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Despite the continued growth of e-grocery sales, few companies actually make any profits in this retail

segment. Increasing market shares and associated drop densities may render profitable operations possible,

but higher delivery fees seem essential to achieving profitability. Yet such higher fees may put e-groceries

at a disadvantage as compared with the traditional store channel, which remains highly competitive. This

study models customer choice between the e-grocery channel and the store channel as well as the effects

of that choice on those channels’ operational costs and market shares. We identify conditions under which

e-grocery retail can be profitable, and we estimate our model’s parameters using secondary industry data.

Our results indicate that e-grocery is profitable when household density is high and store density is low.

When customer valuation of the e-grocery channel increases substantially, the result may be cannibalization

of the store channel’s sales to the extent that stores encounter losses. Thus there are three paths to e-grocery

profitability:(i) a substantial increase in the relative consumer valuation of the online channel; (ii) a focus

on areas with high household density and low store density; (iii) a long-term subsidy of the online channel

until stores begin to close.
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1 Introduction

Online grocery sales have seen spectacular growth rates world wide, especially during the Covid-19

pandemic (ResearchAndMarkets.com 2020). However, online sales still account for only 5%–10%

of total grocery sales in most markets. One of the main reasons that e-grocery sales have not

developed as rapidly as other categories, such as electronics and books, is the operational challenges

involved. Grocery products are bulky and fragile; they also include fresh food with expiration dates

and different temperature requirements. A typical grocery order consists of 30–60 different stock-

keeping units (Seow et al. 2003) that need to be “picked” individually. Moreover, the customers in

home delivery setups must be at home in order to receive the goods – which necessitates the use

of time windows to coordinate receipt of the groceries (Agatz et al. 2011).
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E-grocery operations are characterized by high costs per transaction. The two primary cost

drivers are order picking and last-mile delivery operations. In picking, the cost per customer order

depends mostly on the level of automation (Hübner et al. 2016). In last-mile delivery, costs depend

on the drop density (i.e., number of deliveries per fixed area) and the service time spent at the

customer. A higher drop density is associated with lower travel times and less distance between

customers. Because drop density is related to the number of customers that can be served together

in space and time, it is linked also to lead times, time-window options, household density, and total

number of customers that shop online. Service time depends on the size of the order and on the

retailer’s specific service offering. For instance, it generally takes more time to deliver “into the

kitchen” than simply to the doorstep.

Since the delivery fee is a barrier to shopping online, grocers typically charge a low fee (or even

offer free delivery) to attract more customers. Given the low profit margins of grocery products and

the relatively small order sizes, the retailer’s per-order fulfillment costs often exceed the associated

revenue (Capgemini 2019). Thus e-grocery operations – whether conducted by pure players or

multi-channel retailers – generally incur losses. For example, the UK-based e-grocery retailer Ocado

reported a £214 million loss in 2019 (Castia 2020).

There is ongoing debate over whether or not online grocery will ever be more than a niche

market (Dannenberg et al. 2020). Several industry analysts expect e-grocery market shares to reach

double digits in the next 5–10 years (Colliers International 2019, FMI et al. 2020), and hundreds of

millions of dollars have been invested in e-grocery operations around the world (Ecommerce News

Europe 2019, Begley et al. 2020, Park 2020). At the same time, others are more critical. The retail

bank HSBC is “unconvinced of [the] long-term viability of home deliveries for grocery” (Edwards

2016). In a recent study of the German market, Dannenberg et al. (2020) conclude that “even the

unprecedented growth in e-grocery during the [Covid-19] crisis does not indicate a fundamental

long-term shift from stationary to online food retail.”

What is often missing in this debate is a good understanding of the interaction between the store

channel and the e-grocery channel. On the one hand, growth in the online market share is typically

at the expense of the store channel. On the other hand, studies have shown that e-grocery sales

increase disproportionately in areas with less store coverage (Chintagunta et al. 2012). Hence the

growth of e-grocery shopping cannot be studied separately from developments in the store channel.

The two sales channels have different value propositions. The e-grocery channel provides cus-

tomers with the convenience of home delivery, but it may also be perceived as costly and inflexible

because it requires customers to plan ahead. In contrast, brick-and-mortar stores provide instant

gratification and allow customers to touch and feel fresh items without having to wait or pay deliv-

ery fees (NPD 2018). The situation is in constant flux as both channels continuously look for ways

to improve the shopping experience for customers.
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Our study focuses on how household and store densities affect the market shares of the e-grocery

and store channels. For the online channel, higher household density is associated with higher drop

densities and thus lower last-mile fulfillment costs – characteristics that allow for more competitive

pricing of the online service to win market share. Yet we show that, contrary to conventional

wisdom, higher household densities do not always lead to a more competitive e-grocery channel

because store densities are then typically higher as well. Thus we observe competing effects, as

high household densities correspond to lower fulfillment costs whereas high store densities limit the

appeal of home online grocery. To analyze this intriguing relationship, we develop a stylized model

of cross-channel choice behavior that captures the effects of household and store densities while

incorporating the different cost structures of each channel. The model considers a grocery retailer

that operates both a network of stores and an e-grocery home delivery service. Customers choose

to shop for groceries through the e-grocery channel, at the store, or via an outside alternative. We

calibrate the model using empirical data from an European context and then derive insights into

how markets shares could evolve in different environments.

We find that e-grocery channel profits increase with household density but decrease with store

density. Picking costs also play a significant role in the profitability of the e-grocery channel. When

the retailer’s two channels are jointly optimized, e-grocery is a profitable option only when picking

costs are low. In addition, we document that increases in customer valuations of the e-grocery

channel can significantly boost its profitability. An increase in online sales will come at the expense

of sales in the store channel, which jeopardizes that channel’s financial viability. One possible

outcome is the eventual closing of stores.

