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Abstract: One of the strategic objectives of the European Union is a reduction in greenhouse gas
emissions and improvement of energy efficiency by at least 32.5% in different areas of the economy
by 2030. However, little is known about the impact of payment in retail on energy consumption. The
purpose of this paper is to assess the chain of losses of time and energy, and therefore financial losses,
that occur due to the imperfection of payment infrastructure and instruments using data of cashiers’
working time. The research is based on a regression analysis method, where the energy cost per
payment transaction is considered in this study as a function of the number of customers per hour
and the energy cost. The results of the panel models highlight that the number of customers per hour
has a negative impact on the cost of energy per payment transaction. Furthermore, modern means
and methods of payment, including cryptocurrencies, do not solve the problem of the excessive time
that it takes to service payments, which entails a waste of energy and money. The empirical results
give valuable insights into how to best organise payment in retail to achieve lower energy costs and
improve energy efficiency in payment infrastructure.

Keywords: payment instruments; payment infrastructure; time; energy; costs; energy efficiency

1. Introduction

By September 2020, the main climate and energy targets of the EU countries up to
2030 were based on a reduction in greenhouse gas emissions by at least 40% (compared
with the 1990 levels). However, the European Commission has proposed to increase the
target for reducing greenhouse gas emissions, including emissions and removals, by at
least 55% compared with the 1990 levels by 2030. Other climate and energy targets that
should be reached by 2030 include at least a 32% share of renewable energy in energy
consumption and an improvement of energy efficiency by at least 32.5% [1]. To achieve
this objective, investment in energy efficiency and renewable energy sources to the tune of
EUR 275 billion per year is needed in the period 2021–2030 [2]. It is important, however, to
note that “energy efficiency is the most cost effective way to reduce emissions, improve
energy security, enhance competitiveness and make energy consumption more affordable
for all consumers” [3] in each economic sector. Furthermore, the main energy consumers
of the EU are the transport and industry sectors [4], which have the greatest potential to
implement energy efficiency measures. Nevertheless, energy consumption in other sectors
of the EU economy is significant and they should also be taken into account in achieving
the targets of a climate-neutral economy by 2050 and the sustainable development of
society [5–10].

One of the sectors receiving insufficient attention today in the context of energy
consumption is payment instruments, systems, and infrastructure. In addition to their
crucial role in the organisation and circulation of money, they also have their cost, consisting
of the expense of payment equipment, infrastructure, and payment instruments on the
one hand, and the expense of energy for their manufacture and maintenance on the other.
In this case, for example, the maintenance of blockchain-based payment infrastructure
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requires high electricity costs, which are now estimated at 8 GW and are equivalent to the
costs incurred by Austria per year (8.2 GW) [11,12].

Modern payment methods have a significant impact on the daily lives of the popula-
tion, the loyalty of consumers to the seller who accepts such methods, and the commercial
activity of businesses [13]. In addition to time, payment also consumes energy, the cost
of which should be determined for the proper cost management of companies. The im-
portance of this issue is emphasised by the fact that 97% of social costs for servicing
payments [14,15] are borne by trade facilities and banks [16–18]. Some of these costs are
associated with the provision of energy to the payment infrastructure and the creation
and maintenance of the means of payment. Therefore, the issue of energy efficiency in
this industry is of significant importance both at micro and macro levels in the economic
context, and for environmental sustainability in general. Consequently, the total environ-
mental impact caused by the 3 billion Euro banknotes produced in 2003 was equivalent
to the environmental impact of every European citizen driving one kilometre or leaving
a 60 W light bulb on for 12 h [19]. Most of these emissions come from the supply chain
of financial services and energy, which is used for the production, transportation, and
utilisation of cash, equipment for servicing payments, mining of cryptocurrencies, and
ensuring their circulation. This applies to a part of the world where the environmental
issues of production, in particular of banknotes, are given considerable attention, and
consumers tend to prefer non-cash alternatives. However, the majority of people in the
world live in countries where at least 90 percent of transactions are in cash [20].

In this study, the energy efficiency of a payment transaction should be understood
as not only the fastest method of payment, but one whose energy consumption is as low
as possible, thus ensuring that it is sustainable. This is the amount of energy spent on
initiating, confirming, and completing a payment transaction per unit of time. Accordingly,
increasing or improving energy efficiency is to reduce this amount or to increase the number
of operations per unit of time, as well as, accordingly, to increase the number of customers
served per unit of time.

Undoubtedly, high-speed data transfer technologies [21] and the implementation of
artificial intelligence in payment transactions [22–24] will speed up payment times, but
today waiting times account for a significant share of the total time of interactions between
sellers and customers, as shown in this study.

With this in mind, the problem tackled in this study is that excessive time is spent
on servicing payments made by currently available payment methods and means of
payment. This entails a waste of energy and money due to the imperfection of the payment
infrastructure and payment instruments.

