
XXIII Summer School “Francesco Turco” – Industrial Systems Engineering  

Optimizing store-based picking in the e-
grocery: a model to assess costs and 

benefits 

Mangiaracina R.*, Perego A.*, Seghezzi A.*, Tumino A.* 

* Dipartimento di Ingegneria Gestionale (DIG), Politecnico di Milano, Via Lambruschini, 4B 20156 – Milano – 
Italy (riccardo.mangiaracina@polimi.it, alessandro.perego@polimi.it, arianna.seghezzi@polimi.it, 

angela.tumino@polimi.it) 

Abstract: Despite e-grocery is achieving significant volumes in Europe, it is still underdeveloped in Italy, where it 
accounts for a low percentage on the total sales of the sector. However, its growth is the most important one among 
those performed online by the other industries and the number of e-grocery initiatives has been proliferating in the 
last three years.  The main e-commerce challenges, most of all speed and quality of the service, are amplified by the 
peculiarities of the grocery sector. On the one hand, products are characterized by high levels of perishability and 
fragility; on the other hand, differently from the online sales in other sectors, demand is characterized by a significant 
number of lines per order and a low number of items per order line. Therefore, the order fulfilment process 
becomes more challenging. Moreover, if compared to offline purchases, the online channel requires new activities, 
i.e. picking and delivery, thus introducing additional costs for the grocers. Currently, e-grocers implement either the 
warehouse-based or the store-based logistic model. The warehouse-based solution, where online orders are fulfilled 
in a warehouse dedicated to e-commerce, requires significant investments. The stored-based solution, where items 
are picked from the shelves in traditional stores, implies high picking time (and thus high picking costs), and a 
reduction in the item fill rate. This study is aimed at proposing an intermediate logistic solution based on an access 
index based allocation: A-class items are picked from a dedicated back area, while B and C ones are picked from the 
shelves in the stores. The results of the model application show a reduction of about 38% in the picking time per 
order if compared to the traditional store-based solution.  
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1. Introduction 

E-grocery is achieving significant volumes in Europe, but 
in the Italian scenario the grocery sector is still 
characterized by a low online penetration rate with respect 
to other industries. Nonetheless, it is gaining increasing 
relevance from both the academic and the managerial 
perspectives, since this market is continuously growing 
(+40% per year according to Italian Observatory on B2c 
eCommerce). Online grocery initiatives are proliferating, 
and big dot-com players are entering the market. This 
being the scenario, traditional grocery retailers need to 
offer e-commerce services in order to stay competitive. 

E-grocery companies do not only have to face the main 
electronic commerce challenges, but they also have to 
manage additional complexities which are peculiar of the 
grocery industry. On the one hand, customers buying 
products online are very demanding in terms of service 
level, and they are much interested in time performances 
(Lu et al., 2016). Both timeliness - i.e. delivering products 
within an established time lapse - and speed - i.e. reducing 
the time between the order and the delivery (Savelsbergh 
and Woensel, 2016) - are fundamental. On the other hand, 
grocery generates new complexities for business-to-
consumer e-commerce. First, some products (e.g. eggs) 
are fragile and need to be carefully handled, while other 
products (e.g. meat) are fresh or frozen and they thus 
require specific storage and transportation conditions 
(Boyer et al., 2003). Second, the shelf-life of some food 

products is very short. Third, differently from online sales 
in other industries, e-grocery orders are composed by a 
significant number of order lines, and a low number of 
items per line (Fernie et al., 2010). Therefore, the order 
fulfilment process of a grocery retailer becomes much 
more challenging while moving online; in particular, if 
compared to traditional offline purchases, two critical 
additional activities are required: picking and delivery. 