Our results suggest three strategic paths to profits in e-grocery: service, niche, or subsidies. The

service path requires a substantial increase in valuation of the online channel in comparison to

the store channel; only such an increase can induce customers to pay higher delivery fees. The

niche path requires that the online channel focus on areas with high household density and low

store density. In these areas, the relative costs of the online channel are most competitive while

valuations of the store channel are relatively low – given the costs of traveling to a store. Finally,

the subsidy path relies on the deep pockets of investors and shareholders to subsidize the online

channel until such time that stores face imminent closure. In that event, the store channel’s relative

valuation declines and so the online channel can charge higher delivery fees.

This study’s principal contributions can be summarized as follows. First, we present a stylized

model that allows one to study the “cannibalization” of sales between the e-grocery channel and

the store channel. Thus we model customer choice behavior across sales channels as well as its

effects on operational fulfillment costs. In this model, we bring together different aspects that have

previously been studied only in isolation. Second, we provide fundamental new insights into the
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drivers of the e-grocery channel’s profitability and market share. Finally, we calibrate our model

based on real-world industry data and thereby illuminate expected developments in the market

shares of the different channels in various environments.

The rest of our paper proceeds as follows. Section 2 reviews the related literature. In Section 3,

we formally describe the model. Section 4 presents some theoretical results, and Section 5 reports

the results from our numerical experiments. We conclude in Section 6 with a summary of our key

findings and suggestions for future research.

2 Literature review

This paper contributes to the literature on omni-channel grocery retailing. Our method builds on

research addressing customer choice behavior and the literature on e-grocery operations.

So-called attraction demand models are commonly used to model consumer choice in marketing,

economics, operations, and revenue management (Harsha et al. 2019). There is a large stream

of literature that uses stylized attraction models to study the interaction between different sales

channels. Bernstein et al. (2008) focus on the benefits, for a traditional brick-and-mortar retailer, of

adding an e-grocery channel. They derive multinominal logit models and study industry equilibria

for different market conditions. In a similar vein, these models have been used to study a variety of

specific omni-channel retail settings, such as “showrooming” (Balakrishnan et al. 2014) and “buy

online with pickup in store” (Gao et al. 2021). Most of the extant work considers channel choice

and pricing based on simple linear cost models. In contrast, we focus on effects of the nonlinear

fulfillment costs typical of e-grocery retailing. In particular, we model marginal fulfillment costs

that – owing to economies of scale – decrease with the number of orders. Moreover, whereas most

papers in this stream of work are devoted to developing theoretical frameworks, we collect empirical

input data to provide real-world insight on potential market shares and the profitability of grocery

operations.

The empirical research on channel choice in grocery retailing is limited. Previous studies on e-

grocery shopping compare online and offline purchase behavior in terms of brand loyalty (Danaher

et al. 2003), shopping behavior (Andrews and Currim 2004, Breugelmans et al. 2007, Kull et al.

2007), and consumers’ perceptions of shopping online for groceries (Ramus and Nielsen 2005).

Chintagunta et al. (2012) empirically quantify different types of transaction costs in the online

and offline grocery channels. Boyer and Hult (2005) show, in an e-grocery context, the importance

of the retailer’s website – and of product and service qualities – for encouraging repeat purchase

intentions.

A number of papers discuss the advantages and disadvantages of different strategies for e-grocery

and omni-channel fulfillment operations (Yrjo et al. 2001, de Koster 2002, Hays et al. 2005, Hübner
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et al. 2016). There is a growing body of research on the specific challenges of offering an effective

and cost-efficient grocery delivery service, especially as regards last-mile operations. Several early

studies focus on how customer density and the length of the delivery time window affect last-mile

delivery costs (Lin and Mahmassani 2002, Boyer et al. 2009). Others have addressed optimizing the

design of the time-window offering in order to facilitate efficient routing operations and customer

service (Agatz et al. 2011, Yang et al. 2016) while discussing the related (dynamic) pricing decisions

(Klein et al. 2019, Strauss et al. 2020, Vinsensius et al. 2020). In this paper, we apply continuous

approximation (cf. Ansari et al. 2018) to estimate the expected last-mile distances for different

drop densities. Such routing approximations are well suited for strategic analysis of the case where

customer locations are not precisely known.

Order picking constitutes a large portion of the costs of online order fulfillment (Kämäräinen

et al. 2001). It is well documented that warehouse-based picking is more efficient than store-based

picking (Hübner et al. 2016). Although there is extensive research on warehouse operations and

order picking for e-commerce (Boysen et al. 2019), much less attention has been given – in the

literature on warehouse layout design and order-picking strategies – to the particular challenges

of picking groceries (e.g., temperature zones, sensitive products). One notable exception is the

recent work of Vazquez-Noguerol et al. (2021), who study how best to organize picking processes

for the e-grocery channel in a regular store. Their empirical work highlights the need to account

for different product and order characteristics when designing a process for picking.

3 Model

We consider a grocery market of area A in whichNh households andN s grocery stores are uniformly

distributed. Let δh =Nh/A be the household density. Consider an omni-channel grocery retailer

that serves the market through its N s
s stores and also through its e-grocery channel with home

delivery service. Households buy fresh groceries at the stores or via the e-grocery channel; they also

have the option of obtaining their groceries from an outside option. Since the share of the store

channel in the grocery market is large, we represent the outside option by the stores not belonging

to our retailer. We assume that weekly spending is uniform. The gross margins for the e-grocery

and store channels are denoted by me and ms, respectively.