Thus, the purpose of the study was to assess the chain of losses of time and energy
(and therefore financial losses) that occur due to the imperfection of payment infrastruc-
ture and payment instruments. In this case, the losses associated with each resource are
directly proportional to those of the resource preceding it in this chain. This is similar to
what the previous research literature has revealed [25], when a monetary-based activity
measurement approach for productive sectors was combined with labour force from the
European productive sectors. The prior research in the field of payments mostly focuses
on the time required to complete a payment transaction, in order to assess buyer loyalty
to the seller [26–28] and trust in the payment technology—in particular trust in mobile
payments [29,30] or resistance to their use [31]. All of these prior studies discuss the
benefits of saving time when making mobile and other non-cash payments. The study by
M. Valentová, M. Horák, and L. Dvořáček [32] is devoted to the role of time in transaction
costs that arise during the transfer of property rights or information and knowledge. The
authors emphasize that “one of the key factors influencing transaction costs is time” [32],
but their study focuses on energy efficiency programs and government policies in this
area, rather than on payment transactions. Another study of the use of blockchain tech-
nology is devoted to electricity consumption in financial transactions and aims to discuss
methods that can be used to reduce electricity consumption [11]. It also analyses the

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


Energies 2021, 14, 8213 3 of 20

energy consumption of today’s predominant PoW blockchains, which are the basis for
most cryptocurrencies [33]. The latest payment technologies cannot be fully used in the
implementation of the concept of a smart city due to the huge energy needs of these
systems, which actually contradicts the idea of reducing energy consumption to achieve
sustainable development [34]. The results of a study of the effect of financial development
on renewable energy consumption suggest that “the banking sector, the capital market,
and the bond market development can promote the implementation of green technologies
in the energy sector” [35].

Thus, modern research does not take into account the time of payment as a factor of
costs and related energy and financial resources lost during the period of its inefficient
use in payment transactions with payment instruments such as payment cards, mobile
payments, or cash. This study fills this gap in the scientific literature.

This study makes the following contributions to the existing body of knowledge.
First, due to a lack of evidence that too much energy is spent on servicing payments
in retail, this study seeks to expand current knowledge of the imperfection of modern
payment instruments and means of payment. To the best of the author’s knowledge, this
document is one of the first to quantitatively analyse the impact of payment service time
on costs associated with electricity consumption in retail outlets in the European Union.
Empirical findings can help managers of these firms take action to improve customer
service approaches. Central banks could also use this research for the development of
payment infrastructure in the context of sustainability. While this article joins a large body
of literature attempting to explain the relationship between payment instruments and
payment time, it fills the gap in the literature by focusing on energy-related costs and using
data from retailers. The analysis shows that the waiting time for payment, which, given the
current level of development of means of payment and instruments, takes up a significant
part of cashiers’ time. This leads to increased energy costs.

The paper is organized as follows. After the introduction, the author demonstrates the
relevance of the energy efficiency of payment methods and payment infrastructure based
on the scientific literature analysed. Then, data from the author’s own research is provided,
which confirms the relevance of the issue of time, energy, and financial resources spent
on the service of retail payments. Sections 3 and 4 present the data and the methodology
used. The empirical results are presented in Section 5. The final parts present conclusions,
discussion, and limitations.

2. Literature Review

Currently, according to various estimates, there are 13 types of payment for goods and
services [36]. The most popular among them are cash and non-cash payments. At the same
time, the popularity of the latter, according to central banks, is constantly and significantly
growing [37,38]. These are mainly payment card and mobile transactions which, according
to the European Central Bank, have reached 52% of all transactions. These are obviously
associated with the production of contactless cards based on near-field communication
(NFC) technology [39,40] such as Visa Paywave and MasterCard PayPass for contactless
payments, as the wide transmission of COVID-19 has also prompted the need to avoid
contact with banknotes and coins [41–44]. SARS-CoV-2 (severe acute respiratory syndrome
coronavirus 2), which causes COVID-19, can survive for 72 h on plastic and stainless-steel
surfaces, 4 h on copper surfaces, and 24 h on paper surfaces [45]. People infected with the
virus can transfer it to paper money or coins, potentially making any physical currency a
carrier of the virus [46].

The use of mobile payments is also influenced by the trust of users and their cognitive
perspectives, which depend on empirical problems (e.g., hacker attacks, breaches of confi-
dentiality, etc.) [47]. This is one of the reasons why cash continues to be used even where it
would be possible and also convenient to make non-cash payments. Another reason for
using cash is that “cash payment could represent a stronger self-regulating tool” [48].
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Today, even in the world’s most successful countries, there are still places where access
to payment infrastructure can be limited [49], so the means of payment there is very likely
to be cash. However, cash also requires significant energy consumption for its production,
transport, circulation, destruction, etc. These trends pose two important problems. First,
payment system expenses are 1% to 3% of gross domestic product [14,50]. This cost falls
markedly when electronic payments replace paper-based payments because the social cost
of an electronic payment may only be one-third to one-half that of a paper-based trans-
action [51]. Second, the environmental impact of cash payment systems is considerably
high. For example, that of the Dutch cash payment system in 2015 was “2.42 milliPoint
(expressed in eco points. “The standard Eco-indicator values can be regarded as dimension-
less figures. As a name we use the Eco-indicator point (Pt). In the Eco-indicator lists usually
the unit milli-point (mPt) is used, so 700 mPt = 0.7 Pt. The absolute value of points is not
very relevant as the main purpose is to compare relative differences between products
or components. The scale is chosen in such a way that the value of 1 Pt is representative
for one thousandth of the yearly environmental load of one average European inhabitant”
[66].) [52] and its global warming potential (GWP) was 19 million kg CO2 equivalents
(CO2e). For an average single cash transaction, the environmental impact was 654 microP-
oint and the GWP was 5.1 g CO2e. The operation phase (e.g., energy use of ATMs, transport
of banknotes and coins) (64%) and coin production phase (31%) had the largest impact on
the environment, while the operation phase also had the largest impact on climate change
human health (89%) and climate change ecosystems (56%)” [53]. “In 2020, 389 natural dis-
asters were reported. The results of these disasters were: 15,080 people killed, 98.4 million
people injured and $171.3 billion in economic losses. Of these, 41 cases were recorded in
Europe, resulting in 42.9% of all deaths during the mentioned period” [54,55]. The financial
sector, as one of the most sensitive economic sectors, is alert to all trends and changes in
the environment [54]. Therefore, research in the financial sector in the context of climate
change, energy efficiency, and green energy sustainability is one of the key directions in
the modern business environment. “In recent ten years, due to the global energy crisis
and environmental pollution, the related publications grow exponentially in the field of
energy and environment” [56]. Numerous studies in the modern scientific literature in
the field of energy sovereignty and energy crisis during the COVID-19 pandemic [57,58]
are devoted to this direction. The financiers and the author of this article also could not
stand aside, disregarding this line of research. Such studies are especially important in
the context of the emphasis on the use of “green energy” and sustainable development in
order to highlight their role in every socio-economic sphere of modern society.

