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Objective: to investigate the cost efficiency of inventory management for publicly 
home appliance retail companies in the Brazilian market that operate, among other 
channels, with B2C (Business-to-Costumer) and discuss the possible impacts of e-
commerce on inventory management.  
Method: the first step, construction of a descriptive summary of Magazine Luiza and 
seven other competitors; the second step, analysis of the optimal cost efficiency of 
companies' inventory management, through an integrated and dynamic model of 
Data Envelopment Analysis (DEA) and Optimal Control Theory (OCT). Amounts 
declared in the Quarterly Financial Statements between the fourth quarter of 2010 
and the second quarter of 2018 were considered. 
Main Results:  the discovery of best practices and the fact that, despite its 
extraordinary appreciation, Magazine Luiza was not a reference in inventory 
management and its costs during the analyzed period as a whole. 
Relevance/Originality: this article is an initial step to address the lack of studies on 
e-commerce for emerging markets and inventory management and its costs for e-
commerce. 
Methodological Contributions: the proposition of a methodology that can be used 
by other researchers to assess the cost efficiency of inventory management and the 
impact of e-commerce, highlighting best practices.  
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1. Introduction 

Electronic e-commerce has received much 
attention since the 1990s due to the advent of new 
information and communication technologies (ICT) – 
such as the internet –, which have given rise to new 
forms of business and new relationships between 
customers and suppliers (Mokhtarian, 2004). In 
Brazil, a significant fact was the rise of the stock price 
of the company Magazine Luiza (a retailer/e-retailer), 
which valued from R$ 1.79 (in January 2016) to R$ 
136, 19 (in September 2018), i.e. a valuation of 7,608 
% in 33 months, according to the data retrieved from 
Economática software (and corrected by inflation). 
The company attributes its success to the strategic 
plan for innovation in e-commerce and digital culture 
(MGLU3, 2018). Although the increasing interest in 
the e-commerce and market valuation phenomena, 
there are still few studies focused on operational 
aspects, especially in developing markets (Giuffrida, 
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Mangiaracina, Perego, & Tumino, 2017; Sharma, Luk, 
Cardinali, & Ogasavara, 2018). 

For example, in the research field of performance 
measurement, jointly analyzing publications of 
Stochastic Frontier Analysis (SFA) and Data 
Envelopment Analysis (DEA) from 1978 until 2012, 
Lampe & Hilgers (2015) concluded DEA is the 
preferred technique in Operational Research (OR) 
and SFA in Economic research fields, though the 
authors did not mention ‘retail’, ‘e-commerce’ or 
‘inventory’ among the 23 most influential application 
areas of the tools. On the side of the OR research 
field, Huang, Li, & Yu (2019) applied a multi-stage DEA 
model for investigating the most appropriate 
inventory allocation single-period strategy of the 
chain stores of a Canadian fast-fashion company. 
Basu & Nair (2014) proposed an SFA model as a 
decision-support tool for multi-period inventory 
management in markets of high demand volatility 
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such as fashion goods and technological products. 
Analyzing a sample of public retail companies in the 
US, Chuang, Oliva, & Heim (2019) applied another 
SFA model for investigating the associations between 
inventory leanness and operational efficiency, under 
the moderating roles of firm size and demand 
uncertainty.  Although relevant for the investigation 
field, none of the above mentioned investigated the 
impacts of e-commerce, operations in developing 
markets or integration of optimization with efficiency 
measurement. 

Given the presented context, we aimed to draw a 
descriptive profile of a sample of public retail 
companies that operate in the Brazilian home 
appliance market (between the fourth quarter of 
2010 and the second quarter of 2018 and 
competitors of Magazine Luiza) through, among 
other channels, B2C (Business-to-Costumer) e-
commerce, focusing on measuring and 
understanding the companies’ optimal inventory cost 
efficiency. Assuming the philosophical worldview of 
pragmatism (problem-centered and real-world 
practice-oriented), due to the novelty of the theme 
and the scarcity of data for the Brazilian market, we 
adopted a convergent mixed-method approach, 
which means the qualitative and qualitative analyses 
were performed in parallel and both results 
interpreted jointly (Creswell & Creswell, 2018). 

Regarding the structure of the paper, after a 
section of Qualitative Methodology – a narrative 
summary with the characteristics and news related to 
the evaluated companies –, the section of 
Quantitative Methodology states the steps for data 
collection in the Economática database, the details of 
the econometrical analysis, and the adopted non-
parametric linear mathematical model, highlighting 
its main characteristics: the dynamic integration of  
DEA (Data Envelopment Analysis) - OCT (Optimal 
Control Theory) model for optimization, efficiency, 
evaluation, and comparison of the inventory control 
systems.  

The section of Results and Discussions examines 
the DEA-OCT model based on the narrative summary 
and the section of Conclusions indicates that, despite 
its extraordinary market valuation and successful 
implementation of big data analysis strategies for 
increasing business profitability, Magazine Luiza is yet 
not a reference in the management of inventory costs 
when compared to its peers. 

 

2. Literature Review 

Measuring performance can be divided into 
financial (through approaches that exclusively use 
direct accounting data, such as SFA - Stochastic 
Frontier Analysis) or non-financial (through 
approaches that can incorporate non-financial 
measures, such as DEA – Data Envelopment Analysis) 
(Dyckhoff & Souren, 2020). Lampe & Hilgers (2015) 
summarized the differences between DEA and SFA 
into five categories: elements, algorithm, 
consideration of noise, function form/input-output 
relation, and factor weights. Although there are 
methods of SFA that allow multiple inputs and 
multiple outputs simultaneously, SFA models are 
generally assumed one output and multiple inputs. 
On the other hand, DEA models are usually used with 
multiple outputs and inputs, that can be qualitative 
or quantitative measures. 

