (9) 

𝑣𝑖𝑘
𝑊 ∗ (1 + 𝛼𝑘

𝑊) ≤ ∑ 𝑢𝑖𝑗𝑘𝑗∈𝐽                            ∀ 𝑖 ∈ 𝐼, 𝑘 ∈ 𝐾      (10) 

∑ ∑ 𝑣𝑖𝑘
𝑙

𝑖∈𝐼 ∗ (1 + 𝛼𝑘
𝑙 )𝑙∈𝐿 ≥ 𝑧𝑘                          ∀ 𝑘 ∈ 𝐾       (11) 

 Constraint (9) prevents the volume from exceeding the throughput capacity in each warehouse. In 

constraint (10) the volume served by wholesalers is limited to the capacity of each depot 𝑢𝑖𝑗𝑘. In the 

analysis, this constraint will be relaxed and dummy locations will be considered to evaluate how 

distributors can support the optimal channel selection. Equation (11) guarantees that the demand in 

all sales regions is satisfied. Finally, constraint (12) is related to the type of variables: 

𝑣𝑖𝑘
𝑙 ∈ 𝕫 , 𝑦𝑘 ∈ {0,1}       ∀ 𝑖 ∈ 𝐼, 𝑘 ∈ 𝑘, 𝑙 ∈ 𝐿        (12) 

 The computation of the distances 𝑑𝑖𝑘  ,𝑑𝑘, number of tours 𝑅𝑘
𝑙  and the lift factor of sales 𝛼𝑘

𝑙  are 

explained in the next sections.   

3.3.1. Continuous approximation 

The distance between the production plant and the warehouses 𝑑𝑖  and the distance from each 

warehouse to the wholesaler depot 𝑑𝑖𝑗 , are computed based on the geographic coordinates of the 

production plant, warehouses and depots, using an online tool for the approximation of Google Maps 

driving distances (Doogal, 2017). 

 For direct deliveries, the model requires computing the tour distance. Given that the geographic 

coordinates of the points of sales (POS) are not available, an estimate of the daily kilometers traveled 

by a truck to deliver products to 𝑛𝑘 stores can be computed by applying Daganzo’s approximation 

(2005): 

𝑇𝑜𝑢𝑟 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 2 ∗ 𝑑𝑖𝑘 + 𝑑𝑘 = 2 ∗ 𝑑𝑖𝑘 + (
𝑚

√𝛿𝑘
) ∗ 𝑛𝑘      (13) 

 The distance from each warehouse to a POS region (𝑑𝑖𝑘) is computed based on the geographic 

coordinates of the warehouses and the centroids of each area, using the aforementioned procedure. 

This distance is considered as a round trip, which is captured in equation (13) by the term (2 ∗ 𝑑𝑖𝑘). 

The parameter 𝑚 is a constant that depends on the metric used to compute the distances. Literature 

suggests 𝑚 ≈ 1.15 if the number of stores is significantly larger than the number of tours that are 

required to serve the sales area (Merchan, Blanco, & Winkenbach, 2016). In order to understand the 
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behavior of this parameter considering the driving limitations in Kinshasa, the driving distances were 

compared against the real distances (computed with the Haversine formula). Taking the coordinates 

of the company’s warehouses, the Haversine distances were computed between each location and 

then compared to the driving distances provided by Google maps. The factor obtained was: 𝑚 ≈ 1.4.  

This computation can be found in Appendix D. 

Another parameter influencing the distance traveled within the sales area is the store density 

defined by the ratio of total number of stores that are served directly and the geographical extension 

of the region: 

𝛿𝑘 =
𝑁𝑘

𝐴𝑘
           (14) 

In addition to the tour distances, we need to define the number of tours required to satisfy the 

demand of each sales strategy 𝑅𝑘
𝑙 . This parameter depends on the vehicle capacity and time 

constraints.  In our study, the capacity constraint is larger than the time constraint, therefore, the 

number of tours is approximated by: 

𝑅𝑘
𝐷 = 𝑀𝑎𝑥 [

𝑁𝑘

[𝑄𝐷

𝑤𝑘
⁄ ]

− , 1]            (15) 

𝑅𝑘
𝑊 = 𝑀𝑎𝑥 [

∑ 𝑢𝑖𝑗𝑘𝑖∈𝐼,𝑗∈𝐽

𝑄𝑊 , 1]            (16) 

In equation (15) it can be seen that the capacity constraint for the direct strategy is based on the 

number of stores in a region 𝑁𝑘  and the capacity of the vehicles in relation with the average demand 

per store 𝑤𝑘. For deliveries to wholesalers (16), the capacity of each depot is divided into the capacity 

of the vehicles. In each case, a minimum of one tour is required if demand is positive.  

It is important to highlight that the formulation captures the economies of scale resulting from 

changes in demand. Notice that the term 𝑚 √𝛿𝑘⁄  in equation (13) represents the distance traveled by 

the truck between stores. If the store density increases, the distances between stops decreases. 

Consequently, a truck can deliver the same volume traveling smaller distances.  

With the estimation of these parameters, we can obtain an approximation of the distribution cost 

functions. Next, we will discuss how the potential changes in demand volume can be estimated.   
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3.3.2. Lift factor of sales 

 We determine the lift factor of sales under the direct and wholesale strategy, 𝛼𝑘
𝐷 and 𝛼𝑘

𝑊, 

respectively. This lift factor allows to simulate changes in demand per channel, given that information 

about growth rates was not available. First, a multiple regression was performed to analyze the effect 

of a set of variables on the sales volume. Independent variables were chosen based on the data 

availability and sociodemographic factors that were estimated for each sales region. These variables 

include: total the number of stores per sales region, number of stores covered by the company, 

number of distributors locations, store density per km2, market share, population14 and income level. 

To examine the contribution of each explanatory variable to the prediction model, the stepwise 

regression procedure was applied (Hair, Black, Babin, & Anderson, 2014).  

 A non-complex predictive model of the sales volume resulted in the following equation: 

𝑍𝑘 = −15,323 + 44.8 ∗ 𝑋1𝑘 + 5448.6 ∗ 𝑋2𝑘 + 휀                (17) 

 Where 𝑋1𝑘 and 𝑋2𝑘 correspond to the number of stores and number of distributors locations, 

respectively. The model has an adjusted coefficient of determination R2 equal to 0.78. Nevertheless, 

it is important to keep in mind that the sample size is small (24 sales regions). Hair et al. (2014) suggest 

that with fewer than 30 observations, a simple regression analysis with only a single independent 

variable is more appropriate. As a result, the final prediction model (with R2 equal to 0.74) is defined 

by the number of stores in the sales region: 

𝑍𝑘 = −4156 + 45.9 ∗ 𝑋1𝑘 + 휀         (18) 

 Even though the sample size is small, the model from equation (18) allows making conclusions 

about the statistical relationship between the number of stores in the sales region and the demand 

volume. The results of the correlation and stepwise analysis are shown in Appendix E.  