3.1 Customer choice model

To model household choice for grocery shopping, we use a general “attraction demand” model

(Huang et al. 2013). Customers choose between different channels so as to maximize their utility.

Here, each channel has a specific utility that is associated with the attractiveness of the shopping
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experience in that channel. Let ue denote the utility of the e-grocery channel, us of the store

channel, and uo of the outside option.

A customer incurs also certain disutilities when shopping online or in the store. One disutility

of shopping online is the delivery fee p. Another disutility of the e-grocery channel is related to

the inconvenience of waiting for the groceries to arrive (e.g., lead time, number of time windows,

length of the time window). Let w (0≤ w ≤ 1) denote the disutility with respect to waiting time

of delivery, where w= 0 is the highest level of disutility and w= 1 is the lowest. Then the overall

utility of the e-grocery channel can be written as

ue = βv− τ pp− τw(1−w); (1)

where v is the valuation of the channel for having groceries at home and β is a multiplier that

captures the general customer preference for the e-grocery channel, which is due to such factors as

convenience. The values of the parameters τ p and τw (with τ p, τw > 0) reflect the sensitivity of the

customer to (respectively) the delivery fee and the waiting time.

In line with the literature (e.g., Forman et al. 2009, Chintagunta et al. 2012), we suppose that

travel time and transportation costs are the main disutilities of visiting the physical store. There

is much empirical evidence suggesting that customers are more likely to shop online when they

live farther away from a physical store (Cachon 2014). We model the average distance to a store

in relation to the store density. With increases in the number N s
s of retailer’s stores, the average

distance of a customer to the nearest store decreases – thereby boosting the store channel’s util-

ity. Let δss = N s
s /A be the density of stores in the retailer’s store channel. We follow Cachon in

approximating the average round-trip distance, φt/
√
δss, under the assumption that all customers

in the store’s service area purchase from the retailer’s nearest store. The overall utility of the store

channel, us, can be defined as follows:

us = αv− φt√
δss
, (2)

where φt depends on the shape of the area. The parameter α (with α> 0) determines the customer

preference for the store channel that is due to such factors as assortment, freshness, environmental

concerns, Internet connectivity and speed, and the hours during which stores are open. Hence β/α

captures the relative popularity of the e-grocery channel over the store channel.



Working Paper
Paul et al.: Profitable Growth in E-Grocery Retailing 7

The customer has the choice of an outside option whose utility is uo. Since the outside option is

represented by the stores not belonging to our retailer, it follows that the utility of that option is

affected only by the customer’s cost of traveling to a store. Therefore,

uo = (β+α)v− φt√
δso
. (3)

In this expression, δso =N s
o/A is the density of grocery stores not belonging to the retailer, with

N s
o =N s−N s

s . The multiplier (β+α) of the valuation of the outside option is chosen such that, in

absence of other costs, a customer chooses the retailer and the outside option with equal probability.

We use the attraction demand model (Gallego et al. 2006) to determine the probability of

choosing channel i ∈ {e, s, o}, where γi = ui/
∑

i ui; uo = 0 corresponds to the monopolistic setting

in which there is no outside option. The number of customers choosing a channel i to purchase

groceries is given by Nh
i = γiN

h.

3.2 Cost model

The store channel is characterized by low variable fulfillment costs and high fixed costs. The costs

of serving an additional customer are negligible in the supermarket context. In contrast, the e-

grocery channel is characterized by high variable costs that stem from order picking and last-mile

delivery operations. For each sales channel, we view the supply of products to the stores and to

the e-fulfillment warehouses as fixed costs that are not associated with specific customer orders.

So in line with common management accounting practice, we focus on the variable costs and the

contribution margin

3.2.1 E-grocery channel

The customer orders grocery products that must then be picked and packed into bags or crates

for delivery. Picking grocery products is challenging because they require different temperature

zones and are both fragile and bulky. Different customer orders are often picked in parallel, and

the picking time per order depends on the general picking setup (warehouse or store) and level of

automation (Kämäräinen et al. 2001, Hübner et al. 2016). In modeling this dynamic, we use cp to

denote the picking cost per order.

Next we consider the costs of the last-mile delivery from an e-grocery fulfillment center to the

customer home. The fulfillment center operates a fleet of homogeneous vehicles, each with a capacity

of Q orders. We assume there is only one vehicle per shift and consider a single shift per day. Hence

the number of vehicles that the e-grocery channel needs for delivering to Nh
e households is given

by Nh
e /Q. Each vehicle has a cost cv that reflects leasing and depreciation expenses. We assume
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that the vehicle fleet and associated costs can vary with the number of customers, since the size of

the (leased) fleet can be adjusted. We use cl to denote the per-vehicle labor cost of loading orders

into the vehicle.

A delivery route consists of three parts: (i) the “stem” distance between the e-fulfillment center

and the delivery area; (ii) the travel distance between consecutive customers within the delivery

area; and (iii) the service times spent at the customers. We approximate the expected travel

distance per route based on the customer density (as in Beardwood et al. 1959, Daganzo 1984).

For a fulfillment center that is located in the center of a roughly circular service area of size A,

we can estimate the stem distance as 2
3
φk
√
A/π; here φk depends on the shape of the region

(Daganzo 2005). The e-grocery channel has an effective household density of γeδ
h. Hence the total

inter-customer distance traversed in a route is estimated as φk(Q− 1)/
√
γeδh.