Currently, two alternative picking models are implemented 
by e-grocery companies, either the store-based or the 
warehouse-based solutions. In the store-based solution, 
online ordered items are picked from the shelves in 
traditional stores. This model implies high picking time, 
and thus high picking costs: the pickers have to walk 
within the crowded aisles of the store to retrieve products, 
thus implying high waiting time. Moreover, the item fill 
rate of traditional purchases decreases, since products are 
not only sold offline, but also through the online channel. 
In the warehouse-based solution, online orders are instead 
fulfilled in a warehouse only dedicated to e-commerce. 
This second model requires huge investments, and 
traditional grocery retailers often do not have online 
volumes which can economically justify the building and 
management of a new facility. Ideally, the e-grocery order 
fulfilment development path should follow two steps: 
first, implementing a store-based approach in order to 
enter the online market; second, switching to a 
warehouse-based option once online demand has 
increased enough to make it sustainable. Nevertheless, the 
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inefficiencies deriving from the store-based model often 
hinder the achievement of the online volumes needed to 
make a dedicated warehouse convenient (Melacini et al., 
2018); this is why most of the e-grocery initiatives in Italy 
still rely on store-based picking. Based on the above, the 
need for an alternative option to be implemented between 
the two existing ones arises. This work is aimed at 
proposing and analyzing an intermediate solution based 
on an access index based allocation, that combines the in-
store and the warehouse-based picking. According to this 
model, items characterized by high rotation are picked 
from a back area dedicated to e-commerce, while the 
remaining ones are retrieved from the shelves in the store. 

This paper is organized as follows: section 2 presents the 
results of the literature review, section 3 defines the 
research questions and the adopted methodology, section 
4 illustrates the model development, its application and 
the sensitivity analysis, and section 5 summarizes the 
conclusions stemming from the work. 

2. Literature review 

The offline grocery industry is characterized by low 
profitability with respect to other markets; moreover, the 
increasing importance of the online channel creates 
additional challenges for retailers (Melacini et al., 2018). 
Though, companies need to consider that customers’ 
willingness to buy online is significantly increasing, and 
thus “innovative operational and logistical solutions have 
to be developed to make home delivery and click and 
collect not only possible but profitable” (Hübner et al., 
2016). In particular, the order fulfilment in e-grocery has 
captured the interest of practitioner as well as of 
academics, and special attention has been paid to the 
different picking models that may be implemented by 
offline grocery companies moving online. The reason is 
that picking represents one of the most relevant cost 
voices for e-grocers (Yriölä, 2003).  Moreover, the choice 
of the picking model may also have strong effects in terms 
of environmental sustainability (Mangiaracina et al., 2015). 
The order fulfilment solutions that are mostly discussed in 
literature are two: the store-based and the warehouse-
based models. 

In the store-based model, orders are fulfilled in the 
existing traditional stores (Li and Yousept, 2004). This 
option has some advantages. It does not require huge 
investments since it relies on the already existing facilities, 
and it also increases their utilization rate (Murphy, 2007). 
In addition, the wide geographical presence of brick-and-
mortar stores makes the grocers closer to customers, thus 
limiting the delivery distances and delivery costs (Hübner 
et al. 2016). However, the store-based model has some 
problems, that become much more relevant as online 
demand increases. There is a high risk of stock-out: an 
item which is available when the customer issues the order 
online may be out of stock when the picker has to retrieve 
it, if it has been bought by another consumer in the store 
(Fernie et al., 2010). Traditional stores are designed to 
show products, and not to increase their storage or 
retrieval efficiency (Hübner et al. 2016); their placement 
may thus slow down picking activities. The presence of 

people within the aisles of the store hinders pickers’ 
activities, and it implies high picking time (Hübner et al. 
2016). On the other side, employees bother customers 
walking in the stores creating congestion, thus affecting 
their offline shopping experience (Scott and Scott, 2008). 
To solve this problem, some authors (e.g. Boyer et al., 
2003) proposed to postpone the retrieving activities 
during the store closing time, but the deriving late order 
fulfilment would heavily affect the service level of online 
purchases (Colla and Lapoule, 2012). Based on the above, 
the store-based model does not imply high investments 
and it allows to leverage on the existing stores network. 
Nevertheless, it has significant limits in terms of scalability 
(Hübner et al. 2016) and it is less profitable than the 
warehouse-based solution (Hackney et al., 2006). 