 The next step defines the incremental factor of sales. To capture the difference in the number of 

stores and sales volume among regions, we adapted the approach of Ge (2016) to assume that regions 

with sales volume higher than the average of all the regions should experience sales increase higher 

than average as well. Consequently, the annual lift factor of sales is computed as: 

𝛼𝑘
𝐷 =

𝑆𝑎𝑙𝑒𝑠 𝑣𝑜𝑙𝑢𝑚𝑒 𝑖𝑛 𝑟𝑒𝑔𝑖𝑜𝑛 𝑘

𝑊𝐴 𝑆𝑎𝑙𝑒𝑠 𝑣𝑜𝑙𝑢𝑚𝑒
∗ 𝐴𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑙𝑒𝑠 𝑔𝑟𝑜𝑤𝑡ℎ 𝑑𝑖𝑟𝑒𝑐𝑡 𝑐ℎ𝑎𝑛𝑛𝑒𝑙     (19) 

                                                           
14 No census information was available. Data from 2014 was obtained from the Ministry of Health. To estimate 

the population growth in 2016, the yearly percentage population change was considered (3.22% in 2015 and 
3.18% in 2016) (Worldometers, 2017). 
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𝛼𝑘
𝑤 =

𝑆𝑎𝑙𝑒𝑠 𝑣𝑜𝑙𝑢𝑚𝑒 𝑖𝑛 𝑟𝑒𝑔𝑖𝑜𝑛 𝑘

𝑊𝐴 𝑆𝑎𝑙𝑒𝑠 𝑣𝑜𝑙𝑢𝑚𝑒
∗ 𝐴𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑙𝑒𝑠 𝑔𝑟𝑜𝑤𝑡ℎ 𝑤ℎ𝑜𝑙𝑒𝑠𝑎𝑙𝑒 𝑐ℎ𝑎𝑛𝑛𝑒𝑙    (20) 

 The denominator in equations (19) and (20) corresponds to the weighted average of the sales 

volume with respect to the total number of stores in a sales region.  

3.4. Solution Method 

 The model described in the previous section is structured as a Mixed Integer Linear Problem (MILP) 

and was implemented in Excel in order to create a decision support tool (DST). The decision of building 

this tool in Excel was motivated by the fact that the decision makers in emerging markets need to use 

accessible software to get solutions and modify the parameters to evaluate scenarios for all the sales 

regions. Therefore, to simplify the optimization, this DST is based on scenario analyses supported by 

assignment optimization approaches to allocate sales regions to warehouses and select the sales 

strategy that yields the maximum profit.  

 Two cases are considered: a static model where the market size does not change (𝛼𝑘
𝑙 = 0), and a 

demand increase case where there is a lift factor of sales (𝛼𝑘
𝑙 > 0). For both cases, scenarios are 

defined by a combination of sales strategies and warehouse allocation. To solve the model, we first 

take a distance minimization approach by assigning a sales region to the nearest warehouse (to avoid 

the overlapping of delivering routes). On top of this, the scenarios are performed and the optimal 

solution is found according to the following routine:  

 

Table 3-2: Solution method for channel selection 

Solution Method for channel selection and demand allocation 

1) For each sales region 𝒌: 

 Allocate sales region to a warehouse based on minimum distance. 

 Consider unconstrained problem and find 𝒗𝒊𝒌
𝒍 , such that revenue in sales region 𝒌 is 

maximized.  
2) Based on allocation in 1): 

 Compute warehouses’ throughput volume 
If total volume assigned > warehouse capacity 

 Increase wholesales volume respecting current wholesaler’s capacity 

 

 

3.5. Scenario Definition 

 The scenarios for the analysis are built based on a combination of sales strategies and warehouse 

allocation. In addition, we include the lift factor of sales to account for scenarios with static and 

increased demand. Table 3-3 depicts the dimensions and levels proposed for the scenarios. For the 
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model application, a set of relevant scenarios was chosen from the possible combinations of these 

dimensions.  

Table 3-3: Dimensions and levels for scenario analysis 

Annual sales growth Wholesale type From warehouse % Direct volume 

0% -20% 
Delivered,  

Self-collect 

Manufacturing plant, 

Nearest warehouse 
0% to 100% 

 

 In the following chapter, we explain the application of the model to the operations of a CPG 

manufacturer operating in Kinshasa.  

3.6. Key takeaways from Chapter 3 

In this chapter, the model assumptions, mathematical formulation and solution method of the 

channel selection and demand allocation problem were explained. The model aims to maximize the 

revenue after logistics costs resulting from the allocation of sales strategies and warehouses to sales 

regions.  

Given that distances between points of sales are not available, the distribution costs are modeled 

based on a continuous approximation approach, taking into account driving limitations in the urban 

area and the store density. The model is able to capture the economies of scale resulting from sales 

increase. In addition, a lift factor of sales is included to estimate an annual demand increase (lift factor) 

for each sales region, and it is modeled according to the number of stores and volume sold in the 

regions.  

Finally, the model is implemented in Excel and solved through a routine that minimizes distances 

between warehouses and sales regions and allocates volume to sales strategies according to the 

maximum revenue.   
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4. Application of channel selection model and results 

The methodology previously explained was applied to data from a CPG manufacturer with 

operations in DRC. The data was used to estimate the parameters of the model and to run the 

scenarios to determine the best sales strategy in the sales regions. The model is applied to the sales 

regions located in the city of Kinshasa. This section explains the definition of the parameters and the 

results of the model under a static case that assumes no demand changes and cases where a lift factor 

is applied to the demand. In addition, a sensitivity analysis is performed. 

4.1. Data collection and analysis 

The results of the data collection processes of the relevant information to the model are explained 

below:  

 Demand mapping 

The demand information was not associated to a POS or to a geographical location that could be 

used for the demand allocation problem. Therefore, we considered the most detailed level of demand 

information that was available: sales volume per truck driver, and sales volume per distributor, for 

direct and indirect sales, respectively. The demand was mapped to a commune in the city, as follows: 

 Direct sales: The volume sold by the driver was mapped to the commune where the 

majority of his clients are located.  

 Indirect sales: One distributor can depend on more than one depot. Therefore, the location 

of each depot was mapped to a commune and the total sales volume of a distributor was 

divided to each location according to the total number of stores in that commune. 

As a result, 26 sales regions were identified and the mapping resulted in the computation of the 

total demand in each commune which is illustrated in Figure 4-1 as a heat map (notice that the color 

varies according to the sales volume).  
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Figure 4-1: Demand mapping and distributors locations Kinshasa 
 

As it can be seen in the map above, the sales volume is concentrated in some communes. In fact, 

the Pareto analysis revealed that 80% of the sales volume is located in 14 communes. In addition, the 

graph illustrates the location of the distributors’ depots and where the wholesale strategy can be 

applied. The demand mapping allowed to identify the indirect and direct sales in each region, which 

is depicted in Figure 4-2. It is observed that in most of the communes the directs sales dominate the 

indirect ones, except for the commune located in the lower right corner (Kimbaseke), which is 

reasonable considering that this commune has many distributors depots as shown in Figure 4-1. In 

those locations where there are no distributors, the total volume belongs to direct sales.   

  

Figure 4-2: Direct and Indirect sales comparison for sales regions 
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Sales volume per commune was used to determine the demand in each region (𝑧𝑘).  

 Logistics costs 

The logistics costs are composed of the replenishment, storage, and the distribution costs. Except 

for the replenishment costs and distribution to wholesalers, the information was not available at first 

hand. Therefore, a bottom-up approach was followed to build a cost structure for the storage and 

direct distribution costs. An explanation of the costs is provided below: 

a. Storage costs were computed as a function of the personnel costs, rent costs, repair and 

maintenance costs, and other fixed costs. These costs were classified into fixed and variable.  

b. In the case of wholesalers delivered by the company, a fixed tariff per commercial unit per 

kilometer was available. In the self-collect strategy, a fixed rate per commercial unit was used. 

c. For direct deliveries, given that the company uses its own trucks, cost components were 

identified to build the cost per commercial unit. The components taken into account were fuel 

cost, vehicle repair and maintenance, depreciation, insurance and taxes, driver commission 

and cost of damaged product (losses).  

The unit costs are listed in Appendix F. 

 Replenishment and delivery distances 

Driving distances between facilities and within sales regions were computed as explained in 

section 3.3.1. The detailed information can be found in Appendix G.  