Time-window constraints influence the effective spatial density. Multiple narrow time windows

require the delivery vehicle to visit the same area multiple times, which means that the density

is spread out over time. We use the time windows offered for delivery as a proxy for w, the

disutility due to the waiting time for delivery. The higher the number of time windows, the lower

the disutility. To incorporate this effect into our cost model, we multiply the household density

by w; then the inter-customer distance becomes φk(Q− 1)/
√
γeδhw. When disutility w declines,

the inter-customer distance increases because the effective customer density is reduced. The total

distance traversed in all routes is therefore

d=

(
4

3
φk

√
A

π
+φk

Q− 1√
γeδhw

)
Nh
e

Q
. (4)

The costs related to the travel distance comprise fuel costs and labor costs for the driver. In

developed markets, labor accounts for the bulk of all travel costs. Let ct denote the labor and fuel

costs per kilometer (km) of driving. Combining the fixed cost of a vehicle and its loading cost, we

can express the total travel cost associated with routes as

cd =

(
cv + cl +

4

3
φk

√
A

π
ct +φk

Q− 1√
γeδhw

ct
)
Nh
e

Q
. (5)

A customer order typically consists of several bags or crates of groceries, often sorted by the

required product temperature zones. For delivery to the customer, we let cs represent the service-

time cost per order, which reflects the labor costs associated with the service time.

When we combine these cost components, the total cost of distribution (picking cost +

transport cost + service cost) for the e-grocery channel is

Ce = cpNh
e + cd + csNh

e . (6)
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We can now use (6) to write the distribution cost per order as

C̄e =
Ce
Nh
e

≈ fv + cp + cs +
φk√
γeδhw

ct,

where fv represents the fixed cost per order depending on the vehicle capacity Q and shape of the

distribution region.

3.2.2 Store channel

For the store channel, most operational costs (e.g., real estate, store labor) are fixed. Stores gener-

ally have full-truckload deliveries, so we can assume that each store’s distribution costs are fixed.

Labor is a high fixed cost for all supermarket operations (MMC Retail Wholesale Industry Group

2019 2019, Campbell 2021). In the store channel, the average replenishment size of a store is fixed;

hence warehouse picking costs are also fixed for stores of a given size. Therefore, our model assumes

that there are no variable fulfillment costs associated with the store channel.

3.3 Contribution margin and strategies

We focus on maximizing the contribution margin – that is, the gross margin minus the variable

costs. Recall that me and ms represent the gross margin per order for (respectively) the e-grocery

and store channels. The customer choice model gives the total demand for the e-grocery channel

as Nh
e = γeN

h. So given the cost model (6), we can write the total contribution margin of the

e-grocery channel as Πe = (me + p)Nh
e −Ce. For the store channel, the variable costs per order are

negligible and so its contribution margin is Πs =msN
h
s .

The total contribution margin for the retailer is given by Π = Πe + Πt. The contributions per

order are denoted by Π̄, Π̄e, and Π̄t for (respectively) the retailer, the e-grocery channel only, and

the store channel only. (We shall often use “contribution” as shorthand for “contribution margin”

when our meaning is clear from the context.)

We consider two different strategies. In the first strategy, the retailer maximizes the contribution

margins of the e-grocery and store channels independently – which for our purposes amounts simply

to maximizing the e-grocery’s contribution only. We refer to this as the online strategy. In the

second, omni-channel strategy, the retailer jointly maximizes the contributions from both channels.

The online strategy corresponds to the case where a retailer manages its different sales channels

independently, which is a widespread practice. We seek to derive the optimal e-grocery delivery

fee that either maximizes the contribution margin from the e-grocery channel alone (“online”) or

maximizes the total contribution margin (“omni-channel”).
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4 Analytical results

This section presents some analytical results that help us better understand the different trade-offs

and interactions. The proofs of Propositions 1, 2, and 3 are given in (respectively) Appendix A, B,

and C.

Proposition 1. There exists a unique optimal delivery fee p∗ that maximizes the contribution

margin.

Proof Please see Appendix A

Maximizing the contribution amounts to balancing the delivery fee’s effect on revenues and costs.

A lower fee corresponds to less revenue per customer but also creates more demand. And more

demand, which yields economies of scale in last-mile delivery, leads to lower marginal costs per

customer.

Proposition 2. The optimal market share of the e-grocery channel is lower under the omni-channel

strategy than under the online strategy.

Because the e-grocery channel’s market share declines with a higher delivery fee, Proposition 2

implies also that the optimal delivery fee p∗ is lower for the online strategy than for the omni-

channel strategy. The reason is that the omni-channel strategy makes an explicit trade-off between

the advantages of gaining more market share from the competition and the disadvantages of can-

nibalizing the retailer’s own store channel by drawing customers from the profitable stores to the

less profitable e-grocery channel.

We are unfortunately not able to derive a closed-form expression for the optimal delivery fee –

owing to the nonlinear nature of our cost and demand modeling. However, we can analyze the

break-even delivery fee to understand how it behaves in relation to our key parameters. Since the

margins are low, we expect that the behavior of the break-even delivery fee will be similar to that of

the optimal fee. Let the break-even delivery fee pb be the delivery fee at which the marginal revenues

of the e-grocery channel are equal to its marginal costs, and let p0 be the minimum delivery fee

at which no customer will choose to shop at the e-grocery channel. The optimal delivery fee p∗ is

bounded by these two extremes; that is, pb ≤ p∗ ≤ p0. To determine p0, we set ue = 0 in (1). Then

p0 = βv+τw(1−w)

τp
.

Proposition 3. For the e-grocery channel, the break-even delivery fee pb

(i) decreases with the household density, δhe =Nh
e /A;

(ii) increases with the picking costs per order, cp; and

(iii) increases with the store density of the store channel, δss.