At the same time, the tendency to expand the coverage of the payment infrastruc-
ture [59] and the increasing proportion of the population living in cities indicates that the
ability to pay for goods or services in the non-cash form will also increase. Water, energy,
and transport are the most important infrastructure in growing cities with an increasing
population [60].

For both individual users and sellers who are also interested in using modern tech-
nologies for accepting payments, the speed of payment is important [61] in view of the
fact that rapid, timely, and cost-effective movement of goods and people fundamentally
influences the economy and quality of life [62]. Some studies indicate time as one of the
most important factors in determining the form of payment [63]. Other factors, which
depend on the speed of payment, include staff working time, customer waiting time, and
costs generated by waiting for transaction completion.

In addition, one of the main quantitative indicators of these costs is energy in the broad
sense [64,65], as well as in the narrow sense of the term—for example, electricity needed
for the operation of a commercial entity that sells goods or provides services. Therefore,
while waiting for a transaction on a payment in non-cash form, the seller incurs costs
which become even higher when the payment is made in cash, and these costs rise as the
number of denominations used in the transaction increases. In this case, cash or client
flows are not generated. In other words, the seller’s income is inversely proportional to
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transaction time [32], as the energy expended is lost: a unit of expended energy does not
bring any new clients and does not generate income. In such case, the buyer also loses
time and opportunities while waiting passively for the completion of the transaction. The
introduction of non-cash payments entails advantages over cash payments for both sellers
and buyers. According to Ming-Hsiung Hsiao [66], this is value co-creation. For merchants,
the benefits generated can be realized in the form of profits or performance. ”For customers
the value created is typically conceptualized as the subjective perception of the trade-off
between benefits and sacrifices, both in monetary and non-monetary terms, involved in
the exchange” [67]. At the same time, the author also relates the time and energy required
to non-monetary benefits. In my opinion, this statement is false, as energy (at least for a
seller who has a space that consumes a lot of electricity) is defined in absolute financial
terms. Moreover, the cost of this energy is directly proportional to time.

Depending on the method of payment and other factors, the transaction waiting time
can be from a few seconds [68], if the payment is made by bank card or mobile payment,
or a few minutes (in the case of cash payment) to several hours or even days (waiting for
a bitcoin transaction to be confirmed (based on blockchain technology) at a certain time
point lasted 3380 min) [69–71]. The acceleration of the transaction time has been facilitated
by the implementation of NFC in payments. This technology saves time and, consequently,
other resources during clients’ payments at outlets. The convenience of such a payment
method is difficult to overestimate given the development of the smart industry involving
phones, watches, etc. with NFC tags, which are tools used by methods such as Apple Pay
and Google Pay, among others [49]. At the same time, paying with these technologies feels
much less “painful” than paying in cash [72,73]. Furthermore, existing studies [74] show
that, for several scenarios, touch, on which the NFC payment algorithm is based, is the
preferred method of interaction for diverse groups of users because of its intuitive and
error-tolerant nature [75].

One of the newest payment methods is cryptocurrencies, defined as “digital financial
assets, for which ownership and transfers of ownership are guaranteed by a cryptographic
decentralised technology” [76], which are also extracted and used for other purposes, such
as obtaining a fee for mining, obtaining speculative investment income, implementing
anonymous transactions, etc. [33,76]. However, the use of cryptocurrencies in retail is
limited by a slow confirmation of transactions and high commissions [77]. The lower the
commission for the implementation of the operation, the longer the waiting time for its
completion [68].

Biometric cards (which will not replace the existing form factors of payment but will
complement them or combine with state-issued ID cards and improve the payment system),
identification, and management of things in the Internet of Things could become the next
step in the development of payment technologies [78–81].

Thus, all previous studies have dealt with the relationship between payment methods
and payment security [46,47], psychological aspects of self-regulation [48], social costs of
payments, the impact of cash settlements on the environment [52,53], and the implementa-
tion and use of mobile payments in the context of ease of use [57,61]. Several studies have
examined the factors affecting consumers’ choice of a payment instrument [58], as well
as energy costs when using blockchain [11]. There are also studies on transaction costs in
the context of energy efficiency and time as a key factor influencing transaction costs [32],
which provides evidence against the predominant negative impact of time-related factors.
Some research show that “an increase in average work time by 1% leads to an increase in
energy use or emissions by >1%” [82]. A few studies “argue that working time reduction
(WTR) could be an environmentally beneficial demand-side strategy for reducing resource
use and GHG emissions” [83]. However, these and other studies are not focused on trans-
actions’ costs related to time, energy, and financial costs that occur in retail and that are
associated with payment for goods or services.