 Sales revenue 

The price per unit varies depending on the product category and SKU. Given that the analysis 

considers the aggregate volume of the sales strategies, a weighted average sales price was computed 

with respect to the sales volume of the direct and wholesale strategies. In addition, an estimation of 

the average production cost per unit was discounted from the sale price in order to get a more realistic 

estimation of the sales revenue.  These values are depicted in Appendix F4. 

 Sales increase 

We used a sales forecast from the company to estimate the potential demand variation. 

Information was not available per channel strategy. The expected yearly increase was reported to be 

20% (comparing Oct-2016 and Oct-2017). Current proportions of direct and indirect sales (84% and 

16%, respectively) were applied to this total, resulting in a variation of 16.8% for the direct sales and 

3.2% for indirect sales. As a result, the incremental factor of sales for each region explained in Chapter 

3 was determined by: 
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𝛼𝑘
𝐷 =

𝑆𝑎𝑙𝑒𝑠 𝑣𝑜𝑙𝑢𝑚𝑒 𝑖𝑛 𝑟𝑒𝑔𝑖𝑜𝑛 𝑘

𝑊𝐴 𝑆𝑎𝑙𝑒𝑠 𝑣𝑜𝑙𝑢𝑚𝑒
∗ 16.8%      

𝛼𝑘
𝑤 =

𝑆𝑎𝑙𝑒𝑠 𝑣𝑜𝑙𝑢𝑚𝑒 𝑖𝑛 𝑟𝑒𝑔𝑖𝑜𝑛 𝑘

𝑊𝐴 𝑆𝑎𝑙𝑒𝑠 𝑣𝑜𝑙𝑢𝑚𝑒
∗ 3.2%  

The values of these parameters can be found in Appendix H. 

The data collected was used as an input for the model explained in Chapter 3 and implemented in 

an Excel tool. Following the methodology explained, first, we computed a base scenario to understand 

the current situation of the company followed by a base line improvement that was used later on for 

the scenario analysis. These steps are discussed in the next section.  

4.2. Base case scenario and base line improvement 

Profit in the base case scenario was built considering the sales prices, an estimation of the 

production costs, logistics costs and sales volume provided by the company. In the reference scenario, 

84% of the sales volume correspond to direct sales, while the remaining 16%, to indirect sales. As it 

can be observed in Figure 4-3, the logistics costs account for 6% of the sales revenue, and they include 

the costs of replenishment to warehouses, storage and direct and indirect distribution.  

 

Figure 4-3: Reference and base line optimization scenarios 

After the reference scenario, the base line improvement was built in order to eliminate some 

inefficiencies in the operations that could suppress the effect of the channel selection in the scenario 

comparison. The analysis of the distribution processes of the company unveiled that some sales 

regions were served directly from more than one warehouse. Therefore, in the base line optimization, 

we simulated that the direct sales for each region were done from a single warehouse. Following an 

optimization approach based on distance minimization, each sales region was assigned to its nearest 

warehouse. Consequently, the optimized base line scenario resulted in a cost reduction of 1%, as 

shown in the right part of Figure 4-3.  
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In addition, the average price and the logistics cost per unit were computed for the base case and 

improved base line. The results can be found in Appendix I and they showed that in the improved base 

line, the resulting revenue after logistics costs per unit is 18% higher in the direct channel, compared 

to the indirect (𝜋𝐷 > 𝜋𝑊). 

 

4.3. Scenario definition 

In order to narrow the number of scenarios to be analyzed, the improved base case was tested 

against different ratios of wholesale and direct sales. When varying the proportion of direct sales (as 

a percentage of the total sales volume) the logistics cost increases at a lower rate than the revenue as 

shown in Figure 4-4.   

 
Figure 4-4: Logistics cost and sales revenue as function of the percentage of direct sales 

It can be observed that the cost curve increases slightly with different percentages of direct 

volume. Hence, we can narrow the number of scenarios to include fewer levels of dimension. In 

addition, based on input from sales representatives, the levels of sales growth is limited to 0%, 5% and 

20%. As a result, the levels of the dimensions for the generation of scenarios are depicted in Table 4-1. 

Table 4-1: Factor levels for scenario analysis 
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 A full factorial experiment resulted in 168 possible combinations which were tested in Excel VBA. 

The list of the scenario is presented in Appendix J. 

4.4. Scenario analysis 

In this section, we present the results from the scenario analysis under the static and the demand 

increase cases. The scenarios compare the logistics costs and the revenue after logistics costs per unit 

to isolate the effects of changes in demand. For this, the total revenue (excluding logistics costs) and 

the costs were divided by the total sales volume.  

4.4.1. Static scenarios 

i. General results 

The static case assumes that no changes in demand occur. We first compare the total revenue and 

costs to serve all the sales regions and evaluated the unconstrained problem. The results revealed that 

the most profitable scenarios correspond to the cases where 100% of the sales are direct. First, we 

analyzed which is the most profitable wholesale strategy to later compare it with the direct strategy.  

In Figure 4-5 the revenue after logistics cost and the logistics costs per unit are illustrated for 

scenarios where the wholesale volume is self-collected or delivered to wholesalers from the 

manufacturing plant (MP) or the nearest warehouse (NW). The revenue per unit is 24% higher when 

the wholesalers are delivered by the company compared to the self-collect strategy, this is caused by 

a higher sales price (𝑝𝑊 > 𝑝𝑆). Similarly, it is more convenient to deliver wholesalers from the 

manufacturing plant rather than the nearest warehouse. When doing so, a higher revenue per unit 

(1%) is gained and the unit cost is lower because there is no extra cost associated to the replenishment 

of another warehouse.  

 

Figure 4-5: Logistics costs (LC) and revenue after LC per unit – Static case Wholesale 
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Following the previous analysis, we chose the wholesale strategy W (delivered from 

manufacturing plant) to compare the revenue after LC against different percentages of direct sales. 

The bar chart from Figure 4-6 shows that despite the unit cost being the highest, a higher revenue per 

unit is obtained when delivering directly. It is observed that the cost increases 23% and the revenue 

20% when switching from wholesale strategy W (0% direct) to 100% direct. However, this does not 

reduce the revenue per unit given that the unit sales price (Appendix F4) is higher in the direct strategy 

(𝑝𝐷 > 𝑝𝑊), therefore more volume is sold at a higher price. 

 

Figure 4-6: Logistics costs (LC) and revenue after LC per unit vs. direct sales – Static case 

 

In addition, we analyzed the components of the logistics costs to understand the increase when 

switching from wholesale to direct strategy. The cost breakdown is shown in Figure 4-7 and allows to 

compare how the total costs vary as a function of the percentage of direct sales.  

 

Figure 4-7: Logistics costs breakdown - Static case 
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higher unit costs. Regarding distribution costs, the direct distribution costs also increase as the number 

of stores and the tours required to serve them are higher, which affects the fixed costs. The variable 

costs show a smoother increase because despite distributing more volume, the advantage of 

economies of scale is captured given that the trucks need to travel smaller distances as the store 

density increases. The behavior of the direct distribution costs is represented in the following chart: 

 

Figure 4-8: Direct distribution costs and Total distribution costs 

Even though the direct costs increase, the previous two graphs show that the total distribution 

costs decrease as more volume is delivered directly. This occurs because the wholesale tariff is larger 

than the direct (Appendix F5). Therefore, it is important to evaluate the effect of higher direct costs in 

a sensitivity analysis, which is discussed in section 4.5. 

To summarize, the general results show that as the volume sold through direct strategy increases, 

the logistics cost also increase due to higher replenishment and storage costs. However, the revenue 

also increases because the margin in the direct channel is higher. 

