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Abstract
The industry of grocery retailing has been changing and the COVID-19 pandemic has givenonline grocery retailing a significant boost. However, omnichannel grocers have struggledwith the profitability of the online channel as workload heavy operations of picking anddelivering the orders require massive efforts from the grocer. Still, price-sensitive customersare not willing to pay for the service even though they find the service convenient.
Thus, the thesis focuses on the fulfilment challenges of OC grocery retailers and analyzespossible solutions to improve the efficiency of the supply chain. The study conducts anextensive literature review of different fulfilment and distribution methods used in onlinegroceries and discusses the advantages and challenges of each. Furthermore, six onlinegrocers were interviewed for the study to identify the advantages and challenges of each usedfulfilment model. Also, the changes in the supply chain due to the pandemic and quicklyincreased demand are discussed.
The researched models from the literature review were compared to the used fulfilmentmodels and it was noticed that the scalability of the store-based fulfilment model has provenits advantage of scalability through the uncertain demand during the pandemic. Earlier, thefocus on the literature has been on the last-mile transportation efficiency but now, the pickingoperations have gotten more attention from grocers. The physical limits have begun to restrictthe picking capacity in stores and increased demand has led to more challenges in the stores.Thus, multiple grocers were focusing on setting up automated picking solutions to improvepicking efficiency. However, based on the study, store-based picking is not considered to bereplaced completely and thus advanced solutions for the model are needed.
The study also finds out possible solutions on how OC operations could be improved for moreefficient online retailing. These solutions were focused on OOS management, online storepossibilities and more efficient picking. Picking in the stores has led to an increased numberof OOSs when multiple channels consume the same inventories. Thus, stockouts were statedto be one of the main challenges in OC retailing. The study finds that OOS managementshould be improved by adjusting ARS for replenishing online orders and providing substituteitems to the pickers automatically.
Based on the study, the picking software was considered to be inadequate for efficient pickingalso. Optimized picking routes and up to date data should be provided to the pickers fordecreasing the differences in the performance of different pickers. In addition, onlinegroceries could enable more efficient replenishment by utilizing open online orders and batchbalances in fresh items.
However, the study did not analyze the specific benefits of the possible solutions and thusfurther separate research should be conducted for proving the results. Furthermore, theuncertainty of the demand has been hindering down the investments in online groceryretailing. Thus, further research should be done after the pandemic and the online demandhas levelled and the solutions can be adjusted accordingly.
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1 Introduction
1.1 Background and motivation
In recent years, sales of groceries bought online have been increasing across the
world even though the percentage of online grocery shopping is still low. The highest
share of the online grocery retail segment has been in China, where 5.9% of the sales
come through online channels (Statista, 2020). In Europe, the UK has the highest
percentage of online sales of 4.9% but generally European countries have an online
share under 1% (Statista, 2020). However, it has been forecasted that the share of
online sales will increase fast in the future and the compounded annual growth rate
of online sales will be around 10% in Europe and the U.S. and almost 14% in China
between 2020 and 2025 (Statista, 2020). The COVID-19 pandemic has speeded up
the eCommerce sales, and the online segment of food and personal care has
benefitted the most by increasing the sales by over 20% compared to the pre-
pandemic forecast (Statista, 2020). Based on Aull et al. (2021), in the US the share
of online groceries had a threefold increase compared to the levels before the
pandemic.
In the online retailing business, retailers also operate traditional brick-and-mortar
stores often. The simpler way of having multiple sales channels is called
multichannel retailing. However, in multichannel retailing, the channels operate
parallel to each other so that the channels have no interaction. In a more advanced
version of having multiple sales channels, the operations of the distribution are
integrated, and it is called omnichannel (OC) retailing (Galipoglu et al., 2018). In
omnichannel retailing, the customer can buy the product from either of the channels
and decide the delivery method which increases the number of touchpoints for the
customer and improves the customer experience (Beck & Rygl, 2015).
These OC retailers can be called “bricks and clicks” because of the offering of both
brick-and-mortar and an online option where the online sales are able to be picked
by the customer by home delivery, from pick-up stations or at the store (Hübner et
al., 2019). Also, in omnichannel retailing the operations, warehousing and logistics
in the fulfilment process are shared making the omnichannel replenishment unified
(Hübner et al., 2016a).
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Even though grocery retailing is still dominated by brick-and-mortar stores, online
sales have been creating challenges for the grocery retailers as the picking and
distribution of the online orders increase the workload significantly and thus affect
the costs (Ring & Tigert, 2001). Despite the workload heavy activities needed for OC
grocery retailers, the customers are known not to be ready for paying higher prices
for home delivery and also expect full availability (Fernie & Sparks, 2009, p. 33;
Colla & Lapoule, 2012). Still, there are multiple alternative delivery methods that all
need special operations to distribute the orders to customers and thus OC supply
chain needs to take these into account in the replenishment decisions. These are for
example click & collect (C&C) from a store or a pick-up station and home delivery
(Hübner et al., 2019).
In addition to distributing the orders, the OC sales need to be replenished efficiently.
Nowadays the replenishment is often handled with automatic replenishment
systems (ARS) to match the inventory with the demand more accurately without
losing sales increasing the availability in grocery stores (Kiil et al., 2017; van
Donselaar et al., 2005; Horzella, 2005, p. 94). In grocery retailing the replenishment
process is extremely workload heavy due to the high number of items and
perishability and ARS can help the grocery retailers to save costs in the ordering
process by automatically generating orders for the items needed (van Donselaar et
al., 2005; Horzella, 2005, p. 94). The effectiveness of ARS has been increasing
during the recent decades and has become an essential tool especially for perishable
groceries in the world where both sustainability and small margins drive the grocery
industry (Kiil et al. 2017; Deshmukh et al., 2008).
In the recent literature, the different distribution methods of OC grocery retailing
have been studied and the problem of the costly last-mile delivery has been
emphasized (Hübner et al., 2019; Colla & Lapoule, 2012). However, online sales in
the OC supply chain are traditionally fulfilled with the same methods as the B&M
channel. Thus, the fulfilment methods should be investigated as well to understand
if the different sales channels should be replenished differently. According to
Hübner et al. (2019), the sales patterns for online and brick-and-mortar demand are
different and can lead to mismatching inventory levels in a specific time.
Furthermore, it was stated that due to the low availability levels in the online store,
the number of replacement products in the basket can be high. When one basket can
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contain approximately 60 to 80 items on average, the replenishment and forecasting
of replacements become increasingly important (Fernie & Sparks, 2009, p. 218).
These distribution methods can be fulfilled in various ways and the logistics network
includes distribution centers (DC), cross points for transshipment and the stores
(Hübner et al. 2019). Besides, the DCs can be central for all channels in the large
region or only focus on either online or B&M fulfilment. These online DCs (ODC)
and so-called “dark stores” are only meant for picking online orders and distributing
the goods to the pick-up points. (Hübner et al., 2016a).
The number of multiple distribution methods of online sales and the differing sales
pattern of online products with replacement makes the research of omnichannel
fulfilment methods needed and will help the OC retailers to adjust their ARS to
improve the fulfilment process with different fulfilment models. However, as there
are multiple distribution methods to operate omnichannel sales, the supply chain
operations need to be analyzed more thoroughly. Thus, this study will focus on
comparing different fulfilment methods used in grocery retailing and what to
consider with each model.
1.2 Research questions
In this study, the aim is to compile a coherent overview of different fulfilment
methods and supply chain planning processes in OC grocery retailing. As online
grocery retailing is becoming more popular, but still the retailers struggle with
profitability, figuring out the optimal processes to adjust the system to fulfil OC sales
will be crucial for the future. This objective will be studied with the following
research questions:

 What are the different omnichannel fulfilment methods in
grocery retailing and what are the advantages and challenges?

 How should the forecasting and replenishment systems setup
take the fulfilment methods into account?

 How should grocery retailers improve the efficiency of
omnichannel operations?
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To analyze the different fulfilment methods, an extensive literature review of
fulfilment and delivery methods will be conducted, and the known advantages and
challenges of each method are analyzed. In addition, interviews were conducted to
find out what are the attitudes towards current solutions and how the grocers see
the future of fulfilling online orders as the demand has increased fast.
The second research question focuses more on the use of forecasting and
replenishment systems in the OC processes. The data for answering how the systems
are used today is gotten from the interviews. The question will discuss the solutions
that might not be in use or methods that should be made available in the forecasting
and replenishment systems so that the integrated ordering and fulfilling the online
orders could be performed more efficiently.
Finally, the pain points in OC grocery retailing are discussed and analyzed to figure
out possible solutions for more efficient grocery retailing in the future. OC grocery
retailing has created new operations that are workload-heavy and not performed
efficiently at the moment. The question will discuss the arisen challenges from the
interviews and possible suggested solutions.
1.3 Scope for the thesis
The scope of the thesis will be restricted to grocery retailing because of the specific
needs in the replenishment of fresh products and the unique shopping habits of the
grocery customers. Thus, the returns are for example out of the scope of the study
because those are not normal in grocery retail. Furthermore, the study focuses on
OC grocery retailers due to the specific characteristics of having multiple channels.
The analysis and results of the study will concentrate on the fulfilment methods of
online orders in OC grocery retailing. However, to analyze the needs of the fulfilment
methods, the distribution methods will be reviewed to get a better understanding.
1.4 Structure
To get a comprehensive view of the issue, the study starts with a literature review
about grocery retailing and the current trends in the industry, the part of the
automatic replenishment systems in the fulfilment process and omnichannel
fulfilment methods and challenges. Next, the empirical research design and data
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collection will be discussed in chapter 3. The results of the study are analyzed in
chapter 4 and finally, chapter 5 interprets the conclusions and the limitations of the
study.
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2 Literature review
In the following chapter, the literature review is conducted. The literature review
begins with an introduction to the trends in grocery retailing with a focus on online
groceries. The section with online groceries discusses the most significant
characteristics of online groceries and the challenges it often creates. Next,
omnichannel grocery retailing is focused on examining the advantages and
challenges of different fulfilment and distribution methods. Finally, the role of
forecasting and replenishment systems is discussed in omnichannel retailing.
2.1 Trends in grocery retailing
The grocery retailing industry has been growing and especially last year has been
very successful for grocery retailers due to the COVID-19 pandemic. For example, in
the U.S., the average annual spend on groceries has been increasing in recent years
steadily (Statista, 2021a). During the pandemic, people have cooked at home more,
which has increased sales even more. Most notably, the online sales of food and
personal care products have increased significantly compared to 2019 and the post-
COVID-19 forecast for 2020 sales of the category increased 21% according to Statista
(2020) which is the largest forecasted increase in all eCommerce segments.
The grocery retail industry has been known for its high competition and customer
loyalty in addition to the low margins (Angerer, 2006, p. 1). However, over the past
decade, large grocery chains have disrupted the industry by driving down the costs
even more to offer the cheapest prices for price-sensitive customers (Kuijpers et al.,
2018). In addition, the multiple temperature zones that need to be maintained in
storing and transporting different grocery products makes the logistics more
challenging and the short shelf life increases the importance of effective inventory
management (Hübner et al., 2019). Kuijpers et al. (2018) represent in the report
that the economic profit of the grocery sector decreased over 50% between 2012 and
2017 due to the fierce price competition.
Therefore, the supply chains of the grocery retailers have been under investigation
to improve the efficiency of the supply chain operations (Begley et al., 2020). The
efficiency has been improved with new information technology solutions that help
the retailers to reduce workload and increase the availability without spoiling the



7

inventory (Angerer, 2006, p. 184). Recently, the grocery retailing industry has been
moving towards online groceries and the COVID-19 pandemic has increased the
speed of the rapidly growing market.
In addition to the increasing online sales, digitalization can be seen in the grocery
retail operations as IT systems that help planning, usage of RFID technology or
automation in warehouses using machines (Prater et al., 2005; Hübner et al. 2019).
Grocery retailing has been able to remain without the high level of digitalization until
recently because the consumer habits have not developed demanding more online
solutions and because of the thin margins, grocers have not been able or willing to
invest in more advanced but extremely costly supply chain solutions (Begley et al.,
2020). The increasing share of online groceries has enabled the new fulfilment and
picking solutions to be developed which can improve the supply chain efficiency in
densely populated areas (Begley et al., 2020).
Still, the tough competition makes the grocers innovate new IT solutions. In 2018
Amazon launched the first Amazon Go, which is a self-service convenience store
model which has no cashiers, and the products are scanned when they are set to the
basket of the customer. The advantage of having no cashiers is that the shopping will
get convenient when there are no queues to wait in and the retailer saves in the wages
(Ives et al., 2019).
The research by Martín et al. (2019) studied the recent literature in e-grocery
retailing and they found that the last-mile logistics was found to be the most
significant key driver for competitive online grocery. Furthermore, in the study, the
fulfilment of grocery retailing was found to be a great moderator of the customer
experience and affects more in online groceries than in other e-commerce areas.
2.1.1 Online groceries
As stated before, online grocery has been the fastest growing eCommerce segment
in recent years. In this chapter, we are going to dig more into the characteristics of
the advantages and challenges online grocery retailing has. Online groceries have
existed a long time already, but due to the obstacles of consumer habits and
workload heavy operations, online grocers have not been able to turn the returns
positive (Tanskanen et al., 2002).
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Due to the challenges and consumer habits, the market size of the traditional grocery
retailing industry does not implicate the performance in the online grocery market.
For example, even though the UK is only the ninth-largest grocery retail market in
the world, the online grocery retailing market is the second-largest in the world due
to the significantly higher share of online sales (Institute of Grocery distribution,
2019; Statista, 2020). Conversely, large grocery markets like India, Russia and Brazil
do not fit in the top ten largest online grocery markets (Institute of Grocery
distribution, 2019; Mkansi et al., 2018). Similar effects can be seen in the leading
online grocers as in the U.S. Amazon was clearly the most popular online grocery
retailer even though Walmart has been the larger grocery retailer (Statista, 2021a;
2021b).
The share of the online sales is very regional, and China is leading the online
groceries with a share of 5.9% of total grocery sales in 2019 (Statista, 2020). In
Europe, the general level is around 1% but, in the UK, the share of online groceries
was 4.9% which is significantly higher than elsewhere in Europe (Statista, 2020).
The reason for the higher share of online groceries is the early competition that
happened in the online grocery business and grocers rushed in investing in online
capabilities (Herring et al., 2017).
Despite the share of online sales is still low, it is projected to increase fast with almost
14% compounded annual growth rate in China and a 10% compounded annual
growth rate in Europe and U.S. until 2025 (Statista, 2020). As the share of online
sales increases, the retailers face new challenges of low margins, workload heavy
operations, perishable products and securing availability that decrease the
profitability even further. Furthermore, the customers are very price-sensitive in
grocery retailing and are not willing to pay higher prices from the delivery even
though it has been experienced convenient (Fernie & Sparks, 2009, p. 33).
Because grocery retailing is not similar to other retailing industries, the share of
online sales has been lower compared to other retailing categories. For example, the
average number of items in the basket can be over 60 for a grocery retailer, which
increases the importance of the availability of the products (Fernie & Sparks, 2009,
p. 218). However, because of the perishable goods, the grocers cannot increase the
inventory level significantly to improve the availability because the excess inventory
would spoil. Reducing the spoiling of goods will help the grocers to improve the
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efficiency of the supply chain and reduce costs. The spoilage can be reduced with
more accurate replenishment using ARS (Kiil et al. 2017). In addition, reducing
spoilage improves the sustainability of the grocers giving them a competitive
advantage in the industry by improving the brand (Günday et al., 2020).
The effect of COVID-19 on online groceries
Due to the COVID-19 pandemic, the total grocery retailing industry has increased
because people are cooking more meals at home when they have more time and
restaurants have been closed (Günday et al., 2020). More notably, online grocery
shopping has become more popular than it has been because it decreases the
possibility of exposure to the virus in public places and gives people better access to
the assortment even with a high level of movement restrictions (Günday et al.,
2020). While all the online retailing segments have gotten a boost by the COVID-19
pandemic, the category of food and personal care products was expected to have a
21% increase in the forecasted revenue compared to the pre-COVID-19 forecast
(Statista, 2020). Furthermore, this led to the estimated growth of revenue by 53% in
2020 compared to 2019 in the food and beverages segment (Statista 2021c).
However, Aull et al. (2021) report that in the US, the share of online grocery sales
had a threefold increase during the pandemic and similar results were noticed in
France and the UK.
The effects of a virus on online groceries have been studied earlier too. For example,
Foster and Tang (2005) studied the online shopping behaviour in Hong Kong during
the SARS epidemic in 2003. They found that the demand for online groceries was
closely related to the number of infections during the period. Because online grocery
shopping was not developed to be a habit, the increased demand for online groceries
flattened after the crisis. However, the level of online sales remained higher than
before SARS and grocers were forced to scale up the infrastructure and thus be able
to provide better services after the crisis (Foster & Tang, 2005).
According to Grashuis et al. (2020), the increasing fear of the virus has made people
more flexible with the delivery time windows and delivery fees of online groceries,
but still have a strong preference towards low delivery fees and short time windows
for the delivery. Therefore, after the pandemic is over, online grocery retailers need
to find ways to provide shorter delivery times and decrease the costs of online orders
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to lower the fees to remain competitive. Based on a survey, Günday et al. (2020)
state that consumers are willing to increase their online grocery shopping by 5% in
the UK after the pandemic. In other European countries the net intent was to
decrease online grocery shopping, but only by -1% in France, -10% in Germany, and
-14% in Italy, for example. Thus, the level of online grocery sales would remain
higher than it was before the pandemic (Günday et al., 2020). During the pandemic,
15% of the respondents had bought groceries from an online retailer that they had
not used earlier and over 50% of those stated to continue shopping from the new
retailer (Günday et al., 2020). Therefore, providing attractive online grocery options
for customers is extremely important at the moment to capture the mass that is
moving towards online groceries.
Convenience of online shopping
Traditional grocery shopping has been recognized to be inconvenient as it is time
consuming, stressful, and considered to be a chore (Aylott & Mitchell, 1998; Roberts
et al., 2003). Aylott and Mitchell (1998) recognized that the stress of shopping
resulted from the time-consuming activities of shopping and crowded grocery stores
where other shoppers make congestions in the aisles and form long queues at the
cashiers. Switching to online groceries would decrease the stress created by grocery
shopping by eliminating the slow picking by the customer, queueing and other
shoppers crowding the activity. Still, online grocery shopping has not been adopted
well in the modern world. Roberts et al. (2003) suggested that these inconveniences
of grocery shopping should be used to show the advantage of online groceries.
However, online grocery shopping has its own downsides which have made people
continue traditional shopping. The price of the delivery service of online groceries
or paying for the picking has been experienced to be a threshold and price
competition drives the grocery industry more and more (Fernie & Sparks, 2009, p.
33; Kuijpers et al., 2018). According to Chintagunta et al. (2012) consumers were
not willing to pay for the delivery service even though the benefits of online grocery
shopping were measured to be larger than the cost of the delivery. Also, long lead
times or delivery windows have been noticed to decrease the attractiveness of the
online grocery service. To reduce the delivery costs and solve the delivery window
problems, grocers are offering multiple channels to receive the orders (Hübner et
al., 2019). For example, a C&C service from the store reduces the delivery cost for
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the customer and still makes grocery shopping more convenient compared to a B&M
store.
Due to the low margins and costly operations that the online grocery needs, the
grocers are not able to drive down the price of the service significantly to remain
profitable. Still, because the grocers compete in getting the customers, grocers might
need to provide online services to maintain the customer base even though it would
decrease the profitability temporarily (Mortimer et al., 2016). According to a study,
80% of the grocery shoppers stated to be more likely to buy online from retailers that
offer more convenient and flexible delivery options compared to the competitor
(Sharma, 2019).
Furthermore, in the fresh products, for example, vegetables, the threshold of buying
them online is larger than in products with a longer life cycle (Kang et al., 2016). In
the study, Kang et al. (2016) stated that the reason for the barrier of online shopping
of fresh products was that people did not trust the quality of the products bought
from the online store and wanted to select the products themselves to ensure the
quality. However, Mortimer et al. (2016) have discovered that people that have used
online grocery shopping services more frequently, do not perceive as much risk and
have more trust in the grocers than the less frequent shoppers. Also, the trust gained
by good experiences of the quality of the service and products led to a larger
probability of repurchase from the online retailer (Mortimer et al., 2016).
To increase the share of online grocery shoppers, customers need to be assured of
the convenience and quality of the service. Furthermore, the quality and freshness
of the products have been noticed to be the most important concern about online
groceries (McGrath, 2019). According to a survey, when different online grocers are
compared together, the price plays the role of the most affecting factor (McGrath,
2019).
Thus, online grocers need to provide a guarantee of the quality of fresh products
while being competitive with the pricing. The quality of the service also relates that
the accuracy of the delivered orders is excellent and there are no missing products
from the orders due to a stockout or a mistake. In a stockout situation, the product
needs to be substituted with a suitable product to maintain the quality of the service
(Harris et al., 2017). The customer service from the beginning of the order to the
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receiving of the products is all considered in the customer experience. According to
Singh, and Söderlund (2020), customer service was a significant factor in the
customer experience and especially bad service caused distress and made customers
think to find a better retailer.
Online grocers have been able to ease the shopping experience by offering features
that traditional grocers cannot provide. For example, shopping in an online store
can be made faster by providing personalized shopping lists that can be saved for
future shopping (Melis et al. 2016). In the UK, Amazon Fresh has offered same-day
deliveries to improve their attractiveness and Ocado has focused on ensuring quality
and reliability (Harris et al., 2017).
Costly operations
As the price has been a significant factor in online groceries, driving the cost down
in the supply chain operations will enable more affordable solutions for the
consumers (Mkansi et al., 2018). The costs have been noticed to increase due to the
deliveries and picking of the orders. Aspray et al. (2013) found that in grocery
retailing the last-mile delivery of online orders creates the largest challenges due to
the complex fulfilment and delivery needed. In picking, the products for the store
and customer orders are collected. Especially manual picking of the orders can cause
around 25% of the cost of the supply chain (Hübner et al., 2019). If the picking of
the orders is done in the store, the travel distance of the pickers increases
significantly compared to warehouse picking and thus increases the workload of the
task. However, manual picking at stores is the easiest way to start online retailing
for a traditional grocery retailer and needs the smallest investment (Hübner et al.,
2019). If the share of the online orders increases significantly, the in-store picking
cannot be scaled up to be efficient and crowds the aisles of the store which decreases
the customer satisfaction of brick-and-mortar shoppers.
As the share of online orders increases, retailers can scale up the supply chain
operations to reduce the costs of online sales by automating the fulfilment of the
orders (Begley et al., 2020). Nevertheless, the higher the level of automation is, it
requires larger initial investments and thus needs a higher level of online sales to be
profitable. In-store picking has also a disadvantage of more complicated inventory
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management and higher safety stocks at the stores which should be taken into
account when the picking process is planned (Hübner et al., 2019).
In addition to the picking costs, the delivery costs form a great share of the online
grocery retailing and the home delivery with short time slots is the most expensive
option (Tanskanen et al., 2002). Because of the high costs, it is also the most
expensive option for the customers. Still, because it reduces the time customers use
for shopping significantly, it has been noticed to provide customer satisfaction and
is the most popular delivery method for example in UK and Netherlands
(Morganosky & Cude, 2000). According to de Polignac et al. (2015), the delivery fees
that the customers pay are significantly lower than the actual delivery costs which
make the home delivery models not so attractive for the grocery retailers. However,
the variety of delivery methods has been noticed to increase the attractiveness of the
online grocers and thus give a competitive advantage (Chintagunta, Chu &
Cebollada, 2012; de Polignac et al. 2015).
The high delivery costs of online groceries are based mainly on the delivery time,
delivery window, distance, and density of the population in the area (Punakivi &
Saranen, 2001; Hübner et al. 2019). The delivery time affects the price by forcing the
delivery to happen during the rush hour or at the same time with other deliveries
when extra capacity should be added. Hays et al. (2005) studied that rush hour
delivery can increase the delivery costs to be 2.5 times higher compared to times
with less traffic. The delivery windows similarly affect the transportation costs
significantly as narrow delivery slots make route optimization harder and
complicate the operations. Punakivi and Saranen (2001) found that attended home
deliveries with a short delivery window of one hour had over double the delivery
costs compared to unattended home deliveries with longer delivery windows (6
hours) that could be delivered during the daytime. It was discovered that only
increasing the delivery window to two hours reduced the delivery costs by over a
third (Punakivi & Saranen, 2001).
Also, Kämäräinen et al. (2001a) found that the time used per delivery and the need
for delivery vehicles increase with attended home deliveries and the shorter delivery
slots leading to more expensive deliveries. However, for unattended home delivery
reception boxes with suitable temperatures are needed and the solution requires
large investments at the beginning of providing the service. Nevertheless, if the
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culture of remote work due to COVID-19 is here to stay, people are staying more at
home during days and are able to receive daytime deliveries with longer delivery
windows and the reception boxes are not needed and the delivery windows can be
longer.
Even though the long lead times can decrease customer satisfaction, the fastness of
the delivery increases the costs significantly through more inefficient picking and
delivery operations. To increase the attractiveness, grocery retailers need to be able
to provide faster deliveries with optimized fulfilment and delivery methods without
increasing the picking and delivery costs. This challenge will be discussed more later.
Availability
Finally, the availability of products creates challenges but also opportunities in
online grocery retailing. Angerer et al. (2006) stated that out-of-stocks (OOS) has
been the most customer satisfaction decreasing issue in grocery retailing. In online
grocery, the retailer is able to provide a larger assortment for the customer as the
shelf space of the convenience store is not limiting the assortment range and the
picking can be done in the central warehouse (Hübner et al. 2019).
However, online retailers might exclude some of the products from the online
assortment to reduce the problems that the temperature differences might create
(Hübner et al., 2019). Also, if the picking is done in a store, the inventory
management gets a lot more complicated as offline shoppers might buy the product
before it gets picked. If an OOS occur during the picking, the product in the order
should be substituted by the grocers with a product of similar or better quality to
keep the customer satisfied (Colla & Lapoule, 2012). Because of the perishability of
many products, the inventories cannot be increased to guarantee availability without
increasing the spoilage of the inventory. Furthermore, because of the needed quality
of the perishable products, the grocers cannot deliver products that are near spoiling
to the online customers to maintain customer satisfaction and reduce the complaints
(Mkansi et al., 2018).
The availability information is thus extremely important for grocers to have up to
date and the online channel should be able to inform the customer if some product
is not available at the time of the purchase (Colla & Lapoule, 2012). Thus, the
customer will be able to select a substitute product from suggested substitutes to the
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basket. As the basket size is large in grocery shopping, it is probable that all the
products are not available at the time of the purchase and thus substitution
management in online shopping will play a significant role in customer satisfaction.
Also, because the grocers need to minimize the number of OOSs in online sales,
Mkansi et al. (2018) suggested that online sales could be fulfilled with different
replenishment cycles to improve the availability of the products when the picking is
done in the stores. As online sales follow a different pattern than brick-and-mortar
sales, different replenishment cycles might help the grocers to reduce the OOSs if
the online sales will be replenished and forecasted separately (Hübner et al., 2019).
The risk for OOSs can increase the inventory and planning costs but needs to be done
to remain competitive in the online grocery field. De Polignac et al. (2015) state that
even a small decrease in sales can affect profitability significantly due to the high
fixed costs in grocery retailing. Based on the study, a 5% decrease in sales can lead
to a 20% loss in earnings before interests and taxes. If consumers constantly get
disappointed with the service due to the OOSs at the online store, they easily switch
shopping to a competitor (Colla & Lapoule, 2012). Therefore, efficient inventory
management and suitable fulfilment methods need to be investigated more
thoroughly when online grocery retailing is wanted to be set up.
2.1.2 Emerging fulfilment and distribution models
The replenishment of the grocery retailers has been changing due to the changing
needs and increased focus on efficiency. Efficient SC planning needs to be integrated
into the company’s operations and will affect the profits significantly and give a
competitive advantage (Lummus et al., 1998). Thus, new solutions to the supply
chain operations are needed to solve the issues that the complex distribution
methods create. In the traditional model, a central distribution center (CDC)
distributes the products to all the stores in the network (Kuhn & Sternbeck, 2013).
This is demonstrated in Figure 1. For larger discounter chains, also a network of
multiple regional distribution centers (RDC) without a CDC that delivers to all stores
was used (Kuhn & Sternbeck, 2013).
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Figure 1: Traditional supply chain network with one CDC (based on Kuhn andSternbeck, 2013)
To cover the new needs from increased customer needs, larger grocery store chains
have created more complicated networks of multiple RDCs and CDCs with internal
consolidation points (see Figure 2). Furthermore, Kuhn and Sternbeck (2013) found
that the RDCs can be set up in the network on multiple stages to enable collecting
and bundling SKUs along with the network from the CDC to the store to smooth the
product flow and decrease the last mile logistic costs to the store. A more
complicated SC network needs more active planning, and each product category
needs to have its optimized path from the suppliers to the stores.
While the increased possibilities of distributing the goods create the opportunity for
improved SC performance, it needs to be configured thoroughly before. Kuhn and
Sternbeck (2013) stated that the grocery retailers mentioned the following five
points to affect the decisions related to the distribution strategy of a product:

 SKU turnover rate
 Requirement of freshness
 Value density of the SKU
 Error of the forecasted demand of SKU
 Sourcing conditions
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Figure 2: More advanced distribution network with multiple levels and internal
consolidation (based on Kuhn and Sternbeck, 2013)
For example, if products need to be replenished often due to the high rate of SKU
turnover or needs to have short lead times due to the perishability or uncertain
forecasts, it should not be fulfilled from the central warehouse with long travel
distance (Kuhn & Sternbeck, 2013).
Furthermore, online grocery creates extra challenges in the SC planning as online
channel introduces new needs in the distribution network. Online sales have
multiple fulfilment options where the picking can be performed. In addition to the
option of picking in CDC, smaller RDCs, a separate online DC or stores, a new type
of consolidation points have been introduced. Dark stores support online sales and
are smaller warehouses that imitate a store but are only used in fulfilling the online
orders, and the customers cannot enter the “store” (Hübner et al., 2016a). This will
enable more efficient picking of the orders which improves the profitability of the
online channel and shorten the lead time with a closer location to the customer
(Hays et al., 2005; Naveo Commerce, 2021). Micro-fulfilment centers (MFC) are
small-scale but more advanced warehouses for order picking that have semi-
automated fulfilment of the orders but still need the help of manual labour (Ladd,
2020; Naevo Commerce, 2021). MFC can be placed in the same building as a store
or dark store to automate the fulfilment process (Ladd, 2020).
Grocery retailers with a wide distribution network can utilize the existing facilities
to deliver the orders to the customers and at the beginning of online retailing, a
major part of the retailers deliver the online sales from the existing point-of-sales
(POS) (Saskia et al., 2016). Thus, large investments in new warehouses are not
usually used by traditional grocers when the share of online groceries is still low.
However, because a 5% loss in total sales in stores can lead to a decrease of 20% in
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the earnings before interest and taxes, investments for more efficient and faster
deliveries are considered to be crucial to maintain the customer base (de Polignac et
al., 2015). As the picking capacity in the store can limit the delivery rate and be
inefficient, fulfilling and picking the orders from as DC can drive down the costs with
large enough demand.
Based on the study by Saskia et al. (2016) grocers need to decide which options the
retailer offers for the last mile delivery. In practice, there are two options of delivery,
C&C, and home delivery (Saskia et al. 2016). If the retailer decides to provide a home
delivery option, it still needs to choose if the orders are delivered by its own fleet or
if the delivery is outsourced to a third-party transportation service provider, e.g.,
DHL (Saskia et al., 2016; Hübner et al., 2019). When the orders are delivered
through a pickup station, the locations for the pickup need to be well analyzed to be
most convenient for the customers without increasing the transportation costs
significantly. These pickup points can be inside the store (C&C), in the parking lot of
the store, in a separate pickup facility or in a location that is owned by a third party,
for example, a gas station (Galante et al., 2013).
The preferred option of the last mile delivery can vary regionally a lot as consumers
have gotten used to some of the services already. For example, Galante et al. (2013)
found that in the UK, the home delivery option is significantly the most preferred
option by the users with 88% while 50% of the current users preferred the home
delivery in France.
McKinnon (2016) also discusses the possibility of utilizing crowdsourcing options
that are becoming more common in the transportation industry. The crowdshipping
could turn a regular shopper from the store to a courier which drops down the order
to the home of the other customer while back to home. This could solve some of the
problems of high delivery costs in the online business (McKinnon, 2016). Hübner et
al. (2019) state that online grocery retailer Amazon has already tried crowdsourcing
in the home deliveries of the orders. However, the crowdshipping model still has
multiple legal challenges as the cold chain needs to be maintained throughout the
shipping by law and the reliability suffers due to a possibility of fraud or theft
(Hübner et al., 2019).
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According to Kuhn and Sternbeck (2013), almost 80% of the retailers they interview
believed that logistics will affect their competitiveness in the future more than it has
affected in the past. While the majority have been racing towards shorter lead times
of the orders, Picnic in the Netherlands has decided to focus on the cost reductions
and deliver the orders only on a specified schedule to the specific area, like a
milkman model (Kuijpers et al., 2018). This way, Picnic has been able to increase the
drop density to 14 deliveries per hour which were about three times higher than the
typical drop rate of below five deliveries per hour in the UK (Kuijpers et al., 2018).
Pure online players however have been able to change the fulfilment logistics to
serve the needs of online retailing as efficiently as possible. For example, Ocado in
the UK has overcome the profitability challenges of pure online groceries and has
been able to make the supply chain simpler by providing only home delivery options
(Mason, 2019). Thus, Ocado can have CDCs that are purposely designed to support
efficient picking at the warehouse instead of picking with trolleys at stores. These
CDCs can have more efficient picking to decrease the costs of online orders (Mason,
2019). After the picking, the orders are delivered from the CDC to smaller, optimally
located “hubs” that will distribute the orders to the customers in the area (Mason,
2019). Having this type of large, specified CDC for online orders requires significant
initial investments which is why it has not been a popular option to start online
grocery sales when the profitability has been proved to be hard already (Mason,
2019; Tanskanen et al., 2002).
As online grocery has gotten more popular, it will be easier for pure online players
to be profitable. In Finland, a new player Oda will start to provide pure online
grocery service by the end of 2021. Like Ocado, Oda will focus on home deliveries
only and thus be able to simplify the distribution network and use CDC for picking
the orders (Helsingin Sanomat, 2021). While online groceries have created new
demand, the grocers need to adjust their SC networks accordingly to support the
service they are providing to the customers and enable more efficient operations in
the industry of low margins.
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2.1.3 Automation and picking efficiency
Furthermore, automation of processes with robots and IT systems has become more
popular in the grocery industry and technology has helped the grocers to reduce the
costs of operations. For more efficient picking operations automated warehouses
have been built to enable faster delivery and reduce the picking costs of workload-
heavy online groceries (Hübner et al, 2016; Begley et al., 2020). For example, Ocado
in the UK has a thousand-robot warehouse for picking and Amazon in the US has
invested in automated picking systems to have a significantly higher picking rate
compared to manual picking (Mason, 2019; Begley et al., 2020). Still, automated
warehouses need huge initial investments which is why most traditional grocers
have not modified their DCs to support automated picking (Mason, 2019).
Based on a study by Kämäräinen et al. (2001b) automated picking at DCs will
become profitable with a sufficient number of online orders mainly due to the
increased picking speed. According to de Polignac et al. (2015), these fully
automated CDCs become profitable after around 30 000 weekly orders but after
that, the profitability increases when the number of weekly orders increases.
However, Kämäräinen et al. (2001b) also emphasize the need for levelling the
demand from the peak hours and creating a responsive warehouse for the changes
in the business before significant, fixed investments to automation are made. New
players, like Oda, are investing too in the automated warehouses to have a
competitive advantage in picking costs and delivery speed compared to traditional
grocers that use in-store picking (Helsingin Sanomat, 2021). With a lower online
order rate, MFCs can provide enough automation to the picking process without as
huge investments as fully automated DCs. de Polignac et al. (2015) state that the
automation of MCFs can lead to improved performance of the fulfilment of the
orders in the speed and costs compared to manual picking at stores. Sill, as the
replenishment of the MFC is done manually, the labour costs are not so low and dark
stores can outplay MFCs in cost efficiency (Naveo Commerce, 2021).
In addition to the automation, the picking can be improved with IT systems too.
According to a study by Naveo Commerce (2021), in-store picking can be optimized
similarly to the routing of delivery vehicles and with helping software the picking
speed can be increased to be 33% faster (200 items/hour) than the fastest reported
picking (150 items/hour) in the study by de Polignac et al. (2015). Based on their
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own measurements, Naveo Commerce has been able to reduce the time used in
picking by 50% for their clients (Naveo Commerce, 2021). They also state that
efficient pickers can be almost four times more efficient compared to the slowest
ones and thus maximum assistance and guidance should be performed to improve
the efficiency of the picking operation.
Mkansi et al. (2018) suggested that as the substitutions are needed quite often due
to OOSs, experienced pickers should be used to select the best substitute items that
match the standard of the original item. However, IT solutions can be also used to
help the pickers in substituting OOS products to an equivalent one so that the
pickers do not need as much tacit knowledge of the products and the customers
remain satisfied (Naveo Commerce, 2021). OOSs, however, can be reduced with ARS
and automated ordering will improve the availability for both the online and brick-
and-mortar customers (Kiil et al., 2017; van Donselaar et al., 2005; Horzella, 2005,
p. 94). Thus, the importance of robust demand and replenishment planning systems
even increase with online retailing.
While the home delivery of the order is as costly as picking, it should be optimized
as well. Mkansi et al. (2018) point out that the delivery windows are usually too short
and traffic congestions can make the delivery even slower. With longer planning
time and delivery windows, routing software can optimize the routes to maximize
the delivery drop rates and helps the grocers to keep the deliveries on time with more
transparency (Mkansi et al., 2018; Mason, 2019). With advanced routing software
that considers updated traffic information, Ocado has been able to promise a
delivery window of one hour with 95% accuracy (Mason et al, 2019).
Furthermore, when technologies improve autonomous deliveries with self-driving
cars and drones can disrupt the costly home delivery industry and probably will be
adopted in the future (Hoffman & Prause, 2018; Begley et al., 2020). However, the
regulation and reliability still restrict the option for automated deliveries as traffic
laws forbid autonomous vehicles and crashes have occurred (Hoffman & Prause,
2018).
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2.2 SC planning processes and systems in omnichannel
grocery retailing

The online channel has created new problems for grocery retailers but also creates
opportunities to provide improved services for customers and streamline internal
processes. In recent years, studies related to omnichannel management have
emphasized the requirement for grocers to meet customer expectations of fast
deliveries with great quality and multiple delivery options but still be able to cut the
service costs (Hübner et al., 2016a). Murphy (2003) found that picking and
distributing online orders from a DC enhanced the replenishment planning process
and improved the flexibility which increased the service quality. However, similarly
separate DCs for online sales was noticed to have issues with the scalability and high
investments made online retailing hard to be profitable with low order quantities
(Murphy, 2003).
When traditional grocers decide to expand online, utilizing the current store
network enables the grocers to provide online groceries in a wider area more quickly
and thus gain customer loyalty at the beginning (Fernie et al., 2010). Even though
in-store picking has its flaws of decreasing customer satisfaction at the store, harder
inventory management and costly operations, it does not require huge investments
and it will be easy to implement (Murphy et al., 2003). Thus, store-based picking is
often how traditional grocers decide to expand online too.
When grocers expand online, they need to create a new logistic model for managing
the supply chain. This type of developed supply chain is usually called omnichannel
which improves customer service by enabling the customers to decide how they are
receiving the order. These retailers are often called “bricks and clicks” (Murphy,
2003). As discussed earlier, the supply chain networks have been developing to
support more efficient fulfilment and distribution. In an investigation into OC
fulfilment processes, Wollenburg et al. (2018a) found that grocery retailers need to
consider the variables of order volume and customer preferences with each channel
to decide the most suitable operation model. Thus, in the following chapters, the
thesis will analyze different fulfilment and distribution models in OC grocery
retailing more thoroughly.
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2.2.1 Omnichannel supply chain network
The distribution networks have developed when retailers have increased the sales
channels and distribution methods to provide improved services. The simple
distribution network with both brick-and-mortar and online sales is called multi-
channel retailing (Galipoglu, 2018). In a multi-channel network, the sales channels
work parallel to each other and have separate fulfilment and distribution methods
meaning that the customer can either use the online store and the defined delivery
method or go to the brick-and-mortar store (Galipoglu, 2018). In omnichannel
retailing, however, the operations and processes are integrated, and the online
orders and physical stores can be replenished from the same DCs and with the same
transportation unit (Beck & Rygl, 2015). Increasing the touchpoints for the
customers can improve the customer experience and the SC performance by
optimizing the distribution methods (Galipoglu, 2018). Beck and Rygl (2015)
defined that in omnichannel retailing the assortment range and the services are
consistent in all sales channels and the pricing and inventory management is
integrated into all sales channels. Furthermore, they stated that the customers also
need to be able to return the products in all channels regardless of where the item
was bought. However, the returning options do not play a significant role in online
grocery retailing.
Earlier, the literature has been focusing on single-channel fulfilment and
distribution and only in recent years have analyzed the OC replenishment
specifically (Hübner et al., 2016a; Galipoglu, 2018; Beck & Rygl, 2015). Agatz et al.
(2008) found that online grocery retailing does not only provide the same products
as brick-and-mortars but also includes services like home delivery that traditional
retailing does not provide. Integrated supply chain operations increase the options
of how a specific product can be delivered from the supplier to the customers. One
option for an omnichannel network is introduced in Figure 3 below where CDC and
RDCs are used to deliver the items directly to the customers, via separate pick-up
points, or through stores, dark stores or MFCs.
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Figure 3: Omnichannel distribution network (Modified from Kuhn and Sternbeck,
2013 and Hübner et al., 2019)
The omnichannel network can include multiple picking methods by which the
customers can decide how they want to receive the order. In the network, grocers
need to configure how the picking is done for the specific type of orders and the
fulfilment of the orders can basically be fulfilled at the RDCs, MFCs or dark stores
or stores. As mentioned, the store fulfilment is the most traditional and easy to set
up from a B&M’s point of view but can be costly and create congestion in the store
aisles. Second, RDCs fulfilment can be used to improve the picking efficiency in
larger warehouses but decreases the delivery speed due to the longer
transportations. Finally, MFCs and dark stores bring the fulfilment closer to the
customer with faster picking but require significant additional investments from the
grocers. The fulfilment methods will be analyzed more thoroughly in the following
chapters.
In the early phase of online grocery retailing either pure online or multichannel
options were popular and for example in the US pure online players, like Webvan
and Peapod, dominated the market in 2001 (Finch, 2001). Traditional grocers had
either the option to pick orders at the store or the warehouse. Later, for example,
Tesco started to use a hybrid model with both in-store and DC picking to fulfil the
online orders which strengthened the position in the market (Rowley, 2003). In
contrast, technology giant Amazon, which sold grocery purely online for a long time,
expanded to provide B&M option first by offering an offline channel for customers
by acquiring Whole Foods and later creating a new concept of automated
convenience store Amazon Go (Tjon Pian Gi & Spielvogel, 2021; Cheng, 2019).
However, Amazon Go wanted to offer something new compared to traditional
retailing, cashier-free shopping with advanced technology for people that need the
products faster than online delivery (Wankhede et al, 2018). This type of behaviour
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to changing from pure online to omnichannel for more opportunities was also
recognized by Agatz et al. (2008).
These solutions show that large grocery chains aim for providing a full grocery
service for the consumers and compete for the share of the total grocery industry,
not only for only online or brick-and-mortar. As the buying habits affect the buying
decision greatly, grocers need to get the customer used to their services and brand
that will provide the unified grocery service for all needs. Thus, in the next chapters,
we will focus more on the sales, fulfilment and distribution methods and other
processes that are needed for a functioning and efficient omnichannel SC network.
2.3 Omnichannel sales
First, when omnichannel SC is set up, the purchase behaviour of customers should
be analyzed in each channel because the online store sales can differ quite a lot from
brick-and-mortar and the delivery method preferences affect the customer choices.
The sales will affect what fulfilment and distribution models should be used for the
most efficient performing supply chain. Tanskanen et al. (2002) emphasized that
the geographical area affects online groceries significantly as customer density can
differ a lot between two areas and flip the characteristics of the business totally.
Naturally, more dense areas are more profitable for home deliveries because of
shorter travel distances compared to rural areas Tanskanen et al. (2002).
The sales can come from either of the channels and the grocer then needs to fulfil
the order with the delivery method the customer has chosen. In grocery retailing,
the country can affect the preferred delivery methods of online orders by consumer
habits. For example, in the UK and the Netherlands, attended home delivery is the
most frequently used when groceries are ordered online but in France, the pick-up
method dominates the share of the online orders (Hübner et al., 2016a; Saskia et al.,
2016). In addition, unattended home deliveries are preferred in Switzerland and
only one player, Migros Online (former LeShop), plays a significant role in enabling
the service (Hübner et al., 2016a). As these last-mile delivery methods differ
significantly, the supply chain operations of the grocer need to be adjusted to
support the planned distribution options available for the customers. If the grocer is
not providing preferred options to the customers, they might switch to the
competitor for more convenient services and the grocer loses sales.
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Furthermore, the grocers need to consider how online sales affect the operational
efficiency in the distribution network due to the increased need for workforce and a
changing impact on inventories in different parts of the supply chain. If the picking
happens at the stores, the same inventory should satisfy both channels which can be
hard to fulfil without proper planning. According to Hübner et al. (2019), online and
B&M sales are likely to follow different sales patterns and thus make store fulfilment
more complex and increase the risk of OOS.
As online orders have longer lead times than in traditional shopping and include
some service fees the basket sizes are larger in online orders. Based on an article by
Finch (2001), the online basket size at Tesco.com were £85 which was four times
larger than the average in stores. Also, the online orders included proportionally
more bulky items with low margins than store baskets according to the store
executives. Similar results were also observed by Chintagunta et al. (2012), who
studied the channel-specific transaction costs. They noticed that the average basket
size in an online store was 155€, which was 3.5 times larger than the average basket
size of offline purchases by the same customers. Furthermore, there existed a
threshold of 100€ for cheaper home deliveries in the grocery chain they examined
which could be seen clearly in the basket size distribution where the peak was in the
range between 100€ and 110€. Whereas in brick-and-mortar sales the most usual
basket size ranges were purchases under 10€ and between 10 and 20 euros and the
larger the basket sizes were, the more the share decreased. Another reason for larger
basket sizes was the long lead time compared to traditional shopping. As online
shopping needs more planning compared to in-store purchases, it was more
convenient to buy larger baskets at once leading to less frequent purchases of
groceries. This could be seen as 8% of the purchases ranged between 90 and 100
euros which were left just below the threshold for the cheaper delivery (Chintagunta
et al., 2012).
Another notice by Chintagunta et al. (2012) from the shopping behaviour was that
with multiple sales channels that the share of fresh products was significantly larger
(29.2% of the expenditure) in the store purchases than in the online orders (11.7% of
the expenditure). Also, heavy or bulky items were found to be ordered proportionally
more online than bought from the stores (Chintagunta, 2012). Thus, we can
conclude that the shopping behaviour and the sales patterns can differ significantly
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when online and offline sales are compared making online sales forecasting more
important with in-store replenishment to ensure availability for both channels.
As online basket sizes are larger, more OOSs per basket might happen. OOSs can
happen more often especially in stores where both B&M customers and online
customers consume the same inventories. The online sales from the store inventory
usually happen on the day before picking which increases the chances for the item
to be sold before the order gets picked. If availability issues occur, the grocer needs
to decide how the OOS is compensated to the customer and if a replacement needs
to be set to the order to maintain customer satisfaction. These situations of OOSs
are discussed more in the following chapter of order fulfilment.
In online retailing, returns play a significant role in a successful online store. Also,
in grocery retailing, the risk for returns is greater as the customers cannot feel or see
the actual item they have ordered. Furthermore, as the freshness of the online orders
has been a significant criterion for ordering online, it could be expected that people
can be unsatisfied with the items they have received and thus wanted to return.
However, as the food items cannot be often resold after the return and the return
process would be extremely costly, a money-back guarantee or other compensation
of the product is more used and only under 1% of the items are returned (Hübner et
al., 2016a).
2.4 Omnichannel fulfilment methods
According to Tanskanen et al. (2002), the online grocery retailers at the beginning
of the 21st century failed due to profitability issues that related to large initial
investments and costly operations without a sufficient customer base. The
investments and operations were heavily related to the inefficient operations in
fulfilling the online orders. Thus, most modern grocery retailers have started online
retailing with the in-store order picking that needs the least initial investments but
still enables the scaling of the online channel geographically easily. (Mkansi et al.,
2018; Hübner et al. 2016a). In addition to the in-store picking, Hübner et al. (2016a)
list two other fulfilment methods for online orders: separate fulfilment centers and
central warehouse. Hübner et al. (2019) state that order picking can account for 25%
of the costs of the supply chain and thus, it needs to be analyzed thoroughly. Picking
can be defined as the action where multiple items are compiled to fulfil the store or
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customer orders (Hübner et al., 2019). In this thesis, the analysis of fulfilment
methods will be divided based on where the online orders will be picked in the
omnichannel network.
In fulfilment of both channels the picking distance the pickers travel should be
minimized to decrease the workload of the process. Also, the fulfilment of the orders
should consider the availability of the items to improve customer satisfaction.
However, the inventories should not be increased drastically to keep the inventory
costs low and avoid spoilage of the fresh products. Third, the lead time should not
increase drastically due to the long distances from the delivering warehouse to have
lower costs in picking. Furthermore, the orders usually include products with
different temperature needs which complicates the fulfilment process (Hübner et
al., 2019).
Fulfilling the orders for a store from the warehouse is significantly simpler as the
orders are usually placed as multiples of the case sizes and the packs can be
unpacked after the delivery to the store or even placed on the shelves without
unpacking (Kuhn & Sternbeck, 2013). Thus, the picking job for store orders contains
only 15 different items on average (Hübner et al., 2019). However, when the online
orders are fulfilled, the order packaging units will be used, and the cases need to be
broken up into secondary packages which will be further broken up into customer
units (Hübner et al., 2019). As online basket size can be up to 70 units on average,
online order picking becomes a lot more complex even though it would be done in
the warehouse (Agatz et al., 2008; Fernie & Sparks, 2009, p. 218). Furthermore, the
temperature zones need to be maintained all the way to the customer which
increases the complexity of the logistics of online orders. Due to the complexity of
fulfilling the online orders in the omnichannel network, next the thesis is going to
analyze each fulfilment method of online orders more thoroughly.
2.4.1 In-store picking
In-store picking has been stated to be the most usual concept of how traditional
retailers set up the online channel (Hübner et al., 2016a; Mkansi et al., 2018;
Vazquez-Noguerol et al., 2021). The online channel based on the existing store
network enables easy expansion of services provided. Furthermore, with in-store
picking, the cases of items are not needed to be broken up before the stores and the
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fulfilment of the inventory at the store can be managed with similar methods that
were used with only the offline channel (Wollenburg et al., 2018b). Also, the
distribution network does not need any new warehouses for online orders with this
model and the whole assortment range will be available for the customers from the
beginning (Wollenburg et al., 2018b; Hübner et al., 2016a). Often with low online
volumes, the assortment range for online stores is reduced if the picking is done at
a warehouse which gives a competitive advantage for fulfilling the orders at the store
(Galante et al., 2013). However, Hübner et al. (2016b) state that this is usually the
issue for online stores at the beginning and 60% of the examined retailers offered a
wider online assortment compared to stores.
Picking for stores can be done in large quantities at regional DCs or the CDC,
depending on the needs of the product. With in-store picking, the grocer can offer
either pick-up at the store, pick-up from a separate pick-up point or home delivery
from the store for online orders. Furthermore, the same transportation flows can be
used for the online and store orders in the supply chain network (Hübner et al.,
2019). Naturally, if the customer is willing to pick up the order at the store, it will be
most profitable for the grocer as the grocer would not need to deliver the order to
the customer. In the case of home delivery, the stores are already close to the
customer and can have short lead times but require a lot of transportation capacity
if every store is wanted to be used for home deliveries (Hübner et al. 2019). Thus,
with a very dense store network, it can be justified that only some of the stores can
be used for home deliveries to have improved utilization of the transportation
capacity.
Even though in-store picking has the advantage of being easy to set up, it also has
multiple challenges like inventory management, resource management and costly
picking operation (Vazquez-Noguerol et a., 2021; Hübner et al., 2016a; Mkansi et
al., 2018). As picking has been noticed to have a significant impact on SC costs in
grocery retailing, it is natural that the inefficiency of the store-based order fulfilment
is examined. For example, Kämäräinen and Punakivi (2002) suggested that picking
at the store is more expensive than picking at the DC due to the possible automation
and adaption at DCs. In addition, the layout and large surface of stores are not
optimized for picking because the main focus is to service the B&M customers and
create revenues by guiding the customer path in the store (Kämäräinen et al. 2001b).
Mkansi et al. (2018) also emphasize that in addition to being slower compared to
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automated picking, the errors in the manual picking will create issues in customer
satisfaction when the customers do not get the exact items that they have ordered.
Valle et al. (2017) have shown that picking route optimization and grouping the
orders can improve the picking performance at the warehouse significantly.
Furthermore, Naveo Commerce (2021) stated that with the software, the picking
times have been able to be reduced by 50% with their customers. With the software,
there is not as much need for specialized pickers as Mkansi et al. (2018) suggests as
the picking process is more standardized and there exist fewer decisions that need
to be made by the picker. Naveo Commerce (2021) also reported that the solution
will eliminate the picking errors leading to better performance in store-based
picking.
In addition, for slow picking compared to warehouses, the pickers at the store can
create congestions on the aisles which reduce the customer satisfaction of the
shoppers that come to the store. Thus, Mkansi et al. (2018) discussed the
opportunity of picking the orders before B&M shoppers come to the store and
Vazquez-Noguerol et al. (2021) confirmed this to be the most efficient method due
to less traffic in the store. Nonetheless, Mkansi et al. (2018) also discussed the
requirements of fresh products easily prevents the early picking of the products
because there is usually not enough capacity to store the picked items that need to
be refrigerated or frozen. Furthermore, it needs to be considered that only picking
in the mornings does not enable any same-day deliveries.
The in-store pickers do not only take the floor space from the B&M shoppers but also
compete for the same inventory. According to the literature (e.g., Mkansi et al., 2018;
Hübner et al., 2016a; Murphy, 2003) in the store-based picking model it is more
common that between the time the item gets ordered and picked, the item gets OOS
compared to the warehouse-based fulfilment model. Thus, it has been suggested that
the stores have needed to increase the inventories for improved availability and
customer satisfaction (Mkansi et al., 2018). However, due to perishability and
limited shelf space, any excess inventory will increase the costs of inventory.
Furthermore, in online grocery retailing the freshness of the products plays an
important role in customer experience and thus any products that do not have
sufficient shelf life left should not be picked to the customer’s order (Mkansi et al.
2018). OOSs are also critical due to the substitution need they create. Usually, the
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grocers need to replace the product with a more expensive one to maintain customer
satisfaction and thus decrease the margin (Mkansi et al., 2018). In addition, the
pickers need to estimate which substitute will match the missing item best the
quality and for example, allergy criteria need to be met too. To have an efficient and
accurate substitution process, Mkansi et al. (2018) suggest that experienced
personnel should be used in selecting substitute items.
Fortunately, IT solutions have been created to help in both issues of OOS. However,
it has also been stated that modern software should be used in the substitution
process to standardize the process and get appropriate suggestions fast (Delaney-
Klinger et al., 2003; de Polignac et al., 2015; Naveo Commerce, 2021). To solve the
root cause for OOSs, ARS should be used for increasing the availability and maintain
reasonable inventories (Kiil et al., 2017; van Donselaar et al., 2005; Horzella, 2005,
p. 94). Thus, with store-based online order fulfilment, the importance of advanced
ARS increases as OOSs become more critical to the business. However, as online
sales have been noticed to follow different sales patterns, both the B&M and online
sales should have separate forecasts if the sales levels are sufficient to improve the
availability even more (Hübner et al., 2019). Still, as both channels are replenished
with the same methods from the DC, a more complex more joint forecast needs to
be used.
Finally, the issue of shared resources in the store complicates resource management.
As stated above, the items sold online and B&M both compete from the same limited
shelf space in the store. Also, as the packing and storing the online orders take space
from the back-end storage, grocers need to make sure neither of those limits the
performance of another too much (Pires et al., 2017). However, it has been also
discovered that using backroom space for storing products to be sold in stores is not
efficient and leads to increased operational costs in store and OOSs (Corsten &
Gruen, 2003; Kuhn & Sternbeck, 2013) and it increases the inventory value. Thus,
using the backroom for online order fulfilment and storing is a logical use of the
space.
As the backroom space is expensive due to the locations of stores in densely
populated areas, Aastrup and Kotzab (2010) suggest that the existing backroom
could be used in fulfilling the online orders to create more efficient use of the space
and not having availability issues on the shelves of the store. Also, Gorczynski and
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Kooijman (2015) state that the backroom could be utilized more effectively for
storing frequently online purchased bulky items and picking these items in the
backroom. Vazquez-Noguerol et al. (2021) stated that heavy and bulky items should
be picked after the other items in the basket to increase the picking efficiency at the
store which justifies utilizing the backroom for picking bulky items. This model
could decrease the picking costs because the picking in the store warehouse is more
efficient compared to picking from the shelves. According to Pires et al. (2017), the
academic literature on backroom usage is quite limited compared to the extensive
literature of SC management and thus the options should be researched more.
Another resource management based issue in store based picking is the workload
that the picking of online orders created as the tasks are traditionally performed by
the same employee pool (Mkansi et al. 2018). When the two channels compete from
the same workforce, it can cannibalize the performance of the other. For example, if
the need for picking online orders increase more than was expected, the store will
have an insufficient number of resources for the traditional store operations and
decrease customer satisfaction. Thus, effective forecasting systems are even more
important because in these situations it helps to forecast the need for the workforce
for each process. Forecasting the workload and thus optimizing the resource levels
for each task can decrease the costs of the operations and helps in solving the issue
of shared workforce resources (Ernst et al., 2004; Güney, 2019).
2.4.2 Picking at a separate fulfilment center
Picking at a separate fulfilment center can solve the issue of workload heavy process
of in-store picking. Thus, literature has discussed having separate fulfilment centers
to use for online order picking. Hübner et al. (2019) suggest that the online orders
could be picked in a separate DC dedicated to online orders due to more efficient
picking performance compared to the store-based model. In this model, the online
DC (ODC) can be designed for online order picking and thus decrease the picking
costs (Hübner et al., 2016a). Minimizing the route of the pickers by designing the
warehouse decreases the time of the operation but also in the warehouse, no
customers are slowing down the process (Kämäräinen et al., 2001b). Conversely,
using a separate warehouse for picking online orders does not create the issue of
creating congestions on the aisles and thus does not bother the customers of the
B&M channel (Hübner et al., 2016a).
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Also, using a separate ODC model for online orders helps in the availability issues
that can happen with in-store picking. With separate ODC nothing else than spoilage
should reduce the inventory in addition to the online sales and thus the inventory
information will be up to date leading to fewer substitutes needed in the online
orders (Hübner et al., 2016a). Compared to picking in the central warehouse, using
separate fulfilment centers for online orders reduces the transportation time and
costs by being closer to the customers and thus enables shorter lead times (Hübner
et al., 2016a). Still, the transportation distance increases compared to the delivery
from stores, but the vehicle utilization can be improved with a more centralized
home delivery process. ODC differs from a regional DC that distributes to stores so
that the products are already “broken up” to the consumer units in the warehouse to
be ready for picking (Wollenburg et al., 2018b). Kämäräinen et al. (2001b) suggest
that warehouses could be used for more efficient picking and automation will be the
solution to increase the picking speed even more. However, they state that because
of the large investments needed, the automated warehouse option will not be flexible
and often the utilization of the warehouse can remain low. Thus, expanded ODCs for
online picking sound like an attractive solution.
Using separate ODC helps the grocer to solve many issues that the store-based
picking model creates but still requires significant investments for new warehouses
and changes in the distribution network. Furthermore, if the omnichannel grocer
wants to also offer an option for pick-up at the store, it complicates the SC with the
need for multiple distribution flows for the online channel and increases the
inventory levels (Hübner et al., 2019). Thus, utilizing an ODC model should be
utilized more in the markets where home delivery is the preferred option by the
customers.
Dark stores that simulate the B&M store but are not open for customers can be used
to bring separate online warehouses closer to the customers to decrease the lead
time (Hays et al., 2005). Another reason to use dark stores is that due to the shelf
space limitation of the B&M stores and pick-up from store option, the assortment of
the online store is usually limited to the same products that are offered offline
(Hübner et al., 2019). However, with dark stores, the inventory levels of different
products can differ compared to the B&M stores to serve the online demand better.
Similarly to ODCs, also dark stores can be designed to support picking efficiency.
According to López et al. (2014), dark stores were first designed to have the same
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layout as the stores which is why it is called a store instead of a warehouse, but it was
quickly noticed that the picking efficiency is not optimal with such a layout.
In addition to separate warehouses for online orders, micro-fulfilment centers
(MFC) are becoming a more popular option in fulfilling online orders. MFCs are
highly automated and do the picking of online orders with advanced robots. With a
compact design, MFCs could be considered as a hybrid solution of store-based
fulfilment and separate online warehouse solution as MFCs can be small and
attached to the store or separate centers close to customers (Ladd, 2020). An
example concept of MFC can be seen in Figure 4 below. The academic literature of
MFC is scarce but more common on commercialized articles. That is because, with
former technologies, it has been considered that smaller automated warehouses do
not have the capacity to enable profitable automated picking (Hübner et al., 2016a).
However, according to Haddioui and Lange (2021), rising costs of labour, the
growing share of online grocery and falling costs due to smaller interests and
improved technology have made automation more attractive for grocers.