Unlike previous research, this study examined the relationship between the time taken
to complete a payment transaction in retail and the electricity consumption. This entails
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financial losses due to imperfect payment infrastructure and payment instruments. In
this study, these losses were determined using simple linear regression by calculating the
time cashiers spend servicing customers and the cost of energy expended while servicing
these payments.

The possibility of addressing the lack of energy-efficient payment methods motivates
this research. It is highly important to create a healthy environment in the EU and to
analyse how to reduce the time for completing a payment transaction, which would lower
energy consumption and sellers’ costs, increase customer satisfaction, and ultimately help
reduce the impact of payment transactions on greenhouse gas emissions.

Second, the study hopes to communicate that modern means of payment and payment
methods do not address the problem of the excessive amount of time that it takes to
service payments, the waiting time to complete the payment, lines at the cash register,
and customers’ satisfaction. These issues entail energy losses from the cost of heating and
cooling spaces in the cooler and warmer months, respectively, and additionally entail other
energy losses. The approach to the buying algorithm should be changed through the broad
use of artificial intelligence, smart contracts, and the Internet of Things.

The third contribution of the research lies in the study of energy losses in the context
of reducing greenhouse gas emissions. The reduction in payment confirmation times
by improving existing payment methods will not fundamentally solve the problem of
greenhouse gas emissions. However, this niche problem in the energy sector is one of the
thousands of spheres of human life in which it is worth looking for solutions. At the same
time, it is a sensitive area for most people since it is around retail purchases that most of
the population’s daily lives revolve.

Therefore, this research is expected to contribute to the literature by providing impor-
tant data on the performance of retail point-of-sale cashiers and the solutions that can be
found in various economic aspects: cashier working conditions, energy costs, customer
satisfaction and loyalty, purchasing and selling approach, etc.

3. Data
3.1. Data for the Time Losses Assess

The study was based on cashiers’ performance in a supermarket in Poland during the
period from 17 to 22 December 2019. This period was chosen as it represented the time
when the load that is placed on cashiers, and on all the supermarket’s resources related to
customer service, reached its yearly peak due to the demand for gifts and traditional food
for the Christmas season. The study was conducted based on 109 cashier shifts. The sample
of 109 shifts in a supermarket in Poland made it possible to extrapolate the generalized
data used at national or transnational (EU) levels because the payment technology is
identical throughout the country and throughout the EU, and the equipment used by
cashiers is either similar or the same. The data were obtained from the ERP system of one
of the supermarkets in Poland, one of the largest supermarket chains in the EU [84]. The
panel data collection was carried out by an automated supermarket accounting system.
Its function was not only in the cashiers’ work accounting, but also in the information
accumulation about purchase, payments, balances, and time, as well as the inactivity of
cashiers when there is no request for processing—that is, there is no queue at a checkout
and a cashier is idle. The data processing and calculation of derived indicators were carried
out by the author to identifying the correlation between time and energy costs.

As a dependent variable, the energy cost per payment transaction (CPT) was consid-
ered (see Table 1). It is the ratio of the energy cost by a POS per shift to the number of
customers served per shift. The share of the time for a customer payment for purchases
in the total working time of the cashier (RTPT) shows how much time a cashier spends
with customer payment in relation to the cashier’s total working time. Time for a payment
transaction (TPT) is the time after the cashier has finished scanning the purchases and
initiated payment at the cash register. This is the time between the payment initiation
by the cashier and its completion, which is confirmed by the cashier at the cash register
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after the payment is made. The number of customers serviced by the cashier’s shift (CN),
the cashier’s working time (WT), the time for purchases scanning (TS), and the time for a
payment transaction (TPT) were obtained from the ERP system of the supermarket.

Table 1. Variables employed in the panel data analysis.

Name Abbreviation Definition

The cost of energy per
payment transaction CPT

The ratio of the cost of energy of a
cashier shift to the number of
customers on this POS

The share of the time for a customer
payment for purchases in relation to
the total working time of the cashier

RTPT
The ratio of the time for a customer
payment for purchases to the total
working time of the cashier

Time for a payment transaction TPT
The time to a payment, which
depends on the type of payment
means and tools

The energy cost, EUR EC

The energy cost calculated using POS
devices’ average electricity
consumption data and price for
energy in the EU

The number of seconds for a payment
per client SPC

The ratio of the payment time on the
cash register to the number of
customers serviced by the
cashier’s shift

Customers per hour CPH
The ratio of all customers serviced by
one cashier’s shift to the working
time of supermarket cashiers

The share of the time for purchases
scanning in relation to the total
working time of the cashier

RTS
The ratio of the time for purchases
scanning to the total working time of
the cashier

The cashier’s working time WT Time of cashier’s shift duration

The time for purchases scanning TS

The time it takes to scan purchases,
which depends on the automatization
level of POS, cashier’s skills,
equipment reliability

The number of customers CN The number of customers serviced by
the cashier’s shift

Source: Author’s elaboration based on empirical studies.

Table 2 shows descriptive statistics for the full unbalanced panel dataset with 109 cashier
shifts. The standard deviation of CPH is 8.14, indicating how diverse the sample was with
respect to the customers served per hour. The lowest level of this indicator (14.35) has the
cashier needing an average of 52 s, which is the most time spent on servicing a payment
(Figure 1). However, this same cashier has the best results in terms of the share of the time
for payment by customers in the total working time of this cashier (26.85%). However, this
indicates the quality of his work in terms of scanning purchases and other skills. This is an
extreme case in the sample, as shown in Figure 1. In the panel data, the minimum level of
customers per hour (58.15) is registered by the cashier, whose other indicators are at a level
close to the average sample. On average, 42.78% of the working time of a supermarket
cashier is spent on payment processing (RTPT), and on 19 cashier’s shifts, more than 50%
of their working time is spent on payment processing. The total energy costs for payments
in the sample amount to EUR 18,965.42 for 19,732 customers.
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Table 2. Descriptive statistics for variables employed in the analysis.