In the next section, the channel selection for each sales region is discussed.  

ii. Channel selection – Static case 

From the static scenarios, following the routine for the solution method, we analyzed the most 

profitable alternative for each sales region. Except for two of them, the best option resulted to deliver 

100% direct. The detailed results can be found in Appendix K. The most profitable channel strategy of 

all regions were grouped to compute the total revenue and logistics costs and to compare them with 

the improved base line. These channel choices resulted in 98% of the total sales volume delivered 

directly, a revenue 3% higher than the base line and a decrease of 1% in the logistics costs (Figure 

4-10), which is due to the higher wholesale cost as explained in the previous section.   
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From an operational perspective, delivering 100% direct would imply an increase in logistics 

complexity and larger initial investments. Hence, it is important to understand what drives the channel 

selection decision in these scenarios. When selecting the most profitable sales strategy for each 

region, the results showed that the store density has an impact on the revenue per unit after logistics 

costs, as depicted below: 

 

Figure 4-9: Unit revenue vs. store density for all sales regions –Most profitable sales strategy in static case 

The two regions with very low store density (SR1 and SR25) are the ones where the wholesale 

strategy is more attractive (Appendix K). For the rest, the scatter plot shows a relation between the 

store density and the unit revenue. This is reasonable considering that with higher store density, 

distribution costs can benefit from economies of scale because delivery trucks travel smaller distances 

between stores. In addition, the graph depicts the income level15 per sales region and shows that low-

income regions with low store density tend to have a lower revenue.  

In order to analyze a scenario closer to the manufacturer’s situation, we considered the case where 

distributors can handle 16% of the sales volume and 84% remains as direct sales. To allocate the 

wholesale strategy to the sales regions, the store density was taken into account, assigning low-

density regions to wholesalers. It is important to clarify that some of these regions do not have a 

wholesaler’s depot. However, as shown in the demand map (Figure 4-1) wholesalers’ depots are 

concentrated close to the company’s warehouses and may not have strategic locations. Thus, for 

regions without a depot, we introduced a dummy location. As a result of this channel allocation, an 

increase of 1% in total revenue and a reduction of 7% in logistics cost was achieved compared to the 

base line (Figure 4-10).  

                                                           
15 Data regarding income level per region was retrieved from interviews with sales district and commercial 
logistics managers, an official source was available.  
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Figure 4-10: Total revenue and logistics costs – Static case 

Finally, the channel strategy allocated to each sales region and the warehouse from which the 

region (or wholesaler) is served are shown in Table 4-2. Notice that warehouse 2 is not used since it 

was serving a region that now is allocated to wholesalers, and warehouse 4 is assigned only to one 

region. This suggests that it might be more convenient for the manufacturer to work with wholesalers 

instead of maintaining warehouses that are not used at their full capacity and that incur in fixed costs.  

Table 4-2: Wholesales and direct sales for all regions - Static case solution 

Sales region 
code 

% Direct 
volume 

% Wholesale 
volume 

Served from 
warehouse 

Sales region 
code 

% Direct 
volume 

% Wholesale 
volume 

Served from 
warehouse 

SR1 0% 100% WHS 1 SR14 100% 0% WHS 5 

SR2 100% 0% WHS 5 SR15 0% 100% WHS 3 

SR3 0% 100% WHS 1 SR16 100% 0% WHS 3 

SR4 0% 100% WHS 1 SR17 100% 0% WHS 3 

SR5 100% 0% WHS 5 SR18 100% 0% WHS 1 

SR6 100% 0% WHS 1 SR19 100% 0% WHS 1 

SR7 100% 0% WHS 5 SR20 100% 0% WHS 3 

SR8 0% 100% WHS 1 SR21 100% 0% WHS 3 

SR9 100% 0% WHS 5 SR22 100% 0% WHS 3 

SR10 100% 0% WHS 5 SR23 100% 0% WHS 3 

SR11 30% 70% WHS 5 / WHS 1 SR24 100% 0% WHS 3 

SR12 100% 0% WHS 1 SR25 0% 100% WHS 4 

SR13 100% 0% WHS 3 SR26 100% 0% WHS 3 

Furthermore, for comparative purposes, the minimum cost scenario was also selected for all sales 

regions (for details refer to Appendix K). It is important to highlight that if the channel selection would 

be driven by a minimum cost approach, the results would favor the wholesale strategy. However, 

when the commercial and logistics perspectives are combined the channel selection favors the direct 

strategy. This is particularly relevant in developing economies where the sales in the traditional 

channel are influenced by the strategy used to reach them, and therefore, the distribution network 

should support the optimal selling policy.  
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4.4.2. Demand lift scenarios 

i. General results 

In these scenarios, the lift factor to model demand increase was included. Similar to the static 

case, we evaluated the unconstrained problem to understand the impact of the channel selection on 

the total revenue and costs. Based on the company’s sales forecast, we analyzed a demand increase 

of 20%. In this context, when comparing the wholesale strategies, the results matched those from the 

static case. Delivering wholesalers from the manufacturing plant is more profitable than self-collect 

or using a different warehouse. This can be observed in Figure 4-11.  

 

Figure 4-11: Logistics costs (LC) and revenue LC per unit – 20% Demand lift 

Next, we observed that when demand increases, so it does the advantage of delivering directly. 

Even though the costs increase when switching from wholesale to direct strategy, a benefit of 21% is 

reflected in the unit revenue after logistics costs, as shown below:   

 

Figure 4-12: Logistics costs (LC) and revenue after LC per unit vs. direct sales – Demand lift case 
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annual growth, we also considered cases with annual growth between 5% and 20% as depicted in 

Figure 4-13. 

 

Figure 4-13: Unit revenue after LC in direct strategy vs. demand increase 

It is observed that the revenue per unit is better as the demand increases, this is due to better 

economies of scale. 

ii. Channel selection – Demand lift cases 

In a similar way, as performed in the static case, the most profitable alternative for each sales 

region was selected from the scenarios with demand lift. The same solution as in the static case holds: 

the alternative of delivering 100% direct remained dominant, except for two regions. The detailed 

results can be found in Appendix L. In line with this, the direct channel is favored by the regions with 

higher store density, while wholesales are preferred for regions with less number of stores (Figure 

4-14).  

 

Figure 4-14: Unit revenue vs. store density – Most profitable strategy in demand lift 
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Moreover, in Figure 4-15 we plot the values of the demand lift factor of the direct channel against 

the unit revenue per region. Overall, we see that there is a slight tendency for regions with high lift 

factor to yield higher unit revenue.  

 

Figure 4-15: Demand lift factor direct channel vs. unit revenue - Most profitable strategy in demand lift 

In addition, the scatter plot in Figure 4-16 shows the lift factor and the store density per region. 

From this, we see that in general, the lift factor is lower in low-density and low-income regions, and 

middle-income regions tend to have higher values of the lift factor.  

 

Figure 4-16: Demand lift factor direct channel vs. store density per region 
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4.5. Sensitivity analysis 

This procedure consisted on varying some parameters of the model to identify any trends in the 

objective function. In order to verify the impact of direct deliveries, relevant parameters such as the 

direct distribution costs and the lift factor per channel were considered.  

Regarding distribution costs, the direct distribution cost per commercial unit in DRC was 

significantly lower compared to other countries with similar economies where the manufacturer 

operates. Therefore, we assumed a 100% error in the estimation of the direct cost. This resulted in a 

fixed cost 58% higher and a variable cost 1.3 times higher. With this variation, the direct delivery cost 

exceeds the indirect one. As a result, the total distribution cost increases as more volume is sold 

directly. This is depicted in Figure 4-17 for the static scenarios.  