It makes sense that the delivery fee required to break even increases with the costs per order of the

e-grocery channel, which include both picking costs and distribution costs; the additional revenue



Working Paper
Paul et al.: Profitable Growth in E-Grocery Retailing 11

from the delivery fee is needed to offset the costs. Less intuitive is that the break-even delivery

fee increases with higher store densities. We can better understand this outcome by recognizing

that the online market share decreases with the store density as the e-grocery channel becomes

relatively less attractive. Fewer online orders reduce drop densities and hence the economies of

scale in last-mile delivery, thus leading to higher fulfillment costs per order. Then the revenue loss

from lowering delivery fees is greater than the cost reduction from serving more customers. We

conclude that the retailer should increase its delivery fee at higher store densities.

5 Numerical analysis

To estimate our parameters, we use real-world data from the grocery industry together with social

and demographic statistics. In this section we present the results of a series of numerical experiments

based on those parameters. Our numerical study offers insights into the relative magnitude of

effects of different parameters and into the conditions necessary for profitable growth of the e-

grocery market. When deriving the optimal solution, we enumerate the delivery fee’s possible values

(pb ≤ p∗ ≤ p0). Because we use realistic values, our study also provides insights into the long-run

profitability and expected market shares of the e-grocery channel.

5.1 Parameter estimates

Table 1 reports our estimates for the parameters of the customer choice and operational cost model

described in Section 3. The estimates are based on data from the Netherlands. We use public

sources but have verified the estimates with several major Dutch online grocery retailers.
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Table 1 Model parameters

Parameter Notation Baseline
value

Sources

Preference of customer for
store channel

α 2.8 Authors’ estimate based on
current prices and market
shares

Sensitivity to delivery fee τ p 2.4 Authors’ estimate based on
current prices and market
shares

Sensitivity of customer to ser-
vice quality w.r.t time

τw 5.0 Authors’ estimate based on
current prices and market
shares

Picking cost per order cp e12.5 Reinhardt (2001), Moons
et al. (2019), Ehrler et al.
(2019)

Service time cost per order cs e4.2 Drive (2018), Yang et al.
(2014)

Annual cost per vehicle cv e19,000 Schonewille (2016)

Loading cost per vehicle cl e8.3 Punakivi and Saranen (2001),
Moons et al. (2019)

Vehicle capacity in orders Q 18 Industry partner data

φk 1.32 Daganzo (1984)

Cost per km ci e1.8 Statista (2020a), Mock
(2014), Moons et al. (2019)

Gross margin me,ms 13% Marshoek (2018), Galante
et al. (2013)

To model demand, we consider a weekly cycle because it corresponds to the typical online

grocery shopping cycle (Statista 2019). We model the operating costs per shift while assuming that

weekly demand is spread equally across six shifts. Weekly spending on groceries is about e100 per

household in the Netherlands (Nibud 2021). For grocery products, we assume a gross margin of 13%

(Galante et al. 2013, Marshoek 2018) irrespective of the channel (so me =ms). This assumption is

reasonable since empirical evidence on the impact of different order patterns online and offline is

not conclusive (Kacen 2003, Belavina et al. 2017, Acosta 2020). We consider a disutility cost of e4

per kilometer traveled per store visit; this cost reflects opportunity and fuel costs as well as urban

travel speeds (Mock 2014, Schonewille 2016, Belavina et al. 2017, Statista 2020a).

Now we evaluate fulfillment costs in the e-grocery channel. Estimates from OW Robots (2021a)

indicate that it takes some 30 minutes to pick a grocery order in a “manual” warehouse setting.

At an average hourly wage of e25 (Moons et al. 2019), this time corresponds to picking costs of

e12.5 per order. For the last-mile distribution operations, we consider the labor cost, fuel costs,

and vehicle cost. We use a yearly fixed cost of e19,000 per vehicle for leasing and damage costs

(Schonewille 2016). The number of vehicle trips needed depends on the number of orders per

vehicle trip. The maximum number of orders per vehicle depends on the their size (i.e., volume and

weight) in relation to vehicle capacity. For an average order of e100, we assume a vehicle capacity



Working Paper
Paul et al.: Profitable Growth in E-Grocery Retailing 13

Q of 18 orders. We assume an average loading time of 20 minutes per vehicle trip (Punakivi and

Saranen 2001, Moons et al. 2019), which corresponds to a loading cost of e8.3 per vehicle. The

delivery costs per kilometer – based on urban speed, fuel consumption, and labor costs – is e1.8.

We further assume an average service time at the customer of 10 minutes, which is consistent with

our industry partner’s experience and that of other European retailers offering service “up to the

kitchen table” (Klein et al. 2019). Using the average hourly wage of a driver, we obtain a service

cost of e4.2.

To fit the utilities of shopping online and in the store as well as the price sensitivity with respect

to delivery fees, we compare the market shares of two competing grocery retailers in the Dutch

market: Albert Heijn Online and Picnic (Statista 2020b, 2021). Whereas Picnic offers its customers

free delivery but with no time-window choice, AH Online charges a delivery fee of about e8 yet

offers more delivery time windows. The product prices are similar at the two grocers (Els 2017).

We estimate price sensitivity parameters based on these observed combinations of delivery fees and

market share.

Next we shall vary the household and store densities to generate insights into how these aspects

affect overall online performance.

5.2 Impact of household density and store density

In our first set of experiments, we find the delivery fees and corresponding online market shares

that maximize the e-grocery channel’s contribution margin for different household densities and

store densities (i.e., under the “online” strategy). Panel (a) of Figure 1 shows the profit per order

for the e-grocery channel; panels (b) and (c) plot the corresponding market shares and delivery fee,

respectively.