Variable Observations Mean Std. Dev. Min Max

CPT 109 0.97 0.12 0.74 1.65

RTPT 109 42.78% 7.11% 26.85% 63.83%

TPT 109 01:31:16 00:33:46 00:23:28 03:01:52

EC 109 173.99 64.86 44.08 346.92

SPC 109 30.31 3.85 23.01 51.57

CPH 109 35.81 8.14 14.35 58.15

RTS 109 57.22% 7.11% 36.17% 73.15%

WT 109 03:39:33 01:31:14 01:00:20 07:26:10

TS 109 02:08:17 01:02:55 00:28:24 05:17:22

CN 109 181.03 68.02 53.01 377.04
Source: Author’s own calculations.
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Figure 1. The average payment time per customer. Source: Author’s elaboration based on empirical studies.

It is necessary to consider at this point the stages of this process, which depend on
the type of payment means and tools (in the case of an automated cash desk operated by
a cashier):

1. Cash payment:

(a) The cashier informs the customer of the payment amount;
(b) The cashier chooses a payment form in the information system;
(c) The cashier waits for the customer to produce the cash;
(d) The cashier counts the cash;
(e) The cashier counts the change;
(f) The customer counts the change while the receipt is printed.

2. Non-cash payment:

(a) The cashier informs the customer of the payment amount;
(b) The cashier chooses a payment form in the information system;
(c) The cashier waits for the customer to use the payment terminal;
(d) The payment terminal displays the transaction confirmation;
(e) The receipt and the payment confirmation are printed.

3. The form of mixed payment in which, in addition to the combination of the two
previous payment methods used to make a purchase, there can also be partial payment
by vouchers, electronic money, discount coupons, etc.
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Table 3 presents the correlation matrix of dependent and independent variables. The
cost of energy per payment transaction indicator shows a negative correlation with the
customers per hour. In addition, there are negative correlations between the number of
seconds for a payment per client and the number of customers per hour, and between the
share of the time for purchases scanning in the total working time of the cashier and the
number of customers per hour. It also shows the multicollinearity among the variables WT,
TS, and CN. The cost of energy per payment transaction directly depends on the number
of seconds for a payment per client.

Table 3. Correlation matrix.

CPT RTPT TPT EC SPC CPH RTS WT TS CN

CPT 1.000

RTPT −0.332 1.000

TPT 0.163 0.004 1.000

EC 0.163 0.005 1.000 1.000

SPC 1.000 −0.332 0.163 0.163 1.000

CPH −0.554 0.837 0.027 0.027 −0.554 1.000

RTS 0.332 −1.000 −0.004 −0.005 0.332 −0.837 1.000

WT 0.325 −0.410 0.893 0.894 0.325 −0.330 0.410 1.000

TS 0.384 −0.598 0.759 0.759 0.384 −0.493 0.598 0.971 1.000

CN −0.157 0.128 0.941 0.941 −0.157 0.220 −0.128 0.781 0.627 1.000

3.2. Data for the Energy Losses Assess

To estimate the costs associated with the implementation of payments in the Euro-
pean Union, the European Central Bank’s data on payments in 2019 was used. These
data show that 86,691,000,000 card payment transactions were made, out of a total of
152,498,600,000 payments [85].

Poindus Systems Corp.’s POS devices’ average electricity consumption was deter-
mined to be 111.66 Watts, based on three of its fairly typical small business systems, which
consume 65 Watts (VariPOS 750 model), 90 Watts (VariPOS 850 and VariPOS 890 models),
and 180 Watts (VariPPC 250i/270i models) [86,87].

The average cost of electricity in the EU is 115 euros per 1 megawatt for non-household
consumers [88].

Additionally, the energy consumption in tonnes of oil equivalent was calculated in
order to determine how much of the total amount of energy consumed in the EU goes
towards servicing the POS, specifically payment transactions, taking into account that
1 tonne of oil equivalent (toe) is an amount of energy equal to 11.63 megawatt hours
(MWh) [89].

The data on the time to make a payment, which is 30.31 s per customer, was based
on the research. At the same time, payments at the cash registers involved in the study
were made using both cash and non-cash payment methods. As part of the simulation for
the analysis of energy consumption, further calculations show the costs provided when
only non-cash payment methods and cryptocurrencies are used. For this, the data on the
minimum, maximum, and average waiting times for the implementation of the transaction
were used, namely:

1. It takes about two seconds to confirm a transaction through the POS terminal, ac-
cording to the official website of the global payment technology company Visa, after
inserting a payment card or other payment device to the terminal or holding it near
a contactless terminal [90]. A waiting period is possible when the quality of the
connection between the payment terminal and the servers involved is poor.
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2. Cryptocurrency payment is based on blockchain technology. The average transaction
confirmation time on 5 May 2021 was 3380 min (202,800 s) [91]. The minimum
amount of time required to approve a transaction block when using a blockchain is
10 min [69,78], and the maximum is the value of the average transaction confirmation.
In order to carry out a simulation and find out what the energy and financial costs
would be if all payments were made using cryptocurrency, the same number of
payments were used for the calculations.