Figure 4: MFC concept attached to a grocery store (Robotics 247, 2021)
According to the report, grocers have achieved picking rates with approximately 800
items per hour with MFC solutions and with dense design, the number of different
SKUs in the warehouse has been able to be increased compared to the traditional
online DC. However, according to a cost comparison of fulfilment methods, it was
assumed that all the items could be picked with the automated solution (MWPVL,
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2021). Still, based on the study, approximately 50% of the items are needed to be
picked manually in a realistic scenario.
MFCs have increased picking speed compared to stores but are still small enough to
be located closer to customers which leads to decreased delivery time compared to
delivering from the warehouse. Thus, the MFC option should be discussed more in
the academic literature as a viable option for online order picking in the grocery
industry. Furthermore, the option for having an MFC in the backroom of the B&M
store would create synergies in the logistics network and the MFC could be easily
scaled to the spaces of the store if the share of the sales changes significantly and the
B&M channel does not require as much space.
In addition to MFCs, also larger separate ODCs can be automated. For example,
Ocado Group, a technology company focused on the automation of warehouses,
provides a solution with large, automated warehouses for picking online orders and
call those customer fulfilment centers. Ocado states that an order of 50 items can
have an 80% shorter picking time with the automated solution compared to manual
picking (Ocado, 2021).
Even though separate fulfilment centers can solve the issues of workload heavy
picking operation and OOSs in the store inventory, the high fixed costs and large
investments needed for separate fulfilment centers have reduced the attractiveness
of the solutions (Hübner et al., 2016a). Having an ODC without automation enables
to scale up the online order fulfilment capacity but if the demand does not match the
capacity, the advantage of the investment decreases. Thus, focusing on the
scalability of the online channel operations has had a great focus in the academic
literature and in-store picking has been the most discussed topic.
The customer can pick up the order from separate online fulfilment centers that are
close to the customer. However, that is not as convenient as C&C from the store
because the customer might want to fill in some items from the store at the same
time. Besides, with separate online order fulfilment centers, the grocer needs to
increase the inventory levels for double safety stocks, in the store and warehouse
(Hübner et al, 2016a). Despite these challenges, OFCs and MFCs could solve many
problems in online grocery retailing making it more attractive for OC retailers when
the share of online groceries increases. While it also helps them to solve cost issues
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of workload-heavy operations, it also enables shorter lead times and improved
availability leading to more satisfied customers giving a competitive advantage.
2.4.3 Picking at the central warehouse
Finally, Hübner et al. (2016a) suggest an option of picking the online orders in the
central distribution center (CDC) so that both store and online orders are picked in
the same location. Picking in the integrated CDC allows the grocer to make more
short-term allocation decisions and decrease the picking costs compared to the
store-based picking (Hübner et al., 2016a). Furthermore, the integrated inventory
in CDC enables decreased inventory costs compared to the option of having separate
DCs leading also to improved availability (Boyer et al., 2004, p. 130). Integrated
inventory makes all the SKUs available for everyone in the delivery range of the CDC
without regional differences, increases the product assortment and can offer fresher
products to the customer due to the delivery straight from the warehouse and thus
can improve customer experience (Boyer et al., 2004, p. 130; Hays et al., 2005). In
addition, it makes the distribution network easier to manage as there are fewer links.
As the picking is performed in a warehouse in this model, the pickers do not create
congestions on the store aisles and do not compete from the same inventory like in
the separate online fulfilment center model leading to improved customer
satisfaction compared to the store-based model.
Besides, similarly to separate fulfilment centers, CDCs can be designed to have
efficient online order picking operations too. If the picking is done in CDC, it can be
automated with robots but require significant investments and thus a great demand
(Hübner et al., 2016a). Delaney-Klinger et al. (2003) stated that Ocado believed in
the CDC-based picking model due to the efficiency of the picking and the possibility
of automation. According to Hays et al. (2005), a centralized assortment model also
enables cost savings from the deliveries from the suppliers as all the items are
delivered to one location.
Even though CDC-based picking can be efficient, it has multiple drawbacks which
decrease the attractiveness of the solution. The automated central warehouses for
online orders need significant investments and one distribution center can cost over
$30 million (Hays et al., 2005). The warehouse with a larger capacity for handling
online orders needs also high and well-forecasted order volume to utilize the
capacity of the facility all the time and not have varying utilization (Kämäräinen et
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al., 2001b). Hays et al. (2005) report that one of the main reasons for Webvan to fail
was the high initial investments to 26 CDCs for $1 billion leading to high fixed costs
with insufficient demand to get break even. However, if the same DC is used for
picking the store orders, the investment in the facility decreases on behalf of the
online channel and the picking can be either automated or manually picked
depending on the demand (Hübner et al., 2016a). Still, Hübner et al. (2016a) notify
that the online orders need to be picked in consumer units instead of pallets leading
to changes in the CDC where both B&M and online orders are picked. This
complicates the picking as multiple methods need to be used inside one facility.
Finally, the CDCs are large, they need to be in distant locations to have reasonable
costs. Also, one facility needs to cover a very wide range of online orders leading to
longer transportation times (Hays et al., 2005). Thus, both the transportation costs
and the lead time of online orders can increase. Longer delivery distances can enable
more efficient delivery operations if the orders are set early enough, and the
customers are tolerating date-specific deliveries in a certain area. This model has
been used by Picnic and it enabled an increased drop rate of orders but compromises
in the lead time and flexibility of the system (Kuijpers et al., 2018). However, as
modern technology has enabled smaller automated warehouses closer to customers
with great assortment and picking efficiency, the CDC-based picking does not have
great advantages over separate smaller online fulfilment centers. Furthermore,
picking in CDC does not remove the need of picking in the store if the C&C option is
required by the customers.
2.4.4 Summary
The decision of which picking location should be used depends on the environment
where the grocer operates and their online channel strategy. If the retailer is located
in a country with high demand for C&C, a store-based picking model should usually
be preferred to enable efficient omnichannel logistics. When the demand increases
in such markets, MFCs could be attached to the store to bring improved picking
efficiency to cover the demand. In-store picking enables the grocer to expand the
services fast from B&M to OC retailing and thus can be suggested for most players
in the market. If a store-based picking model is used, the grocer needs to make sure
that the inventory management is getting sufficient focus to maintain the availability
and avoid OOSs. The short distances to customers enable fast deliveries but the
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utilization of the transportation vehicles might not be as good as with a more
centralized model. As the order picking at stores is the slowest compared to any
other picking model, IT solutions for optimized routes in the store and substitution
selection should be utilized for more standardized operations.
Second, the picking model with separate fulfilment centers for online orders seems
to be the most reasonable option for markets with increasing online demand and
home deliveries as the most preferred option. Thus, the picking operation has
improved performance with automation and warehouse design and OOSs do not
create an as large issue as in the store-based picking. Also, smaller ODCs can be
located closer to the customers leading to shorter lead times compared to the central
warehouse based model. However, the ODC-based model requires significant initial
investments, and the capacity needs to match the demand well to enable the
profitability that faster picking can create.
Finally, the picking at the central warehouse enables the integrated inventory for all
the channels and faster picking speed compared to the store-based picking. Thus,
the model could be used in markets that prefer home delivery options. Similarly to
ODCs, CDC can be designed to support the picking efficiency and it reduces the
OOSs and congestions on the shop floor. In addition, it can increase the assortment
for all customers in the range of the central warehouse compared to other options.
However, the high investment needed for CDC and longer distance to customers
make the option less attractive for grocers when the order volume is not high enough
and can vary a lot. The picking models are also summarized in Table 1 below.
Based on the study of multiple different ODCs types by Eriksson et al. (2019), the
decision parameters for the separate online warehouse are interdependent and one
factor can affect the other. Thus, for example, the picking strategy to be used is
dependent on the customer requirements, characteristics of the items, and the
categorization of the ODC (Eriksson et al., 2019). These results implicate that the
optimal picking method cannot be decided in advance but adjusted to fit the market
and match the retailer’s strategy.
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Table 1: Summary of different omnichannel picking models
Model In-store picking Online fulfilmentcenter Central warehouse

Description Manual picking from
the store inventory

Separate smaller DCs for
online orders

Integrated CDC for all
sales channels

Automation Manual, option for
automated attached
MFC

Automated, semi-
automated or manual

Automated, semi-
automated or manual

Advantages Fast way to expand
online; does not need
significant
investments; short
distance to customers;
possibility for MFC
later

Faster picking through
warehouse design and
automation; fewer OOSs;
not interacting with
customers at the store;
short distance to customers

Faster picking through
warehouse design and
automation; fewer OOSs;
not interacting with
customers at the store

Challenges Slow picking speed;
availability issues due
to shared inventory;
creating congestions
on the aisles

High investments and
fixed costs for a separate
center; increases inventory
levels due to new locations

High investments and
fixed costs for a separate
center; long distance to
customers; online demand
needs to be high and
stable

MWPVL (2020) analyzed the different picking methods by the labour intensity that
picking and delivering the order to home needs. They reported that picking in the
store was the most workload-intensive method and required over 9 times more
labour than sales through an offline channel. The least labour-intensive method was
the automated CDC-based method which required only roughly 51% of the workload
compared to the in-store picking. The automated MFC-based model was close to the
automated warehouse in the efficiency and manual picking external locations were
in between the worst and best-performing methods. However, when the delivery was
deducted from the labour costs, the MFC-based model was clearly performing the
best as the pickup model is not available from the warehouse. Also, it was noticed
that with automated picking solutions the delivery creates a larger part of the costs
and pick-up orders thus can improve the profitability of the online channel.
However, the study by MWPVL (2020) did not consider any other costs than the
workload of each method and thus cannot be used directly to decide the optimal
picking location.
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Furthermore, Hays et al. (2005) discuss an option of utilizing existing knowledge on
efficient online fulfilment by partnering with fulfilment ecosystems. For example,
today Monoprix and DIA are partnering with Amazon, Morrison with Ocado, and
Reitan with Kolonial.no to profit from the experience and capabilities of the partners
in the online industry (Tjon Pian Gi & Spielvogel, 2021). Traditional grocers could
use partnerships with pure online players to help them build infrastructure and
capabilities faster than in a self-developed online model (Hays et al., 2005). The
partnerships in picking operations could relate for example to order management,
automated order picking or route optimization in store-based picking.
2.5 Omnichannel distribution methods
In this chapter, the thesis is going to analyze different distribution methods of how
online orders can be delivered to customers in the omnichannel environment. The
distribution methods vary from delivering the product directly to the customer or
letting the customer pick up the order from the store or solitary collecting station
(Hübner et al. 2016a). The last-mile delivery of the online orders has been noticed
to be the most challenging part of the SC due to the inefficiency of the deliveries and
the strict time restrictions that the customers have (Boyer et al., 2004, p. 186; Hays
et al., 2005). Especially for groceries, the delivery rate has been low compared to
other industries due to the large orders with temperature requirements that are
needed to maintain the cold chain until to the customer and the short delivery
windows (Boyer et al., 2004, p. 188; Punakivi & Saranen, 2001).
Even though the C&C model is the cheapest for the grocer to deliver groceries, the
most popular delivery model depends on the geographical markets and the
omnichannel grocers need to adjust their services accordingly (Hübner et al., 2019).
For example, in the UK, home deliveries are the most preferred shopping method in
online groceries whereas C&C is the most popular in France (Saskia et al., 2016).
2.5.1 Home deliveries
The home deliveries can be divided into attended home deliveries and unattended
home deliveries where the orders are left to a locked reception box (Kämäräinen &
Punakivi, 2002). In addition to picking, with the home delivery method, the grocer
needs also to manage the delivery logistics increasing the costs of the online order.
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In attended home deliveries, the customer decides an available delivery window to
receive the delivery that can vary from one to several hours and the customer needs
to be at home to receive the package (Kämäräinen & Punakivi, 2002). Conversely,
in unattended home delivery, the customer does not need to be at home as the
reception box, which can be refrigerated, is used (Kämäräinen & Punakivi, 2002).
Thus, the delivery window can be a lot longer than in the attended home delivery
without decreasing customer satisfaction significantly. Chintagunta et al. (2012)
found that even though the home delivery was considered convenient by the
customers, the customers were very price-sensitive about delivery charges and thus
reluctant to pay for the service.
In most countries, the attended home delivery is the most used option of last-mile
distribution methods (Galante et al., 2013; Hübner et al., 2019). Because the home
delivery model increases the convenience of online shopping, it is preferred by the
customers often. However, the need for being at home at the time of the delivery
with long time windows has been noticed to be inconvenient for the customer
(Galante et al., 2013). Conversely, the shorter delivery windows with high demand
on the afternoons are costly for the grocer as more transportation capacity is needed
and the routes are not optimized (Kämäräinen & Punakivi, 2002). Kämäräinen and
Punakivi (2002) also mention that if the customer is not home at the time of the
delivery, the delivery fails, and the retailer needs to take the order back to the
starting point and store it which increases the costs of the delivery even more.
For providing the delivery service, the grocer needs also to have the vehicles needed
for the delivery operation (Hays et al., 2005). Another option is to outsource the
delivery to third-party service providers. Managing the delivery windows create a
huge challenge for the grocer due to the uncertainties and optimal routing. To tackle
the issue of uncertainties and route optimization, routing software has been used
(Hays et al., 2005). The longer the delivery windows are and with sufficient planning
time, the more optimized the route will be, and the grocer will be more cost-efficient.
Still, because customers prefer shorter delivery windows to longer ones, grocers have
needed to offer shorter windows to remain competitive.
The unattended home delivery option would solve the issue of the short delivery
windows for both, the delivery and reception side. Punakivi and Saranen (2001)
found that attended home deliveries can be over 2.5 times more costly compared to
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unattended delivery with reception boxes. The cost savings resulted from longer
delivery windows with optimized routing and fewer vehicles needed for the
deliveries due to dampening the demand from the most popular hours. However,
they also noticed that if only 10% of the deliveries are attended home deliveries, the
need for transportation vehicles doubles compared to the completely unattended
deliveries. Still, Punakivi and Saranen (2001) showed that every unattended delivery
decreases the workload of online orders and thus can improve the profitability of the
online channel.
Despite the advantages, unattended home delivery is not as popular as attended
home delivery due to the costly reception boxes with cold chain requirements and
the possibility of theft (Hübner et al., 2016a). Agatz et al. (2008) report that a well-
known example of an online grocer, Streamline, in the US could not manage the
investment to refrigerated reception boxes. Thus, it went bankrupt due to the
unsustainable cost structure. However, Migros Online in Switzerland has managed
to deliver the orders using cooled delivery boxes and collecting the boxes afterwards
(Hübner et al., 2016a). Even though the cooled delivery boxes do not need as large
initial investment as solid reception boxes, the collection requires extra effort from
the grocer and is more vulnerable to theft making it not so attractive in many
countries.
2.5.2 Pick-up points
To solve the issues for costly logistical operations in the home delivery, an option of
picking up the order from a pick-up point that the customer has selected. The pick-
up model can be divided to C&C from a store, pick-up points attached to a store to
allow drive-through and separate pick-up centers (Hübner et al. 2019). In the C&C
option, the customer orders online and picks up the order from the B&M store. This
model makes the customer bear the cost of the last-mile delivery and the grocer does
not need significant investments in new facilities or delivery vehicles (Hübner et al.,
2019). As the customer still needs to go to the store, the delivery model is not as
convenient for the customer as the home delivery model is when only the time of
picking the items is saved by the customer. However, C&C makes it easy for the
customer to fulfil the order from the store if all the needed items were not ordered
through the online channel. Still, as grocers are able to provide the service cheaper
compared to home delivery, it can be more attractive to the more price-sensitive
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customers. Also, as the customers can avoid the congestions in the store and
checkout, the popularity of the service is expected to grow (Harris et al., 2017).
According to Hübner et al. (2016a), C&C from the store can save up to 70% of the
logistical costs compared to the home delivery. Thus, C&C from store service is
considered an attractive option for OC grocers with a low level of online sales and
providing that to the customers can improve the profitability of the online channel.
However, as the C&C still contains the challenges of inefficient store-based picking
and availability issues, the option for MFC attached to the store should be considered
after the share of online sales increases. According to Davies et al. (2019), C&C will
not reach the full potential of OC retailing in the long term due to efficiency loss in
the network.
Online orders can be collected from a pick-up station attached to a store or an online
fulfilment center. The setup with an attached pick-up station enables the drive-
through option for the customers and the advantages of this type of solution are very
similar to the C&C in the store. However, the reception boxes do not need to be in
the store, and it is less costly to set up an attached station compared to a separate
picking station when the orders can be delivered from the store (Hübner et al.,
2016a). With the option of a separate pick-up station, the pick-up is handled from
the online fulfilment center that has been discussed as the separate picking location
earlier. Thus, the picking speed and availability can be improved in the location.
However, these locations still need to be close to customers to be as convenient as
C&C from a store. In addition, the separate pick-up centers with order picking need
significant investments from the grocers compared to the store-based C&C and thus
a higher share of online sales is needed to enable operational efficiency (Hübner et
al., 2016a).
Finally, a hybrid solution for separate pick-up locations can be offered by the
grocers. With this solution, there exists a network of shared reception boxes. As the
model of unattended home delivery had the issue of low utilization and expensive
investments to the reception box network, Punakivi and Tanskanen (2002) studied
the option of shared reception box service. In this model, the reception boxes could
be set to shared locations where multiple people have convenient access to them and
one location can have multiple boxes. In the study, it was found that the shared
reception box concept reached 55-60% costs savings in the delivery costs compared
to attended home delivery with a two-hour delivery window (Punakivi & Tanskanen,
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2002). In addition, the driving time decreases as there will be fewer stops if several
orders are delivered to the same location and the shared reception boxes can be on
more central routes compared to single customers.
Because the shared reception boxes need to have some time window to pick up the
order by the customer and the customer needs to get to the reception box, it is only
considered to deliver the order halfway. Still, the shared reception boxes are closer
to the customer than the store and the customer does not need to be at home at the
time of the delivery making it convenient for the customer. This works especially in
the densely populated areas where the utilization rate of the reception boxes is
higher and the boxes can be closer to customers enabling the advantages of
unattended home delivery but with smaller investments to the infrastructure
(Punakivi and Tanskanen, 2002).
2.5.3 Summary
The distribution model for delivering the order for the customer is costly and cold
chain requirements make it more complicated. The orders can be delivered to the
home of the customer or to a pick-up point where the customer bears the cost of
transportation. The most popular home delivery hours create the largest challenges
for the grocers due to the increased need for delivery vehicles and less optimized
routes. The issue has been tried to solve with reception boxes enabling unattended
delivery but again, the investments needed for the solution are large and the payback
time can be over 6 years (Punakivi & Tanskanen, 2002). Shared reception boxes can
reduce the payback time by over 50% due to improved utilization of the boxes
(Punakivi & Tanskanen, 2002). The C&C services are preferred in some countries
more than others due to the convenience of not having to wait at home and lower
cost for online shopping. It is also easy for the OC grocer to set up due to the existing
store network and does not require significant investments. In Table 2 and Table
3Table 3 below, the advantages and challenges of the last mile delivery are
summarized.
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Table 2: Summary of home delivery options
Model Attended home delivery Unattended home delivery
Description Delivering the order to the home of thecustomer with the need of being athome at the time of the delivery