In the warehouse-based model, online orders are fulfilled 
in purpose-built warehouses, which are only dedicated to 
e-commerce purchases. The facilities are designed in order 
to optimize picking activities and this solution avoids 
interferences from traditional customers during the 
picking journey. Therefore, the warehouse-based solution 
makes the picking process much more efficient than the 
store-based model (Hübner et al. 2016). According to 
Colla and Lapoule (2012), the preparation of an order 
made of 50/60 items in a dedicated facility might reduce 
the needed time by at least 40%, if compared to the time 
required in a store. In purpose-built warehouses, it is 
possible to raise the level of automation (Hübner et al. 
2016), and real time data about products availability are 
easily collected (Colla and Lapoule, 2012): the risk of 
incurring in stock-outs is thus reduced. Nevertheless, this 
solution presents some problems. Building a new facility 
requires huge initial investments, and the related fixed 
costs are very high (Li and Yousept, 2004). Stocks are not 
shared between online and offline customers, and the cost 
of unsold goods may be significant (Fernie et al., 2010). 
Differently from the stores, warehouses are usually not 
close to customers, and this may result in higher delivery 
cost per order if the number of customers to be reached is 
low (Boyer et al., 2003). Moreover, the network requires 
an additional flow, and this increases the supply chain 
complexity (Hübner et al. 2016). Consistently with these 
considerations, the warehouse-based model implies high 
efficiency in the picking process and a better stock 
management. Nevertheless, due to the huge investments it 
requires, companies should implement it only when their 
online volumes are significant enough, and a premature 
adoption of this solution may lead to the failure of e-
commerce initiatives (Fernie et al., 2010). 

Even if most of the researchers focused their attention on 
the evaluation or the comparison of the store-based and 
the warehouse-based options, the literature also shows 
some attempts to identify alternative solutions, aimed at 
overcoming the limits of the existing ones. 

Kämäräinen et al. (2001) propose a complex model that 
creates and separately manages three classes of items 
based on their purchasing frequency. A-class items are 
retrieved from distribution centers, B-class items are 
picked from a manual inventory system and C-class items 
are managed in the shelves of traditional stores. Due to 
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the high degree of complexity of the process, this solution 
is just studied from a conceptual perspective, with no 
further practical developments or applications. Hübner et 
al. (2016) analyze a model in which online orders are 
fulfilled in the already existing regional distribution 
centers, which traditionally serve the stores. However, 
these warehouses are designed to manage business-to-
business flows, for which the handling unit is a pallet-load 
or at least a carton. Moreover, in some networks, 
distribution centers may be dedicated to specific product 
types (e.g. fresh food, dry food), and the consolidation of 
items coming from different warehouses would be needed 
to fulfil the business-to-consumer orders (Murphy, 2007; 
Fernie et al., 2010). Lang (2010) identifies an option in 
which part of the items of online orders is retrieved in 
traditional stores, and the remaining part is instead picked 
in a dedicated facility; the orders are then consolidated in 
the store or in a dedicated consolidation building. 
However, the study only provides a qualitative framework 
and no further quantitative analyses are performed. 

Based on the above, it is possible to highlight two main 
gaps in the literature. First, researches mainly present the 
store-based and the warehouse-based solutions as two 
opposite choices, or as two consecutive stages of a 
development path, which does not include any 
intermediate step. Accordingly, low effort is put in the 
identification and the analysis of new models which 
combine the two options. Second, the existing attempts in 
this direction mainly tackle the issue through conceptual 
frameworks or qualitative considerations. Therefore, the 
theme of intermediate picking solutions for the e-grocery 
sector still needs further investigation, particularly by 
means of quantitative methodologies. 

3. Objectives and methodology 

Given the identified gaps, this paper aims at proposing 
and analyzing an intermediate picking solution based on 
the combination of the store-based and the warehouse-
based models. In particular, the study aims at evaluating 
the performances associated to this new model and at 
comparing them to those of the store-based option. The 
reason why the store-based model is taken as benchmark 
is that currently it is the most commonly adopted solution 
in e-grocery. 

To reach the aforementioned objectives, the following 
research questions were identified: 

RQ1 - How can the in-store picking model for e-grocery 
be improved in order to reach better picking 
performances? (RQ1a - What are the main features of the 
new picking model? RQ1b - What are the picking 
performances of this solution if compared to those of the 
traditional store-based model?) 