Additionally, according to Olesen & Petersen 
(2016), SFA requires the specification of a functional 
form and explicitly accommodates noise, under 
restrictive assumptions, usually including just one 
specific inefficiency distribution, but sometimes it 
violates the purpose of the efficiency analysis, while 
DEA measures the efficiency score neither requiring 
the specification of a functional form in the 
deterministic model, nor the specification of the 
inefficiency distribution. On the end, DEA can be 
applied to anything that can be linearized, depending 
on the goal of the analysis and the overview of the 
general problem context (Olesen & Petersen, 2016). 
Once SFA results can be extrapolated to a population, 
it usually requires a bigger sample than DEA (which 
results in a conditioned to the units of the sample). 

Regarding e-commerce, Yang, Shi, & Yan (2016) 
applied two-stage DEA to measure the website 
efficiency (first step) and the economic efficiency 
(second step) of public Chinese and American 
companies, which business model operate 
exclusively through online marketplaces (click-to-
click). An online marketplace is (or online e-
commerce marketplace) is a type of e-commerce 
platform where product or service information is 
provided by multiple third parties, whereas 
transactions are processed by the marketplace 
operator (usually, the retailer). For example, 
Magazine Luiza is a retailer originated from physical 
store chains that also operates, among other 
channels, with an online marketplace (brick-to-click), 
while Mercado Livre is a company that exclusively 
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operates through an online marketplace (click-to-
click).  Operating through an online marketplace is 
considered mandatory for all e-commerce companies 
in Latin America (Emarketer, 2017).Tian et al. (2018), 
when strategically analyzing the e-commerce model 
of the marketplace, attested that, from the 
perspective of efficiency, it is recommended to 
consider the costs related to the inventory, storage, 
and transport system. The authors refer to these 
three costs jointly, as order-fulfillment costs. For 
classifying retails that operate through more than 
one channel, Beck & Rygl(2015) proposed a binary 
taxonomy that considers the interaction through the 
point of view of the interaction customer and the 
point of view of the integration of the retailer’s 
operation. The classification is divided into Multi-, 
Cross-, and Omnichannel Retailing, and subdivided 
into nine categories (from I to IX). For example, a 
retailer (such as Magazine Luiza) that offers services 
for customers such as “reserve online and collect in-
store (Retira na Loja)” is referred to overall as a Cross-
Channel Retailer. However, a retailer that does not 
provide a Cross-Channel service within its own 
physical store can also be categorized as Cross-
Channel Retailer, for example, when costumers take 
shoes in Carrefour’s supermarkets, that they 
previously bought online through Dafiti’s online 
marketplace (Exame, 2018).  

Through the binary taxonomy, it is mandatory to 
classify Retailing from the point of view of the 
customer. For example, in Multichannel Retailing, the 
customer cannot trigger interaction, while in 
Multichannel, the customer can trigger partial 
interaction and/or the retailer can control partial 
integration no fat least two channels or all channels 
widespread at that time.  

In other words, in the example or Retira na Loja 
from Magazine Luiza, if the customer can purchase 
merchandise from an online marketplace and return 
it to a physical store (instead of mailing it, for 
example), this would be classified as a ‘Cross-Channel 
Retailer’ and a ‘Cross-Channel Retailing – Category III’ 
since from the customer’s viewpoint the channels 
partially interact. A DEA model would be able to 
integrate such qualitative classification as inputs or 
outputs (depending on the objective and 
methodological procedures). When analyzing 
exclusively the website performance, authors are 
limiting their analysis of e-commerce to the customer 
viewpoint. On the other hand, not considering e-
commerce and channels interaction.  Liu, Gong, Zhu, 

& Zhang (2018) applied a DEA model for investigating 
the efficiency of 124 global retailers and Huang, Li, & 
Yu (2019) applied a multi-stage DEA model for 
investigating the most appropriate inventory 
allocation of store chains.  

Alves Junior (2018) developed many integrated 
models of OCT (Optimal Control Theory) and DEA 
(Data Envelopment Analysis) for calculating the 
optimized efficiency over time, when the system has 
variables related to each other, as is the case of 
inventory control. That is, the inventory of a period t 
is a result of the inventory of the previous period (t-
1) minus the demand of t. Additionally, the proposal 
of Alves Junior (2018) extends the variational model, 
also analyzing production and demand. The DEA-OCT 
model also can assume the Variable Returns to Scale 
(VRS) as in the BCC model (Banker, Cooper, & 
Charnes, 1984)  and other models, when changes in 
the inputs do not lead to proportional changes in the 
outputs as if it was under Constant Returns to Scale 
(CRS).The OCT part of the model obtains the 
dynamically optimal storage functions, while the DEA 
part measures the relative efficiencies of the 
analyzed units. In the DEA literature, these units are 
called DMU (Decision Making Units). 

Alves Junior (2018) applied a model to 647 of 
several sectors in South and North America, each 
company represents a DMU. The Brazilian retailers  
Magazine Luiza, Americanas.com and B2W were part 
of the sample of Alves Junior (2018). The three were 
inefficient in considering the final rank for the period 
from 2010 to 2016, thought Magazine Luiza had 
some efficiency quarters between 2013 and 2014. 
Alves Junior (2018) investigated the retail sector as a 
whole, comparing several countries simultaneously, 
without focusing on e-commerce specifically. 