 

Figure 4-17: Direct distribution costs and Total distribution costs (Direct cost > Indirect cost) 

Consequently, the total logistics costs increase, decreasing the revenue after logistics costs, 

compared to the previous situation. Nevertheless, the benefit of increasing the direct deliveries 

remains dominant, as can be seen in the graph below: 
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Figure 4-18: Logistics cost and sales revenue as function of the percentage of direct sales (Direct cost > Indirect cost) 

When comparing the revenue and costs per unit, the cost increases 79% when switching from 

wholesale (0% direct) to direct sales, compared to the 23% presented in section 4.4.1. Despite this 

significant difference, the revenue per unit is 13% higher. This can be observed in the left bar chart in 

the graph below. In the right side of the graph, the results of the scenarios including the demand lift 

factor (with 20% annual growth) are depicted. Notice that the logistics cost per unit increases 76% 

compared to 79% due to the economies of scale captured by less distance traveled between stores.  

 

Figure 4-19: LC and revenue after LC per unit vs. direct sales (Direct cost > Indirect cost) 
(Left: Static case, Right: Demand lift) 

Furthermore, the impact of the demand lift factor is tested to understand how the ratio 𝛼𝑘
𝐷 𝛼𝑘

𝑊⁄  

affects the revenue when the direct deliveries increase. The scenarios analyzed in the previous 

sections assigned 84% of the annual growth to the direct channel and 16% to the wholesale channel. 

In other words, the cases were tested for a ratio 𝛼𝑘
𝐷 𝛼𝑘

𝑊⁄ > 1. Hence, we explored the variation in 

results when 𝛼𝑘
𝐷 𝛼𝑘

𝑊⁄ ≤ 1. First, we assigned 75%-25% of the sales growth to the indirect and direct 

channels, respectively, and then, 50% to each. It is noticed that the total revenue is higher when more 

volume is assigned to the direct channel, in other words, when the lift factor for the direct sales is 
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greater than the wholesales (𝛼𝑘
𝐷 > 𝛼𝑘

𝑊). Furthermore, the analysis does not show a benefit in the 

revenue when the lift factor is higher in the indirect channel.  

 

Figure 4-20: Total revenue after LC as function of direct sales and lift factor 

4.6. Key takeaways from chapter 4 

The channel selection and demand allocation model was applied to the operations of a CPG 

manufacturer operating in Kinshasa. During the data collection and analysis, the parameters of the 

model were computed, including the demand mapping to sales regions, logistics costs, replenishment 

and delivery distances, sales revenue and the lift factor of sales increase. A base scenario and an 

improved base line were calculated to use as a reference for the scenario analysis. We considered 

scenarios with static demand and others that are influenced by the lift factor of sales to simulate 

changes in demand. 

The results showed that the revenue after logistics costs improves with more direct deliveries. 

Direct distribution costs also increase, but as the delivery volume becomes larger, economies of scale 

are captured and the cost per unit decreases. Furthermore, when allocating channel strategies to sales 

regions, it was found that the strategy that maximizes the profit in the region depends on the store 

density, and direct deliveries are favored in high-density areas. 

Finally, a sensitivity analysis was performed to evaluate the impact of higher direct distribution 

costs and different ratios of the lift factor. The results showed that the benefit of economies of scale 

and higher revenue per unit hold even if direct costs increase. In addition, the model did not see 

changes in different ratios of the lift factor.  
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5. Cost to serve and warehouse profitability analysis 

The cost to serve is the analysis of the activities and costs that are incurred to meet customer 

demand (Richardson, 2014). This method is a tool to understand how profitable a business is and to 

support the decision making processes within a company (Mejía, Higuita, & Hidalgo, 2015; Braithwaite 

& Samakh, 1998). In addition, understanding the cost to serve provides specific information about 

customers that enables to assess their profitability (Guerreiro, Rodrigues, & Vasquez, 2008).  

Regarding the approaches to compute the cost to serve, one of the most common is the Activity 

Based Costing (ABC). Some authors, such as Braithwaite and Samakh (1998), have questioned the 

complexity and excessive level of detail of this method and suggested a simpler method of looking at 

process-based costs. In line with this, Mejía, Higuita, and Hidalgo (2015) proposed a methodology to 

integrate the analysis of financial information with the mapping of logistics and commercial processes 

to define strategies for profitable and non-profitable categories. Moreover, the authors emphasized 

the relevance of this methodology in emerging markets, where costs can vary significantly due to the 

complexity of the commercial and logistics operations required to serve the traditional channel (Mejía, 

Higuita, & Hidalgo, 2015).  

In order to develop a methodology to analyze the profitability of the warehouses that are located 

far from the manufacturing plants, it is critical to understand the cost to serve these warehouses and 

to compare them to the revenue resulting from the different pricing strategies that are managed in 

each region. Moreover, we propose an extension to this methodology to evaluate the trade-offs 

between cost reduction and pricing strategies.   

5.1. Cost to serve and profitability analysis methodology 

 The model aims to determine the revenue of each warehouse compared to the manufacturing 

plant from which it is served after discounting logistics costs. The goal is to understand how cost 

reduction and pricing strategies can be combined to bring warehouses to the same profitability level 

as the warehouse of the manufacturing plant operating in that region.  

 First, the unit profit for all warehouses is computed considering sales revenue and distribution 

costs. Then, this result is compared to the unit revenue gained in the warehouse of the manufacturing 

plant. If the result is positive, the cost to serve the warehouse does not impact the profitability. In 

contrast, if the delta is negative, this means that the cost to serve cannot be compensated by the sales 

price and that the warehouse is not profitable. If the warehouse is not profitable, a break-even point 

for price increase and cost reduction can be computed. Given that the market characteristics and 

infrastructure conditions can vary for each warehouse, both price increase policies and cost reduction 
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opportunities have to be evaluated to develop strategies for improving the profitability in each 

location. This methodology is summarized in Figure 5-1. 

 

Figure 5-1: Delta profit methodology 

In order to follow the methodology, the unit revenue after logistics costs and the delta revenue 

for each warehouse need to be computed. These calculations are explained in the mathematical 

formulation in the next section.  

5.2. Mathematical formulation 

The notation used for sets, parameters and objective function components in the calculation 

model is explained in the following table.  

Table 5-1: Sets, parameters, and objective function Cost to serve and Profitability 

Sets 

𝑢 ∈ 𝑈 Set of warehouses located in manufacturing plant 

𝑖 ∈ 𝐼 Set of regional warehouses 

𝑙 ∈ 𝐿 Set of sales strategies: Direct (D), Wholesalers delivered (W), Wholesalers self-collect (S) 

Parameters 

𝑐𝑖𝑢
𝑅  Unit transportation cost from production plant warehouse 𝑢 to warehouse 𝑖 (US$/CU) 

𝑐
𝑖

𝑆𝑓  Fixed storage cost at warehouse 𝑖 (US$) 

𝑐𝑖
𝑆𝑣 Variable unit storage cost at warehouse 𝑖 (US$/CU) 

𝑐𝑢

𝑆𝑓  Fixed monthly storage cost of manufacturing plant warehouse 𝑢 (US$) 

𝑐𝑢
𝑆𝑣 Variable unit storage cost at manufacturing plant warehouse 𝑢 (US$/CU) 

𝑐𝑇
𝑙  Unit transportation cost under sales strategy 𝑙  (US$/CU) 

𝑞𝑖𝑢 Volume shipped from manufacturing plant warehouse 𝑢 to warehouse 𝑖 (CU) 

𝑣𝑖
𝑙 Sales volume from warehouse 𝑖 under sales strategy 𝑙  (CU) 