In these experiments, we vary the household density between 1,000 per km2 and 7,000 per km2.

We consider the household density because it is more commonly used, than is population density, to

model grocery shopping. For reference, Rotterdam (the Netherlands) has nearly 1,400 households

per km2, which corresponds to a population density of 2,900 per km2 (Rotterdam-Partners 2018,

Statista 2020c); Seoul (South Korea) has a household density of 6,600 per km2 for a population

density of 16,700 per km2 (Statistics Korea 2016, City Mayors Statistics 2018). We similarly vary

the store density from 1 to 7 per km2.

Looking at the impact of household density, we see that the e-grocery channel’s profitability

(Figure 1a) increases with household density. A greater number of households per square kilometer

results in smaller inter-customer distances and thus lower fulfillment costs per order. This cost

reduction has a positive effect on the e-grocery channel’s profitability. Hence the e-grocery market

share increases also with household density (Figure 1b) because the lower fulfillment costs enable
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Figure 1 Online profitability versus household density and store density for the online strategy

lower delivery fees (Figure 1b). This dynamic is consistent with the analytical results (presented

in Section 4) for the break-even delivery fee. We can see that, at lower household densities, the

unit profits are negative and so the retailer might as well shut down the e-grocery channel (zero

market share) by way of charging an exorbitant delivery fee. These results reveal that per-unit

profitable e-grocery operations are possible only for higher household densities. In particular, the

e-grocery channel generates losses for all combinations of household and store densities to the left

of the figure’s Π̄ = 0.0 line.

For the city of Rotterdam, which has one of the highest household densities in the Netherlands,

our results indicate that per-unit profitability is impossible. Indeed, real-world evidence suggests

that none of the Dutch online grocers is currently profitable (NU.nl 2020, RTL Nieuws 2021). One

reason for the relatively low online market shares and profitability is that store density in the

Netherlands is high (Belderok et al. 2019). According to various surveys of Dutch shoppers, the

argument given most often for not buying food online is that there is already a supermarket close

to their home (Statista 2021).

As for the impact of store density on the e-grocery channel’s profitability, we see that the

latter decreases with the store density. At high store densities, the average distance between the
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store and the consumer is small, which makes the store channel more attractive and hence more

competitive. For example, the US grocery retailer Trader Joe’s recently discontinued its delivery

services in New York City, citing the high story density and being “already [in] close proximity to

customers” as compelling reasons. Only at very low store densities and high household densities

(> 2,500 households per km2) do we observe higher market shares and profits per order. Despite

the theoretical interest of this result, high household densities are in fact often associated with

high store densities (McGuirt et al. 2015). Figure 1a also shows where Rotterdam (our baseline

city) and Seoul (another high-density city) are located on the graph in terms of their household

and store density.

Figure 1c illustrates that the delivery fee increases with the store density. This outcome is consis-

tent with our analytical results and with a recent study of Capgemini (2019). These findings indeed

suggest that the optimal fee behaves similarly to the break-even delivery fee, as the contribution

margin per order is generally low for the e-grocery channel and there is little room for reducing

the delivery fee in order to protect the retailer’s online market share. Our results indicate that an

average delivery fee of at least e8 is needed to be profitable. In the United Kingdom, which features

a mature and competitive e-grocery market, we see that several grocery retailers charge a lower

fee. Yet this observation is still consistent with our results because these e-groceries are, in effect

subsidized and do not generate any profits (Eley 2020). The positive relationship between store

density and the delivery fee depends on β/α, or the relative consumer preferences for each sales

channel. We discuss (in Section 5.4) how this result is affected by changed consumer preferences.

In the next set of experiments, we consider the omnichannel strategy in which we explicitly

model the interaction between the different channels and maximize the joint contribution of the

e-grocery and store channel of a single grocery retailer.

Under the omni-channel strategy, it is not profitable to operate the e-grocery channel in any

scenario – even when household density is high and store density is low. Although adding the e-

grocery channel may help boost the retailer’s overall market share, that benefit does not offset the

costs of cannibalizing sales from its own store channel. The reason is that the effective contribution

margins of the e-grocery channel are lower than those of the store channel, a difference that is

due to the additional revenues from the delivery fee failing to offset the high online fulfillment

costs. The implication is that, in the short term, online sales reduce the omni-channel retailer’s

overall profitability. Some grocery retailers (e.g., Albert Heijn) have acknowledged this reality. For

that reason, grocery discounters such as Lidl have decided not to open an e-grocery channel: “The

costs of going online just don’t add up” (Lidl’s UK in the CEO, Christian Härtnagel, quoted in

Retailweek 2021).
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5.3 Impact of household density and picking costs

Picking is one of the main cost drivers in the e-grocery channel. A recent study by McKinsey

(Kuijpers et al. 2018) suggests that the best retailers can achieve picking costs of e5 per order at a

dedicated pick location. Grocery retailer Ocado claims that heavy warehouse automation enables

it to pick a 50-item order in 10 minutes (Financial Times 2020, OW Robots 2021b, This Is Money

2021), which would correspond to even lower picking costs per order. Note that picking times in a

regular supermarket are typically much longer. A recent empirical analysis by Vazquez-Noguerol

et al. (2021) reports average picking times of 43 minutes per order in this context (the equivalent

of about e18). Here we study the impact of picking costs by varying that cost between e0 and

e12 per order. Moreover, we vary the household densities because they are a key driver of last-mile

distribution costs. We fix the store density to the base-case value of 1.2/km2.