The DEA tool, by measuring relative efficiency 
among DMUs, is very sensitive to the sample 
selection. Therefore, it is recommended to keep in 
mind an overview of the entire investigated system 
and the main objective of the analysis for choosing 
the right sample, as well as testing many 
configurations before discuss and interpret the 
results (Cook, Tone, & Zhu, 2014). 

In summary, we believe there is a lack of an 
integrative methodology that measures efficiency 
considering both viewpoints (the customer 
interaction and of integration of the retailer’s 
operation). We believe DEA would be one of the most 
appropriate tools for measuring the integrated 
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performance, once it permits the integration of 
financial measures and qualitative evolutions at once, 
and it permits us to work with smaller samples than 
other statistical tools. As an initial contribution, we 
are proposing a qualitative investigation (focused on 
e-commerce and customer interest) and a 
quantitative investigation (an application of the DEA-
OCT model for the companies’ performance). 

 

3. Qualitative Methodology: Narrative 
Summary 
 

The selection of the sample of companies was 
based on the official statement to shareholders of 
Magazine Luiza: “The main competitors of the 
Company are Mercado Livre, B2W, Via Varejo, 
Máquina de Vendas, Walmart, Carrefour, among 
others”  (MGLU3, 2018, p.99). Máquina de Vendas 
was excluded from the analysis because it is not a  
public company. On the other hand, two companies 
not mentioned were added: Amazon and 
Americanas.com. The first one due to its worldwide 
relevance (EMARKETER, 2017) and the second 

because its operations are closely related to those of 
B2W (BTOW3, 2018; LAME4, 2018). 

In this way, we read the official statement from 
2017 of the following companies: Magazine Luiza, 
Mercado Livre, B2W, Via Varejo, Walmart, Carrefour, 
Americanas.com, and Amazon. To write the narrative 
summary, our interest was in the information related 
to the strategies of inventory and distribution 
networks for attending e-commerce. Also, if 
applicable, we sought news in the general media 
about related events cited in the documents. We also 
collected the companies’ marketplace rank position 
at Alexa. Alexa is a leading provider of global web 
metrics, such as website popularity, user 
engagement, load time and related links. Table 1 
summarizes the eight analyzed companies, the 
respective codes which they will be referred to during 
this text, their online marketplaces and their global 
position in Alexa’s rank. Once Walmart Brazil closed 
its online marketplace in 2019 (Canaltech, 2019), it 
was not possible to retrieve previous rank positions in 
Alexa

 

Table 1 Analyzed companies and their online marketplaces 

Company Code Online Marketplace Alexa 

Magazine Luiza MGLU3 magazineluiza.com.br #1,494 

Amazon Brazil AMNZ amazon.com.br #640 

Walmart Brazil WMT marketplace.walmart.com.br - 

Mercado Livre MELI mercadolivre.com.br #154 

Carrefour Brazil CRFB3 carrefour.com.br #5,312 

B2W  BTOW3 submarino.com.br #2,364 

Americanas LAME4 americanas.com.br #550 

Via Varejo VVAR4 

casasbahia.com.br #3,130 

pontofrio.com.br #7,521 
 

4. Quantitative Methodology: Data Analysis and 
DEA-OCT Model 

 

The current section is divided into three 
subsections: Data Extraction, for presenting the data 
collection (variables, period, and source); Data 
analysis, presenting a statistical analysis for 
supporting the evidences of the relevance of the 
variables in DEA-OCT model; Discrete-time DEA-OCT 
model, showing the mathematical formulation of the 
model used for measuring the efficiency of the 
companies of interest. 

 

 
 

4.1 Data Extraction 
 

The data were retrieved from Economática 
software, considering the quarterly statements in 
dollars, since they are companies from different 
countries. The São Paulo Stock Exchange (B3) 
officially endowed the International Financial 
Reporting Standards (IFRS) in 2010. Therefore, the 
target period was from the last quarter of 2010 to the 
second quarter of 2018. 

The data collected were the cost of products sold 
and inventory for the application of the model for the 
analysis of cost management efficiency and net 
operating revenue, for comparison and deepening of 
the discussion on the results. The data was deflated 
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(based on IPCA – Broad Consumer Price Index - from 
the fourth quarter of 2010 on), according to the 
instructions of IPEA (2020). For the sake of 

replicability, Table 2 shows the descriptive statistics 
of the variables that were effectively used in the DEA-
OCT model.

 

Table 2 Descriptive statistics of the data used in the model DEA-OCT. 

Cost of Products Sold (in million dollars) 

DMU Obs. Average Std. Dev. Min. Max. 

MGLU3 31 1.43 0.67 0.44 2.67 

BTOW3 31 1.12 0.57 0.34 2.27 

VVAR4 31 3.66 1.61 0.92 8.07 

MELI 31 0.13 0.14 0.00 0.68 

WMT 31 217.55 100.87 78.18 373.40 

AMNZ 31 38.8 24.68 7.61 111.93 

CRFB3 7 7.16 3.84 3.00 12.10 

LAME4 31 2.28 1.12 0.80 4.26 

Inventory (in million dollars) 

DMU  Obs. Average Std. Dev. Min. Max. 

MGLU3 31 0.50 0.00 0.30 0.67 

BTOW3 31 0.37 0.00 0.23 0.54 

VVAR4 31 1.18 0.24 0.67 1.62 

MELI 31 0.00 0.00 0.00 0.00 

WMT 31 44.17 3.57 36.33 51.50 

AMNZ 31 7.97 3.60 2.89 16.05 

CRFB3 7 1.45 0.00 1.28 1.51 

LAME4 31 0.95 0.14 0.72 1.26 
 

4.2 Econometrics Analysis 
 

A correlation was made to investigate the 
iteration strength among variables. To strengthen the 
evidence that the variables used in the DEA model are 
relevant, a linear regression was executed.  