Delivering the order to the home ofthe customer without the need ofbeing at home at the time of thedelivery
Customerpreference The customers prefer home deliveryover pick-up; shorter delivery windowsare preferred, and same hours arepreferred by many

The customers prefer home deliveryover pick-up; fewer requirements tomeet the delivery window comparedto attended delivery
Advantagesfor grocer Possibility to improve customerexperience and remain competitive Possibility to improve customerexperience and remain competitive;orders can be delivered throughoutthe day; routes are more optimized;improved vehicle utilization;decreased transportation costs;improved success rate of deliveries
Challengesfor grocer Costly for the grocer; price-sensitivecustomers; complex routing; commonand short delivery windows; thecustomer might not be at home at thetime of delivery

High investments to the receptionbox infrastructure; temperaturerequirements; theft
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Table 3: Summary of the pick-up options
Model In-store or attachedpick-up point Separate pick-up point Shared receptionbox
Description Customer picks up thepackage from the store Customer picks up thepackage from a separatepick-up station

Customer picks up thepackage from ashared reception boxstation
Customerpreference Avoids congestions at thestore; possibility to fulfilthe order with the sametrip; does not need to payfor the delivery

Avoids congestions at thestore; does not need to payfor the delivery
Closer to thecustomers thanregular pick-up;customer does notneed to be at home atthe time of delivery

Advantagesfor grocer The least costly deliverymodel; no significantinvestments needed
The least costly deliverymodel; easy to scale up;improved picking efficiencyin a separate location

Orders can bedelivered throughoutthe day; optimizedroutes; improvedvehicle utilization;decreasedtransportation costs;decreased investmentcosts compared tounattended deliveries;improved success rateof deliveries
Challengesfor grocer Picking at the grocerystore is slow; hard toscale up due to limitedspace

Investments to the pick-upstation needed; nosynergies with the store
High investments tothe reception boxinfrastructure;temperaturerequirements; theft

2.6 Forecasting and replenishment systems
In grocery retailing, automated replenishment planning has become essential due to
the great number of different items and low inventory levels which lead to the
workload heavy process (van Donselaar et al., 2005; Horzella, 2005, p. 94). Large
grocery retailers can have easily over 10 000 SKUs in the assortment of the stores
and one retailer can have hundreds of stores. Taking care of millions of SKU-location
combinations requires huge amount work hours if the replenishment decisions are
made manually. Even though IT systems have not been able to outperform the store
managers with many years’ experience in order management of some items, the
benefit comes from the great average performance of the automated order
calculation and saving time when millions of decisions would be needed to be done
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daily letting the order planners only to focus on exceptions and assist on the
replenishment of products with volatile sales that are hard to forecast (Angerer et
al., 2006, p. 165, 148).
Efficient forecasting and optimized ordering allow the grocer to match the inventory
with the demand at the sales location with improved accuracy. Thus, the availability
can be improved without losing any sales or increasing spoilage (Kiil et al., 2017; van
Donselaar et al., 2005; Horzella, 2005, p. 94). Automatic replenishment systems
(ARS), that forecast the demand and calculate order quantities automatically, have
been improving to be more effective in the recent decades, and with small margins
and trends in sustainability, the importance of functional system increases especially
in the grocery industry with perishable products (Kiil et al. 2017; Deshmukh et al.,
2008). In addition to automated ordering, ARS enables transparency in the
inventory management through the supply chain enabling the retailer to do more in-
depth analysis about the inventories at each location without manual labour
(Angerer et al., 2006, p. 715).
OOSs has been recognized as one of the main issues in the store-based picking model
for OC retailers due to both channels consuming the same inventory (Angerer et al.,
2006; Mkansi et al., 2018). Thus, with greater chances to OOS, having optimized
safety stock levels and an ordering process that consider the perishability of the
product helps OC grocers to reduce the number of OOSs and thus reduce the
substitution process that follows the OOS in online orders. According to Angerer et
al. (2006, p. 184) with ARS, the inventory levels have been enabled to decrease by
16% in the dairy products compared to a control group while the inventory was more
stable in products that were ordered with ARS. Similar results have been noticed by
Kiil et al. (2017) where the freshness of the products was noticed to gain 5.2%
improvement and decreased the food waste by 1.3%.
As online sales have been noticed to have different sales patterns and preferences
compared to B&M sales, utilizing ARS to forecast and replenish the online orders
could solve the availability issues in stores (Hübner et al., 2019; Chintagunta, 2012).
Thus, grocers with multiple channels should focus that the ARS is up to date with
the sales channels and the items are replenished accordingly. If OOS occur, it should
be considered in the ARS to avoid the incident in the future as well as possible.
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Also, ARS should take the picking time of the order into account even though the
actual sale would happen later. It has been studied that the most efficient picking
time of online orders at the store is in the morning when there are none or only a
few customers at the store to avoid the congestions on the aisles (e.g., Vazquez-
Noguerol et al., 2021). According to Mkansi et al. (2018), the timing of the
replenishment has significant effects on picking efficiency and the quality of the
online orders if the delivery has not been shelved before the picking. First, if the
fresh items have not been fulfilled to the shelves before the picking the online orders
are fulfilled with items without full shelf life left which might decrease customer
satisfaction. Second, if the stockout has happened on the product, the picker collects
other items in the orders and then returns to the item with OOS. If the item is still
not fulfilled to the shelf, then the substitution process needs to be performed. Thus,
late deliveries of the store orders decrease the picking efficiency and might lead to
OOSs decreasing customer satisfaction (Mkansi et al., 2018). Therefore, ARS should
consider the picking time of the orders when the automated orders are calculated to
have sufficient balance at the store early enough in the morning. Angerer et al.
(2006, p. 177) summarize the following benefits and costs or challenges of using ARS
in Table 4 below.
In addition to these challenges, van Donselaar et al. (2010) found that the ARS
system that is implemented for a retailer might not be utilized to its limits due to the
system inadequacy and misaligned incentives of the users. It was noticed that the
users modified the automatic orders due to available shelf space, seasonality, the
uncertainty of the demand, case size’s ratio to the sales quantities and product
variety (van Donselaar et al., 2010). Because the online sales can follow a separate
demand pattern to the B&M sales, automated orders related to the products sold
online from stores can be expected to have many manual adjustments if the data
from online sales are inadequate and the ordering parameters are not set for the
online demand.  Furthermore, when people are buying more heavy and bulky items
from the online store, the safety stock for these products should be larger to enable
orders with large quantities of the same product and not as steady demand.
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Table 4: Benefits and challenges of using ARS (Angerer et al., 2006, p. 177)
Benefits Costs or challenges

 Fewer OOSs
 Increased product turnover
 Improved quality of fresh products
 Less frequent deliveries to stores
 The decreased workload for the

ordering process
 Improved demand scheduling at

DC
 Improved customer service
 Improved inventory visibility

 Investment and service costs of IT
 Need for educating the personnel
 Frequent and small deliveries for

some products
 The increased workload in product

handling in store
 Additional need for people

managing the system at
headquarters

Even though Angerer et al. (2006, p. 177) list the improved inventory visibility to the
benefits of using ARS, according to Bimschleger and Patel (2020) the visibility to the
inventory has been a challenge for omnichannel retailers and IT systems have been
inadequate for providing the needed information. They note that locating products
and the availability has not always matched with what is in stock leading to
decreased customer satisfaction and false information on what is available to order.
In addition to forecasting the demand and optimizing order quantities, the
workforce can be optimized and planned similarly. Mkansi et al. (2018) reported
that managing roles and responsibilities have created significant problems in the
online grocery industry. They mention the scarcity of specialist skills, balancing
labour hours with costs and limited operational capacity to be some of those issues.
It was stated that a weak understanding of demand and trends in the workload,
inaccurate wage forecasting and poor leave management planning have led to
shortages or excess in the workforce capacity leading to weak operational
performance.
However, Haddioui and Lange (2021) report that analytics can be used in planning
against fluctuations in traffic and workload. They state that these methods aim for
lower costs in the operations in the store or warehouse and the delivery. Forecasting
the workload requirements gives improved visibility to shift planning and helps the
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retailer to match the workload to the demand. They report that implemented
solutions have reduced the costs up to 15% in the stores and warehouses. In addition,
Mirrazavi and Beringer (2007) showed that the forecast of the needed workforce
could be utilized and then generate optimized shifts and assign the tasks to the
employees with the right skillsets in a retail store. With this optimization, it was
possible to improve workforce efficiency and thus reduce operational costs.
Furthermore, it reduces the need for administrative work and thus frees the
managers’ time for other operational decisions at the store improving the workforce
efficiency even more (Mirrazavi & Beringer, 2007). Thus, analytics could be used in
shift planning and optimizing the workforce capacity for each moment to improve
the efficiency of OC operations.
2.7 Summary of the literature review
Online groceries have increased in recent years and is forecasted to continue the
growth. Furthermore, the current pandemic has boosted sales by tripling the share
of online groceries compared to the year before the pandemic in some markets (Aull
et al., 2021). Thus, focusing on online groceries has increased its significance and
traditional grocers have reacted to the change by providing more extensive services.
However, online groceries have brought new challenges for grocers. Even though
online groceries have been conceived as convenient by the customers, the customers
are price-sensitive and not willing to pay for the total picking and delivery costs.
Based on the literature, workload-heavy operations of picking and delivering the
orders can account for half of the supply chain costs (de Polignac et al., 2015; Hübner
et al., 2019). Furthermore, the new channel has increased the importance of
availability and OOSs create more significant issues for the grocers as stockouts
decrease customer satisfaction more and the substitution process is costly.
As online sales have their own characteristics and the buying habits of online
customers differ from the traditional shoppers, online sales should have a separate
forecast for replenishment. In addition, different fulfilment and delivery methods
have their own advantages and challenges which require attention from the grocers.
The most common model of in-store fulfilment is easy and inexpensive to set up and
locates close to the customers but the manual picking in the store is costly and it
creates availability issues. Separate warehouses for online orders enable more
efficient picking and automated picking solutions can be used but require high initial
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investments and have high fixed costs. With CDC-based picking, similar advantages
and challenges exist, but larger warehouses enable greater assortment and fewer
inventory costs with a simple supply chain network. However, CDCs are usually
located in less populated areas further from the customers increasing transportation
time.
With different delivery methods, home delivery is the most common delivery
method the customers prefer due to the convenience of not needing to go to the store
at all. However, it is also the most expensive method for the grocer and the delivery
fees do not usually cover the costs of the delivery. In addition, the customers need to
be at home at the time of the delivery which makes the deliveries to concentrate on
the evenings and weekends. Unattended deliveries have been studied to decrease the
delivery costs and increase the convenience for the customers but the infrastructure
for separate reception boxes has a low utilization rate and thus are expensive for the
grocers. In some markets, C&C service has been found to be approved by the
customers as it is the cheapest delivery method for both the customer and the grocer.
However, as it is not as convenient as home delivery. Finally, separate pick-up points
could be used for delivering the orders closer to the customers but enabling
unattended deliveries making it more cost-efficient for the grocers. However, as it
requires investments and is not conceived as convenient by the customers, it has not
been adopted broadly yet.
OC sales have changed the operations in the supply chain and forecasting and
replenishment systems should be adjusted for the changes. ARS has been found to
decrease spoilage and inventory levels with improved availability. OOSs have been
found to be one of the main challenges in store-based order fulfilment and thus,
effective ARS should be adjusted for the new online channel with different demand
patterns. In addition, sales forecast could be used for forecasting the workload and
optimizing the workforce for more efficient operations in picking and delivering the
orders. In Figure 5 below, a summary of the most significant and the causes of
challenges in OC groceries are represented.
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Figure 5: Summary of the most significant challenges of omnichannel grocery
retailing based on the literature
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3 Research methodology
The research questions of the study focused on how the fulfilment of omnichannel
sales is performed and what are the main challenges in omnichannel retailing. To
study this phenomenon, first, an extensive literature review was conducted. Second,
an empirical multiple-case study was performed, and qualitative interviews were
used as the data. In this chapter, the design of the empirical study is presented
justified, and the methods and the process are described more thoroughly. In
addition, the collected data is analyzed, and the validity of the research is discussed.
3.1 Research design
In inductive studies theory development follows the data and concentrates on
acquiring an understanding of the meanings that are attached to the phenomenon
(Saunders et al., 2007, p. 118, 120). The more flexible structure of inductive studies
enables changes during the research and a smaller amount of data and qualitative
research are traditionally used (Saunders et al., 2007, p. 119, 120). In addition,
Eisenhardt (1989) states the multiple-case studies have often the characteristics of
inductive research.
In the thesis, the existing literature is compared with the qualitative case data of
current practices in the online grocery industry and ways to improve the online order
fulfilment performance are generated. Thus, the thesis follows the characteristics of
an inductive study. Yin (2017) suggests that “how” and “why” questions can be
examined with case study research. According to Yin (2017), a case study “is an
empirical method that investigates a contemporary phenomenon (the ‘case’) in
depth and within its real-world context” and “copes with the technically distinctive
situation in which there will be many more variables of interest than data points”.
Thus, a qualitative multiple-case study approach has been chosen to evaluate the OC
environment and the existing challenges around the topic. Furthermore, a case study
helps in getting an in-depth understanding of the topic.
Multiple-case studies were discussed by Eisenhardt (1989). Understanding the
phenomenon of challenges in online grocery fulfilment, a multiple-case study can be
used to gather information on how different companies perceive the challenges in
different situations (Eisenhardt, 1989). This type of view gives an objective view of
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the issue and helps in seeking patterns. Even though the challenges of online
groceries have been studied quite a lot earlier, the industry is developing rapidly as
the demand rockets. In phenomena where fresh perspectives are needed around the
researched topic, multiple-case studies are appropriate for theory building. Thus,
Eisenhardt’s method can be justified to be used in the study (Eisenhardt, 1989).
Eisenhardt’s method focuses on an objective description of the phenomenon and is
interested in the events themselves. These perspectives help to create a generalizable
theory and propositions around the research topic. Having multiple cases enables
examining different perspectives and comparing processes and performance
(Eisenhardt, 1989). In Eisenhardt’s method, cross-case analysis is used to find the
patterns of similarities and differences between the cases for the theory-building
(Eisenhardt, 1989). Thus, different types of grocers around Europe that sell also
online were investigated to analyze different setups and the challenges they have met
during the recent years.
In this process also sufficient literature review is essential for theory building.
Comparing the earlier literature to the cases improves the validity of the results by
bringing out similar results to the theory from the literature (Eisenhardt, 1989).
Besides, analyzing the conflicting literature improves the creativity in the theory
building and forces the researcher to think about the phenomenon from a different
perspective (Eisenhardt, 1989).
3.2 Data collection
In this thesis, in addition to the literature review, semi-structured interviews were
conducted with grocery retailing managers that are familiar with the fulfilment
methods used in the company. The companies in the study were all the customers of
an ARS software provider. Thus, the forecasting and replenishment processes
should be as close to each other as possible and the differences come from how the
fulfilment is done in practice and how they utilize the IT solution in the
replenishment.
Semi-structured interviews are greatly used in qualitative studies. In semi-
structured interviews, a list of themes and questions is used instead of a
standardized set of questions and the researcher can change the questions from an
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interview to another (Saunders et al., 2007, p. 312). In addition, to improve the flow
of the interview, the order of the questions can be changed between interviews.
Saunders et al. (2007, p. 312) also state that questions can be added to the interviews
to explore the research questions in specific companies and cases. The semi-
structured interviews have naturally open-ended questions about the phenomenon
that is research to enable the conversation and not guiding the interviewees to the
direction of the answer to reduce bias (Saunders et al., 2007, p. 316, 318). Also, Yin
(2017) states that the semi-structured interviews are suitable for case studies and
remind more of guided conversations than strictly planned questionnaires.
Due to the conversational type of data collection, the interviews were recorded so
that the interviewer did not need to focus on taking notes during the interview. It
also helps to return to specific quotes and statements afterwards. Even though
traditionally interviews are held face-to-face, due to the COVID-19 pandemic, all the
interviews were held remotely through an online meeting platform (Saunders et al.,
2007, 341). However, due to the past year, people have used to remote working and
the interviewees acted very naturally in the online meeting platform with video
connection. Besides, utilizing an online meeting platform enabled interviewing
people around Europe easily and helped the researcher to get a sufficient number of
interviews.
In addition to the interviews, data from public sources about the online channel
strategy of the case companies were analyzed. The public data included the online
stores of each case company for analyzing the provided services of delivery methods
and meal kit offering and articles of the recent development of the online channel.
3.2.1 Sample selection and interviews
According to Eisenhardt (1989), selecting the population and the sample for the case
study plays a crucial role in the theory building and the validity of the results. The
population in this study were the multi-channel grocery retailers of a European ARS
provider. Instead of omnichannel retailers, multi-channel retailers were selected
due to the scarcity of pure omnichannel retailers. Still, as the customers of the ARS
provider are located around the world and have different models for online grocery
retailing, the population can be thought to represent the online grocery industry
well. In total five grocery retailers that sell both through stores and online channels
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were selected for the study. In addition, one pure online retailer was selected as well
to give a different view of the challenges in online groceries.
This sample was selected from the population and based on the availability and the
online channel profile of the case companies. The interviewees were mostly
contacted by the managers at the ARS solution provider, to improve the success rate
of contacting the customers’ managers. This was noticed to be effective and only a
couple of the contacted customers stated to be not available for the study. According
to Eisenhardt (1989), usually from 4 to 10 cases is sufficient for multiple-case studies
and after that, the volume of the information becomes complex and difficult to cope
with. In addition, in multiple-case studies, the saturation of the primary data is the
key for the number of cases (Eisenhardt, 1989). It was stated that after the
theoretical saturation is reached, adding more cases to the study will not bring
incremental improvement to the theory.
Therefore, six case companies were decided to be sufficient and companies with
different performance and operating models were selected to reach saturation and
get an objective understanding of the challenges in online groceries. The selected
case companies are significant grocery retailers in their country and also have an
increasing online channel. The interviewees were supply chain managers in the case
companies and were familiar with the fulfilment methods of the online channel.
Thus, the interviewees can be considered to have a suitable understanding of the
challenges of online grocery retailing and omnichannel management.
All the case companies were European due to the type of the retailers and the
customer base of the European ARS provider. In addition, all the interviews were
conducted anonymously to protect the interviewee and the company-specific
business-critical processes. This way, the interviewees could speak more freely about
the phenomenon and share their own opinions. This was also suggested by Saunders
et al. (2007, p. 187). Below in Table 5, you can see the summary of the interviewees
and the case companies.
All the interviews lasted about one hour, and in the beginning, the interviewer
introduced himself and the study and emphasized anonymity. In addition,
permission for recording the interview was asked. In a couple of first interviews, also
another interviewer was in the interviews asking further questions about the topics
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in the study. This has been discussed to be an efficient way of reducing the
interviewer bias that can happen when interviewing alone and helps in investigating
the phenomenon from multiple perspectives (Eisenhardt, 1989). These different
perspectives could also be utilized in the later interviews where the researcher was
interviewing alone. The template of the interview can be seen in Appendix 1.
Table 5: Summary of the interviewees and case companies