This issue when working with cash is unpredictable because the combination of the
amount of the sale and the assortment of banknotes and coins needed for payment is the
not predictable.

4. Methodology

Following the most relevant previous studies [83,92], the energy cost per transaction
is the indicator for assessing the impact of the number of customers per hour in order to
further assess the energy efficiency of payment transactions. Therefore, the energy cost
per transaction (CPT) in terms of the energy efficiency of the payment transaction was
considered in this study as a function of the number of customers per hour (CPH) and the
energy cost (EC) as follows:

CPT = b0 + b1 * CPHi + b2 * ECi + εi (1)

where cashiers’ shifts are denoted by the subscript i (i = 1, . . . , N), and b1, b2 are the
coefficients of the regressors estimated by the regression analysis. It shows that, assuming
the variable remains fixed, a one-unit increase in one explanatory variable increases (or
decreases) the cost of energy per payment transaction by b units. εi is the random error
term capturing all factors that influence the cost of energy per payment transaction but
that are not included in the model specification’s variables.

At the same time, CPH is a measure that is determined as a function of the time for a
payment transaction (TPT), a cashier’s working time (WT), the time for purchases scanning
(TS), the number of customers (CN), and other factors such as automatization level of
POS, cashier’s skills, and equipment reliability. The number of customers per hour can be
described by the following equation:

CPH = b0 + b1 * TPTi + b2 * WTi + b3 * TSi + b4 * CNi + εi (2)

where cashiers’ shifts are denoted by the subscript i (i = 1, . . . , N), and b1, b2, b3, b4 are the
coefficients of the regressors estimated by the regression analysis. It shows that, assuming
the variable remains fixed, a one-unit increase in one explanatory variable increases (or
decreases) the number of customers per hour by b units. εi is the random error term
capturing all factors that influence the measure CPH but that are not included in the model
specification’s variables.

Given that the energy cost per transaction is the indicator for assessing the level
of a payment transaction’s energy efficiency, lower costs for a payment transaction are
critical for an enterprise’s energy efficiency. It means that the more customers are served
per unit of time, the better the cashier’s efficiency and the lower the costs for a payment
transaction are.

A negative relationship between the energy cost per transaction and the number of
customers per time unit is expected. The following hypothesis was tested:

Hypothesis . increase in the number of customers per hour leads to a reduction in the energy cost
per transaction.

The economic theory behind the derivation of Equations (1) and (2) is represented by
the following:
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− Customers per hour indicator shows the efficiency of customer service by a system
of the cash register, cashier, payment infrastructure, and payment instruments. The
more customers per hour who are serviced, the better and faster the system works,
which leads to economic effects for enterprises such as reduced costs for maintaining
cash registers, personnel, and equipment since one cashier shift can serve a larger
number of customers.

− A cashier’s work time contains two main stages: the purchase registering or scanning
and the payment step. The time for a payment per client is one of the key indicators,
which shows the efficiency second stage of a cashier’s work. The shorter that the time
for a payment is, the higher is the level of the customer servicing system efficiency by
POS of this stage.

− The energy cost per transaction is a measure that shows the energy efficiency of pay-
ment infrastructure and payment instruments. Whatever payment methods are used,
the time needed to complete the transaction remains relevant. In the case of cash, in
order for a transaction to take place, it must be double-handled by both the cashier and
the customer. For bank cards, it is the time needed to confirm the transaction by banks,
payment organisations, and other participants in the payment transaction, as well as
the time of the transmission and receipt of information from these participants, which
also depends on the seller’s devices and the technical capabilities of telecommunica-
tion operators. If cryptocurrencies are used, time is needed for the transaction to be
confirmed by other network participants. The more time that is needed for a payment
transaction leads to more energy that is consumed by the payment infrastructure and
higher costs that are borne by enterprises such as trade facilities.

The model in Equation (1) represents a general specification, aimed at examining
the role of time indicators, respectively CPH and the energy cost on the cost of energy
per payment transaction, where the energy cost per payment transaction is treated as a
dependent variable while the number of customers per hour and the energy cost are treated
as explanatory variables. In the analysis, potentially omitted variables were POS types
with different levels of energy consumption, equipment speed, automatization level of
POS, cashier’s skills, and equipment reliability, and these characteristics were expected to
be correlated with the number of customers per hour.

5. Research Results
5.1. Empirical Results

Table 4 reports the results of the estimations of the measure of energy costs per
transaction. According to the panel model, the number of customers per hour has a negative
impact on the cost of energy per payment transaction. An increase in the customers per
hour indicator leads to a reduction in the energy cost per transaction of EUR 0.0084, and
this effect is statistically significant at 0%.

Table 4. Empirical results.

CPT

CPH −0.0084 *
(0.0012)

EC 0.0003 **
(0.0001)

R-squared 0.3381

Total panel (unbalanced) observations 109
Source: Research results. Notes: Standard error in parentheses; * p < 0.01, ** p = 0.02.

The robustness of the findings was tested by running the models only on a subsample
formed by cashier shifts, with the different share of the time for a customer payment for pur-
chases in the total working time of the cashier. The results are displayed in Tables 5 and 6,
and they confirm the previous findings. Overall, the results suggest that the number of

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


Energies 2021, 14, 8213 12 of 20

customers per hour and the energy cost have a negative impact on the cost of energy per
payment transaction. The findings are in line with those reported by [83,92], the results
of which indicate that a decrease in working time by 1% may reduce energy use and
greenhouse gas emissions by about 0.7% and 0.8%, respectively.