The proposed model for linear regression is 
described in Equation 1: 

 

log(net operating income)it=αi+ 

β1 log (CPV)it +β2log(ΔInventory)it+εit                                          

(1) 
 

In which log(net operating income)it is the log of 

the net operating income of each company i in each 

quarter t. αi is the specific effect of each company. 
log (CPV)it and log(ΔInventory)it are the logs of the 

cost of the product sold and of the variation of the 
inventory for each company and each quarter; and εit 
is the template error. 

For choosing the effect of the model, we ran the 
Hausman Test (Chmelarova, 2007; Hausman, 2015) 
at MatLab. Table 3 shows the results of the test. As it 
does not reject the null hypothesis, both methods 
(random or fixed effects) are adequate.  

The chosen research method is the fixed-effect 
model, which has the advantage of controlling the 
particular characteristics of each company that does 
not vary over time. 
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Table 3 Results of Hausman test. 

 (1) (2) 
Variables Radom effect Fixed effect 
log_CPV 0.999*** 1.002*** 

 (0.00477) (0.00478) 

log_Inventories_variation -0.000789 -0.000402 

 (0.00256) (0.00253) 

Constant 0.624*** 0.610*** 
 (0.0854) (0.0614) 
Observations 454 454 

R-squared  0.990 
Number of ID 15 15 

Standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

 

4.3 Discrete time DEA-OCT model 
 
The discrete-time model of Alves Junior (2018) 

minimizes production and inventory costs to 
calculate allocative efficiency through the period of 
interest. The output is demand; the input is 
production, and the intermediate variable is the 
inventory.  

Costs are considered as the objective function. A 
variational constraint of the OCT is added to describe 
the relationship among demand, production, and 
inventory.  

The cost of products sold is CPV. Inventory costs 
are divided into two periods: initial (CEI) and final 
(CEF). CEI is between t=0 and t=T-1, i.e., the inventory 
of from the period before the first quarter (equal to 
the initial of the first quarter) until the second-to-last 
period (equal to the initial of the last quarter). For this 
reason, it is not possible to calculate the efficiency 
during the first and the last quarter of the retrieved 
data. CEF corresponds to the inventory between t=1 
and t=T, i.e., the inventory from the first until the last 
quarter. The cost of the produced product (CCP) is 
calculated as CPP=CEF-CEI+CPV. The model is shown 
in Equation 2. 

 

mincz0t
-p

cz0t
+p

cx0t
p

cz0t
-p+ ∑ cz0t

+p+ ∑ cx0t
pT

t=1
T
t=1

CEI01+ ∑ CEF0t+ ∑ CPP0t
T
t=1

T
t=1

 

  (2) 
Subject to the constraints shown in Table 4. 

 

Table 4 Constraints of the model DEA-OCT. 

Projection constraints of outputs ∑ CPVkt

z

k=1

λkt-Sykt
+ =CPV0t, t=1, 2, …, T 

Projection constraints of inputs ∑ CPPktλkt+Sxkt
- = Cx0t

p , t=1, 2, …, T

z

k=1

 

Constraints to links 
 

∑ CEFkt
+ λkt+Szkt

+ =Cz0t
+p,  t=1,2,…, T

z

k=1

 

∑ CEIkt
- λkt+Szkt

- =Cz0t
-p,  t=1,2,…, T

z

k=1

 

Intermediate equality constraints ∑ (CEFkt
+ λkt-CEIk(t+1)

- λk(t+1))+Szkt
+ -Szk(t+1)

- =0  t=1, …, T-1

z

k=1

 

Variational control constraints Cx0t
p -Cz0t

+p+Cz0t
-p=CPV0t t=1,2,…,T 

Initial value constraints Cz01
-p =CEI01 

Scale constraints (variable return) ∑ λk=1z
k=1 , t=1, 2, 3, ..., T 
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Where: 
 

cz0t
-p: projection of the total cost of the link (as input, initial 

inventory cost) in period t.  

cz0t
+p: projection of the total cost of the link (as output, 

final inventory cost) in period t. 
cx0t

p : projection of the total cost of the inputs in period t. 

CEI01: initial cost of inventory, at the beginning of the 
period under analysis (equal to the cost of final inventory 
of the previous period t-1). 
CEF0t: final cost of inventory at the end of the period 
under analysis. 
CPP0t: cost of produced product of the period under 
analysis.  
CPV: cost of products sold. 
λkt: contribution of k-th DMU to the DMU under analysis.  
Sykt

+ : slacks of the outputs (or links of the outputs). 

Sxkt
- : slacks of the inputs (or link of the inputs).  

 

In summary, the model is relevant for calculating 
efficiency, preventing the possibility of obtaining a 
projection that ignores the relationship among 
variables, since this relationship always happens in 
practice in inventory control systems.  

Because, in the analyzed set, there may be 
companies of different sizes, we opted for a Variable 
Returns to Scale (VRS) model. The model was 
programmed and executed in MATLAB software. 

We planned on running a single template 
configuration throughout the period (from 2010 to 
2018). However, we had two limitations, Euronext 
stock data is not available in Economática and 
Carrefour Brasil (CRFB3) only opened its capital at B3 
in 2016 and AMZN entered the Brazilian market in the 
same year. Hence the need to investigate another 
model, a possibility envisaged by Cook et al. (2014). 
Another interesting question was to investigate the 
impact of a transnational company that operates 
exclusively by the marketplace (MELI), in comparison 
to the others. 