RQ2 - Can this solution be profitable? If yes, under which 
conditions? 

In order to answer these research questions, the work was 
structured in four main steps. (i) First, both the traditional 
store-based and the intermediate solutions were defined in 
terms of layout and management policies. (ii) Second, the 

relevant picking performances measures, and the main 
investments and costs associated to the two options, were 
identified; an analytical activity-based model for their 
estimation was coherently developed (for both the 
traditional and the intermediate solutions). (iii) Third, the 
model was applied to a real e-grocery store, in order to 
derive the results. (iv) Fourth, a sensitivity analysis on 
three relevant parameters was performed, in order to test 
the reliability of the results stemming from the model 
application. 

The main methods adopted in the research are three: 

• Literature review, aimed at identifying the picking 
models applied in the e-grocery sector, and at 
investigating the way in which the related time and 
cost performances are typically estimated. 

• Multiple interviews with an e-grocery operator, both 
in order to receive information and feedbacks during 
the model design, and to collect the data needed for 
its application. 

• Analysis of secondary sources (e.g. case studies, e-
grocery websites, logistics practitioners’ journals, 
reports) to triangulate data coming from the literature 
and the interviews. 

4. The model 

4.1 Model development  

The model development consisted in three stages: first, 
both the traditional store-based and the intermediate 
solutions were defined in terms of layout and policies 
(4.1.1); second, the formulas for computing the picking 
time needed in the two alternatives were found (4.1.2); 
third, investments and costs of the two solutions were 
identified (4.1.3). 

4.1.1 Layout definition 

First, the layout of the store was defined; the structure of 
a typical point of sale was modeled based on the 
information collected through the interviews to the e-
grocer. 

Once the store layout was defined, the store-based option 
was complete; in order to model the new solution, also the 
back area had to be designed. Indeed, the proposed 
intermediate solution aims at arranging a picking area 
dedicated to online orders in the back of the store facility 
(it thus relies on the hypothesis that there is enough space 
to arrange the back area in the existing facility). In order 
to avoid the need of huge investments for settling a wide 
area, only some of the e-commerce items are picked 
within this back area, while the remaining ones are still 
managed in the store. In particular, online items were 
clustered in A, B and C classes based on their access 
index. For each item i, the Access Index (in the store) was 
computed as: 

           AIi = Picking frequencyi / Dedicated spacei. 

According to a marginal increase approach, items whose 
AI is higher than the average AI of all the managed items 
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- i.e. the A-class items - are eligible to be picked in the 
back area, while B and C ones still need to be retrieved in 
the store. The reason behind this choice is that storage 
policies based on the ratio between the dedicated space 
and the picking frequency are the most efficient ones in 
terms of picking performances (Caron et al., 1998). 

Still, some A-class items (e.g. prepared food, fresh fish, 
bakery, fruits/vegetables) may have specific storage and 
management needs. Storing them in the back area may not 
be convenient, since they would require additional 
replenishment processes from the dedicated area of the 
store to the back warehouse, or additional equipment. 
Accordingly, an A* class, composed by the A-class items 
which are managed in the back area, has to be introduced. 
These items represent a small portion of products which 
is though responsible for the majority of online sales. 

Based on the above, the picking process for e-commerce 
orders is two-phased: A*-class items are picked in the 
back area, while the remaining ones are picked in the sales 
floor. At the end of the picking tour, a consolidation of 
the orders is made; this task is simple since the two 
picking zones are adjacent.  

The general configuration of the back area that emerged 
from the model development is shown in Figure 1: there 
are an ambient, a cold and a bulky area. The length of the 
shelves dedicated to each item depends on the total 
quantity to be stored for that item, i.e. the e-commerce 
demand and the safety stocks. Indeed, stocks are sized 
assuming 1 replenishment per day. Then, considering the 
dedicated shelf length and the online sales of each item, 
their access index may be computed, and the resulting 
shelf allocation may be derived. 

 
Figure 1: Layout of the back area 

4.1.2 Picking time 

Based on the literature analysis, the formulas for 
computing the picking time in the two solutions were 
defined, mainly resorting to the work by Caron et al. 
(1998); they were then validated through the interviews. 
Some illustrative examples - referred to the back area - are 
shown in Appendix A. 