𝑝𝑖
𝑙  Unit sales price in warehouse 𝑖 under sales strategy 𝑙  (US$/CU) 

Objective function components 

∆𝑃𝑖 Unit delta revenue of warehouse 𝑖 (US$/CU) 

Start

Assess profit per unit in 
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compared to 
manufacturing plant 

Profitable?
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𝑃𝑖 Unit revenue after logistics costs of warehouse 𝑖 (US$/CU) 

𝑃𝑢 Unit revenue after logistics costs of manufacturing plant warehouse 𝑢 (US$/CU) 

𝐿𝐶𝑖 Total logistics cost in warehouse 𝑖 (US$) 

𝑆𝑅𝑖 Total sales revenue from warehouse 𝑖 (US$) 

 

 To determine the delta revenue of each warehouse compared to the one of the manufacturing 

plant, the objective function is defined by: 

∆𝑃𝑖 = 𝑃𝑖 − 𝑃𝑢                       ∀ 𝑖 ∈ 𝐼, 𝑢 ∈ 𝑈        (21) 

 Where the unit revenue is computed as the difference between the weighted averages of the sales 

revenue and the distribution costs, as follows: 

𝑃𝑖 =
𝑆𝑅𝑖−𝐿𝐶𝑖

∑ 𝑣𝑖
𝑙

𝑙∈𝐿
                         ∀ 𝑖 ∈ 𝐼        (22) 

 The total logistics costs and sales revenue are computed according to equations (23) and (24), 

respectively: 

𝐿𝐶𝑖 = 𝑐𝑖𝑢
𝑅 ∗ 𝑞𝑖𝑢 + 𝑐𝑖

𝑆𝑣 ∗ ∑ 𝑣𝑖
𝑙

𝑙∈𝐿 + 𝑐
𝑖

𝑆𝑓 + ∑ 𝑐𝑇
𝑙 ∗ 𝑣𝑖

𝑙
𝑙∈𝐿                    ∀ 𝑖 ∈ 𝐼, 𝑢 ∈ 𝑈        (23) 

𝑆𝑅𝑖 = ∑ 𝑝𝑖
𝑙 ∗ 𝑣𝑖

𝑙
𝑙∈𝐿                             ∀ 𝑖 ∈ 𝐼        (24) 

 Once the delta revenue is defined, the next step is to examine the percentage of price increase or 

cost reduction that should be achieved in order for a warehouse to be profitable compared to the 

manufacturing plant from which it is served. These percentages are given by: 

% 𝑃𝑟𝑖𝑐𝑒 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 =
∆𝑃𝑖∗∑ 𝑣𝑖

𝑙
𝑙∈𝐿

𝑆𝑅𝑖
                         ∀ 𝑖 ∈ 𝐼        (25) 

% 𝐶𝑜𝑠𝑡 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 =
∆𝑃𝑖∗∑ 𝑣𝑖

𝑙
𝑙∈𝐿

𝐿𝐶𝑖
                         ∀ 𝑖 ∈ 𝐼       (26) 

 To define the adequate logistics or commercial strategies for the warehouses and to prioritize 

action plans, the outcome of the model can be plotted in a cost-to-serve versus profitability graph. 

For this, we use the matrix proposed by Mejía et al. (2015) to characterize customers in emerging 

markets. The original matrix (Figure 5-2) is divided into four zones which distinguish among the most 

profitable and less costly clients (Protection zone), the profitable but costly clients (Engineering zone), 

less profitable and less costly (Construction zone), and costly and less profitable clients (Danger zone).  
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Figure 5-2: Comparison between profit and cost to serve 

Adapted from Mejía, Higuita, & Hidalgo (2015) 

 

 The reference axes in the matrix above are defined by the weighted average of the cost to serve 

and the profit with respect to the sales volume. As we are interested in comparing the performance 

of the warehouses to the manufacturing plant, we adapted this matrix to plot the delta cost to serve 

and delta revenue after discounting the cost-to-serve. Hence, in our analysis, the horizontal axis is set 

to zero in all cases so that regions with negative profits are distinguished from the protection zone.  

 The methodology explained in this chapter was applied to evaluate the profitability of the 

warehouses of the CPG manufacturer described in the previous chapters. The main insights and results 

are discussed in the next sections.  

5.3. Application of cost to serve methodology in Kisangani, Bukavu, and outskirts of 

Kinshasa 

For each region and warehouse, the delta revenue was computed with respect to the 

manufacturing plant that serves that region. These values are summarized Appendix M and plotted 

using the cost-to-serve vs. profitability matrix from Mejía et al. (2015), adapted for the comparison of 

the delta revenue. Afterwards, the trade-off between cost reduction and price increase is discussed 

for relevant cases. 

5.3.1. Warehouses in Kisangani 

In Figure 5-3 the warehouses belonging to Kisangani region were mapped. The size of the circle 

corresponds to the amount of volume that is sold per month from each warehouse, and the color 

represents the travel time (TT) in days that takes to reach the warehouse from the manufacturing 

plant. In addition, the vertical axis of the matrix was traced according to the weighted average of the 

delta cost-to-serve with respect to the volume of the warehouses.  
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Figure 5-3:  Matrix delta revenue and delta cost to serve – Kisangani 

 

It can be seen that the majority of warehouses have a revenue after cost-to-serve lower than the 

manufacturing plant. It would seem that for these facilities the sales revenue per unit cannot 

compensate for the cost-to-serve. On the other hand, there are some facilities (i.e., WHS 8) where the 

high cost-to-serve is diminished by higher sales prices (Appendix B2).  

Following the classification of the matrix in Figure 5-2, we identified the majority of the warehouses 

in the danger and construction zones (III and IV). We computed the breakeven point in sales revenue 

and cost-to-serve to understand what it would take to make these facilities reach the same 

profitability as the manufacturing plant. These results are summarized in the table below: 

Table 5-2: Breakeven point in price increase and cost reduction - Kisangani 

 WHS 2 WHS 3 WHS 4 WHS 7 WHS 9 WHS 10 

Price increase 12.4% 8.2% 8.0% 29.4% 14.6% 0.5% 

Unit cost reduction 50.3% 37.8% 37.1% 71.2% 48.6% 3.0% 

 

The results from Table 5-2 can be interpreted as follows: in order to bring WHS 2 to the same 

profitability level as the manufacturing plant, the unit sales price should be 12.4% higher than the 

current, or the cost-to-serve should be 50.3% lower. The same reasoning goes for the other 

warehouses. These results bring to the discussion whether it is feasible to increase the sales price in 

this region. To determine this, managers need to take into account the size of the market, the presence 

of competitors, and the purchasing power in the region. This analysis is not within the scope of this 
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project. Nonetheless, in terms of logistics costs, the cost breakdown (Appendix M4) showed that the 

highest cost component is the replenishment cost, which is in line with Figure 5-3 because the delta 

cost-to-serve rises for warehouses located farther from the manufacturing plant. Therefore, cost 

reduction strategies could be focused on replenishment activities. 

5.3.2. Warehouses in Bukavu 

The warehouses served from the manufacturing plant in Bukavu are mapped in Figure 5-4. It is 

observed that none of the warehouses has a higher revenue than the manufacturing plant and are 

located in the danger and construction zones (III and IV). 

 

Figure 5-4: Matrix delta revenue and delta cost to serve – Bukavu 

It is interesting to point out that despite having the highest unit sales price (as shown in Appendix 

B2), the cost-to-serve WHS 4 puts this warehouse in the danger zone (III). Similarly to Kisangani, the 

replenishment costs in these warehouses is the major cost component. This is probably due to the 

logistics complexity to reach this warehouse which is reflected in a higher replenishment rate.  