Table 5. Empirical results on a subsample formed by above average share of the time for a customer
payment.

CPT

CPH −0.0082 *
(0.0016)

EC 0.0003 **
(0.0001)

R-squared 0.3217

Total panel (unbalanced) observations 55
Source: Research results. Notes: Standard error in parentheses; * p < 0.01, ** p = 0.48.

Table 6. Empirical results on a subsample formed by below average share of the time for a customer
payment.

CPT

CPH −0.0163 *
(0.0023)

EC 0.0004 **
(0.0002)

R-squared 0.5254

Total panel (unbalanced) observations 54
Source: Research results. Notes: Standard error in parentheses; * p < 0.01, ** p = 0.059.

Both subsample tests show a statistically insignificant effect of energy costs on the
dependent variable (p = 0.48 and p = 0.059)

Table 7 reports the results of the estimations of the measure of the customers per hour.
According to the panel model, the cashier’s working time has a negative impact on the
number of customers per hour. A reduction in the cashier’s working time indicator leads
to an increase in the customers per hour of 42.3694 persons, and this effect is statistically
significant at 0.04%. The measures TPT, TS, and CN were not taken for calculation, since
TPT and TS suggested multicollinearity with WT, and CN showed a weak correlation.

Table 7. Empirical results on the customers per hour (CPH) indicator.

CPH

WT −42.3694 *
(11.7218)

R-squared 0.1088

Total panel (unbalanced) observations 109
Source: Research results. Notes: Standard error in parentheses; * p < 0.01.

5.2. Research Results’ Extrapolation

As part of this study, we focused on the cost of electricity used to ensure the operation
of a retail trade enterprise—in particular, the cost that most directly related to the work of
the cashier, i.e., electricity used by the cash register equipment (payment terminals and
automated workplaces of cashiers).

Therefore, the following data were obtained on the costs incurred while waiting for
the completion of a POS terminal operation in the European Union (Table 8).
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Table 8. The maintenance cost of a POS terminal to complete a payment transaction.

Indicator Unit Value

Number of operations Operations 152,498,600,000

Cycle time Seconds 30.31

Total execution time Hours 1,283,953,491

Energy consumption MWh 143,366

Energy price EUR/MWatt 115

Energy cost EUR 16,487,118

Energy amount Tonne of oil equivalent (toe) 12,327

In 2019, sectors other than the industry and the transport sector of the EU (27 countries
in 2020) used 129,004,425 thousand tonnes of oil equivalent [3], which is 13.8% of total
energy use (935,607,268 thousand tonnes of oil equivalent). While energy costs for servicing
payments account for only 0.00132% of total energy consumption in the EU, there are
thousands and thousands of areas where energy efficiency can and should be improved,
from match production to payment transactions, which are the subject of this study.

6. Conclusions and Discussion

The aim of the paper was to assess the chain of losses of time and energy, and there-
fore financial losses, that occur due to imperfect payment infrastructure and payment
instruments. A model based on a regression analysis method was built to demonstrate the
dependence of the cost of energy per payment transaction at the checkout in a retail outlet.
Additionally, scenarios of energy consumption and costs were considered depending on
the type of payment instrument under the existing payment infrastructure. The paper
confirms the hypothesis that an increase in the number of customers per hour leads to a
reduction in the energy cost per transaction.

The results of the panel models highlight that the number of customers per hour has a
negative impact on the cost of energy per payment transaction. According to the empirical
findings, an increase in the customers per hour indicator leads to a reduction in the energy
cost per transaction of EUR 0.0084, and this effect is statistically significant. Overall, the
number of customers per hour and the energy cost have a negative impact on the cost of
energy per payment transaction. The robustness of the findings was tested by running the
models only on subsamples formed by cashier shifts with a different share of the time for a
customer payment for purchases in the total working time of the cashier.

Additionally, modern means of payment and payment methods do not solve the
problem of reducing the time that it takes to service payments, which entails a waste of
time, energy, and money. These indicators can be reduced through the use of new and
promising technologies (such as new-generation data transmission systems), the processing
power of new-generation computers, the replacement of means of payment with “faster”
ones, and the use of more efficient cashiers, or their replacement by functional machines.

These findings are consistent with the variable findings internationally on the rela-
tionship between time and money in a broad meaning, and the findings support research’s
conclusions, in that “management practices that make the connection between time and
money salient can heighten the economic evaluation of time” [93]. The results of this study
are also consistent with the results of a survey of store owners who noted that reducing
payment processing times significantly improved overall checkout efficiency [94] and cus-
tomers’ satisfaction [95]. Bishop also notes that “the services and application teams spend
an inordinate amount of time interfacing with the infrastructure and facilities operations
team” [96]; however, the author does not estimate this time, as did this study, which actu-
ally confirms the research about sustainable retailing, in that energy savings as a factor of
sustainability “helps businesses expand margins by cutting fixed and variable costs” [97].
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This paper is also consistent with research that examined sustainable development
policies where “public institutions have attempted to force people to comply to the sustain-
able transition by means of price-based mechanisms, such as taxes and subsidies” [98].