In this way, we executed six configurations of 
models: (1) all companies, except CRFB3 and AMZN, 
2011-2018; (2) all companies except CRFB3 and 
AMZN, 2017-2108 (to investigate changes in the most 
recent period); (3) all companies except CRFB3, 
AMZN and MELI, 2017-2108 (to investigate the 
impact of MELI); (4) all companies except CRFB3 and 
MELI, 2017-2108 (to investigate AMZN's entry); (5) all 
companies except CRFB3, 2017-2108 (to investigate 
the entry of AMZN and MELI jointly); (6) all 

companies, including CRFB3, 2017-2108 (to 
investigate the efficiency of CRFB3 management, 
along with all available competitors, after its re-entry 
into e-commerce). 

 

5. Results and Discussions 
 

5.1 Descriptive Summary 
 

This section presents a brief historical summary of 
the companies of interest. In the end, Table 5 
compiles the most relevant events regarding e-
commerce. Considering the global relevance of the 
companies’ online marketplace in Alexa rank, the 
order is Mercado Livre, Americanas, Amazon Brazil, 
Magazine Luiza, B2W, Via Varejo, Carrefour, and 
Walmart.  

 

5.1.1 Mercado Livre 
 
Mercado Livre (or Mercado Libre in Spanish) is an 

Argentine transnational publicly traded company 
(incorporated in the US) that operates exclusively 
through marketplaces dedicated to e-commerce and 
online auctions. It was founded in 1999. The 
company's shares are sold on the stock exchange 
Nasdaq under the code MELI (MELI, 2018). 

According to E-Commerce News, (2018a), 
Mercado Livre operates and owns a single CD in 
Brazil, the company announced a 200% expansion of 
the built area in 2018. According to E-Commerce 
News (2018b), the company announced the launch of 
Mercado Envio Flex, which allows marketplace 
suppliers to use multiple delivery modes for their 
sales, including walking and cycling, to enable the 
delivery of products on the same day of purchase. 
Initially, this option is only available for the city of São 
Paulo. 

 

5.1.2 Americanas and B2W 
 

B2W is a Brazilian retail company focused on e-
commerce. The company emerged in 2006, from the 
merger of Americanas.com  (a physical and digital 
retail company) with Submarino (a digital retail 
company) (BTOW3, 2018). B2W shares are traded on 
B3 under the code BTOW3. The stocks of 
Americanas.com, the controller of B2W, are traded 
on B3 under the code LAME4 and LAME3. The fact 
that the shares are traded under more than one code 
means that Americanas.com does not belong to the 
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Novo Mercado (NM), a differentiation for companies 
with high corporate governance standards (BM&F 
Bovespa, 2018).  

B2W may share distribution infrastructure with 
Americanas.com and the latter uses the B2W 
marketplace for its online sales. The logistics 
strategies of B2W are described in the official 
statement of Americanas.com and not of B2W. 
LAME4 (2018) describes that Americanas.com owned 
838 PSs in December 2013 and inaugurated its fourth 
DC in the same year. BTOW3 (2018) describes that all 
B2W DCs are leased, until December 2017, the 
company had 11 DCs and 200 own and partner 
operating centers dedicated to digital platform 
operations.  

In 2013 and 2014, B2W Digital acquired the two e-
commerce specialized carriers in Brazil (Click-Rodo 
and Direct). In 2016, it established an operational 
agreement with Vialog, the leading e-commerce 
delivery carrier in the South region. As a result of 
these movements, B2W Fulfillment (warehousing, 
distribution and customer service) was created. B2W 
Fulfillment is currently responsible for delivering 98% 
of orders from B2W Digital sites. To support the 
growth of marketplace vendors, in March 2017 B2W 
Entrega was launched, a platform that operates and 
controls the deliveries of suppliers using the 
marketplace (BTOW3, 2018). 

 

5.1.3 Amazon Brazil 
 

Amazon is a US transnational publicly traded e-
commerce company, founded under its name in 
1994. Its shares are traded on the NASDAQ stock 
exchange under the code AMZN (AMZN, 2018).  

According to EXAME (2017), the logistics structure 
of Amazon in Brazil is different from other countries. 
Amazon entered the Brazilian market (for other 
physical products besides books) in 2016 (Exame, 
2017), and it is studied as a reference in e-commerce 
and logistics innovation (Boysen, Koster, & 
Weidinger, 2018; Tian, Vakharia, Tan, & Xu, 2018). 

Abroad, Amazon has carriers and distribution 
centers (DCs) that house suppliers' products, so that 
Amazon's customers can receive their sales in tight 
due time. In Brazil, Amazon uses a unique leased DC 
(LDC) and outsourced transportation companies. 
Furthermore, Amazon opened its marketplace after 
its major competitors had already consolidated 
theirs. 

5.1.4 Magazine Luiza 
 

Magazine Luiza is a family-owned company, 
founded in 1957. As early as 1992, Magazine Luiza 
pioneered its first e-commerce model, called Lojas 
Eletrônicas. The sales were made through multimedia 
terminals in the shops, consisting of vendors who 
guided their customers, and there were no products 
on display or inventory. In 1996, despite being a 
privately held company, Magazine Luiza released its 
first externally audited financial statement, a 
requirement only for public companies. In June 2011, 
Magazine Luiza ended the IPO process at B3, its 
shares are traded under the code MGLU3 (MGLU3, 
2018). 