Following the methodology, the breakeven points in sales revenue and cost-to-serve were 

computed and are presented in Table 5-3. 

Table 5-3: Breakeven point in price increase and cost reduction - Bukavu 

 WHS 2 WHS 3 WHS 4 

     Price increase 3.1% 19.1% 10.7% 

     Unit cost reduction 34.0% 84.9% 47.2% 
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5.3.3. Warehouses in outskirts of Kinshasa 

Regarding the warehouses operating in the outskirts of Kinshasa, three of them are within the 

protection zone (I), but the majority require attention to improve their profitability. From the 

warehouses located below the horizontal axis, four of them used to be served from a manufacturing 

plant that stopped operating and now they are served from the manufacturing plant in Kinshasa. As a 

result, replenishment and warehouse costs (Appendix M4) have increased and price strategies have 

not been reviewed yet.  

 
Figure 5-5: Matrix delta revenue and delta cost to serve – Outskirts Kinshasa 

The breakeven points for those warehouses requiring attention are reported in Table 5-4. As it is 

observed, the unit cost reduction is significantly high for the aforementioned depots, this suggests 

that pricing strategies should also be reviewed and updated.  

Table 5-4: Breakeven point in price increase and cost reduction - Outskirts of Kinshasa 

 WHS 9 WHS 10 WHS 11 WHS 12 WHS 13 

     Price increase 8.7% 33.2% 7.7% 24.3% 23.2% 

     Unit cost reduction 28.2% 80.6% 47.7% 72.9% 74.0% 

 

5.4. Key takeaways from chapter 5 

In this chapter, the cost-to-serve methodology was applied to estimate how profitable regional 

warehouses are compared to the most efficient warehouse (generally located close to the 

manufacturing plant). The analysis suggested that strategies to improve performance should be 
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applied to the majority of the warehouses, given that only in few cases they present a better or equal 

performance compared to their benchmark. In addition, in terms of cost opportunities, it was 

identified that replenishment and warehouse costs have higher impacts in logistics costs.  

 

  



68 
 

6. Conclusions and recommendations 

To conclude, the academic contribution, future research, and recommendations to general 

practitioners are discussed.  

6.1. Academic contribution 

With this thesis, we contribute to the academic research on distribution strategies for serving the 

traditional channel in developing economies. This contribution is explained by addressing each 

research question. 

RQ1: What are the characteristics of the distribution channels in DRC and what sales strategies might 

be used by CPG manufacturers to serve them? 

This thesis contributes to the literature by providing a description of the distribution systems in the 

Democratic Republic of Congo. The market in DRC is characterized by a variety of distribution channels 

which can be grouped into four categories: Hotels-Restaurants-Cafeterias (Horeca), traditional 

channel, modern channel, and wholesalers. The traditional channel dominates the market, accounting 

for 41% of the sales volume. Features such as storage limitations, small drop sizes, and cash availability 

increase the logistics complexity to serve this channel. As a result, CPG manufacturers choose to serve 

these channels directly (by on-board sales) or through wholesalers. The latter option has benefits in 

terms of flexibility, and contribution to reduce the logistics burden of the manufacturer. On the other 

hand, the direct option allows for full control of the distribution processes, visibility, and proximity to 

stores.  

RQ2: How can sales and logistics perspectives be integrated to determine the best channel strategy 

that should be used by a CPG firm to serve diverse distribution channels under data availability 

constraints? 

The channel selection problem was addressed by a decision support model with continuous 

approximation methods to overcome data availability limitations. The model is based on the proposed 

by Ge (2016) and combines the channel selection with demand allocation decisions. It includes the 

computation of lift factors to estimate demand growth per channel. Aspects influencing the channel 

decision were identified and a set of scenarios was built to evaluate the most profitable channel 

strategy per sales region.  

Specific contribution of the model in this thesis is the analysis of the trade-off between increased 

logistics costs and revenue as direct deliveries increase. In the model application, the results suggest 

that even though logistics costs increase when direct deliveries dominate wholesales, the revenue 
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after logistics cost per unit also increases because economies of scale can be captured. The results 

also suggest that the direct strategy is preferred in sales regions with high store density. Furthermore, 

we showed that the channel selection based on a cost reduction perspective leads to a different choice 

than when the commercial perspective is integrated.  

RQ3: In what way can distributors support a CPG manufacturer’s channel selection in DRC? 

The analysis showed that regions, where the wholesale strategy is more profitable, do not 

necessarily count with a distributor location. Hence, to support the channel selection, companies and 

distributors should coordinate strategic locations of distributors’ depots.  

RQ4: How can companies identify logistics and commercial strategies to improve the profitability of 

regional warehouses?  

The earnings of warehouses that serve rural regions can be estimated by applying a cost-to-serve 

methodology and comparing the logistics costs to the sales revenue of these locations. Cost reduction 

initiatives and pricing strategies can be evaluated to bring the warehouses to the same profitability 

level as the warehouse of the manufacturing plant that serves them. In order to improve the 

profitability of the warehouses, they can be classified according to their cost-to-serve and revenue 

after logistics costs and attention can be prioritized to those warehouses with high cost-to-serve and 

low revenue.  

6.2. Recommendation for companies and practitioners 

After concluding this project, the following recommendations to the company and practitioners 

are made: 

i. Channel selection should integrate costs and logistics perspectives 

The decision of channel selection should be based on both logistics and commercial aspects. If 

only a logistics perspective is applied, the decision may focus on cost efficiency, overlooking sales 

strategies that can drive sales growth. Hence, it is important to model and understand the effect of 

commercial strategies to develop a network design that can support the optimal selling policy. 

ii. Improve direct deliveries and create synergies with distributors 

Companies can benefit from direct deliveries as they can drive sales growth through promotional 

activities and leverage proximity to customers. While it was showed that direct deliveries have an 

impact on revenue increase, they imply higher logistics complexity and costs. Hence, it is important 

for companies to review alternatives that can improve direct deliveries. For instance, companies could 

analyze the feasibility and benefits of another type of direct strategies such as pre-sales or call centers.   
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On the other hand, the wholesale strategy implies lower logistics complexity and low to zero 

capacity investments. Thus, companies can create synergies with wholesalers and facilitate their 

operations in strategic sales regions by contributing to their capacity development. In addition, firms 

can work with distributors to improve customer visibility, understand demand patterns and eventually 

develop a hybrid strategy.  

iii. Identify sales regions and improve visibility to customers 

Companies should identify the sources of demand and manage the information of sales volume 

and customer location. As a result, sales regions can be defined and commercial and logistics strategies 

developed according to the characteristics of each. Moreover, this will prevent the overlapping in the 

allocation of sales force and warehouses.  

iv. Improve volume allocation among warehouses 

Allocation of sales regions to warehouses can be improved to eliminate inefficiencies such as 

serving the same sales region with more than one warehouse and duplicating sales force efforts. In 

addition, the case study results in Kinshasa revealed that the utilization of two warehouses is low and 

that the reallocation of their sales volume to the other three has a positive impact on costs. The two 

underutilized warehouses are not in the best location for urban distribution. Hence, we suggest to 

improve the performance of warehouses 1/3/5 and to work with wholesalers to serve regions where 

the indirect strategy is more convenient.  

v. Prioritize attention to improve profitability in regional warehouses  

To gain high-level insights on the performance of warehouses, companies can compare the 

logistics costs incurred to serve these warehouses and the sales revenue. Warehouses can be classified 

according to their level of profitability and costs. Based on this classification, strategies can be applied 

to improve the performance of these facilities. For instance, cost reduction opportunities in 

replenishment, storage and distribution can be analyzed to reduce the cost to serve. Moreover, 

approaches to increase sales volume or pricing strategies can be considered to compensate for high 

logistics costs.  