Casecompany Interviewee Picking model ofonline orders Onlinefocus level Date

A Supply chain
manager

Automated warehouse
and in-store picking

High 24.5.2021

B Supply chain
manager

In-store picking only Medium 7.6.2021

C Supply chain
manager

Manual picking at the
warehouse and in-store

Medium 10.6.2021

D Process manager Dark store Low 29.6.2021
E Supply chain

manager
In-store picking and
dark store

Medium 7.7.2021

F Logistics manager Manual picking at the
warehouse

Pure online 7.7.2021

3.3 Analysis
The data analysis started with getting to know the case company and then analyzing
the online strategy and fulfilment model. The researcher used public sources to get
to know the company’s online model to adjust the semi-structured interviews
accordingly. As the interviews were recorded, it was easy for the interviewer to
return to the interview. The interviews were then transcribed so that the answers
were gone through again and the researcher gets familiar with each case. According
to Eisenhardt (1989), this method makes the case more familiar and enables
noticing unique patterns before any generalized patterns are created. Transcribing
the interviews helped to highlight the most important parts of the interviews and
understand a more specific model of the supply chain in OC retailing in the case
company.
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First, the case-specific profiles and the challenges were recognized with a within-
case analysis. Then, cross-case comparisons were made to find patterns in the
performance and challenges of the cases. Based on Eisenhardt (1989), the cross-case
comparison is a great way to find the similarities and differences in each case and it
forces the researcher to investigate the cases with more depth and not trusting the
initial impressions. In Eisenhardt’s method, it is also important to iterate the theory-
building process throughout the research and thus the emerging theory was
compared with the case data to validate the results (Eisenhardt, 1989).
Based on Eisenhardt’s (1989) suggestion, categories were selected to find
similarities and differences in the cross-case comparison: dominant fulfilment
model of online orders, share of the online channel in the market and focus on the
online channel. These categories can be used in finding the main challenges and pain
points that could be improved by creating a more objective view of the phenomenon
with categorized results.
3.4 Reliability and validity
The quality and credibility of research can be defined by the reliability and validity
of the results (Yin, 2017). The reliability of a study refers to the degree of being able
to provide consistent results about the phenomenon with the used methods for data
collection and analysis (Saunders et al., 2007, p. 149). This means that if the same
research were to be performed again, were the results be similar with different
researchers. In qualitative research, the participant bias and the observer bias can
create challenges with the reliability of the research as the semi-structured
interviews enable forming biases.
For creating transparency in the research, the themes discussed in the semi-
structured interviews can be seen in Appendix 1. In the semi-structured interview,
the discussion was tried to be maintained open to reduce bias from excess leading.
Furthermore, the case companies and the interviewees were selected carefully to
represent different kinds of online grocers and anonymity was emphasized to
provide a safe environment for the interviewees to share their opinions. In addition,
the interviews were recorded and transcribed to reduce the possibility of
misunderstandings and forgetting important details. Despite the actions for
ensuring reliability, similar results will be hard to conduct in the future as the
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attitudes towards online groceries change fast and the ongoing pandemic with
exploding demand for online groceries creates a special environment.
The validity of a study considers the correctness of the results and if the research
explains the phenomenon (Saunders et al., 2007, p. 150). To provide validity to the
research, the interviewed case companies were selected all over Europe with
different kinds of online grocery markets to create an objective view of the
phenomenon. The case companies’ different levels of focus to the online channel
create generalizability to the research but due to focusing only on Europe, the results
might not reflect the situation, for example, in Asia or North America perfectly.
Furthermore, there were no significant conflicts with the existing literature which
enhances the validity of the results. However, further research about the results
should be conducted to prove the validity of the suggestions.
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4 Results
In this chapter, the results of the empirical data are presented, and the data is
analyzed based on the methods explained in the previous chapter. The literature
review of OC grocery retailing showed that literature about the challenges in online
groceries have been studied and suggestions have been created. However, the
empirical data shows the current challenges with different OC methods and provides
insights into how grocers operate in practice. In addition, the results show what are
the challenges and possible solutions and how the case companies see the future of
online groceries.
Due to the uniqueness of each grocer and the market they operate in, the challenges
were not the same for all grocers and different aspects were emphasized. However,
interviewing different types of retailers gave an objective view of the challenges and
thus helped in forming the theory of online grocery fulfilment processes. The store-
based fulfilment had the most significant challenges of slow picking speed and
availability issues. However, the scalability of store-based picking has become vital
for OC grocers while the demand has increased fast. However, automated fulfilment
solutions have become more attractive and online grocers are planning on investing
in advanced solutions.
In this chapter, first, the thesis will introduce the case companies. Second, the used
fulfilment models and the challenges are discussed, and the delivery methods are
analyzed. Finally, the current technologies used are examined and possible solutions
for the current challenges of OC grocers are presented.
4.1 Within-case analysis of the cases
4.1.1 Company A
Case company A is a huge European grocery retailer located in a market with high
demand for online groceries. The interviewee was a supply chain manager. The
company’s focus on the online channel has been significant in the past years and
investments in the online service have been made recently. The case company
operates hundreds of stores all around the country and is one of the largest
supermarket chains in the country. The company’s focus on the online channel has
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changed in the past decade radically as they started the online service from zero with
a partner handling all the online orders in a separate automated distribution center
a few years ago. This way they were only able to service the most populated cities
and expanded their service with new ODCs.
However, due to the pandemic, they decided to expand their services by doing in-
store picking and thus being able to reach much more households fast. In addition,
in the cities where the ODCs were, the capacity was not large enough to cover the
demand, so stores operated in the same markets. According to the interviewee, with
store-based picking, they were able to serve twice as many customers with only in-
store picking compared to the ODC-based service. Because all the online sales and
delivery were managed by the partner earlier, they decided to invest in their own
fleet to deliver the online orders from the stores. In addition, they needed to create
processes fast to do in-store picking. They started the store-based order fulfilment
with 15 stores but by the end of the year 2020, they managed to expand the service
to roughly 400 stores. Still, the future plan was to improve the reach of the
automated warehouses with better picking speed.
The replenishment process for online sales was not optimized yet. For the partner,
company A acted as a supplier rather than managing the online channel with the
partner. However, the customers could see both options of delivering from the store
or ODC interchangeably and thus decide the assortment and the inventory where
the order gets picked from. This option is only in the areas that are in the delivery
range of both options.
For company A, OOSs created significant issues at the stores where online orders
were fulfilled. In addition, based on the interview, the KPIs of the delivery accuracy
and stock integrity were a lot worse than the partner’s KPIs. The reason for lower
delivery accuracy was due to the low picking speed in stores. However, the company
has planned to enable forecasting the online sales in the stores separately for
improved replenishment accuracy.
4.1.2 Company B
Case company B is a large European grocery retailer with over a thousand stores
operating in smaller online markets than company A and having a low share of
online sales. The business model of company B is based on having single
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storekeepers in a large grocery chain and each store can have its own operations and
assortment. The interviewee was a supply chain manager in the company. By having
the storekeeper-based model, the chain can offer focused store specific service and
experience to the customers leading to improved customer satisfaction. Despite, the
online service is provided in the chain and the store-specific experience is only seen
as changes in the assortment. Furthermore, all the online orders are fulfilled at the
store due to the low demand and easily scalable store-based picking model.
The latest investments have related to the front end of the online channel platform
and the customer experience in online orders. As the online sales have been on a low
level before COVID-19, no significant investments have been made to the fulfilment
process of the online orders. However, as the pandemic has increased online sales
significantly, investments to more efficient fulfilment are needed. Still, the
interviewee was not willing to mention the exact plans of the company. In addition,
the online orders have not been separately forecasted due to the low demand but as
the demand has increased significantly, it will be a probable change in the future to
improve the SC performance.
In company B, there are over 400 stores that can be used in online sales. However,
many of those are smaller convenience stores where the online orders are occasional
and only provided as a special service. Still, the demand for online orders in the large
hypermarkets located in more populated areas has increased a lot and the level of
online orders is large enough to create challenges for the grocer leading to planning
changes in the online fulfilment model. The company is planning to set up an
automated warehouse to fulfil online orders. However, the interviewee stated that
the automated systems are slow to set up and even though they have reacted to the
increase in the demand, it takes time until the new model is ready to be used.
For company B, the greatest challenges have been the low picking speed and OOS
management. Even though they have been using picking software in the stores, the
personal differences of the pickers still affect the picking performance a lot and the
software has not been able to provide sufficient improvements. Also, the company
stated that the change in the flow of goods has created congestions in the backroom
and loading area decreasing the performance of the operations.
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4.1.3 Company C
Company C is a European smaller grocery chain with around 30 stores and offers
high-end products for the customer. The chain is located in a country with a high
level of online demand but the focus on the online chain has been moderate due to
the premium product assortment and the service they have the core competence in.
Due to the premium brand, the customers are extra keen on feeling and seeing the
fresh products they buy. In addition, the company sells product packages and meal
kits through the online channel which has been noticed to be profitable. The
interviewee was a supply chain manager in the company.
Before COVID-19, the online channel of the company was mostly used for enabling
the ordering of high-end products that are not possibly available in the stores
regularly, for example, specialized birthday cakes or high-quality steaks.
Furthermore, they did not have home deliveries at all before the pandemic but now
they have expanded to deliver to the proximity of the stores. However, this has not
been in the focus and the home deliveries need to be agreed with the store that
delivers the orders separately so that the people that could not go to the store would
be able to remain as customers and improve customer loyalty.
The model that has been in use in company C is highly dependent on the
performance of the suppliers as close partnerships are created to enable shorter lead
times on the ordered items. Because of the premium brand, company C has not
focused on the efficiency of the online channel but the quality of the service and the
freshness of the products. In this kind of model, the OOSs are extremely difficult as
there might not be any suitable substitutive products and each substitution is asked
separately from the customer.
The picking of the online orders happens usually in the stores, but special items need
to be delivered from the warehouse to the stores with separate orders. The store-
based model is used due to the simplicity of the supply chain model. It was stated
that the store can be more agile in adapting to the situation and making sure that
the order gets delivered on time. Also, picking in the warehouse would require a lot
of space if all the picking was performed there. The company has no specific plans
to improve the picking efficiency at the moment as they focus more on the high-end
service rather than efficiency in operations. However, they are trying to improve the
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supply chain performance on the delivery times from the supplier to the stores as it
would decrease the lead time for the customer.
4.1.4 Company D
Company D is one of the leading grocers in a European country with low demand for
online groceries. The grocery chain has hundreds of different sized stores around the
country and has been offering also online service for a few years. The focus on the
online channel has not been significant because of the price-sensitive customers in
the market and challenges in profitability. The interviewee was a process manager
in the company.
The online channel of the case company focused on one dark store which handled
almost all online orders and is replenished from the CDC. In addition to this, few
other stores were also delivering online orders but on a significantly smaller scale.
The dark store is attached to a supermarket and the location was decided to be
naturally in the capital of the country to be in the most densely populated area. The
dark store has a limited assortment compared to the stores and has mostly products
with high sales volume and not ultra-fresh products. Earlier, the orders collected
from the dark store were fulfilled with the items from the store to maintain the store
assortment but due to the availability issues in the store, the online orders were
changed to be picked from the dark store only.
Even though the fulfilment process of the stores is very centralized in the
organization, the dark store has its own managers responsible for the replenishment.
With the increased attention to the online channel, company D focuses to improve
the availability in the online store and manage the fluctuation in the demand. The
picking in the dark store is performed manually with helping software that guides
the pickers.
The most common delivery method is the attended home delivery. However, they
have launched multiple separate pick-up points around the city that are used like
shared reception boxes in conventional locations. This way they have been able to
decrease the delivery costs of online orders. According to the interviewee, the
company’s online order picking capacity has not been enough for meeting the
demand for online orders and high demand has decreased the performance more.
However, the benefit of having only dark store-based fulfilment has improved the
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stock integrity and the interviewee did not consider OOS as a significant challenge.
In addition, having increased inventories and a separate demand planner for the
dark store has improved the availability. Despite the challenges with the picking
capacity in the dark store, the company has not been planning on increasing the
capacity with store-based fulfilment or investing in automated solutions. The
decision has been made because the online channel has not been profitable, and they
have not been able to compete with the prices or service level decreasing the
competitiveness in the market.
4.1.5 Company E
Company E operates in a market with medium online grocery demand in Europe
and has hundreds of stores around the country. However, only around 40 of those
are used in online sales which have wide assortments. All the stores are fulfilled
centrally from the CDC, but they have their own forecasting and replenishment
managers at the stores. The focus on the online channel has been moderate as the
fulfilment model has changed recently but the future of the online channel was not
clear. The interviewee was a supply chain manager at the company.
The company has operated a dark store to fulfil all the online orders but due to the
pandemic, they changed the operating model to pick most of the online orders at the
stores to have increased capacity. The increased capacity in stores enabled to keep
up with the demand but created new problems for the stores due to the large change.
At the moment the dark store is used to pick readily planned meal kits that
customers can order with a recipe. However, as the ready meal packs need to be
ordered in advance, the dark store safety stocks can be kept at zero and the CDC
supplies only the needed quantities of items. The store-based model allowed the
company to match the demand and offer a greater assortment for the customers.
Pandemic has changed the attitudes towards online grocery retailing in the market
and very price-sensitive customers have started buying groceries online.
Due to the price-sensitivity of the customers, C&C is the dominant delivery method
in the omnichannel model and helps the company to have a more efficient online
channel. Still, picking at the stores is inefficient and the store-based fulfilment model
has sometimes issues with availability as the demand fluctuates during the
pandemic. However, the company did not have plans to centralize the online order
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fulfilment in the near future as the demand is quite unpredictable and as the C&C is
the dominant delivery method, the store network gives them a good reach to a wide
customer base. The company did not have a plan on changing back to the dark store-
based fulfilment model due to the capacity restrictions it creates. While the demand
is moderate, picking will be done in the stores but the demand planner at the store
need to focus on the availability to reduce the number of OOSs.
4.1.6 Company F
Company F is the only pure online player interviewed in the study. Company F
operates in a European country with medium online demand and distributes the
online orders to the whole country from three different warehouses. The company is
the leading online grocer in the country but has competition with omnichannel
grocers and other smaller online players. The warehouse-based model enables
efficient picking and great product assortment to offer for the customers. Also, they
can compete with price as the grocery business is extremely price-sensitive. The
interviewee was a logistics manager in the company.
Due to the pandemic, the company had to increase its capacity and set up a third
warehouse. The increase in demand led them to struggle with the capacity which
made the company lose sales in addition to decrease the efficiency in the overloaded
warehouses. The company had a longer-term plan to set up a larger automated
warehouse instead of setting up more warehouses they needed to scale up the
capacity fast to increase the customer base. Even though they have just set up a new
warehouse, they have the plan to set up the new larger automated warehouse in a
couple of years and putting down two of the current warehouses. Thus, they would
be able to increase the assortment in the online store and improve the picking
efficiency significantly. However, they need to keep one of the current warehouses
to enable reasonably fast deliveries to the whole country.
The interviewee stated that the company has selected the strategy of fewer larger
warehouses to have competitive prices instead of fast delivery times due to the
demand in the market. Based on the interviewee, building automated warehouses is
so expensive that it would not be profitable to build many of those with the current
demand forecast. For the online grocer, the largest challenges in providing the
service are picking efficiency in the manual warehouses and the inefficient
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deliveries. At the moment they are having only attended home deliveries, but they
have tested the pick-up point system. The model with pick-up points worked well
but due to technical issues with the reception box provider, they quit the pilot.
The largest advantage over the store-based model in manual picking is the
warehouse design which decreases the walking distance of the pickers compared to
stores. The unique organization of the products enables denser and higher shelves
with the layout that has the best selling items in one place and heavier items in one
place for example. In addition, the picking can be done in the warehouse the whole
day which increases the picking capacity. Even though stockouts have been a major
challenge in online grocery retailing, the pure online player has not considered it to
create significant issues. OOSs still happen at company F and the replacement
process is very manual but due to the pure online model, stockouts do not happen
so often compared to a store-based fulfilment.
4.1.7 Summary of the cases and cross-case analysis
The summary of the cases and a cross-case analysis can be seen in Table 6 below.
The cross-case analysis is further conducted in the results section later and the
categories of the cross-case analysis are used to analyze the results.
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4.2 Scalability of the store-based order fulfilment
The profitability of online grocery retailing was questioned in the interviews
multiple times and due to the high costs of online retailing, companies have
struggled with the online channel and invested in the channel with different
importance. A couple of the interviewed companies where the online focus was low,
discussed the better profitability of B&M sales compared to the online channel and
thus having a lower interest to invest heavily in the online channel operations.
Naturally, the low efficiency of store-based picking came up in all the interviews.
However, most of the companies still picked most of the online orders in stores. As
discussed in the literature review, the store-based picking model of online orders
enables a scalable online channel without large investments in external facilities.
This came up in the interviews multiple times. In addition, especially in the model
of company A, the extreme advantages of in-store picking came up. Company A first
had only separate fulfilment centers for online orders but had to expand their
services also to a store-based model due to the lack of capacity and the geographical
reach of the ODCs of the partner. When the demand exploded due to the pandemic,
they had to be able to serve the demand to remain competitive in the future and gain
customers. This could be seen in company E too, where they changed to in-store
picking from the dark store-based model due to the increase of the sales and
inadequate capacity in the dark store.
Conversely, for example, in the model of company B, store-based online order
fulfilment enabled offering the online channel with low online demand. With low
online demand, the ODC-based fulfilment has been found to be unprofitable and
this came up in the interview of company D which used dark store to pick online
orders but struggled with profitability. In addition, Kämäräinen et al. (2001b) stated
that in online grocery retailing, focusing on levelling the demand will be more
important than investments in advanced warehouses with high fixed costs.
Furthermore, company B mentions that as the stores and the backrooms of the
stores have been designed for one-way flow, picking and delivering online orders
creates huge congestions in the backroom and the loading dock when large trucks
deliver the goods and smaller vans leave with the orders. Even though backroom
storage utilization was suggested by Aastrup and Kotzab (2010), multiple case
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companies did not have the needed space for further utilization and the backroom
was already full. Also, it was stated that the physical restrictions in picking carts also
slow down the picking process as the aisles are narrow and therefore neither more
orders can be picked by the same picker nor more picking carts will fit the store at
the same time. Thus, the store-based model will have more limits in scaling up the
online channel than picking speed only and the flow of goods needs to be designed
again if stores are used in the online channel in the future.
At the moment the level of online groceries has increased so much that focusing on
more automated solutions has become an attractive option for omnichannel grocers.
In addition, the pure online player, company F, has succeeded with the warehouse-
based model and increase the capacity in a short time. As the demand has now
levelled after the huge increase due to COVID-19, it will be easier to plan the size of
the automated warehouses needed. However, the huge increase in online groceries
led to the overloaded warehouses and decreased the efficiency of the whole supply
chain. Thus, company F needed to set up a new warehouse to manage the increased
demand.
Despite the market share of online groceries in the market before COVID-19, online
grocery sales increased significantly and created issues for the grocers in managing
the sales. However, the company’s focus on the online channel could be noticed to
have helped the company to cope with the issues and react faster to the challenges
that the increased sales created. Thus, the lack of focus and investments in the online
channel will reduce the grocers’ competitive advantage and slow down the reactions
in the changing market.
Before COVID-19, the case companies had extra capacity to pick and deliver the
online orders due to the centralized demand to the most popular hours after work.
However, now as people are at home a lot more, people are willing to order groceries
at home with deliveries during the day which has evened the demand but decreased
the capacity buffer leading to capacity challenges also in stores. Thus, increasing the
picking capacity should be done in the future to meet the demand with efficient
operations. Furthermore, companies with store-based fulfilment models had similar
challenges in fulfilling the online orders: the picking efficiency in stores is low and
the poor availability of the products.
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4.2.1 Picking speed in stores
As it was expected, according to the interviews, the picking speed in stores has been
slow and creates a lot of costs in the online fulfilment process. Despite the focus and
effort to the online channel, all of the case companies considered that the picking
speed needs to be improved and the current speed is not fast enough for sustainable
online groceries. The picking speed has been tried to improve with software helping
in the picking process but according to the interviews, the picker’s personal
performance affects even more. According to company B, some of the most efficient
pickers can be twice as fast as an average picker. Usually, the case companies use a
standard pool of pickers but as the demand varies, the other store workers need to
be used too to fulfil the demand. Less experienced pickers have been noticed to be
slower and create extra costs for the grocers. This issue of the lack of skilled
personnel has been noticed also by Mkansi et al. (2018)
Many of the interviewees noted that the stores are not designed for efficient picking
as the pickers need to walk through the whole store to pick the orders and most of
the picking is done in following the order of the store. In the warehouse of the pure
online player, the aisles are higher, and the products are set more densely. In
addition, the warehouses are designed for the most efficient picking. For example,
the best-selling items are close to each other and heavy items are close to each other
to speed up the picking process.
However, as the warehouse-based model in picking should be more efficient than
the store-based model, company D was not satisfied with the picking speed in the
dark store. The interviewee stated that with the current fulfilment efficiency, the
online channel is not profitable and thus changes should be made. However, in the
country, the customers switch the grocer based on the service fees and utilize the
fierce competition between the online grocery providers and thus decreasing the
profitability of the online channel.
All the case companies had some software in use in the picking process. However,
none of the companies was fully satisfied with the software in use to have all the
helping information for efficient picking. The most common flaw was that the
balances in the software were not up to date and the optimized routing for the
picking was not available. In addition, insufficient data in the picking software has
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been noticed to create too long picking routes if the locations of the products were
not accurate or up to date. Some of the case companies had developed a picking
software themselves to use in the picking process and others had procured it outside
the company. However, it was stated that the current market for suitable software
for helping in the store-based picking process is not sufficient and they needed to do
a lot of compromises in the selected software.
Store-based fulfilment solution has enabled great scalability through the fast
increase in the demand and companies without store-based solutions struggled to
increase the picking capacity during the pandemic. Earlier literature has also
identified the benefits of utilizing the existing store network for easy expansion of
the online service (Wollenburg et al., 2018b; Hübner et al., 2016a). Thus, companies
without store-based fulfilment have expanded to having in-store picking to improve
the geographical reach and picking capacity. Like Mkansi et al. suggested (2018), the
picking speed in stores was stated to be low and the picking is needed to be done in
the mornings to reduce the congestions on the aisles. However, as the demand has
increased, it has been noticed to limit the picking capacity after all the stores are in
use. Still, picking software have been used to improve the picking speed and help
pickers in the decision making but the design of the stores and inaccurate
information is reducing the possibility for more efficient solutions. In addition,
changing the flow of the store creates issues for the grocers as the stores have been
designed for only one-way flow, from the loading area to the cashiers.
4.2.2 Availability for online store
Another issue that came up in the interviews was the availability issues in stores
where the online fulfilment is performed. As discussed in the literature review, the
stockouts are more likely to happen in the online channel where the orders are
fulfilled in stores. This was confirmed in the interviews that the issue still exists. For
example, company D decided to fulfil the orders only with the dark store due to the
OOSs that happened in the store due to multiple channels consuming the same
inventory. In addition, in warehouse-based models, the case companies stated that
stockouts do not create as significant challenges as they created in stores.
However, unlike the literature would suggest, the companies did not have yet
separate forecasts for online demand in stores but was planning to set up the system
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to enable it. Thus, the online demand was forecasted and replenished like traditional
B&M demand in ARS. Even though the demand has flattened after the beginning of
the pandemic, the stores have not been able to adjust to the change in the sales
patterns and stockouts happen often. Based on the interviews and earlier literature,
the companies with a store-based picking model need to do the picking early in the
morning due to the high number of customers in the stores in the afternoon. Thus,
the deliveries of the date might not have been shelved yet, which leads to additional
picking rounds after the shelving or OOSs if the delivery does make it to the order.
The additional picking rounds were performed in the warehouses too if the items
might have been delivered to the warehouse between the first picking round and the
departure of the order. However, case companies with warehouse-based picking
models are able to do the picking throughout the day which decreases the risk of too
early picking on the same morning and reduces second picking rounds.
The additional picking rounds create unnecessary work and thus decreases the
picking efficiency. Thus, up to date data about the inventory and possible deliveries
should be available for the pickers and the picking software to help in the picking
process. Then the decisions about substituting items for the customers could be done
in the first round of picking and fewer second picking rounds are needed. However,
the reason for the needed second round should be considered first. According to the
interviewees, this happened mostly with the “ultra-fresh” items, for example, fresh
bread, that is delivered almost every morning. Still, as these have been noticed to
create many stockouts that are decreasing customer satisfaction, either the
availability of the items in the online channel or the delivery schedule should be
changed to reduce the OOSs in the online channel. One of the cases companies had
changed to strategically deliver the products to the stores during the night to solve
this kind of issue.
According to company A, the partner with the automated warehouses has an
intelligent system that predicts the availability of the items at the time the order is
picked and anticipates if they can fulfil the orders with the item. With inventory data
that was updated every 15 minutes, the system can set the items unavailable on the
online store fast, so OOSs were reduced in the picking phase. In most case
companies, the inventory and sales data were updated less frequently, for example,
once a day, which makes the online channel less reactive and more prone to OOSs.
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The management of OOSs was conducted very manually in the case companies,
which required a lot of work from the grocer. In many companies, the customer was
called to confirm if they can substitute a product that was not available for picking
and suggested the substitute. In most cases, the pickers need to use their own
knowledge of the products to decide the appropriate substitutive product. Angerer
et al. (2006) stated that OOSs were the most customer satisfaction decreasing
factors in online groceries and Colla & Lapoule (2012) suggested that products with
at least the same quality should be selected to be the substitutive products to
maintain customer satisfaction. It was stated by the interviewees that OOSs are
expensive for the grocer and even if the substitutes were good, customer satisfaction
has been noticed to decrease. Only company A stated that their commercial team
has selected a substitutive product for all items in the store to ease the decision-
making process of the pickers. In addition, the partner of company A had their own
system for deciding the substitutes in the automated warehouse and with the
predictive inventory management, the partner has been able to have better stock
integrity than company A has been able to have in stores.
In worst cases, OOS has led the system to increase the inventory of the substitutive
product while decreasing the inventory of the original product with the stockouts.
This has happened due to the increased sales and forecast of the substitutive product
while the sales and forecast of the original product have decreased. Without a proper
correction to the situation, this self-feeding behaviour of the substitution process
OOSs of one product can create more OOSs in the future decreasing the customer
satisfaction and profitability of the online channel. This might happen more easily
at the stores where they do not have proper information of the sales and the online
substitute sales cannot be seen in the system.
Company D has put extra effort in managing the forecast and replenishment of the
online sales as even though other stores are replenished centrally with ARS, the dark
store has its own replenishment planner which enables more focus on reducing
OOSs. The interviewee stated that it helps the company to react to short term
changes faster and increase or decrease the inventory accordingly. As the past year
has been hard to forecast for online grocers, they have kept 15% larger inventories
in the dark stores than they would have in regular stores to be able to increase the
availability. The products that are not ultra-fresh and do not spoil fast can have
larger inventories in the dark store to secure the sales.
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It was noticed that the share or the focus to the online sales increased the company’s
ability to react to the OOSs and the companies with a lower-level focus on the online
channel had greater issues with the availability. Without proper availability
management for the online channel, OOSs seem to occur more often, and the grocer
needs to spend more time on the substitution process. However, with the pure online
player and the omnichannel company A with the most focus on the online channel
OOSs happened still and the issue was not completely solved. Still, both were
focusing on improving the availability by improving the delivery schedules and
focusing on the online channel forecast.
Based on the findings, stockouts create the greatest challenges in the stores and dark
store or warehouse-based fulfilment are not as prone for stockouts. The reason for
the challenge of OOSs in the stores is due to the two channels consuming the same
inventories (Hübner et al., 2016a). Despite the sales patterns have been noticed to
be different in the online and B&M channels, the study finds that forecasting the
demand at the stores happens only on one level leading to inaccurate forecasts for
the online channel (Hübner et al., 2019). In addition, the visibility to the balances at
the stores is lower as the item can be sold out between the purchase in the online
store and picking. Picking in the mornings makes the inventories more vulnerable
to late deliveries and the shelves might not be fulfilled early enough for delivering
the online orders. Thus, adjusting the delivery schedules should be considered for
store-based fulfilment.
4.2.3 Uncertainty in the online grocery market
The recent year has shown the unpredictability of the online grocery market. For a
long time, it has been forecasted that online groceries will increase, usually, the
share of online sales has been left far from the forecasted result. During the
pandemic, online sales have increased and according to the interviewees, none of
them had the capacity or capabilities to react to the demand. Now the demand has
levelled, and the grocers have been able to adjust their supply chain accordingly.
However, uncertainty has been hindering down the investments and has shown that
the correct scale is hard to match.
All the case companies with warehouse-based fulfilment had issues with the increase
in demand as the capacity in either ODC or dark stores could not meet the demand.
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This led the case companies to either increase the warehouse capacity or use also
stores in the fulfilment. The more, the company had focused on the online channel,
the clearer the plans were to expand. This could be seen, for example, in the
interview with company D. The company had wanted to offer online groceries and
had set up a dark store for fulfilling the orders. However, now the dark store is
overloaded and cannot handle online orders efficiently. According to the interview,
their online store is not the cheapest or fastest, they do not offer the largest
assortment, the range for the delivery is not the best, and the website is not
convenient. Thus, their competitiveness is low in the market. It was also stated that
if they would be able to design the dark store again two years ago, it should have
been larger, and automation should have been considered. However, now it needed
at least double the volume to the online store before building a new larger automated
warehouse would be profitable.
Still, most of the case companies are looking for scaling up their online channel
capacity and looking for new solutions to improve efficiency. The scalability of the
store-based fulfilment model has helped the companies to get started in
omnichannel sales but in the future, the stores will not be able to handle the flow of
the goods. Even though the uncertainty of the demand of the future, the most
focused to online channel had clear plans in expanding to the more automatized
model for online retailing. Warehouse-based solutions were more popular according
to the interviews to enable larger assortment to be automatically picked and to utilize
the economies of scale to make the large investment more profitable.
According to the interviews, current backrooms are small, and further utilization of
the backroom for online orders would be hard. Thus MFC-based solutions are hard
to execute in addition to the expensive robotics which the MFC needed. In addition,
setting up more dark stores were not discussed as an option because the picking in
MFC is not the most efficient solution and still requires significant investments.
Even though MFC-based picking would bring the benefits of shorter delivery times
and increase geographical reach easily, large scale efficiency was considered to
create more competitiveness in the business which customers are extremely price-
sensitive. Based on the pure online grocer, company F, it is a competition between
offering the best service level or being more efficient and offering the cheapest
prices. Thus, they have decided to move to less but bigger warehouses in the future
to improve the competitiveness in price and drive down the operating costs.
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COVID-19 pandemic has had effects on every company’s operating model which can
be seen in the future too. For example, company C, which had the lowest focus on
efficient online retailing due to the high-end products, needed to start providing
home delivery service to maintain the customer base after the restrictions loosen. In
addition, company E moved from the dark store-based picking to the store-based
model which has been a profitable move. In the market of company E, the customers
are extremely price-sensitive and like to utilize C&C services which encourage the
company to continue with the store-based model. Furthermore, company D had put
up a dark store to support the online model attached to the store so that less frequent
items could be picked in the store. However, as picking in the store created OOSs
more than expected, they decided to move to pick most of the orders only in the dark
store. This decreased the assortment they could easily offer online and the capacity
they will be able to pick in a day. Now the capacity is not enough to satisfy the
demand, but no larger investments are planned to improve the service even though
the online channel has been increasing continuously.
Uncertainty has been noticed to hinder investments. It makes it harder to choose the
needed scale for new fulfilment solutions and the warning example of Webvan from
the past decreases the rush in investing in automated solutions (Hays et al., 2005).
In addition, Kämäräinen et al. (2001b) has emphasized the requirement for well
forecasted and reasonably stable online demand to have a profitable warehouse-
based online strategy. However, the leaders in the online grocery industry have
already begun utilizing automation in the picking of orders successfully, which
clearly increases the urgency for actions. Still, the online channel has been
unprofitable for some and the demand varies between different markets. Thus,
investing in automated solutions might not be profitable for all yet but will give a
competitive advantage to the grocers in the future certainly.
4.3 Delivering the orders
As expected, the last-mile delivery of the orders was noticed to be one of the main
challenges in online grocery retailing. Companies had different models for delivering
the orders which divided the grocery retailers. Some of the companies had
outsourced the last-mile delivery of the online orders and others had their own fleet
to execute the operation. Even though the delivery of online orders was recognized
to be one of the main challenges, the actions for more efficient deliveries were not as
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significant as improving the picking process. Despite the picking model, all
companies provided home deliveries to be competitive in the market. The
significance of home deliveries increased during the pandemic so that people did not
need to go to the store at all. As discussed in the previous chapter, the customers
were now willing to receive the orders during the day while no other delivery slots
were available. Thus, the pandemic did not increase the stress to the delivery system
as much as it did to the picking model as the capacity for deliveries existed already.
A used model was to own the fleet and hire the personnel to deliver the orders to the
customers. For example, companies A and C needed to procure the fleet after the
pandemic started because they were not providing home delivery service from the
stores before. Both companies operate in a market with home delivery as a dominant
delivery model. Company A delivered home also through the partner, but the
operations were separate, and the partner had their own model for delivering the
order. However, the customer could not tell the difference between an order
delivered by the partner due to the same logos used in the delivery process. The
interviewee stated that the partner had significantly better key performance
indicators (KPI) in the delivery process and the accuracy of meeting the delivery
window was a lot better with the partner. Thus, their delivery model had a lower
customer satisfaction level than in the orders that their partner fulfilled and
delivered. Still, company A stated that the issue for not meeting the delivery schedule
was mostly due to the picking efficiency and additional picking rounds that were
needed to fulfil the orders.
Company D, in a smaller online market, stated that the customers are very price-
sensitive and change the grocer based on the delivery prices often. In addition, it was
stated that the order price limit for free deliveries can be very low and the delivery
distances long leading to unprofitable deliveries. Company D had one of the shortest
delivery ranges in the market because they did not have such a high focus on the
online channel and longer deliveries would create more losses to the company. Thus,
their competitiveness in the market was not great. The interviewee stated that the
deliveries were not the greatest issues still due to the inefficient picking in the dark
store with inadequate capacity. However, the company utilized separate pickup
points with shared reception boxes which improved the delivery efficiency
significantly. The competitors did not have the option of separate pickup points
which increased the demand for their service. The separate pickup points were
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located at gas stations or other locations where people are driving by, for example.
This way the delivery slots are not as hard to manage, and the transportation
distance decreases significantly. Furthermore, no other case company seemed to
have active deliveries through separate pickup stations with reception boxes.
The pure online grocer, company F, and company B had outsourced the last mile
delivery to a transportation company that operates under the brand of the grocer.
Similarly, to the partner of company A, the delivery vehicles and personnel were
operating under the brand of the grocer, so the delivery service affected the customer
satisfaction of the grocer and not the delivery company. They stated that because the
transportation business is not the core of their operations, it is more sensible to
outsource the delivery service. In addition, the transportation business is a very
competitive industry and thus the differences are not large, and the price is
reasonable. The risk in outsourcing the delivery company is to have the needed
quality in the delivery because otherwise, it will have an impact on the customer
satisfaction of the grocer. Therefore, agreements with the transportation companies
need to be done for having aligned interests.
Despite the home delivery model, the home deliveries were stated to be inefficient
and needed improvements in the future. Still, the customers’ needs for shorter
delivery windows restrict the more optimized routing, and the price-sensitive
customers are not willing to pay more for the service yet. Many of the interviewed
companies had challenges to meet the delivery schedule during the busiest hours of
the day and the unpredictability of the traffic created delays in the deliveries.
However, the case companies were not worried about the delivery efficiency and
focused more on the picking efficiency and their capabilities to offer more delivery
slots through more efficient picking.
In the market of company E, the price-sensitive customers were not willing to pay
for the delivery service extra and the grocers in the market were competing with each
other by offering cheaper deliveries. Thus, the most used delivery method for
company E was C&C which decreased the supply chain costs of the online channel.
In the market, the customers were used to C&C service and find it convenient as it
decreases the time used in the store. In other markets the home delivery has been
preferred significantly more to C&C services, so grocers have had larger problems
with home delivery. As stated in the case description, company F, the pure online
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grocer, had a pilot considering the separate pickup points with shared reception
boxes but due to technical difficulties with the supplier, they needed to end the
service.
In all cases where customers used the C&C from the store or separate pickup points,
the customers were satisfied with the convenience but still, the home delivery
dominates the online grocery market. The issue with shared reception boxes was
that the pickup windows were long which led to the maximal utilization rate of the
boxes and disabled delivering more orders. If the windows were shorter, the most
used reception boxes could have even larger order quantities during a day. This
could be possible because usually, the slots were so long that the reception boxes
were empty a large part of the time. Thus, offering shorter pickup slots for the
reception boxes with slightly cheaper service costs would align the customers’
interests for shorter pickup slots.
In the academic literature, the last-mile delivery has been suggested to be the most
challenging part of online groceries and efficient last-mile logistics were considered
to create the greatest competitive advantage (Boyer et al., 2004, p. 186; Hays et al.,
2005; Martín et al., 2019). Even though the delivery costs can account for at least
the same amount of costs to the picking, grocers do not perceive delivery operations
as a central challenge as the fulfilment of the orders. The costs of the delivery service
are still high, but the current models have worked and increasing demand has been
able to be managed with current methods. In addition, outsourcing the delivery
service is becoming more popular helping the grocer to only focus on the core of the
business. However, if a lot of outsourcing is done, it decreases the possibilities of the
grocer to affect the costs and might lead to not optimizing the delivery costs in the
future. Also, pickup points have gotten a good reception from the customers and are
a flexible option for both, the grocer and the customer. Thus, it is expected that the
reception box-based model will have more attention in the future for more efficient
grocery retailing.
4.4 Technology in OC retailing
Due to the newly developed market of online groceries, more advanced solutions and
complicated networks are needed to improve the efficiency of OC grocers. Partnering
and outsourcing have become more popular solutions to create value in OC
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operations and enable a more efficient supply chain. The companies interviewed
partnered with automated fulfilment solutions and IT solutions to help them
manage the challenges that increased sales through the online channel have created.
Already Hays et al. (2005) discussed the option of partnering to improve the supply
chain efficiency.
4.4.1 Automated picking solutions
The only company interviewed with an automated picking solution in use had the
option enabled by the partner. Automated solutions are expensive to develop and
have high fixed costs which is why those need great sales volumes to maintain
profitability. This has been stated by Kämäräinen et al. (2001b) also. Therefore, case
companies had not invested in highly automated warehouses yet, but it seems to be
the next step for OC grocery retailing. Tjon Pian Gi and Spielvogel (2021) discussed
the examples and the pros of partnering with technology companies to benefit from
the capabilities of the partner. Company A works as a great example of a successful
partnership with a technology provider. Even though the partner has its own ways
of operations and is very independent, company A has not felt that it would be taken
advantage of. Conversely, the interviewee thought that the partnership has put the
grocer in a strong position and enabled the early steps in online grocery retailing
with low effort and great results. Partnering with a technological leader in the
industry helped the grocer to get to know the needed processes in the area which
was not familiar to them and did not require large initial investments.
According to the interviewee, the KPIs of the delivery times and accuracy of the
partner are best in class and they have appreciated the performance of the partner
even more after they have started picking themselves in the stores too. The stock
integrity, picking speed and picking accuracy in the automatized warehouses have
outperformed the stores. Even though the grocer operates more as a supplier than a
close partner, the customer gets serviced under the brand of the grocer. In addition,
the groceries are bought from the same website despite will it be picked in a store or
a warehouse. The partner had their own forecasting and replenishment systems, and
the partner managed their own delivery network, so the operations were not
integrated. Integrating IT systems in the supply chain could have improved the
supply chain performance but as the online channel of the grocer was set up only
after the pandemic, providing a full online service sounded reasonable.
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For company A, the partner did not offer only automated warehouses for picking but
a complete online service. Therefore, the grocer was able to increase the online sales
fast without a long process of analyzing the processes and deciding and
implementing the selected model. They were able to start with one warehouse in the
most densely populated area and expand to multiple warehouses and improved
geographical reach. However, the beginning of the pandemic showed concretely the
disadvantage of the warehouse-based model, the scalability. Until the demand
increased steadily, they were able to set up new warehouses with the partner to
expand the service but after the pandemic started, the grocer needed to start picking
the orders in the warehouse and procure fleet for the deliveries to meet the demand
and maintain the customer base.
In the future, multiple case companies considered utilizing automation in picking
and as stated, the pure online retailer already had plans for a new large, automated
warehouse. However, the warehouse will be their own and no straight partners are
included. Thus, it was stated that the initial investment to the new warehouse will
be large and they will focus on one larger warehouse instead of multiple smaller ones
due to the investment costs.
The uncertainty of online groceries has hindered down the investments and this can
be seen especially in the more advanced solutions. Despite the market and the case
company’s focus on the online channel, automated solutions in the picking have
been considered but before COVID-19, the growth of the market was insecure and
the correct scale for an automated warehouse was hard to decide. In addition, before
the pandemic, there was not enough online grocery demand for automated solutions
in many markets in Europe.
Now the demand for online groceries have increased to a sufficient level and OC
grocers need to actively improve their efficiency to remain competitive. Thus,
automated picking solutions need to be emphasized when investment decisions are
made. The interviews have shown that dark store-based models are not sustainable,
and the advantages of dark stores are not significant when compared to store-based
picking. Because the picking speed will not be significantly improved with manual
picking in the dark store, more advanced solutions should be considered. Thus,
creating partnerships with technological leaders in the industry can help OC grocers
to improve their competitiveness without significant investments and smaller risks.
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According to Begley et al. (2020), the technical talent gap creates challenges for OC
companies to develop new solutions and in-house knowledge of technology might
be scarce. Therefore, partners should bring knowledge and understanding of the
technology and processes, so the incumbent did not need to develop the knowledge
themselves.
Even though the store-based model has been an enabler for all the case companies,
the grocers have short or long term goals to invest in more automated picking
facilities to improve the competitiveness in the industry. The automated picking
solutions have become more attractive and increased demand enables grocers to
invest in larger automated facilities. Despite the scalability of the store-based
picking that has enabled the fast expansion of the online channel for many grocers,
the picking capacity in stores is meeting its limits due to the slow picking that needs
to be done only in the mornings. Furthermore, grocers are focusing on more efficient
solutions instead of improving the service level. This can be seen as the focus on
larger automated solutions and not being so interested in MFCs despite the
advantages. Besides, middle-level solutions of manual warehouses and dark stores
are losing their attractiveness as the efficiency improvements are not seen significant
enough.
4.4.2 IT solutions
In addition to the automated picking solutions, IT solutions for more efficient
operations should be used by OC grocers. As discussed in the literature review ARS
have improved the supply chain performance during recent years and reduced the
workload from the managers. After online groceries have become more popular, new
decision-making processes have emerged and grocers have needed to do a lot of
manual labour due to new processes. Similarly to automated solutions, grocers
usually do not have the technical capabilities to create these solutions themselves
and thus IT solutions should be procured outside the company or by partnering with
technology companies. However, data scientists and technical engineers are more
and more needed in their own development so their own technological capabilities
should not be forgotten.
Based on the interviews, case companies have struggled with the decision making
processes in store-based picking and the personal experience and characteristics of
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the pickers affect the picking efficiency and accuracy significantly. Every case
company had some kind of software in use to help the pickers but none of the case
companies was fully satisfied with the solution. According to company B, the offering
for suitable picking software is scarce and the functionalities are not adequate for
the needs. Thus, many of the case companies have needed to develop the picking
software themselves. However, the solutions used are not still performing well and
company B said that no significant improvements to the picking speed has been
gained.
Close relationships with service providers will help the companies to develop and
customize solutions that are suitable for them and the service provider will bring the
technical knowledge to help to solve the issues. Even though automated picking will
become more popular in the future, store-based fulfilment will be used for
maintaining the geographical reach and helping in capacity management of the
online channel. Thus, picking software will be needed in the future too.
Furthermore, companies will need advanced solutions for order management in the
future because currently, the simple order management methods create OOSs and
inaccurate replenishment as the picking happens at a different time to actual sales
of the item. For example, optimizing delivery schedules for the picking locations
need to be reconsidered as the late deliveries create unnecessary picking rounds to
fulfil the orders.
4.5 Actions in decision-making processes in OC retailing
While the online channel sales have increased fast, the development of ARS
functionalities has not gotten as significant attention. In this chapter, the possible
decision-making processes which created issues based on the interviews and that
could be solved with IT solutions are discussed more thoroughly. As the industry has
developed, IT solutions need to take more factors into account and all processes in
the OC retailing are not the same as they are through the B&M channel.
According to the interviews, ARS was used for the online channel quite similarly to
the B&M channel and in store-based fulfilment, the online sales were not forecasted
or replenished separately yet. However, company A, which had the highest focus on
the online channel amongst OC grocers, was planning on setting up separate online
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sales forecasting in the stores as they had expanded to the in-store picking recently.
Different sales patterns and trends through the online channel have created issues
with inventory management and OOSs happen more often. In addition, if OOS
happen after the item is already bought, it creates more significant issues for the
grocers due to the substitution process. If OOS happen at the store to a traditional
B&M shopper, the customer can easily decide on the substitute item.
In addition, an increasing trend in grocery retailing is to offer meal packages to the
customers through the online channel so customers can order readily planned meals
and recipes from the grocer. Based on the data, three of the six grocers offered these
meal kits for the online customers which consisted of multiple different items and
included the recipes. These were rarely forecasted separately, and for example,
company E required the orders for the meal kits so early that they could pick the
inventory of the items in the kit very close to zero in the dark store every day.
However, when the demand for meal kits increase, separate forecasts should be
created for the kits to secure the availability of the kit components in the warehouse
and being able to deliver the meal kit components to the picking locations.
The emphasized issues in the online order fulfilment process were the inventory
management and OOS, reduced visibility to online orders and the clumsy picking
software. These are discussed more below.
4.5.1 Availability challenges and substitution process
As the literature review suggested, OOSs create significant challenges for the OC
grocers, and it was confirmed by the interviews conducted. OOSs create issues for
omnichannel grocers especially as the shared inventory for online and B&M
channels in the store is less predictable and the sales do not happen at the same time
as the item gets picked. Thus, OOSs happen often and with large basket sizes, many
of the customers are not able to get the items ordered. This decreases the
profitability and the customer satisfaction of the online channel hindering down the
growth of online groceries. Thus, reducing OOSs should be emphasized in the future
before further improvements to the picking speed are considered to give the
customers a great experience of online shopping and gaining the trust of the
customers.
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Based on Aastrup and Kotzab (2010), minimizing OOSs has not been the optimal
solution to the issue but optimizing the on-shelf availability (OSA) should be done
instead. They state that improving OSA could be done by optimizing the following
parameters: “costs of overstocking, costs of understocking and demand
uncertainty”. Earlier, the cost of understocking has not had such a significant impact
on profitability and customer satisfaction as the customers have been able to pick
the substitutive item themselves. However, in the online channel, the cost of
understocking and the demand uncertainty have increased leading to a nonoptimal
replenishment method for the channel. Based on the interviews, the challenge of
managing OOS in OC retailing consist of three levels:

 Reducing stockouts with improved availability.
 If stockout happens, the item should be unavailable for the customer on the

website so the customer can select an alternative item.
 The customer has been able to order an item that is OOS at the time of the

picking which leads to the substitution process by the grocer.
Thus, grocers should concentrate first on decreasing the stockouts in the online
channel by reanalyzing the safety stock levels of each item and taking the increased
uncertainty into account with the cost of overstocking and possible spoilage. Most
of the grocers did not have any separate sales data or forecast for the online channel
and all POS were considered as store sales in ARS. Thus, in the future, a separate
forecast for the online channel should be analyzed in store-based fulfilment to
improve the replenishment performance. In addition, more focus should be put on
analyzing the replenishment KPIs. For example, company D had put more focus on
online sales by having a separate replenishment planner for the dark store to analyze
the online sales only.
In addition, according to the interviews, optimizing delivery schedules and
reanalyzing the analyzing the costs of understocking could improve the availability
in online stores. In ARS-based replenishment, the system should take the timing of
the delivery into account to be able to calculate optimal delivery times and improve
availability in the mornings when the online orders get picked. Furthermore, the
ordering and delivery schedules should be adjusted for more stable inventory levels.
At the moment, multiple case companies stated that they have had issues with high
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variation in delivered quantities to stores or ODCs due to the cost optimization for
transportation. However, the high delivery quantities have led to situations where
the deliveries are too large to fit in the available shelf space or too late deliveries have
led to OOSs. Thus, ARS should be adjusted for a more stable delivery flow to enable
efficient store operations.
The costs of understocking should be considered when the safety stocks are
optimized. Based on the interviews, the classification of the items was calculated
similarly with the traditional ABC classification and the safety stocks were calculated
accordingly. However, the classification was calculated based on the store total sales
and the online sales of the item did not affect the decision making of the ordering
parameters. According to Mkansi et al. (2018), grocers should increase the
inventories for improved availability and customer satisfaction. Taking online sales
separately into account would enable analyzing the uncertainty of the online
demand and the cost of understocking compared to the cost of overstocking.
Therefore, OC grocers would be able to improve the stock integrity in store-based
fulfilment of online orders.
Second, like Colla and Lapoule (2012) suggests, up to date data plays an extremely
important role in OC availability management in the online channel. Unlike
warehouse-based fulfilment, in store-based fulfilment, one inventory has multiple
channels consuming the inventory leading to inaccuracy in the balances shown
online. This means that people have been able to order the item online even though
it might have been sold out in the store. Furthermore, even though the balances were
up to date, the item might be available at the time of the order but OOS at the time
of the picking. This might happen because the picking is performed usually the next
morning and thus shoppers in the store might have bought the item. Thus, first
focusing on up to date balance data is extremely vital in online retailing. At the
moment the balance data was not updated often enough to have accurate data in the
online store. More accurate data would show the unavailability of the items early
enough for the customer to select the substitute items themselves leading to better
customer satisfaction. Based on the interviews, the up to date data is seen as
important but did not get a great focus on improving the online sales performance.
The most advanced ARS solution with company A’s partner where the system had a
predictive model for the availability of an item. The system in use calculated the
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probabilities for the items to be in the stock at the time of the picking even though
the item would not be available at the time of the order. Conversely, the item could
be set to be unavailable in the online store if it was probable that it was OOS at the
time of the picking. However, the latter does not happen as often in a warehouse-
based model due to only one channel consuming the inventory. Still, the latter
example would be an important functionality for OC grocers to utilize in online
retailing. The partner's system also had heuristic functionalities to set the item
unavailable in the online store automatically if the item is OOS in consecutive orders
despite the balance information in the system. These kinds of solutions should be
used in OC retailing too to improve the OOS management with IT. Due to the
multiple channels, inventory management is harder for OC retailers and thus
predictive models of the balance data should be used in the online store to predict
the balance at the time of the picking.
Third, if OOS happens after the customer has been able to order the item, the
substitution process should be streamlined and fast to maintain the picking
efficiency and reduce the costs of OOS. This was also marketed by Naveo Commerce
(2021). Most of the interviewed online grocers had no special substitution process if
OOS was noticed at the time of the picking and usually the picker was responsible
for deciding the substitute item or the customer was called about the issue if they
wanted the substitute item. Only company A stated that they had already decided
the substitute items for each item. All the online stores in the case companies had
the option for customers to select if the grocer can decide the substitute item without
separate confirmation but the customers were not using the option actively. When
the customers are called and asked permission to substitute the item, the customers
usually accepted the substitution. Thus, the online stores should be modified so that
the customers accepted substitutes automatically unless they separately select the
items that they will not accept substitutions on.
In addition, the substitution process based on the personal experience of the pickers
was noticed to create issues as some of the pickers were clearly better in selecting
the substitutes than others. Similar results were reported by Mkansi et al. (2108).
Therefore, for maximal customer satisfaction, the substitute items should be decided
already, and the picking software should suggest an available substitute item
automatically. The automatized substitutes could be updated by the success rate and
customer satisfaction to the substitute items with customer feedback.
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Furthermore, the OOS should be shown automatically during the picking round if
the inventory in the system is zero. Most of the interviewed companies did not have
live data of the inventory in the picking system which led to unnecessary picking
attempts and additional picking rounds if OOS occurred. If the picking software
showed the balances of the items to be picked and knew the delivery schedule, it
could suggest substitute items in the first picking round already or tell the possible
next delivery for the item which is OOS to make possible additional picking rounds.
Managing OOS efficiently will improve customer satisfaction and make the process
more efficient. As long as the picking is done in stores, OOS management stays as a
significant issue to solve.
The most extreme behaviour in OOS management happened with company A where
a stockout led to incorrect replenishment decisions in the future. In this example,
item A got OOS in a store and thus a substitute B were sold in online orders instead.
Similar effects were noticed at other companies too but not as radically. ARS system
thought that because the sales of item A decreased and sales of item B increased, the
inventories of A should be decreased, and the inventory of B increased. This
incorrect behaviour of the system led to an increased number of OOSs and did not
represent the actual demand. Thus, OC grocers need to adjust their systems to take
into account the items that people have tried to buy in addition to the sales of the
substitute item. These sales need to be corrected accordingly to enable more
accurate replenishment in the future with accurate online sales data. The summary
of the solutions is represented in Table 7 below.