In 2017, Magazine Luiza's digital channels jointly - 
site, mobile apps, and marketplace - accounted for 
30% of total sales and 61% growth considering the 
same period of 2016 as a baseline. In 2017, the 
company also acquired the technology startup 
Donatelo Desenvolvimento de Software e Market 
Digital Ltda. (known by the name Integra Commerce), 
specialized in the integration and management of the 
relationship between suppliers and marketplaces. 
The main objective of the acquisition was to 
accelerate the execution of the development strategy 
of a profitable marketplace (MGLU3, 2018). In 2018, 
Magazine Luiza acquired the technology startup 
applied to logistics Logbee, which is a platform that 
manages the express delivery of light products, made 
daily by several suppliers (MGLU3, 2018). 

Magazine Luiza has a unique and integrated 
system of corporate services and logistics. This 
system consists of more than 1,500 carriers, 716 
conventional physical stores (CPSs), 141 virtual stores 
(VSs), 10 distribution centers (DCs) and a single 
shared service center (SSC). According to MGLU3 
(2018), since the carriers already supply the PSs, the 
implementation of services related to e-commerce, 
such as the Retira Loja- purchasing mode that enables 
the customer to withdraw the online purchased 
product directly in the PSs, practically does not entail 
incremental costs. 

 

5.1.5 Via Varejo 
 

Via Varejos came from the merger between Casas 
Bahia and Pontofrio in 2009, promoted by the Pão de 
Açúcar Group, which is controlled by the Casino 
Group, a French holding. The stocks of Via Varejo are 
traded on B3 under the codes VVAR3, VVAR4, and 
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VVAR11 (VVAR4, 2018). This means that Via Varejo 
does not belong to NM. 

Among the company's goals are the unification of 
service and the integration of customer service and 
physical stores (VVAR4, 2018, p.173). The company is 
proud to have the greatest number of PSs in its 
segment, 975 (VVAR4, 2018, p. 70), served by 15 
leased DCs (VVAR4, 2018, p. 80).  

As a general rule, the freight from suppliers to the 
distribution center is paid by suppliers. The freight 
from the distribution center or warehouse to stores 
is paid by Via Varejo. The freight cost for deliveries to 
the customer is paid by Via Varejo. And a service fee 
is charged to the customer. The transportation of 
products is carried out by own transporters and 
contracted carriers. In 2016, Via Varejo had more 
than 800 own vehicles destined for the company's 
deliveries, and the percentage of deliveries made by 
third parties is approximately 90% (VVAR4, 2018, 
p.80). The Via Varejo is the only company in the 
sector that also operates with own vehicles and the 
reasons for this are not clear in the official statement. 
After several consecutive losses, the company is in a 
process of restructuring and selling (InfoMoney, 
2018).  

 

5.1.6 Carrefour Brazil 
 

Carrefour is a transnational open company of 
French origin. The Carrefour group was founded in 
1958. Carrefour shares are traded on the Euronext 
stock exchange under the code CA and also on B3 
under the code CRFB3 (CRFB3, 2018).  

According to CRFB3 (2018), Carrefour has 373 PSs 
in Brazil, located in all Brazilian states and the Federal 
District, which are served by 17 strategically located 
DCs.  

In Brazil, Carrefour inaugurated its first virtual 
store in 2010 (E-Commerce News, 2010). In 2012, the 
company decided to close its e-commerce operation 
for restructuring it (E-Commerce News, 2012). 
Carrefour only resumed e-commerce in 2017 with 
the launch of a digital platform for the sale of food 
products and soon after, making it possible, for the 

first time in Brazil, to sell food and non-food products 
on the same platform (E-Commerce News, 2018c).  

Besides this, the company Bling (business 
management system) announced its integration with 
the Carrefour marketplace in July 2018 (E-Commerce 
News, 2018a). In May of the same year, the Bling 
company had already joined the Walmart 
marketplace (E-Commerce News, 2018) and in March 
the Amazon’s (E-Commerce News, 2018b). 

According to the Paulista Supermarket Association 
(APAS, 2010), among the innovations in the supply 
chain of Carrefour, we highlight the technology of 
inventory management by voice command. 
According to the Brazilian Society of Retail and 
Consumer Affairs (SBVC, 2017), to meet online 
shopping, the Carrefour network inaugurated its first 
dark store.  A dark store is a warehouse full of 
products, where pickers pick and order products 
according to online orders. It functions as a mini-
distribution center for online shopping (Benedictus, 
2014).  

 

5.1.7 Walmart Brazil 
 

Walmart is a US-listed transnational corporation 
founded under this name in 2008. As a department 
store, the company was founded in 1962 under the 
name Wal-mart. Walmart shares are traded on the 
New York Stock Exchange (NYSE) under the code 
WMT (WMT, 2018). 

Walmart launched its marketplace in Brazil in 
December 2017 (Reuters, 2017). Walmart Brazil has 
maintained two separate companies (including with 
distinct headquarters) for the management of sales 
in physical stores and the management of e-
commerce. These two companies were consolidated 
into a single one in 2017 (E-Commerce News, 2017).  

According to Walmart Brasil (2018), the company 
is a benchmark for its ability to manage and innovate 
in its supply chain through the intensive use of 
information technology. In Brazil, Walmart has 21 
DCs and 543 PSs. Its network covers the South, 
Southeast, Northeast regions, and the state of Mato 
Grosso do Sul, in the Center-West region.
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Table 5 Summary of  main  events of e-commerce. 
Company Code Business Model Historical of e-commerce Source 

Magazine Luiza MGLU3 brick-to-click In 1992, MGLU3 had it is the first trial 
withe-commerce.  
In 2016, MGLU3 launched its strategy 
named "Digital Transformation". 