Figure 2 plots the contribution margin per order for different household densities and picking

costs for the online strategy. As expected, the profitability of the e-grocery channel decreases with

picking costs. For the base case, the retailer’s e-grocery channel is not profitable and breaks even

only at an extremely high household density. At the current picking cost, even when household

density increases, the retailer finds it suboptimal to lower its delivery fee and thereby increase

market share – as shown in panel (b) of the figure. The primary reason for this outcome is that

an order’s contribution margin is negative at the current cost structure. The graph confirms that

a retailer’s online market share increases when picking costs are lower. So if the picking cost is e5

per order, for example, then online sales account for 10% of the retailer’s total grocery market.

Warehouse automation can increase contribution margins by 8% by reducing the fulfilment cost

(Capgemini 2019). However, this comes at very high investment costs of hundreds of millions of

euros (Pooler 2018).

The positive effect of lower picking costs on the online market share is observed also in the omni-

channel strategy. With a picking cost of e12.5 per order (as in Section 5.2), it is not profitable

to operate the e-grocery channel for any store and household density combination. Yet when the

picking cost is halved, the retailer benefits from operating an e-grocery channel alongside its store

channel – provided that the household density is high enough (see Figure 3).

5.4 Cannibalization of the store channel

Our experiments based on current estimates for the costs and customer valuation across channels

usually result in online market shares well below 10%. We find that it is not profitable to operate an

e-grocery channel when household density is low, which suggests that online grocery sales should

not much affect the supermarket landscape. However, customer preferences may change over time.
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Figure 2 Online profitability versus household density and store density for the online strategy
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Figure 3 Online market share for the omni-channel strategy (picking cost = e6.25/order)

One pertinent example is that the long-term effect of the Covid-19 pandemic on grocery shopping

preferences remains still unclear. We shall now explore the impact both of higher customer valuation

and of lower picking costs on e-grocery market shares; our aim is to identify the point at which

cannibalization by the e-grocery channel threatens the store channel’s profitability.

Recall from our online utility function (1) that β/α captures customers’ relative preference for the

e-grocery channel over the store channel. A customer’s willingness to pay for the e-grocery channel

increases with β. To determine the break-even point, we estimate the fixed costs F per store. The

store channel’s contribution is then Πs = msN
h
s − FN s

s . In view of the Dutch supermarket data

from Marshoek (2018), we consider a cost F of e25,000 per week for a store whose weekly revenue

is between e150,000 and e250,000; this cost includes fixed labor, rent, and replenishment costs.

From the same report, we obtain 13% as the gross product margin available to cover these costs.
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In Figure 4, panel (a) illustrates the regions in which the e-grocery and the store channel are not

profitable under the online strategy – that is, while maximizing the e-grocery channel’s contribution.

We observe that, when the relative online valuation is low (β/α < 0.35), the e-grocery channel is

not profitable for scenarios with higher picking costs. The graph shows that, as picking costs rise,

we need a greater valuation (and thus a higher delivery fee) to offset the costs. At the other end of

the spectrum, we see that if online valuations are relatively high then the retailer should close its

physical stores and operate only the e-grocery channel. For β/α> 1.8 (i.e., when online valuation

is almost double the offline valuation), the market share of the store channel is too low to cover

its fixed costs. Note that the corresponding optimal delivery fee in this case ranges between e26

and e36 for the e-grocery channel when 1.8< β/α < 3.0. The optimal delivery fee increases with

relative online valuation. We remark that these “optimal” delivery fees seem unrealistically high,

which suggests that store closures via this mechanism are unlikely in the short term.
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Figure 4 E-grocery and store channels’ no-profit zones for different relative online valuations and picking costs

Panel (b) of Figure 4 shows similar no-profit zones for the e-grocery and store channels when

the total contribution margin is maximized under the omni-channel strategy. Although similar

trends are evident, the “tipping points” have shifted. In the omni-channel strategy, if picking

costs exceed e10 then the e-grocery channel is not profitable when the relative online valuation is

low (β/α< 0.55). From the store channel perspective, unprofitability begins under higher relative

online valuations (β/α > 2.1). The corresponding optimal delivery fee is from e30 to e41 for the

e-grocery channel when 2.1 < β/α < 3.0. In the omni-channel strategy, the interaction between

the two channels comes into play. We conclude that, when the omni-channel strategy is pursued,

it takes higher relative online valuations for the e-grocery channel to cannibalize sales of grocery

stores to the extent that stores start generating losses.
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6 Conclusion

This study addresses the effect of household and store densities on the e-grocery channel’s prof-

itability. We develop a stylized model to capture the principal cost factors affecting customers’

utility and hence their choice of channel when purchasing groceries. Whereas the delivery fee and

service level (with respect to time) drive online utility, for the store channel a major factor is the

cost of visiting the store. By assessing both customer choice behavior and operational costs, we

generate insights into what drives the profitability and market shares of the different channels in

their optimal settings. We use real-world data to estimate the model’s parameters. This approach

gives us a solid benchmark based on realistic scenarios – one against which we can compare the

effects of relevant parameters on the resulting equilibria.

We find that the e-grocery channel becomes profitable with increasing household density and

decreasing store density. The former’s effect is due to reducing the distribution costs; the latter’s

effect stems from increasing the relative consumer disutility of using the e-grocery channel. The

cost of picking individual orders in the e-grocery channel plays a crucial role in that channel’s

profitability. The e-grocery channel is not profitable at the cost structure estimate based on current

industry data; this finding accords with current market conditions, where the e-grocery channel

yields very low (or even negative) profitability. Considering the retailer’s optimal overall strategy,

we conclude that – for almost any realistic estimate of store and households density – it is never

optimal to launch an e-grocery channel owing to its high operational costs.