(i) Routing policy: a traversal routing was assumed for 
both the options, since it is the most suitable one if the 
number of picks per tour is high (Petersen, 1997), as it 
usually happens in e-grocery. 

(ii) Batching policy: in the store-based model one order is 
picked in each tour (as it currently happens due to the 

dimension of the shopping carts); in the new solution 2 
orders per tour are picked in the back-area and 3 orders 
per tour are picked in the store. It is possible to 
implement this batching policy since in the new solution 
the items to be picked are split across the two areas, thus 
resulting in a lower portion of items to be retrieved in 
each of them. The difference in the dimensions of the 
batches for the two areas is linked to the storage policy: 
the back area stores A*-class items, that, due to their high 
access index, typically represent the majority of items in an 
online order (thus corresponding to greater quantities). 

Two different stock-out scenarios were identified and 
modeled, based on the approaches used to manage stock-
outs. In the first option there is no stock-out 
management, meaning that if the required items are not 
available, no alternatives are proposed to customers. In 
this case the order will thus be delivered incomplete. In 
the second option the picker, when there are missing 
articles, retrieves substitute products. At the end of the 
tour, the customers receive a phone call in which the 
alternatives are proposed and they can choose whether 
they want to accept them or not. While in the first option 
the overall time needed coincides with the picking time 
(set-up time, retrieval time and travel time), in the second 
option the time for managing stock-outs has to be added. 

4.1.3 Costs and investments 

In order to evaluate the proposed solution according to an 
economic perspective, the formulas for computing the 
investments and the operative costs linked to the two 
picking models were identified: interviews and secondary 
sources allowed to analyze the processes, and then the 
formulas were defined based on an activity-based model. 
In particular, in order to compare the two solutions, the 
costs that differ in the two cases were considered. They 
are: picking cost, cost for managing stock-outs, cost for 
replenishment activities, inventory carrying cost and cost 
for running the equipment in the back area. The 
investments - only to be considered for the new solution - 
are instead those needed for the storage and picking 
equipment of the back area. This is coherent with the 
hypotheses made: both the store and the back area share 
the same IT system; there is enough space to arrange the 
back picking area in the existing facility. 

4.2 Model application 

4.2.1 Time performances 

After its development, the model was applied to an 
existing e-grocery store, in order to compare the time 
performances of the store-based option and the new 
intermediate solution, and to evaluate the profitability of 
the proposed solution. Since the layout of the store was 
already known, two main phases were performed.  

(i) First, sales data were collected through the interviews 
and the detailed layout of the intermediate proposed 
solution was defined. To define the classes, the Access 
Index for each of the 27,606 managed items was 
computed (according to the formula presented in section 
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4.1.1.). Accordingly, 6,366 A-class items (whose AI is 
higher than the average one) were identified. Then, items 
not eligible to be stored in the back area due to the 
storage and management requirements (e.g. prepared 
food) were excluded, thus identifying 5,707 A*-class 
items. They constitute the 20.68% of the overall range 
(27,606 items), and the analysis of sales data showed that 
they account for 60.51% of the overall volumes. 

Based on the estimated e-commerce incidence on total 
sales, the maximum capacity of the back area was set to 
200 daily orders. Consistently with both the number of 
A*-class items to be stored and the set capacity, the 
dedicated picking area was then sized and designed: it 
resulted an approximately 300 square meters area with 4 
couples of aisles (1 for fresh and frozen items and 3 for 
dry ones; water packs are instead piled on the farthest side 
of the last couple of aisles). 

(ii) Second, the picking time was assessed for both the 
traditional store-based and the new intermediate models, 
for each of the two stock-out management options. Four 
options arose from the combinations of the different 
alternatives: store-based without stock-out management, 
store-based with stock out management, new intermediate 
solution without stock-out management and new 
intermediate solution with stock-out management. 

The obtained results are shown in Table 1: the new 
solution implies a reduction in both the mere picking time 
and the time spent for stock-out management. 