 (MGLU3, 2018) 

Amazon Brazil AMNZ click-to-click In 2016, AMNZ entered in Brazil selling 
all physical products (not only books). 

(EXAME, 2017) 

Mercado Livre MELI click-to-click In 1999, it was found in Argentina. (MELI, 2018) 

Walmart Brazil WMT brick-to-click In December 2017, WMT launched a 
marketplace.  
In May 2019, WMT gave up on e-
commerce. 

 (Canaltech, 2019; 
Reuters, 2017) 

Carrefour Brazil CRFB3 brick-to-click In 2010,  CRFB launched e-commerce. 
 In 2012, CRFB3 closed e-commerce.  
In 2017, CRFB3 launched its online 
platform 

(E-Commerce News, 
2018c) 

B2W  BTOW3 click-to-click In 2006, the company emerged  from 
the merger of Americanas.com  with 
Submarino (a digital retail company). 

(BTOW3, 2018) 

Americanas LAME4 brick-to-click In 1999, LAME4 started selling online. (LAME4, 2018) 

Via Varejo VVAR4 brick-to-click In 2008, VVAR4 restructured to invest 
in strategies for e-commerce. The 
operations of all subsidiary brands  are 
concentrated in one company. 

(VVAR4, 2018) 

 
5.2 Efficiency Results 

The first step was to verify the results of the 
statistical analysis, to understand the relevance of the 
variables of the DEA-OCT model to the financial 

results of the companies. The results for linear 
regression can be seen in Table 6. The results were 
significant. As expected, the inventory had a negative 
relation (-0.0266) with net operating revenue and 
cost of product sold, a positive relation (0.979). 

 

Table 6 Fixed Effect Model 
Variables Revenue 

  

log_CPV 0.979*** 
 (0.00863) 
log_Inventories_variation -0.0266*** 

 (0.00342) 

Constant 1.033*** 
 (0.123) 
Observations 215 

Number of ID 8 

R-squared 0.985 
Standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Then the next step was to investigate the net 
operating revenue to determine the size of the 

companies analyzed. Table 7 shows the descriptive 
statistics of this variable.  

 

Table 7 Net operating revenue (in million dollars) of the analyzed companies 

DMU Obs. Average Std. Dev. Min. Max. 

MGLU3 31 2.05 0.96 0.00 3.75 

BTOW3 31 1.47 0.75 0.00 3.00 

VVAR4 31 5.22 2.75 1.32 11.20 

MELI 31 0.38 0.29 0.00 1.40 

WMT 31 290.59 134.85 104.19 500.34 

AMNZ 31 57.57 39.58 9.86 177.87 

CRFB3 7 8.97 4.82 3.75 15.20 

LAME4 31 3.26 1.61 1.11 6.10 
 

Table 7 shows that Mercado Livre (MELI) has the 
lowest revenue, while Walmart (WMT) has the 
greatest. The average revenue for all companies 
added up is 27.2% of WMT revenue. Excluding 
Amazon (AMNZ), the sum of the revenues is 
equivalent to 7.3% to that of the WMT. Thus, there 

are two large companies, WMT and AMZ and the 
others are small when compared to revenues. In this 
way, the VRS assumption was justified in the model. 
Table 8 shows the results of the six model 
configurations

 
Table 8 Results of the tested configurations for the DEA-OCT model 

 1 2 3 4 5 6 

 (2011 - 2018) (2017 -2018) (2017 -2018) 

DMU Efficiency Efficiency Efficiency 
MGLU3 0.9511 0.9488 0.9949 0.9624 0.8944 0.8903 

BTOW3 0.9606 0.9776 1 1 0.9763 0.9641 

LAME4 0.9186 0.9462 0.9525 0.9467 0.9409 0.9175 

VVAR4 0.9877 0.9424 0.9475 0.8766 0.8654 0.8316 

WMT 1 1 1 1 1 1 

MELI 1 1 - - 1 1 

AMNZ - - - 1 1 1 

CRFB3 - - - - - 0.9867 

 

Model 1 (Table 8) considers six companies from 
2011 until 2018 and presents WMT and MELI as 
efficient. WMT is a much larger company than the 
others and has physical stores (therefore has more 
inventory), while MELI adopts the pure marketplace 
business model.  

Although its failure in adopting a successful e-
commerce strategy (Table 5), the WMT is efficient in 
all investigated models, possibly due to gain of scale 
and because online sales may not represent a great 

percentage of the company’s revenues. MELI is also 
efficient in all models where it is considered (1, 2,5, 
and 6). It is relevant that in the models where MELI is 
not considered (3 and 4), B2W (BTOW3, another 
company that adopts a pure marketplace business 
model) becomes an efficient DMU. This can mean a 
natural advantage of the marketplace mode to be 
efficient in inventory costs since this cost is passed on 
to suppliers. Though, that, however, the exclusive 
adoption of the marketplace is not the unique cause 
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for efficiency, since companies that do not adopt it 
have also been efficient (or almost). Models 4 and 5 
point out that whenever the AMNZ is considered, it is 
also among the efficient ones. Like MELI, AMNZ has a 
single distribution center in Brazil, i.e. they are 
companies with small territorial coverage in a country 
of continental extension. Restricted coverage can 
also be one of the causes of their efficiency.  