It is clear that these basic insights can be strongly affected only by changes in the relative

consumer preferences for the online channel. Substantial increases in the online channel’s perceived

value may induce consumers to pay much higher delivery fees. In that event, the store channel’s

market share could decline to the extent that the fixed cost of a store network cannot be recovered.

Such high customer valuations may develop first in some specific markets.

Our results suggest three strategic paths toward profitability in e-grocery: service, niche, or

subsidies. The service path requires a large increase in valuations of the online channel vis-à-vis

the store channel without which it will be difficult for customers to accommodate themselves to

paying higher delivery fees. In the United States, for example, this effect has been observed during

the Covid-19 pandemic: many consumers appreciated the perceived health safety benefits of home

delivery compared to visiting a store.

The niche path requires that the online channel focus on areas with high household density and

low store density. In such areas, the relative costs of the online channel are most competitive and

the valuation of the store channel is relatively low because of the travel costs to reach a store.

These niches can be observed in many Chinese cities with very high household densities and very
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low supermarket density. For instance, Beijing has a population of about 20 million people but

fewer than than 200 supermarkets. In comparison, the Netherlands is home to more than 2,000

supermarkets serving 17 million people; hence it is a much less attractive market environment for

pursing a niche strategy.

The subsidy path relies on the deep pockets of investors and shareholders to subsidize the online

channel until such time that physical stores can respond only by closing. This dynamic reduces the

relative valuation of the store channel and thus allows the online channel to charge higher delivery

fees. The subsidy path is a challenging one because it requires not only a longer-range perspective

but also deep-pocketed investors willing to bet on some of the e-grocery “pure players”. We expect

to see more differentiation in strategies as the market develops.
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Appendix

Appendix A

A function f(x) defined on the domain x∈Ω has a unique maximal solution if f is strictly concave

on Ω. Furthermore, f is strictly concave if and only if d2f
dx2

< 0. So once we show d2Πe
dp2

< 0, it will be

sufficient to prove that there exists a unique optimal delivery fee p∗ that maximizes the e-grocery

channel’s contribution margin under the online strategy. Formally, we have

d2Πe

dp2
=

(
me + p− fv − cp− cs− φkc

t

2
√
δhwγe

)
d2γe
dp2

+

(
2− τ p φkc

t

2
√
δhw

us +uo
(ue +us +uo)2

)
dγe
dp

. (7)

Recall that the cost per order for the e-grocery channel is given by C̄e = fv + cp + cs −

φkc
t/
√
δhwγe. Hence the e-grocery channel has a positive contribution margin only when me+p−

fv − cp− cs−φkct/
√
δhwγe > 0. Also, d2γe

dp2
=−(τ p)2 2(us+uo)

(ue+us+uo)3
< 0 because us +uo > 0.

For the second term in (7), we have dγe
dp

= −τ p us+uo
(ue+us+uo)2

< 0. In our model, δh is the house-

hold density. An average urban city has household density greater than 1,000/km2, for which

2− τ p φkc
t

2
√
δhw

us+uo
(ue+us+uo)2

> 0. Combining all these expressions, we obtain d2Πe
dp2

< 0.

We can similarly establish the inequality d2Πs
dp2

< 0, which implies that d2Π
dp2

< 0. Hence there also

exists a unique optimal delivery fee that maximizes the contribution margin in the omni-channel

strategy. Note that the optimal delivery fee need not be same for the online strategy as for the

omni-channel strategy.

Appendix B

Let Π1 be the total contributions of the e-grocery channel (Π1
e) and the store channel (Π1

s) for the

online strategy (i.e., Π1 = Π1
e + Π1

s), and let p1 denote the corresponding optimal delivery fee. Let

Π2 analogously be the total contribution in the omni-channel strategy and p2 the corresponding

optimal delivery fee. Proposition 1 shows that the optimal fees are unique. Since the omni-channel

strategy maximizes Π2, it follows that Π1 ≤Π2. By definition, Π2
e ≤Π1

e because the online strategy

maximizes Πe. Therefore, Π1
s <Π2

s. The implication is that, for a marginal contribution m per order

in both channels, the store channel’s market share is higher in the omni-channel strategy: γ2
s >γ

1
s .

We know that γs is increasing with the delivery fee p – that is, since dγs
dp
> 0. If p1 and p2 are the

optimal delivery fees for (respectively) the online and omni-channel strategies then, for γ2
s > γ1

s ,

we have p1 > p2. According to equation (1), the market share of the e-grocery channel decreases

with a higher delivery fee. So for p1 > p2, the e-grocery channel has a lower market share in the

omni-channel strategy than in the online strategy.
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Appendix C

Setting Πe = 0 yields

pb = fv + cp + cs−me +
ctφk√
δhw

1
√
γe
. (8)

Parts (i) and (ii) of the proposition are proved as follows. It is clear from (8) that, if γe > 0, then

p decreases with household density δh and increases with the picking cost cp.

It is intuitive that high household density and automated picking reduce the total cost of serving

a customer. Hence, the break-even delivery fee decreases in both cases.

(iii) The e-grocery channel’s utility ue is independent of store density δss. However, if δss increases

then so does the store channel’s utility. Since dγe
dus

< 0, it follows that the e-grocery channel’s market

share decreases with the utility of the store channel and thereby also with the store density. By

(8), the break-even delivery fee decreases with the e-grocery channel’s market share and therefore

increases with store channel’s store density.