Time [min/order] Store-based New solution 

Picking 26.61 16.26 

Stock-out 
management 9.17 4.45 

Table 1:  Picking and Stock-out management time 

The mere picking time is estimated to decrease from 26.61 
minutes per order in the store based model, to 16.26 
minutes per order in the improved solution (-38.9%). The 
retrieval time is higher in the new solution, since the batch 
picking policy requires sorting activities. Nonetheless, this 
solution implies a lower total time, and this is due to two 
reasons. First, the travel time for pickers - that was 
estimated based on empirical data - is lower in the 
proposed solution, due to the optimized configuration of 
the back area. Second, the waiting time for pickers in the 
back area is null, since there are no offline customers 
creating congestion in the aisles and slowing down picking 
activities (as it instead happens in the store). 

The average waiting time per order in the store - i.e. the 
additional percentage time an operator spends in a picking 
tour only due to the congestion of the store - was 
estimated following four steps. First, the daily activity of 
the store was divided in 8 two-hours timeslots. For each 
timeslot, the analysis of secondary sources provided both 
the expected number of customers visiting the store and 
the expected number of online orders to be picked in that 
time window. Second, relying on the findings by Hahn 
and Scholz (2017), a percentage waiting time was 

associated to each time slot, depending on the number of 
visitors (the higher the number of people in the store, the 
higher the congestion, the higher the waiting time). The 
percentages associated to the different timeslots during 
the day and along the week are represented in Figure 2. 
Third, the average waiting time per order in a specific day 
d was computed: it is the average of the percentage 
waiting times of the 8 slots t within the day d (WTt,d), 
weighted by the number of online orders to be picked in 
that slot t of day d (%orderst,d): 

                   AVG %WTd = ∑t %orderst,d • WTt,d. 

Fourth, the overall average waiting time per order was 
calculated considering a one-year horizon. Accordingly, 
the average waiting time for the store is 25.31% of the 
time spent by the picker within the store. 

 
Figure 2: Store waiting time distribution 

Considering instead the time needed for the stock-out 
management, it is expected to decrease from 9.17 minutes 
per order in the store based model, to 4.45 minutes per 
order in the improved solution (-51.5%). This benefit is 
due to the decrease in the number of out-of-stock lines in 
the improved model (from 4.68 to 1.85 lines on average 
for an order of 55 lines). This reduction is allowed by the 
real-time availability data about products in the back area.  

Therefore, in the second stock-out option, the total time 
is estimated to decrease from 35.78 minutes per order in 
the store-based model to 20.71 minutes per order in the 
improved solution (-42.1%). 

Based on the above, the new intermediate solution implies 
better time performances in both the stock-out scenarios. 

4.2.2 Cost performances 

Once the time performances were evaluated, the two 
picking solutions were compared in terms of economic 
performances, through the assessment of the new solution 
net present value (NPV) and break-even point. 

The net present value was estimated considering five 
years, a growing volume trend and a certain degree of 
maturity of the online initiative, i.e. starting from an 80% 
utilization rate up to 100% in the fifth operating year 
(Figure 3). Without the stock-out management, the NPV 
is about 180k€, while with the stock-out management the 
value increases up to about 540k€. It must be remarked 
that only savings deriving from picking and stock-out 
management activities were included to evaluate inflows, 
while the positive effect of the new solution on sales was 
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not (since it would have required additional different 
analyses). Though, the new intermediate model allows to 
reduce the number of out-of-stock lines - thus resulting in 
higher customers’ satisfaction - and it accordingly also 
implies an increase in sales. 

 
Figure 3:  NCF and NPV of the new solution in 5 years 

Another analysis to verify the estimated profitability of the 
new solution was performed considering its break-even 
point, for which investments depreciation was assumed to 
be equally split across the 5 years. To break-even, the 
solution needs an average daily volume of 132 orders - 
corresponding to a 66% utilization rate - with no stock-
out management (payback time between 3 and 4 years), 
and 91 orders per day - 45% utilization rate - with stock-
out management (payback time about 2 years). 