6.3. Limitations and future research 

In this section, we explain the limitations of this study and the potential research directions that 

can be derived from this thesis.  

Limitations of the project are related to data availability which influenced the methodology choice 

and motivated the exclusion of other regions from the channel selection problem. Nonetheless, the 
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analysis of channel selection in rural regions can unveil other factors that may influence the selection 

between direct and indirect deliveries. For instance, we have not analyzed aspects such as 

infrastructure characteristics or security levels.  

Furthermore, regarding demand volume, we assumed that it is static and that it can increase over 

time. However, the analysis of situations where demand is not stable could lead to valuable insights, 

especially considering the political and socioeconomic instability that developing countries might face 

and that can alter demand patterns. Additionally, we did not take into account market returns for 

each sales region under direct deliveries. Research on this topic could help to identify if market returns 

drive the channel selection.  

Finally, this study focused the analysis only on the direct and indirect strategies. Studying the 

impact of hybrid schemes can provide insights on how companies can benefit from the combination 

of different strategies and leverage results. For instance, future research could be oriented to the 

analysis of a pre-sales + distributor schemes to understand if this type of strategies can capture 

demand growth and cost efficiencies.  
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Appendices 

A. Finished goods flow 

(Confidential) 

B. Sales prices per region 

(Confidential) 

C. Distribution processes 

(Confidential) 

D. Estimation of dimensionless constant for tour distances 

(Confidential) 

E. Correlation and regression analysis 

E1. Correlation matrix (Confidential) 

E2. Regression model summary 

Model Summaryb 

Model R R Square 

Adjusted R 

Square 

Std. Error of the 

Estimate 

Change Statistics 

R Square Change F Change df1 df2 Sig. F Change 

1 ,869a ,754 ,743 24945,1141 ,754 67,591 1 22 ,000 

a. Predictors: (Constant), Nb_stores 

b. Dependent Variable: Total_Vol_CU 

 

Coefficientsa 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. 

95.0% Confidence 

Interval for B Correlations 

Collinearity 

Statistics 

B Std. Error Beta 

Lower 

Bound 

Upper 

Bound 

Zero-

order Partial Part Tolerance VIF 

1 (Constant) -4156,434 10265,154  -,405 ,689 -25445,060 17132,193      

Nb_stores 45,925 5,586 ,869 8,221 ,000 34,340 57,510 ,869 ,869 ,869 1,000 1,000 

a. Dependent Variable: Total_Vol_CU 
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F. Parameter values for channel selection model 

(Confidential) 

G. Distances between warehouses, distribution centers and sales regions 

(Confidential) 

H. Incremental factor of sales 

Code αD αW Code αD αW 

SR1 3.1% 0.6% SR14 12.0% 2.3% 

SR2 32.4% 6.2% SR15 2.3% 0.4% 

SR3 9.7% 1.8% SR16 2.4% 0.5% 

SR4 14.8% 2.8% SR17 10.9% 2.1% 

SR5 14.1% 2.7% SR18 12.9% 2.5% 

SR6 21.2% 4.0% SR19 11.1% 2.1% 

SR7 10.7% 2.0% SR20 14.6% 2.8% 

SR8 4.6% 0.9% SR21 10.8% 2.1% 

SR9 1.8% 0.3% SR22 19.3% 3.7% 

SR10 24.5% 4.7% SR23 25.4% 4.8% 

SR11 23.3% 4.4% SR24 15.6% 3.0% 

SR12 26.5% 5.0% SR26 2.6% 0.5% 

SR13 6.3% 1.2% SR25 6.7% 1.3% 

 

I. Revenue and logistics costs Base case 

(Confidential) 

J. Factorial experiment for scenario analysis 

(Confidential) 
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K. Sales strategy selection per region – Static case 

Sales region 
code 

Store density 
(stores/km2) 

Most profitable 
sales strategy 

Minimum cost sales 
strategy 

SR1 0.1 S/MP - 100% S/MP - 100% 

SR2 22.1 D - 100% S/MP - 100% 

SR3 3.3 D - 100% S/MP - 100% 

SR4 1.5 D - 100% S/MP - 100% 

SR5 43.2 D - 100% S/MP - 100% 

SR6 21.1 D - 100% S/MP - 100% 

SR7 66.3 D - 100% S/MP - 100% 

SR8 12.4 D - 100% S/MP - 100% 

SR9 26.8 D - 100% S/MP - 100% 

SR10 57.1 D - 100% S/MP - 100% 

SR11 13.9 D - 100% S/MP - 100% 

SR12 105.3 D - 100% S/MP - 100% 

SR13 50.7 D - 100% S/MP - 100% 

SR14 102.7 D - 100% S/MP - 100% 

SR15 3.8 D - 100% S/MP - 100% 

SR16 21.7 D - 100% S/MP - 100% 

SR17 77.1 D - 100% S/MP - 100% 

SR18 70.3 D - 100% S/MP - 100% 

SR19 94.3 D - 100% S/MP - 100% 

SR20 31.5 D - 100% S/MP - 100% 

SR21 96.5 D - 100% S/MP - 100% 

SR22 73.6 D - 100% S/MP - 100% 

SR23 96.5 D - 100% S/MP - 100% 

SR24 96.5 D - 100% S/MP - 100% 

SR25 0.2 W/NW - 100% S/MP - 100% 

SR26 45.8 D - 100% S/MP - 100% 

Note: D-100%: 100% Direct strategy, S/MP – 100%: 100% Wholesales self-collect from manufacturing plant, W/MP - 100% 

Wholesales delivered from manufacturing plant. 
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L. Sales strategy selection per region – Demand lift case 

Sales region 
code 

Store density 
(stores/km2) 

Most profitable 
sales strategy 

Minimum cost 
sales strategy 

SR1 0.2 S/MP - 100% S/MP - 100% 

SR2 28.6 D - 100% S/MP - 100% 

SR3 3.6 D - 100% S/MP - 100% 

SR4 1.6 D - 100% S/MP - 100% 

SR5 49.0 D - 100% S/MP - 100% 

SR6 25.4 D - 100% S/MP - 100% 

SR7 72.3 D - 100% S/MP - 100% 

SR8 12.9 D - 100% S/MP - 100% 

SR9 27.2 D - 100% S/MP - 100% 

SR10 71.1 D - 100% S/MP - 100% 

SR11 16.7 D - 100% S/MP - 100% 

SR12 128.4 D - 100% S/MP - 100% 

SR13 53.2 D - 100% S/MP - 100% 

SR14 114.7 D - 100% S/MP - 100% 

SR15 3.9 D - 100% S/MP - 100% 

SR16 22.3 D - 100% S/MP - 100% 

SR17 84.2 D - 100% S/MP - 100% 

SR18 78.9 D - 100% S/MP - 100% 

SR19 104.8 D - 100% S/MP - 100% 

SR20 35.6 D - 100% S/MP - 100% 

SR21 103.3 D - 100% S/MP - 100% 

SR22 86.3 D - 100% S/MP - 100% 

SR23 121.1 D - 100% S/MP - 100% 

SR24 68.4 D - 100% S/MP - 100% 

SR25 0.2 W/NW - 100% S/MP - 100% 

SR26 48.3 D - 100% S/MP - 100% 

Note: D-100%: 100% Direct strategy, S/MP – 100%: 100% Wholesales self-collect from manufacturing plant, W/MP - 100% 

Wholesales delivered from manufacturing plant. 

 

M. Cost to serve and profitability analysis results 

(Confidential) 

 