90

Table 7: Summary of the solutions for advanced OOS management for OC retailers
Issue Solution Why? How? Wantedor usedby
OOSprevention Separate forecastfor online sales The demandpatterns differ indifferent channels

Using the data from theonline store in forecasting A, B, D,F
Optimizingdeliveryschedules foronline orders

Late deliverieshave led to OOS inthe mornings
Changing the deliveryschedules to deliver earlierin the morning or managingthe delay in thereplenishment planning

A, B, C

Analyzing thecost ofunderstocking
Inventory levelsbased on the storesales might notmatch theimportance of theitem online

Analyzing the itemclassification again andadjusting the replenishmentparameters accordingly foritems online

D

Managingonlinebalances
Up to date data inthe online store Preventscustomers fromordering OOSitems

Showing as up to date datain the online store aspossible
A, B, D,E, F

Predictive modelsestimating theavailability
Picking does nothappen at thesame time as theorder so OOS canoccur in between

Forecasting the possiblebalance at the time of thepicking to show moreaccurate estimatedavailability

A

ManagingOOS inpicking
Automaticallysuggestedsubstitutes

The personal skillsof the picker affectthe success ofselecting suitablesubstitutes

Gathering data fromsuccessful substitutions A, B, D,E, F

Up to date data inpicking software Reduces pickingtime used insearching OOSitems

Providing the pickingsoftware live balances andpossible deliveries to makedecisions aboutsubstitutions or additionalpicking rounds

A, B, C,D, F

Correcting thesales of the itemwith OOS and thesubstitute

Inadequate salescorrection leads toinaccurate forecastand replenishment

The original item shouldhave the lost sales adjustedand the substitute’s salesshould be adjusted to thelevel without OOS of theoriginal item

A, D
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4.5.2 Utilizing the possibilities of the online store
As discussed in the literature review, long lead times decrease the customers’
perceived convenience of online groceries and thus grocers need to have as short
lead times as possible (Chintagunta et al., 2012). This has led to offering at least
overnight deliveries by all the grocers interviewed and the best-performing
companies were able to provide same-day deliveries to the proximity of the
warehouses. However, the interviewees stated that as the demand for online
groceries has increased, customers have started booking the delivery slots earlier
and making preliminary orders multiple days ahead. However, as the customers are
able to modify the order until the last night before the picking, the preliminary
orders are not utilized in replenishment planning. Still, as the orders usually are
mostly reflecting the final order, there could be potential in using the preliminary
orders in replenishment according to the interviews.
Utilizing the online orders in replenishment could improve the supply chain
efficiency and help the OC grocer to deliver the needed items to the store more
accurately reducing OOSs. Even though all preliminary orders are not stable and can
change a lot, probability calculations on open online orders could predict the locked
orders well. In addition, if the open online orders are used, the short term forecast
and replenishment decisions should take the open online orders into account to help
to deliver the stores the needed items. Some of the interviewees stated that due to
the increased demand people have also locked their orders earlier in addition to only
reserving the slots early. This has led to decreased spoilage and the number of OOS
in the stores due to less deviation in the demand. Thus, it could be reasoned that
utilize open online orders could have similar effects on helping the grocers to have
more accurate forecasts. Based on the interviews, the benefits of this kind of solution
would especially help the stores to fulfil successfully orders with large volumes of
some bulky item, which is more usual through the online channel. This could be
easily done by motivating the customers with reduced delivery fees for orders that
are locked earlier. Thus, the most price-sensitive customers could be willing to lock
their orders earlier and improve the performance of the grocers’ supply chain.
Second, the need for the high quality of fresh items has decreased the grocer’s
possibility to put any items into the order which are close to spoiling. The
replenishment of fresh items has been hard already as different batches spoil at
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different times and customers in stores are hard to guide selecting the older items
with less shelf life left according to the interviews. Furthermore, the case companies
stated that managing the customers’ expectations on the freshness of the items has
been hard and led to disappointed customers. The challenge is realized in stores
when the system has enabled customer orders of a specific item, but the store has
only items with low shelf life left. Thus, they have needed to send the item to the
customer even though it would not match the standards of the company.
One interviewee suggested that using batch balances in online sales and fulfilment
would help the OC grocer to reduce waste and improve customer satisfaction. The
system could show the grocer the probable balance of batches that have different
shelf life left and thus offered online customers reduced prices for items with low
shelf life left. In stores, this kind of dynamic pricing has been hard and requires a lot
of manual work to have a separate price for each batch. However, in online sales, the
workload needs to be performed only if the item with a lower shelf life is bought and
the picker selects the specific kind of item from the existing inventory. Thus, the
customers could save by ordering items with lower shelf life without decreasing
customer satisfaction. Still, accurate batch balances require batch-specific
identification with RFID technology or similar. This kind of solution was studied by
Kärkkäinen (2003), but the low standardization of the technology and new emerging
technologies increased the uncertainty and reduced the attractiveness of the
solution. In the future, the benefits of RFID could increase through online retailing
and the possibility for dynamic pricing in groceries so the opportunity should be
researched further. The summary of the solutions for utilizing the opportunities of
online store are represented in Table 8 below
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Table 8: Summary of the solutions for utilizing the online channel opportunities
Solution Why? How? Wantedor used by
Utilizing openonline orders in thereplenishment

Orders can be filledearly Enabling ARS system to read inopen online orders to estimatethe demand in the near future
A, B, D, F

Decreases the numberof OOSs Stores can be replenished withonline orders in addition to theforecasted store demand
Using batchbalances in theonline store

Customers require onlyitems with long shelf-life left
The online store could show onlythe balance of fresh items withsufficient shelf-life left availableto order

B, F

Enables selling onlinecustomers items withlow shelf life withreduced price

Batch balance data for differentbaches needs to be enabled withRFID technology or similar

4.5.3 Improving picking performance
Finally, the picking performance in the stores should be improved to improve the
profitability of the online channel. As discussed in the results section earlier, both
the literature review and the interviews emphasized the challenges created by the
low picking speed in stores. Furthermore, manual picking has been noticed to be
slow in the warehouses by companies D and F which had the dark store and
warehouse-based picking models. Even though the trend is focusing more on
automated picking solutions, in-store picking will be used as a complementary
picking model by the case companies for a while because automated solutions are
slow to set up and large investments are needed. Thus, improving in-store picking
will benefit OC grocers for a while and new solutions will create value.
First, there is a need for improved picking software. Based on the interviews, most
of the companies were not satisfied with the current picking software despite the
focus on the online channel. The only exception was the high-end grocer, company
C, which focused more on quality than efficiency. One interviewee mentioned that
at the moment the supply of picking software is scarce, and compromises were
needed to be made when the solution was selected. This was also noticed by other
interviewees as they have needed to develop the solutions themselves.
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Even though Naveo Commerce (2021) reported a significant increase in picking
speed when suitable picking software is used, the case companies had not noticed
similar increases with the software in use. Furthermore, only one of the companies
had picking software in use that guided the route and picking sequence of the items.
Based on the interviews companies have quite inaccurate location data of the items
in stores or warehouses which decreases the possibilities for optimized routing.
Thus, grocers should first focus on creating accurate floor plans to enable improved
picking software. However, as accurate floor plans are not always available, picking
software should estimate the optimal picking route with product categories and
approximate locations. Furthermore, as discussed above up to date data should be
provided to the system so decisions of substitute items can be made on the first
picking round. In addition, picking software should suggest substitute items
automatically if OOS occurs to streamline the process and improve the success rate
in selecting substitutes.
Second, forecasting the workload was perceived to be a needed solution for driving
down the picking costs and help the operations chain planning. This was mentioned
in most of the interviews conducted. Similarly to picking software, the need for
workload forecasting will remain important as long as picking is conducted
manually. Only two of the case companies was forecasting the workload of picking
on some level currently. Company F had a very simplistic forecasting process
conducted with Excel that calculates the forecasted number of sold items and
estimated the need for picking workforce in the warehouse accordingly. In
simplicity, with online sales forecast, this type of forecasting could be done in any
OC retailer easily when the estimate of picking speed is known. Still, as the separate
online sales forecasts were only calculated on retailers with separate fulfilment
centers for online orders, OC retailers need to first enable online forecast in store-
based fulfilment. Furthermore, more accurate hour-specific optimization requires
more advanced solutions to optimize each shift based on the employer skills and
picking need.
Based on Mkansi et al. (2018), the shared resource pool of pickers and other store
workers has created issues in managing the workforce in stores. However, workforce
optimization can decrease the costs of the operations and helps in solving the issue
of shared workforce resources (Ernst et al., 2004; Güney, 2019). Based on the
interviews, picking speed is not the only important factor for efficient operations.
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The pure online grocer, company F, emphasized the importance to measure all
working hours of warehouse employees compared to the number of picked orders.
Therefore, workload optimization plays an even more important role as there should
be always enough but not excess workforce for the tasks performed. Thus, workload
forecasting and workforce optimization will be important tools for OC grocers, for
which driving down the fulfilment costs of online orders has been a great challenge.
Table 9: Summary of the solutions for improving the picking speed
Solution Why? How? Wanted orused by
Improved pickingsoftware Companies are notsatisfied with the currentsoftware in use

Enabling accurate floor plansfor optimized routing forpicking
A, B, D, E, F

Picking software reducesthe effect of thedifference in personalskills and improves thepicking performance

Up to date data of balancesand deliveries and automatedsubstitute, suggestionreduces the decision-makingprocesses for the pickers
Workforceoptimization Managing the workforcehas been acknowledgedto create challenges

Forecasting the need forpicking workload from theonline sales forecast
B, D, F

Personal skills affect thepicking performance Optimizing the allocation oftasks for the employeesimproves the pickingperformance
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5 Conclusions and discussion
Finally, the key findings of the study are discussed. This will be done by first
answering the research questions and then analyzing the theoretical and managerial
implications that were conducted from the results. Finally, the reliability and the
limitations are discussed.
5.1 Key findings
Key findings are represented by answering the research questions.
RQ1: What are the different omnichannel fulfilment methods in grocery retailing
and what are the advantages and challenges?
Different omnichannel fulfilment models for online orders have been studied earlier
and the models can be divided into store-based picking and warehouse-based
picking. The store-based fulfilment model has been used the most due to the low
entry barrier. OC retailers have already a wide supply chain network of stores which
improves the attractiveness of the solution to enter the online business with. In
addition, store-based fulfilment does not have high fixed costs and the picking
capacity can be easily scaled based on the demand. The empirical research also
showed that scalability has been the main advantage when the demand increased
fast and warehouse-based models have had issues keeping up with the demand.
However, in-store picking has multiple challenges which decrease the attractiveness
of the solution. First, the manual picking in stores is slow and the stores are designed
for B&M customers, which increases the travelled distance. Second, stores have been
noticed to have more issues with availability due to the multiple channels consuming
the same inventory. Thus, increased demand has led to an increased number of
OOSs and decreased customer satisfaction, especially with store-based fulfilment.
Thus, automated solutions in a separate warehouse for online orders have been
increasing their attractiveness and companies have planned to invest in automated
solutions. Due to the increased demand, a middle model of the dark store, a separate
warehouse with manual picking, has not been widespread and it does not solve the
issue of slow picking operations either. However, automated warehouses require
significant initial investments and have high fixed costs. Based on the study, OC
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grocers are aiming for improved efficiency in the future and service level and lower
delivery lead times have less focus. Due to the increased issues in store-based
picking, automated warehouses are planned to enable the economies of scale in
picking and store-based fulfilment will be used as a buffer in the picking capacity.
RQ2: How should the forecasting and replenishment systems setup take the
fulfilment methods into account?
The literature review showed that by utilizing ARS, companies have been able to
decrease inventory levels and improve availability. In addition, automated
replenishment has helped the managers to spend less time in making decisions for
fulfilling the stores (Angerer et al., 2006, p. 165, 148). However, as online demand
has been noticed to have different sales patterns to B&M sales, adjustments to
forecasting and replenishment systems could be made. The issue increases its
significance especially in the store-based fulfilment model as the stores rarely have
a separate forecast for the online orders. In addition, as the picking needs to be done
in the mornings, the deliveries to the stores might not make it to the picking which
can lead to stockouts. Therefore, analyzing the delivery schedules and forecasting
the online sales should be considered in the future while the demand has increased.
Furthermore, the cost of understocking has increased in online groceries because
the substituting process at the time of a stockout is expensive and stockouts have
decreased customer satisfaction. Having larger safety stock in the stores for items
that are often ordered from the store could decrease the total costs of the online
channel. In addition, ARS should take the original sales into account in case of an
OOS due to unintended sales of the substitute item. Only using the data on what the
customer has tried to buy should be used in the replenishment to get a realistic view
of the demand.
The online store has also created opportunities for a more efficient supply chain. The
online customers only accept items with long shelf life left, which is why it would be
important to enable batch balance data for the online store. Thus, only the balance
of items with sufficient shelf life left would be shown to the online customers and
items with low shelf life could be sold at a decreased price. With batch balance data
the spoilage of fresh items could be decreased utilizing dynamic pricing. Also, OC
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grocers could utilize the open online orders in the short term replenishment and
improve the availability when the customers fill the orders in advance.
RQ3: How should grocery retailers improve the efficiency of omnichannel
operations?
According to the results, automated solutions for picking will be used in the future
to enable more efficient picking. However, store-based fulfilment will be utilized in
the future too due to the scalability. Thus, in-store picking operations for more
efficient manual picking should be improved. The case companies were not satisfied
with the current picking software in use and picking speed has not been increased
significantly with the software. Thus, new solutions are needed. The improved
picking software should provide optimal picking routes for the pickers and guide the
picker with automated suggestions if OOS occurs. Furthermore, up to date data
should be used in the picking software so decisions about the OOS process could be
done in the first picking round and an additional picking round is suggested only if
the item is expected to be delivered to the store in the morning. Thus, the personal
skills of the pickers have less impact on the performance of picking which is expected
to improve the efficiency.
Second, workforce optimization could be enabled by forecasting the workload for
picking and allocating the picking tasks based on the need. Thus, stores would have
always a sufficient number of pickers and deliveries would not be missed due to the
shortage of pickers. Conversely, the excess workforce would be decreased leading to
improved cost efficiency. However, this would first require the forecast of online
orders to the stores to enable forecasting the workload.
5.2 Theoretical implications
The theoretical contribution of the study was to examine the current fulfilment
models used in OC retailing and analyzing the attitudes of OC grocery retailers. The
study first conducted a comprehensive literature review of the solutions used in
online grocery retailing and the challenges that online grocers have faced.
Furthermore, the study investigated how the current pandemic has affected online
groceries and how the sudden increase in demand has changed the industry.
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The study found that OC grocery retailers still have similar issues with online
groceries as academic literature has suggested. However, the recent year with the
pandemic has increased the online channel sales in groceries significantly leading to
new issues and enabling new solutions to be used in online groceries. Earlier, the
possibility for automated picking of online orders was much speculated in the
literature, but examples of failed online grocers decreased the attractiveness of the
solution (Hays et al., 2005).
Based on the thesis, it seems that the change in the dominant picking model will be
seen in the relatively near future when automation becomes more popular. Still, in-
store picking has proved its value during the pandemic with the ability to scale the
online service geographically fast and increase the picking quantities without
significant investments. However, the increased picking quantities are now facing
the limits stores can handle without further adjustments and OOS and picking
capacity are starting to create issues for stores. In addition, the reversed flow of the
items sold online overloads the backroom space which has been designed to be small
for traditional grocery retailing. Thus, also OC companies with a lower focus on the
online channel have been interested in investing in more efficient picking solutions.
Interestingly, earlier the research focus on online groceries has been focusing on the
last-mile delivery issues and decreasing the last mile costs. However, the study finds
that the last-mile challenges are not considered as critical for grocers at the moment
as multiple companies had already outsourced the transportation service to focus on
the core operations. Thus, fulfilment operations have gotten increased attention
from OC managers. However, the delivery operations are costly and not improving
the performance will reduce the possibilities for profitable online grocery retailing.
The study found out that OC grocers should focus on the challenge of availability in
stores due to the increased issues when the demand has increased. Based on the
study, reducing OOS requires a significant focus from OC retailers at the moment
due to the expensive substituting process and decreased customer satisfaction. The
study suggests that OOS management should be improved on three levels:

 Reducing stockouts with improved availability.
 Managing stockouts in the online store and reducing the need for picking

substitutes.
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 Managing stockouts in the picking phase by automated substitution
selection.

Because store-based fulfilment is more prone to OOSs than other OC fulfilment
models, the study emphasizes the need for a separate forecast for online sales in
stores. Furthermore, the cost of understocking has been noticed to increase in the
online channel and thus increased safety stock could be used for items bought online
often. The solutions for improving the availability with these steps are discussed
more in Table 7 and managerial implications. Furthermore, the study found out that
even though picking software should improve the picking efficiency, case companies
have struggled with the software utilization. Thus, new solutions for the industry are
needed and enable optimized routing with an automated substitution process for
decreasing the effect of the picker’s personal skills on the performance.
5.3 Managerial implications
The store-based model has enabled a more scalable solution for picking the online
orders for OC grocers and thus is the dominant picking model within OC grocers.
However, the increased demand has increased the issue of OOS, and the stores are
at the limit of picking volume they can handle. Furthermore, as the picking in stores
create more issues when the demand increases, automated solutions have become
more attractive and OC grocers are planning to invest in automation.
The highest automation level was noticed to be achieved by creating a partnership
with a technology leader in the online grocery industry. Creating automated
solutions by the grocers was noticed to be expensive and slow, which has decreased
the attractiveness of the solution. Thus, the fastest results were gained by the
partnership. Despite the discussion of dark stores and MFC-based solutions, the OC
grocers seemed to be more interested in larger automated facilities to enjoy larger
effects of the economies of scale and drive down the cost. Even though automation
is increasing its attractiveness, store-based picking will not be replaced completely
in the near future due to the advantages of the model. The geographical reach and
the option for adjusting picking capacity will maintain the importance of in-store
picking for a while. Thus, solutions for improving picking performance in stores and
reducing OOS need to be solved for more efficient OC retailing.
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The OOS has been noticed to decrease customer satisfaction and the workload-heavy
process of substitution increase the picking costs. Thus, actions for improving the
availability are needed fast.
The main actions are creating a separate forecast for online sales, providing up to
date and predictive data to the online store and having automated suggestions for
items OOS. The suggestions for managing the three levels are summarized in Table
7. Like the literature review suggested, the picking speed in stores creates significant
issues for OC grocers. In addition to improving availability management, the picking
efficiency should be increased to drive down the costs of the online channel. This
could be achieved with advanced picking software that helps with the optimal
picking route and selecting the substitutes. Thus, the location data in stores should
be updated and live balance data enabled in the picking software. Furthermore,
workforce optimization should play an important role in store-based order
fulfilment in the future as most of the picking costs are created by manual labour.
Thus, forecasting the workload and optimizing picking shifts could decrease the total
costs of picking.
Finally, the online channel has created new possibilities for OC grocers to improve
their services and operations. Utilizing the open online orders before the picking
date could help the grocers replenishing the stores and reducing OOS. However, as
the customers can modify the orders until the last day, the open orders could not be
used as such and a predictive model should be used naturally. In addition, the batch
balance data could be utilized in online groceries with the dynamic pricing of fresh
items to reduce waste and not decreasing customer satisfaction with items without
the full shelf life left.
Even though challenges in the last-mile delivery have not had much focus recently,
OC managers need to concentrate the whole supply chain costs for the best total
performance of the supply chain and winning the battle of OC grocery retailing. With
advanced delivery methods, the delivery costs can be decreased with great customer
satisfaction.
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5.4 Limitations and further research
The study has focused on exploring the online grocery industry and analyzed the
current perceptions of the dominant challenges in fulfilling online orders.
Furthermore, the study has suggested multiple solutions for improving the
replenishment and picking operations for a more efficient OC supply chain.
However, the solutions have not been tested and thus positive results are not
guaranteed without further research.
The main limitation of the study is the varying environment of online groceries.
Thus, all solutions are not possibly the most efficient in all situations as the share of
online sales and customer preferences vary based on the market. Furthermore, the
sample included only European retailers and thus, further research with Asian
grocery retailers should be conducted to analyze the challenges and solutions in the
market with the largest share of online sales. The current pandemic also affects the
results as the share of online sales after the pandemic is not known and a possible
decrease in online grocery sales could change the attitudes of grocers and decrease
the urgency of new solutions.
Even though the share of online groceries is expected to have a minor decrease after
the pandemic, online grocery sales have been increasing every year and the level of
online sales still remains higher than it would have been without the pandemic
(Statista, 2020; Günday et al., 2020). Thus, the development of the supply chains of
OC grocers seems inevitable and the findings of the thesis require further research.
Especially, the challenge of availability management with in-store picking should
have a focus on further online grocery research as the OOS issues are significant for
OC grocers. Furthermore, picking solutions in-store should be analyzed more
thoroughly as most of the available literature of the solutions were commercial
material. Further studies should focus on quantitative research on solutions
suggested to provide validity for the solutions and see how the solutions perform in
practice.



103

References
Aastrup, J. & Kotzab, H. (2010) Forty Years of Out-of-Stock Research–And Shelves
Are Still Empty. The International Review of Retail. Distribution and Consumer
Research. 147-164. https://doi.org/10.1080/09593960903498284
Agatz, N., Fleischmann, M. & van Nunen, J. (2008) E-fulfilment and multi-channel
distribution – a review, European Journal of Operational Research, Vol. 187 No. 2,
pp. 339-356., https://doi.org/10.1016/j.ejor.2007.04.024
Angerer, A. (2006) The Impact of Automatic Store Replenishment on Retail:
Technologies and Concepts for the Out-of-Stocks Problem, ISBN: 978-3-8350-
0302-6, DOI: 10.1007/978-3-8350-9129-0.
Aspray, W., Royer, G. & Ocepek M. (2013) Anatomy of a Dot-Com Failure: The
Case of Online Grocer Webvan. In: Food in the Internet Age. Springer Briefs in
Food, Health, and Nutrition. Springer, Cham. https://doi.org/10.1007/978-3-319-
01598-9_2
Aull, B., Begley, S., Chandra, V. & Mathur, V. (2021) Making online grocery a
winning proposition, McKinsey & Company, Available at:
https://www.mckinsey.com/industries/consumer-packaged-goods/our-
insights/making-online-grocery-a-winning-proposition
Aylott, R. & Mitchell, V.-W. (1998) An exploratory study of grocery shopping
stressors, International Journal of Retail and Distribution Management, Vol. 26
No. 9, pp. 362-374
Beck, N. & Rygl, D. (2015) Categorization of multiple channel retailing in Multi-,
Cross-, and Omni‐Channel Retailing for retailers and retailing. Journal of
Retailing and Consumer Services, /11/01, vol. 27, pp. 170-178.,
https://doi.org/10.1016/j.jretconser.2015.08.001
Begley, S., Marohn, E., Mikha, S. & Rettaliata, A. (2020) Digital disruption at the
grocery store, McKinsey & Company, Available at:
https://www.mckinsey.com/industries/retail/our-insights/digital-disruption-at-
the-grocery-store

https://doi.org/10.1080/09593960903498284
https://doi.org/10.1016/j.ejor.2007.04.024
https://doi.org/10.1007/978-3-319-01598-9_2
https://doi.org/10.1007/978-3-319-01598-9_2
https://www.mckinsey.com/industries/consumer-packaged-goods/our-insights/making-online-grocery-a-winning-proposition
https://www.mckinsey.com/industries/consumer-packaged-goods/our-insights/making-online-grocery-a-winning-proposition
https://doi.org/10.1016/j.jretconser.2015.08.001
https://www.mckinsey.com/industries/retail/our-insights/digital-disruption-at-the-grocery-store
https://www.mckinsey.com/industries/retail/our-insights/digital-disruption-at-the-grocery-store


104

Bimschleger, C. & Patel, K. (2020) A road map for omnichannel fulfillment:
Assessing your omnichannel retail strategy, Deloitte, Available at:
https://www2.deloitte.com/us/en/pages/consulting/articles/a-roadmap-for-
omnichannel-fulfillment.html
Boyer, K., Frohlich, M. & Hult, G. (2004) Extending the Supply Chain: How
Cutting-Edge Companies Bridge the Critical Last Mile into Customers' Homes.
New York: American Management Association, ISBN: 0-8144-0836-2
Cheng, A. (2019) Why Amazon Go May Soon Change The Way We Shop, Forbes,
Referenced: 22/4/2021, Available at:
https://www.forbes.com/sites/andriacheng/2019/01/13/why-amazon-go-may-
soon-change-the-way-we-want-to-shop/?sh=19f42f567097
Chintagunta, P., Chu, J. & Cebollada, J. (2012) Quantifying Transaction Costs in
Online/Off-line Grocery Channel Choice Marketing Science, 31:1, 96-114,
https://doi.org/10.1287/mksc.1110.0678
Colla, E. & Lapoule, P. (2012) E-commerce: Exploring the critical success factors.
International Journal of Retail & Distribution Management, October 5, vol. 40,
DOI 10.1108/09590551211267601.
Corsten, D. & Gruen, T. (2003) Desperately Seeking Shelf Availability: An
Examination of the Extent, the Causes, and the Efforts to Address Retail Out-of-
Stocks. University of St.Gallen. https://doi.org/10.1108/09590550310507731
Davies, A., Dolega, L. and Arribas-Bel, D. (2019) Buy online collect in-store:
exploring grocery click&collect using a national case study, International Journal
of Retail & Distribution Management, Vol. 47 No. 3, pp. 278-291.
https://doi.org/10.1108/IJRDM-01-2018-0025
de Polignac, F.-M., Knez, D., Kolesnik, A., Morales, J., Spurrell, M., Svensson, A.,
van Dam, J. & Freeling, A. (2015) Shaping the future of online grocery, The Coca-
Cola Retailing Research Council and McKinsey & Company, Available at:
https://www.ccrrc.org/2015/03/20/shaping-future-online-grocery/
Delaney-Klinger, K., K. Boyer, K. & Frohlich, M. (2003) The return of online
grocery shopping: a comparative analysis of Webvan and Tesco’s operational

https://www2.deloitte.com/us/en/pages/consulting/articles/a-roadmap-for-omnichannel-fulfillment.html
https://www2.deloitte.com/us/en/pages/consulting/articles/a-roadmap-for-omnichannel-fulfillment.html
https://www.forbes.com/sites/andriacheng/2019/01/13/why-amazon-go-may-soon-change-the-way-we-want-to-shop/?sh=19f42f567097
https://www.forbes.com/sites/andriacheng/2019/01/13/why-amazon-go-may-soon-change-the-way-we-want-to-shop/?sh=19f42f567097
https://doi.org/10.1287/mksc.1110.0678
https://doi.org/10.1108/09590550310507731
https://doi.org/10.1108/IJRDM-01-2018-0025
https://www.ccrrc.org/2015/03/20/shaping-future-online-grocery/