4.2.3 Sensitivity analysis 

In order to test the reliability of the model and the 
robustness of the results, some sensitivity analyses were 
performed on the most relevant input parameters: the 
number of lines per order, the average waiting time and 
the batch dimension. During the model application, the 
values of all the parameters were varied within defined 
ranges, and the three selected ones appeared to be those 
impacting the most on the picking performances. The 
three analyses were performed for both the case in which 
stock-outs are not managed and the case in which stock-
outs are managed through the phone call. The specific 
scenarios are displayed in Appendix B. 

First, the order size was varied in a range between 1 order 
line per order and 100 order lines per order. If no stock-
out management is considered, the overall reduction in 
the needed time (new solution compared to the store-
based solution) ranges between 31.24% and 45.31% (for 
25 order lines). If stock-outs are managed, this percentage 
ranges instead between 32.03% and 44.21%. Besides some 
fluctuations in the percentage benefits, the new solution is 
able to provide an enhancement in picking efficiency for 
any order dimension. 

Second, the average waiting time percentage was assumed 
to vary between 0% and 60% of the time spent within the 
store. If no stock-out management is considered, the 
percentage reduction in the needed time (new solution 
compared to the store-based solution) ranges between 
32.65% and 44.34%. If stock-outs are managed, this 
percentage ranges instead between 38.28% and 45.87%. In 

both cases the benefit increases as the waiting time 
increases. This results show how the new intermediate 
solution is more convenient than the store-based one 
independently from how crowded the store is when 
picking activities are performed. 

Third, the batches of the new solution were varied. In 
particular, in addition to the baseline (i.e. 2 orders per 
batch in the back area, 3 orders per batch in the store), 
two alternative cases were considered: 6 orders per batch 
in the back area and 3 orders per batch in the store; 6 
orders per batch both in the back area and in the store. 
They were sized based on the dimension of existing carts 
(currently used in the UK) that could be introduced. 
Independently from the stock-out management, both the 
cases imply higher picking time if compared to the base 
case of the proposed solution. Coherently, the batching 
policy proposed in the model development is the most 
efficient one to be implemented. Nonetheless, the picking 
time for the two alternative policies is still lower with 
respect to the traditional store-based case.  

Based on the above, the proposed solution outperforms 
the conventional store-picking option independently from 
the potential variations in the analyzed parameters. 

5. Conclusions 

This paper answered the defined research questions, while 
proposing and evaluating the performances of an 
innovative picking model for e-grocery, that combines the 
store-based and the warehouse-based models for fulfilling 
online orders. A*-class items are picked from a dedicated 
back area, while the other ones are picked from the 
shelves in traditional stores; at the end of the picking tour, 
orders are consolidated (RQ1a). The application of the 
model showed a reduction of about 38% in the picking 
time per order and a reduction of about 52% in the time 
for managing stock-outs, if compared to the traditional 
store-based solution (RQ1b). From an economic 
perspective, despite the initial investment and the extra 
operative costs required by additional activities, the 
proposed solution allows to reach the break-even point 
with 132 daily orders (66% utilization rate) if stock-outs 
are not managed, and with 91 daily orders (45% utilization 
rate) if stock-outs are managed (RQ2). 

This work leads to implications for both academics and 
practitioners. 

On the academic side it contributes to the literature, since 
it proposes an intermediate picking model combining the 
store-based and the warehouse-based options, that are 
traditionally seen as two opposite alternative choices. 
Furthermore, it differs from the existing studies on 
intermediate solutions. The proposed option relies on two 
picking phases performed in two adjacent zones: it is 
much more efficient than implementing three phases in 
three different places - as suggested by Kämäräinen et al. 
(2001) - which would require more time for sorting 
activities. In this work, e-commerce orders are mainly 
fulfilled in a dedicated area, which is specially designed for 
this scope; this allows to optimize picking activities with 
respect to the distribution-centers option studied by 
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Hübner et al. (2016), that is usually optimized for 
business-to-business flows. Finally, differently from the 
work by Lang (2010), this work attempts to quantitatively 
analyze the differences with the store-based solution, from 
both an operative and an economic perspective, and it 
does not only tackle the issue in a qualitative way.  