Magazine Luiza (MGLU3) is the second most 
inefficient in Model 1, but its position goes up in 
Models 2 and 3, both referring to a more recent 
period and not considering (in the DEA-OCT samples) 
AMZN, Carrefour Brazil (CRFB3) and, in the case of 
Model 3, not considering MELI neither. Improving 
efficiency for recent periods can demonstrate the 

application of new management practices (after the 
adoption of the Digital Transformation strategy in 
2016, as shown in Table 5). In that same period, 
MGLU3 is consistently more efficient than Via Varejo 
(VVAR4), which bankrupted. As the DEA part of the 
model measures the relative efficiency, it may be that 
the best (relative) performance of MGLU3 is due to 
the worse performance of VVAR4.  

In Model 6, MGLU3 returns to the second most 
inefficient position and CRFB3 achieves a quasi-
efficient condition. However, unlike AMZN, CRFB3 is 
not a new player. Seeking a deeper investigation of 
the impact of CRFB3 in the available time frame, 
Table 9 shows the efficiency results of Model 9 per 
quarter. 

 

Table 9 Results of Model 6 by quarter 

DMU (2017-2018) 1st 2017 2nd 2017 3rd 2017 4th 2017 1st 2018 

MGLU3 0.8903 0.9316 0.9140 0.8999 0.8646 0.7053 

BTOW3 0.9642 1 1 0.9702 0.9382 0.8673 

LAME4 0.9176 0.9699 0.9807 0.8650 0.8962 0.7951 

VVAR4 0.8316 0.8224 0.8331 0.8280 0.8553 0.5768 

WMT 1 1 1 1 1 1 

MELI 1 1 1 1 1 1 

AMNZ 1 1 1 1 1 1 

CRFB3 0.9868 0.9469 1 1 1 0.9338 

 

As seen in Table 9, WMT, MELI, and AMNZ remain 
efficient all quarters. CRFB3 presents 3 efficient 
quarters. This may demonstrate temporary 
difficulties in the process of implementation of good 
practices and in the resumption of e-commerce (first 
quarter of 2017, Table 5), or that, for some reason, 
the company faces difficulties in being efficient in the 
first quarters (for example, the inventory can be 
impacted by the previous quarter - Christmas sales).  

It is interesting to remember that WMT, CRFB3, 
and AMZN have their marketplace strategy managed 
by the same company, Bling. Bling has been managing 
the AMZN's marketplace since the second quarter of 
2017, the WMT's since the third and CRFB3's, since 
the third of 2018 (therefore, outside the analysis 
period).  

As WMT and AMZN are permanently efficient, it 
will be interesting to see if the CRFB3 will achieve 
permanent efficiency too and how the management 
of Bling will contribute to this. 

When comparing WMT with CRFB3, both are 

supermarkets and considered leaders of innovation 
in supply chain management, distribution network, 
and storage. It is important to remember that WMT 
is a larger company than CRFB3, though WMT has a 
smaller territorial scope, smaller distribution 
network, and fewer physical stores. This can mean a 
greater management challenge for CRFB3 and that 
CRFB3 may have better management practices so 
that it can be almost as efficient as WMT (in relative 
comparison). This possibility could be investigated 
with a case study.  

BTOW3 was efficient in the first and second half of 
2017 after that performance did not hold. Further 
investigation is needed to determine the cause. 
MGLU3 is more efficient only than VVAR3 in all 
periods. In the third quarter of 2017, MGLU3 is also 
slightly more efficient than LAME4. It is interesting to 
note that LAME4 and VVAR3 do not belong to the 
Novo Mercado, that is, they do not have a formal 
commitment to high standards of corporate 
governance. Suggesting that governance standards 
can also influence the efficiency of inventory cost 
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management. Finally, we can understand that 
MGLU3 does not demonstrate a benchmark for 
optimized inventory cost management, although the 
extraordinary valuation of its shares. 

 

6. Conclusions  
 

We drew a narrative summary of the B2C e-
commerce scenario for the Brazilian home appliance 
market, focusing on publicly traded companies that 
are competitors of Magazine Luiza. Additionally, we 
measured the cost inventory efficiency of the 
identified players.  

For the current application, we found four factors 
that may be impacting efficiency. Three factors 
positively affect efficiency (in the studied samples 
and periods): (i) the adoption marketplace as an 
exclusive mode of selling; (ii) the culture of being 
innovative in supply chain management and 
distribution network; and (iii) the adoption of high 
standards of corporative governance.  

One factor negatively affects the efficiency is 
territorial coverage. Though, the obstacles generated 
by huge distances can be overpassed by innovation 
and good management practices, as seen to be the 
case of Carrefour Brazil. Although its astonishing 
stock valuation, Magazine Luiza is not a benchmark 
for inventory cost efficiency. The findings also 

pointed out the relevance of deep investigation 
about the management practices of Magazine Luiza, 
Carrefour Brazil, Walmart, and Mercado Livre.   

For further steps of methodology development,  
we recommend the classification of selling channels 
of the companies of interest according to Beck & Rygl 
(2015), incorporating, for example, sales through 
social media. For further applications, whether the 
data is available, it is recommended to study also 
small and medium companies, as well as privately 
held companies in general. 

It is also suggested to improve the methodology 
by considering a probabilistic demand in a Chance 
Constrained DEA-OCT model, or overcoming the 
limitations of addressing stochastic aspects, as 
uncertainty and random noise, in a Dynamic 
Stochastic DEA-OCT model. 

A practical limitation is the lack of data of 
important players acting globally and cross-border e-
commerce companies from other countries that were 
not considered in the analysis, but they could have an 
impact even the companies analyzed in this paper. 

We believe we successfully contributed with the 
literature, proposing a methodology that can be used 
by other researchers to evaluate the efficiency of 
inventory cost management and the impact of e-
commerce on it, highlighting successful cases.
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