105

methods, The TQM Magazine, Vol. 15 No. 3, pp. 187-196,
https://doi.org/10.1108/09544780310469334
Deshmukh, S. G., Arshinder, K. & Kanda, A. (2008) Supply Chain Coordination:
Perspectives, Empirical Studies and Research Directions, International J of
Production Economics, 115(2), 316-335. International Journal of Production
Economics. 115. 316-335. 10.1016/j.ijpe.2008.05.011.
Eisenhardt, K. (1989). Building Theories from Case Study Research. The Academy
of Management Review, 14(4), 532-550. https://doi.org/10.2307/258557
Eriksson, E., Norrman, A. and Kembro, J. (2019) Contextual adaptation of omni-
channel grocery retailers’ online fulfilment centres, International Journal of Retail
& Distribution Management, Vol. 47 No. 12, pp. 1232-1250.
https://doi.org/10.1108/IJRDM-08-2018-0182
Ernst, A., Jiang, H., Krishnamoorthy, M. & Sier, D. (2004) Staff scheduling and
rostering: A review of applications, methods and models. European Journal of
Operational Research. https://doi.org/10.1016/S0377-2217(03)00095-X
Fernie, J. & Sparks, L. (2009) Logistics and retail management: emerging issues
and new challenges in the retail supply chain, 3rd edition, ISBN 978-0-7494-5407-4
Fernie, J., Sparks, L. & McKinnon, A. (2010) Retail logistics in the UK: past,
present and future, International Journal of Retail & Distribution Management,
Vol. 38 No. 11/12, pp. 894-914. https://doi.org/10.1108/09590551011085975
Finch, J. (2001) E-grocery sales soar in Britain: Tesco.com leads the way as
shoppers decide cyberpower eases the burden, The Guardian, Referenced,
22/4/2021, Available at:
https://www.theguardian.com/technology/2001/feb/23/shopping.business
Forster, P.W. & Tang, Y. (2005) The Role of Online Shopping and Fulfillment in
the Hong Kong SARS Crisis. Proceedings of the 38th Annual Hawaii International
Conference on System Sciences, 271a-271a, DOI: 10.1109/HICSS.2005.615
Galante, N., López, E. & Monroe, S. (2013) The future of online grocery in Europe,
Perspectives on retail and consumer goods, McKinsey & Company, Available at:

https://doi.org/10.1108/09544780310469334
https://doi.org/10.2307/258557
https://doi.org/10.1108/IJRDM-08-2018-0182
https://doi.org/10.1016/S0377-2217(03)00095-X
https://doi.org/10.1108/09590551011085975
https://www.theguardian.com/technology/2001/feb/23/shopping.business


106

https://www.mckinsey.com/industries/retail/our-insights/the-future-of-online-
grocery-in-europe
Galipoglu, E., Kotzab, H., Teller, C., Yumurtaci Hüseyinoglu, I.Ö. and Pöppelbuß,
J. (2018) Omni-channel retailing research – state of the art and intellectual
foundation, International Journal of Physical Distribution & Logistics
Management, Vol. 48 No. 4, pp. 365-390. https://doi.org/10.1108/IJPDLM-10-
2016-0292
Gorczynski, T. & Kooijman, D.  (2015) The real estate effects of e-commerce for
supermarkets in the Netherlands, The International Review of Retail, Distribution
and Consumer Research, 25:4, 379-406,
https://doi.org/10.1080/09593969.2015.1034750
Günday, G., Kooij, S., Moulton, J., Karabon, M. & Omeñaca, J. (2020) How
European shoppers will buy groceries in the next normal, Article by McKinsey &
Company, Available at: https://www.mckinsey.com/industries/retail/our-
insights/how-european-shoppers-will-buy-groceries-in-the-next-normal
Güney, Z. (2019) Forecasting workforce for store attendants in a grocery retailer,
Knowledge International Journal, 31(1), 293 - 297. Available at:
https://ikm.mk/ojs/index.php/KIJ/article/view/1051
Grashuis, J., Skevas, T., & Segovia, M.S. (2020) Grocery Shopping Preferences
during the COVID-19 Pandemic. Sustainability, 12, 5369.
https://doi.org/10.3390/su12135369
Haddioui, K. & Lange, T. (2021) Automation in the supply chain has reached a
tipping point, Disruption and Uncertainty – The State of Grocery Retail 2021:
Europe, McKinsey & Company, Available at:
https://www.mckinsey.com/industries/retail/our-insights/the-path-forward-for-
european-grocery-retailers
Harris, P., Riley, F. D., Riley, D., & Hand, C. (2017) Online and store patronage: A
typology of grocery shoppers. International Journal of Retail and Distribution
Management, 45(4), 419–445. https://doi.org/10.1108/IJRDM-06-2016-0103

https://www.mckinsey.com/industries/retail/our-insights/the-future-of-online-grocery-in-europe
https://www.mckinsey.com/industries/retail/our-insights/the-future-of-online-grocery-in-europe
https://doi.org/10.1108/IJPDLM-10-2016-0292
https://doi.org/10.1108/IJPDLM-10-2016-0292
https://doi.org/10.1080/09593969.2015.1034750
https://www.mckinsey.com/industries/retail/our-insights/how-european-shoppers-will-buy-groceries-in-the-next-normal
https://www.mckinsey.com/industries/retail/our-insights/how-european-shoppers-will-buy-groceries-in-the-next-normal
https://ikm.mk/ojs/index.php/KIJ/article/view/1051
https://doi.org/10.3390/su12135369
https://www.mckinsey.com/industries/retail/our-insights/the-path-forward-for-european-grocery-retailers
https://www.mckinsey.com/industries/retail/our-insights/the-path-forward-for-european-grocery-retailers
https://doi.org/10.1108/IJRDM-06-2016-0103


107

Hays T., Keskinocak P., & de López V. (2005) Strategies and Challenges of Internet
Grocery Retailing Logistics. In: Geunes J., Akçali E., Pardalos P.M., Romeijn H.E.,
Shen ZJ.M. (eds) Applications of Supply Chain Management and E-Commerce
Research. Applied Optimization, vol 92. Springer, Boston, MA.
https://doi.org/10.1007/0-387-23392-X_8
Helsingin Sanomat (2021) Suomen ruokakauppa saa uuden pelurin:
Verkkokauppaan nojaava Oda yrittää valloittaa markkinat halvoilla
kotiinkuljetuksilla, Juha-Pekka Raeste, Referenced: 12/4/2021, Available at:
https://www.hs.fi/talous/art-2000007906392.html
Herring, L., Moulton, J., Toriello, M. (2017) The future of grocery–in store and
online, McKinsey & Company, Available at:
https://www.mckinsey.com/industries/retail/our-insights/the-future-of-grocery-
in-store-and-online
Hoffmann, T. & Prause, G. (2018) On the Regulatory Framework for Last-Mile
Delivery Robots, Machines 6, no. 3: 33.
https://doi.org/10.3390/machines6030033
Horzella, Å. (2005) Beyond IT and Productivity –Effects of Digitized Information
Flows in Grocery Distribution, lic.-avh. No. 1184 IDA-EIS, Universitetet och
Tekniska Högskolan i Linköping.
Hübner, A., Holzapfel, A., Kuhn, H. and Obermair, E. (2019) Distribution in
Omnichannel Grocery Retailing: An Analysis of Concepts Realized. In: S.
GALLINO and A. MORENO eds., Operations in an Omnichannel World Cham:
Springer International Publishing, pp. 283-310. Available at:
https://doi.org/10.1007/978-3-030-20119-7_12 ISBN 978-3-030-20119-7. DOI
10.1007/978-3-030-20119-7_12.
Hübner, A., Kuhn, H. & Wollenburg, J. (2016a) Last mile fulfilment and
distribution in omni-channel grocery retailing: A strategic planning framework.
International Journal of Retail & Distribution Management, March 14, vol. 44,
pp. 228-247 DOI 10.1108/IJRDM-11-2014-0154.

https://doi.org/10.1007/0-387-23392-X_8
https://www.hs.fi/talous/art-2000007906392.html
https://www.mckinsey.com/industries/retail/our-insights/the-future-of-grocery-in-store-and-online
https://www.mckinsey.com/industries/retail/our-insights/the-future-of-grocery-in-store-and-online
https://doi.org/10.3390/machines6030033
https://doi.org/10.1007/978-3-030-20119-7_12


108

Hübner, A., Wollenburg, J. & Holzapfel, A. (2016b) Retail logistics in the transition
from multi-channel to omni-channel, International Journal of Physical
Distribution & Logistics Management, Vol. 46 No. 6/7, pp. 562-583.
https://doi.org/10.1108/IJPDLM-08-2015-0179
Institute of Grocery Distribution (2019) IGD: global grocery retail to add $2.2
trillion in sales by 2024, Available at: https://www.igd.com/articles/article-
viewer/t/igd-global-grocery-retail-to-add-22-trillion-in-sales-by-2024/i/22958
Ives, B., Cossick, K. & Adams, D. (2019) Amazon Go: Disrupting retail?, Journal of
Information Technology Teaching Cases, 9(1), pp. 2–12. DOI:
10.1177/2043886918819092.
Kang, C., Moon, J., Kim, T., & Choe, Y. (2016) Why consumers go to online
grocery: Comparing vegetables with grains. In Proceedings of the 49th Hawaii
International Conference on System Sciences, HICSS 2016 (pp. 3604– 3613).
https://doi.org/10.1109/HICSS.2016.450
Kiil, K., Dreyer, H., Hvolby, H-H. & Chabada, L (2017) Sustainable food supply
chains: the impact of automatic replenishment in grocery stores. Production
Planning & Control. 29. 1-11. https://doi.org/10.1080/09537287.2017.1384077
Kuhn, H., Sternbeck, M. (2013) Integrative retail logistics: An exploratory study.
Operations Management. Res 6, 2–18. https://doi.org/10.1007/s12063-012-0075-
9
Kuijpers, D., Simmons, V. & van Wamelen, J. (2018) Reviving grocery retail: Six
imperatives, McKinsey & Company, Available at:
https://www.mckinsey.com/industries/retail/our-insights/reviving-grocery-retail-
six-imperatives
Kämäräinen, V., Saranen, J. and Holmström, J. (2001a) The reception box impact
on home delivery efficiency in the e‐grocery business, International Journal of
Physical Distribution & Logistics Management, Vol. 31 No. 6, pp. 414-426.
https://doi.org/10.1108/09600030110399414
Kämäräinen, V., Småros, J., Holmström, J. & Jaakola, T. (2001b) Cost‐
effectiveness in the e‐grocery business, International Journal of Retail &

https://doi.org/10.1108/IJPDLM-08-2015-0179
https://www.igd.com/articles/article-viewer/t/igd-global-grocery-retail-to-add-22-trillion-in-sales-by-2024/i/22958
https://www.igd.com/articles/article-viewer/t/igd-global-grocery-retail-to-add-22-trillion-in-sales-by-2024/i/22958
https://doi.org/10.1109/HICSS.2016.450
https://doi.org/10.1080/09537287.2017.1384077
https://doi.org/10.1007/s12063-012-0075-9
https://doi.org/10.1007/s12063-012-0075-9
https://www.mckinsey.com/industries/retail/our-insights/reviving-grocery-retail-six-imperatives
https://www.mckinsey.com/industries/retail/our-insights/reviving-grocery-retail-six-imperatives
https://doi.org/10.1108/09600030110399414


109

Distribution Management, Vol. 29 No. 1, pp. 41-48.
https://doi.org/10.1108/09590550110366352
Kämäräinen, V. & Punakivi, M. (2002) Developing cost-effective operations for the
e-grocery supply chain, International Journal of Logistics, Vol. 5 No. 3, pp. 285-
298, https://doi.org/10.1080/1367556021000026727
Kärkkäinen, M. (2003) Increasing efficiency in the supply chain for short shelf life
goods using RFID tagging, International Journal of Retail & Distribution
Management, Vol. 31 No. 10, pp. 529-536.
https://doi.org/10.1108/09590550310497058
Ladd, B. (2020) Retail stores should become large vending machines by installing
microfulfillment centers, Referenced 16/4/2021, Available at:
https://brittainladd.com/retail-stores-are-about-to-become-large-vending-
machines/
López, E., Said, R. & Westphely, K. (2014) How to win in online grocery: Advice
from a pioneer, McKinsey & Company, Referenced 18/5/2021, Available at:
https://www.mckinsey.com/industries/retail/our-insights/how-to-win-in-online-
grocery-advice-from-a-pioneer
Lummus, R., Vokurka, R. & Alber, K. (1998) Strategic supply chain planning.
Production and Inventory Management Journal, 39(3), 49-58
Martín, J., Pagliara, F. & Román, C. (2019) The Research Topics on E-Grocery:
Trends and Existing Gaps, Sustainability 11, no. 2: 321.
https://doi.org/10.3390/su11020321
Mason, R. (2019) Developing a Profitable Online Grocery Logistics Business:
Exploring Innovations in Ordering, Fulfilment, and Distribution at Ocado,
Fulfilment, and Distribution at Ocado. In: Wells P. (eds) Contemporary Operations
and Logistics. Palgrave Macmillan, Cham. https://doi.org/10.1007/978-3-030-
14493-7_19
McGrath, K. (2019) The Big Picture: Online Grocery Trends Report - Amazon Wins
for Grocery Delivery, Walmart Top Choice for Pickup, Offers.com, Available at:
https://www.offers.com/blog/post/online-grocery-delivery-pickup-trends/

https://doi-org.libproxy.aalto.fi/10.1108/09590550110366352
https://doi.org/10.1080/1367556021000026727
https://doi.org/10.1108/09590550310497058
https://brittainladd.com/retail-stores-are-about-to-become-large-vending-machines/
https://brittainladd.com/retail-stores-are-about-to-become-large-vending-machines/
https://www.mckinsey.com/industries/retail/our-insights/how-to-win-in-online-grocery-advice-from-a-pioneer
https://www.mckinsey.com/industries/retail/our-insights/how-to-win-in-online-grocery-advice-from-a-pioneer
https://doi.org/10.3390/su11020321
https://doi.org/10.1007/978-3-030-14493-7_19
https://doi.org/10.1007/978-3-030-14493-7_19
https://www.offers.com/blog/post/online-grocery-delivery-pickup-trends/


110

Mckinnon, A. (2016) Crowdshipping: a Communal Approach to Reducing Urban
Traffic Levels? DOI: 10.13140/RG.2.2.20271.53925
Melis, K., Campo, K., Lamey, L., Breugelmans, E. (2016) A bigger slice of the
multichannel grocery pie: when does consumers’ online channel use expand
retailers’ share of wallet? J. Retailing 92, 268–286. https://doi.org/10.1016/j.
jretai.2016.05.001.
Mirrazavi, S. & Beringer, H. (2007) A web-based workforce management system
for Sainsburys Supermarkets Ltd. Ann Oper Res 155, 437–457.
https://doi.org/10.1007/s10479-007-0204-2
Mkansi, M., Eresia-Eke, C. & Emmanuel-Ebikake, O. | Shaofeng Liu (Reviewing
Editor) (2018) E-grocery challenges and remedies: Global market leaders
perspective, Cogent Business & Management, 5:1,
https://doi.org/10.1080/23311975.2018.1459338
Morganosky, M. & Cude, B. (2000) Consumer response to online grocery
shopping, International Journal of Retail & Distribution Management, Vol. 28 No.
1, pp. 17-26. https://doi.org/10.1108/09590550010306737
Mortimer, G., Hasan, S. F., Andrews, L., & Martin, J. (2016) Online grocery
shopping: The impact of shopping frequency on perceived risk. International
Review of Retail, Distribution, and Consumer Research, 11(2), 83–90.
https://doi.org/10.1080/09593969.2015.1130737
Murphy, A. (2003) (Re)Solving Space and Time: Fulfilment Issues in Online
Grocery Retailing, Environment and Planning A: Economy and Space, 35(7), pp.
1173–1200., https://doi.org/10.1068/a35102
MWPVL (2021) Online grocery order fulfilment cost comparison, MWPVL,
Referenced 21/5/2021, Available at:
https://mwpvl.com/html/online_grocery_order_fulfillment_cost_comparison.ht
ml
Naveo Commerce (2021) In store picking isn’t as expensive as you might think,
Referenced: 10/4/2021, Available at: https://www.naveocommerce.com/in-store-
picking-analysis-report/

https://doi.org/10.1016/j.%20jretai.2016.05.001
https://doi.org/10.1016/j.%20jretai.2016.05.001
https://doi.org/10.1007/s10479-007-0204-2
https://doi.org/10.1080/23311975.2018.1459338
https://doi.org/10.1108/09590550010306737
https://doi.org/10.1080/09593969.2015.1130737
https://doi.org/10.1068/a35102
https://mwpvl.com/html/online_grocery_order_fulfillment_cost_comparison.html
https://mwpvl.com/html/online_grocery_order_fulfillment_cost_comparison.html
https://www.naveocommerce.com/in-store-picking-analysis-report/
https://www.naveocommerce.com/in-store-picking-analysis-report/


111

Ocado (2021) Fulfilment, Ocado, Referenced 21/5/2021, Available at:
https://www.ocadogroup.com/our-solutions/fulfilment
Pires, M., Pratas, J., Liz, J. & Amorim, P. (2017) A framework for designing
backroom areas in grocery stores, International Journal of Retail & Distribution
Management, Vol. 45 No. 3, pp. 230-252. https://doi.org/10.1108/IJRDM-01-
2016-0004
Prater, E., Frazier, G. & Reyes, P. (2005) Future Impacts of RFID on E-Supply
Chains in Grocery Retailing. Supply Chain Management: An International Journal.
10. 134-142. 10.1108/13598540510589205.
Punakivi, M. and Saranen, J. (2001) Identifying the success factors in e‐grocery
home delivery, International Journal of Retail & Distribution Management, Vol. 29
No. 4, pp. 156-163. https://doi.org/10.1108/09590550110387953
Punakivi, M. and Tanskanen, K. (2002) Increasing the cost efficiency of e‐

fulfilment using shared reception boxes, International Journal of Retail &
Distribution Management, Vol. 30 No. 10, pp. 498-507.
https://doi.org/10.1108/09590550210445362
Ring, L. and Tigert, D. (2001) The decline and fall of Internet grocery retailers.
International Journal of Retail & Distribution Management, June 1, vol. 29, pp.
264-271 DOI 10.1108/09590550110393956.
Roberts, M., Xu, X. M., & Mettos, N. (2003) Internet Shopping: The Supermarket
Model and Customer Perceptions. Journal of Electronic Commerce in
Organizations (JECO), 1(2), 32-43. doi:10.4018/jeco.2003040103
Robotics 247 (2021) Micro-Fulfillment Centers Bring the Supply Chain to the
Consumer, Robotics 247, Picture, taken 21/5/2021, Available at:
https://www.robotics247.com/article/micro_fulfillment_centers_bring_the_supp
ly_chain_to_the_consumer
Rowley, E. (2003) Beds, insurance and coffee – a complete retail experience from
Tesco online, British Food Journal, Vol. 105 No. 4/5, pp. 274-278.
https://doi.org/10.1108/00070700310477068

https://www.ocadogroup.com/our-solutions/fulfilment
https://doi.org/10.1108/IJRDM-01-2016-0004
https://doi.org/10.1108/IJRDM-01-2016-0004
https://doi.org/10.1108/09590550110387953
https://doi.org/10.1108/09590550210445362
https://www.robotics247.com/article/micro_fulfillment_centers_bring_the_supply_chain_to_the_consumer
https://www.robotics247.com/article/micro_fulfillment_centers_bring_the_supply_chain_to_the_consumer
https://doi.org/10.1108/00070700310477068


112

Saskia, S., Marei, N. & Blanquart, C. (2016) Innovations in e-grocery and logistics
solutions for cities. Transportation Research Procedia, 12, 825–835.
https://doi.org/10.1016/j.trpro.2016.02.035
Saunders, M., Lewis, P. & Thornhill, A. (2007) Research methods for business
students, Prentice Hall: Financial Times. Fourth Edition. ISBN 978-0-273-70148-4
Sharma, A. (2019) What the Grocery Stores Holding Their Own Against Amazon
Are Doing Right, Competitive Strategy, Harvard Business Review, Available at:
https://hbr.org/2019/04/what-the-grocery-stores-holding-their-own-against-
amazon-are-doing-right
Singh, R. & Söderlund, M. (2020) Extending the experience construct: an
examination of online grocery shopping, European Journal of Marketing, Vol. 54
No. 10, pp. 2419-2446. https://doi.org/10.1108/EJM-06-2019-0536
Statista (2020) eCommerce report 2020, Available at:
https://www.statista.com/study/42335/ecommerce-report/.
Statista (2021a) Food shopping behavior in the U.S., Available at:
https://www.statista.com/topics/1527/food-shopping-behavior/
Statista (2021b) Walmart, Available at:
https://www.statista.com/topics/1451/walmart/
Statista (2021c) Overview of Food & Beverages eCommerce, Available at
https://www.statista.com/outlook/dmo/ecommerce/food-personal-care/food-
beverages/worldwide
Tanskanen, K., Yrjölä, H. & Holmström, J. (2002) The way to profitable Internet
grocery retailing – six lessons learned, International Journal of Retail &
Distribution Management, Vol. 30 No. 4, pp. 169-178.
https://doi.org/10.1108/09590550210423645
Tjon Pian Gi, M. & Spielvogel, J. (2021) The e-grocery challenge: Moving toward
profitable growth, Disruption and Uncertainty – The State of Grocery Retail 2021:
Europe, McKinsey & Company, Available at:

https://doi.org/10.1016/j.trpro.2016.02.035
https://hbr.org/2019/04/what-the-grocery-stores-holding-their-own-against-amazon-are-doing-right
https://hbr.org/2019/04/what-the-grocery-stores-holding-their-own-against-amazon-are-doing-right
https://doi.org/10.1108/EJM-06-2019-0536
https://www.statista.com/study/42335/ecommerce-report/
https://www.statista.com/topics/1527/food-shopping-behavior/
https://www.statista.com/topics/1451/walmart/
https://www.statista.com/outlook/dmo/ecommerce/food-personal-care/food-beverages/worldwide
https://www.statista.com/outlook/dmo/ecommerce/food-personal-care/food-beverages/worldwide
https://doi.org/10.1108/09590550210423645


113

https://www.mckinsey.com/industries/retail/our-insights/the-path-forward-for-
european-grocery-retailers
Valle, C., Beasley, J. & Cunha, A. (2017) Optimally solving the joint order batching
and picker routing problem. European Journal of Operational Research.
https://doi.org/10.1016/j.ejor.2017.03.069
van Donselaar, K., Gaur, V., Van Woensel, T., Broekmeulen, R. & Fransoo, J.
(2007) Ordering Behavior in Retail Stores and Implications for Automated
Replenishment. Management Science. 56. 10.1287/mnsc.1090.1141., DOI:
10.1287/mnsc.1090.1141
Vazquez-Noguerol, M., González-Boubeta, I., Portela-Caramés, I. & Prado-Prado,
J.C. (2021) Rethinking picking processes in e-grocery: a study in the multichannel
context, Business Process Management Journal, Vol. 27 No. 2, pp. 565-589.
https://doi.org/10.1108/BPMJ-04-2020-0139
Wankhede, K., Wukkadada, B. & Nadar, V. (2018) Just Walk-Out Technology and
its Challenges: A Case of Amazon Go, International Conference on Inventive
Research in Computing Applications (ICIRCA), 2018, pp. 254-257, doi:
10.1109/ICIRCA.2018.8597403.
Wollenburg, J., Holzapfel, A., Hübner, A. & Kuhn, H. (2018a) Configuring Retail
Fulfillment Processes for Omni-Channel Customer Steering, International Journal
of Electronic Commerce, 22:4, 540-575,
https://doi.org/10.1080/10864415.2018.1485085
Wollenburg, J., Hübner, A., Kuhn, H. & Trautrims, A. (2018b) From bricks-and-
mortar to bricks-and-clicks: Logistics networks in omni-channel grocery retailing,
International Journal of Physical Distribution & Logistics Management, Vol. 48
No. 4, pp. 415-438. https://doi.org/10.1108/IJPDLM-10-2016-0290
Yin, R. K. (2017). Case Study Research and Applications: Design and Methods, 6th
edition, Thousand Oaks, CA: Sage. ISBN 978-1-5063-3616-9

https://www.mckinsey.com/industries/retail/our-insights/the-path-forward-for-european-grocery-retailers
https://www.mckinsey.com/industries/retail/our-insights/the-path-forward-for-european-grocery-retailers
https://doi.org/10.1016/j.ejor.2017.03.069
https://doi.org/10.1108/BPMJ-04-2020-0139
https://doi.org/10.1080/10864415.2018.1485085
https://doi.org/10.1108/IJPDLM-10-2016-0290


114

Appendix
Appendix 1 – Interview template
Could you briefly describe your current role in the company?
- How it is related to the online channel?
Could you briefly describe the omnichannel model and the online strategy of the
company?
Please describe shortly what are the advantages of the chosen online strategy for the
company.
How is the assortment of the online channel compared to the traditional store
assortment?
What investments have you made into online services and your fulfilment network
in the recent couple of years?
How do you see the scalability of your fulfilment network? What changes do you see
that would be needed to be done to enable a) short-term growth b) long-term
growth.
What are the challenges in fulfilling both channels in the same supply chain?
How the picking of online orders is performed? Where? Why?
- How automated and optimized is the order fulfilment and picking
- Do you use software to optimize picking batches or routes?
- If picking is done in the warehouse, how online picking affects the
design of the warehouse?
How the backroom storage of stores is utilized with online orders?
What do you see as the greatest challenges regarding your online order fulfilment?
How out-of-stocks are managed? How the substituting products are decided?
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Have you considered online order picking and processing workload when you plan
the workforce, shifts and tasks for the store personnel and how? Do you see
improvement potential here and why / why not?
How the online orders are delivered? What are the provided delivery services?
Who ships the online orders to customers? Do you have your own fleet, or have you
outsourced the service? Why?
What are the greatest challenges for the retailer in delivering online orders?
How the online orders are forecasted and replenished? Does it differ from the brick-
and-mortar sales forecasting somehow?
Do you think that the forecasting and replenishment processes are sufficient for the
online channel? How the operations could be improved?
How [the company] could utilize ARS more in online sales forecasting and
replenishment?
Are there any decision-making processes where IT solutions or analytics could help
in the future related to omnichannel retailing?