On the managerial side, this work can provide a decision 
tool for practitioners operating in the grocery industry. It 
presents a picking solution that, being more convenient 
than the traditional one, may be applied by offline grocers 
considering to implement an e-commerce initiative. 
Moreover, online grocers can adopt the analytical 
framework of the study to evaluate a potential shift from a 
store-based picking model towards the proposed solution. 

The main limitations of the work lie in the simplifying 
hypotheses that were made in order to develop and apply 
the model (e.g. the routing policy). Accordingly, only 
average expected results are provided. Further researches 
should be performed in order to confirm figures and more 
precise estimations for each of the involved tasks. The 
choice of the items to be stored in the back area relies on 
the definition of classes based on the access index, and 
further analyses on additional parameters could be 
included (e.g. frequency of couplings). Moreover, only the 
store-based model is taken as benchmark for the 
comparison, while the warehouse-based model is not 
analyzed. This choice is mainly due to the fact that the 
proposed intermediate solution arises as an improvement 
of the store-based one, that is nowadays the most 
commonly implemented option. The work could be 
further developed while comparing the proposed solution 
with the option of building a facility dedicated to the 
fulfilment of online orders, especially in case of a higher 
maturity of the e-grocery market. In addition, to provide a 
comprehensive evaluation of the convenience of 
implementing an e-commerce initiative, further analyses 
should be included (e.g. transportation cost). 
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Appendix A – Formulas for computing the picking 
time in the back area 

 

 
 

Picking Time = Set-Up Time (SUT) + Retrieval Time 
(RT) + Expected Travel Time (ETT) 

 

(SUT) = set-up time per picking tour, i.e. time needed to 
prepare a picking mission 

 
(RT) = Nbatch ⋅ RTL + n ⋅ X ⋅ RTP 
 
Where: 

Nbatch = [N ⋅ X ⋅ (1-%O)] 

N = number of lines per order picked in the back area 

X = number of orders picked in the back area 

%O = lines overlap due to the batching policy 

n = number of pieces per order picked in the back area 

RTL = retrieval time per line, i.e. time needed to read and 
check the picking list, and to position in front of the 
picking location 

RTP = retrieval time per piece, i.e. time needed to pick an 
item and put it in the cart 

 

(ETT) = (LI-D + LE-D + LI-F + LE-F)/Speed of the picker 

LI-D = ( lI-D + wE-D) ⋅ vD 

LI-F = ( lI-F + wE-F) ⋅ vF 

LE-D = 2 ⋅ ( fD - 1)⋅ wI-D + DI/O-D + DD-F  

LE-F = ( af/2 - 1)⋅ wI-F + DI/O-F 

Where: 

vD = [1 − 1 − $%
&'()*ℎ∙	(1−%0)(2

%=1   ] 

vF = [1 − 1 − $%
&'()*ℎ∙	%/(/

%=1   ] 

aD = number of ambient aisles (for dry products) 

aF = number of cold aisles (for chilled/frozen products) 

pi = probability to visit the i-th aisle 

lI-D = length of the ambient aisles 

lI-F = length of the cold aisles 

wE-D = width of the cross aisle between two ambient racks 

wE-F = width of the cross aisle between two cold racks 

wI-D = width of a ambient aisles module 

wI-F = width of a cold aisles module 

DI/O-D = distance between the input/output point and the 
centerline of the nearest ambient aisle 

DI/O-F = distance between the input/output point and the 
centerline of the nearest cold aisle 

DD-F = distance between the ambient area and the cold 
area 

fD = expected farthest couple of aisles to be visited in a 
picking tour in the ambient area 

%F = percentage of chilled/frozen products picked from 
the back area 

 

 

Appendix B – Sensitivity analysis 

 

 
Number of lines per order – No stock-out management 

 
Number of lines per order – With stock-out management 

Average waiting time – No stock-out management 
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 Average waiting time – With stock-out management 

 

Option Picking 
time [min] 

Total time (with 
Stock-out 
management) [min] 

Store: 6 orders/batch 

Back: 3 orders/batch 
18.67 23.12 

Store: 6 orders/batch 

Back: 6 orders/batch 
19.40 23.92 

Batch dimension (in the new solution) 
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