The payment system and money circulation are niche problems in the energy field.
However, this is a very delicate topic because people often spend their earnings in super-
markets, buying food and basic necessities. They expend their energy in vain, waiting
in a queue for a payment transaction. This study has shown that, on average, 42.78% of
the working time of a supermarket cashier is spent on payment processing. At the same
time, 18 out of 109 cashiers spent more than 50% of their working time servicing customers’
payments. Each cashier receives both cash and non-cash forms of payment (bank cards,
vouchers, electronic money, etc.). During this time, other customers are waiting in line and
because of this, their dissatisfaction increases [99,100]. Meanwhile, the employee could
be performing more productive tasks that would benefit the employer. In the analysis,
potentially omitted variables were POS types with different levels of energy consumption,
equipment speed, automatization level of POS, cashier’s skills, and equipment reliability,
and we expect these characteristics to be correlated with the number of customers per hour.
Moreover, while the cashier is directly involved in processing a cash payment (although
this is inefficient considering that he or she could be serving the next customer), during
non-cash payment, both the cashier and the customer can only passively wait for the
completion of the transaction. This time is paid for by the employer. Thus, this part of
cashiers’ working time can be characterised as inefficient. To this time we can add the
time of inactivity, when the cashier does not serve customers at all due to a lack of service
requests, waiting for a customer who has returned to the sales floor to collect additional
goods, weighing products, technical problems with the system, etc. Although this aspect
is not discussed, as it is not the subject of this study, it is important to emphasise that
inefficient cashier time is a significant problem for trade institutions, as it incurs high
costs due to imperfect customer service and imperfections of payment systems, means
of payment, and payment infrastructure. This is all without considering the different
cognitive limitations and skill levels of cashiers, which also affect the speed of customer
service, customer satisfaction, and the efficiency of the company as a whole.

This study highlights the issues of spending excessive time on servicing payments
using currently available payment methods and means of payment. The imperfection of
the payment infrastructure and payment instruments leads to a waste of time, energy, and
money. Still, the EU ambition of increasing energy efficiency by 32.5% can be achieved
either by improving the energy efficiency of each individual industry by 32.5% or by
improving some industries more than others.

Costs will be reduced with the reduction in transaction time due to the use of more
modern payment infrastructure and data transmission systems. Therefore, investments
in high-speed data technology (5G, 6G) can speed up payments with electronic payment
instruments such as bank cards or mobile payments by up to 0.2 s or less [21].

In this sense, cash can be classified as a payment instrument with average energy
efficiency. Depending on the amount of cash and the amount of payment, such a transac-
tion lasts from a few seconds (when the client has prepared the exact payment amount
in advance and there was no interference of other factors) to several minutes (when the
client pays in banknotes or coins of insignificant value for a rather expensive purchase—for
example, EUR 1 or 2 coins for a purchase worth 500 euros). Many countries, however, seek
to displace cash in order to expand access to financial services, to modernise the interna-
tional financial architecture, and to reduce fraud and related crimes [101,102]. However, as
noted by Mersch, a member of the Executive Board of the ECB for Project Syndicate, “the
differences among member states are pronounced: the share of cash transactions ranges
from 42% in Finland to 92% in Malta. But, overall, the public’s commitment to cash remains
strong” [103]. “79% of all Euro area payments at points of sale are still cash transactions
and these transactions account for more than half of the total value of such payments” [104].
Anyway, based on this study, the use of cash and non-cash instruments for payments in
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retail (which is today the traditional approach to organizing cash registers) gives the results
shown in Table 7.

7. Limitations

This study has some limitations. First, the inferences derived from the research are
limited by the data on which the results are based. Specifically, the research results do not
differentiate between cash and non-cash payments, which is why, empirically, a relationship
between time and the energy consumption of cash payments and non-cash payments, was
not shown. The sample of 109 cashier shifts in a supermarket in Poland is limited, but the
payment technology is identical throughout the country and throughout the EU, and the
equipment used by cashiers is similar or the same, which makes it possible to extrapolate
the generalised data used to national or transnational levels.

8. Future Research Directions

Given the above limitations, further research should focus on the analysis of samples
from different regions and countries where the level of high-speed Internet coverage is
different than in Poland, the proportion of modern POS terminals at customer service
points is higher, the work of cashiers is differently organised, and cashiers are of different
nationalities, gender, age, etc.

Future research directions should also involve either studying the energy and finan-
cial costs of manufacturing and installing faster and more modern POS systems, which
will reduce the cost of servicing payments, or the costs of replacing the money transfer
technology. A relevant question is whether it will be possible to increase energy efficiency,
given that it will be necessary to manufacture new devices and replace every POS terminal
at every outlet. However, the need for a more detailed study of this topic remains—it is
important to investigate not only the energy costs of servicing payments directly related
to the maintenance of POS systems but also the energy costs involved in ensuring the
operation of the trade as a whole, the maintenance costs of personnel and equipment, and
lost profits resulting from waiting for the completion of transactions because of human
mistakes, technical restrictions, and eventual failure. Additionally, using complex statisti-
cal methods such as SEM, MANOVA, etc. to address the multilevel relationship between
variables will allow consideration of the available panel data about the cashiers’ work in a
more comprehensive and deep way.

The least energy-efficient payment method today is cryptocurrency payment based
on blockchain technology, as the average transaction confirmation time reaches the time of
significant indicators, and on 5 May 2021 it was 3380 min (202,800 s) [93]. Accordingly, the
cost of servicing a POS terminal to complete a transaction using cryptocurrency would be
significant, and energy efficiency would be low under the same conditions of the payment
infrastructure, provided that non-cash payments are using a cryptocurrency transaction
based on blockchain technology, other things being equal. It is an interesting issue, and the
possibilities of using cryptocurrencies should also be considered for payment in retail in
further research.

The issue of the energy efficiency of payments brings us to the idea of finding a
payment instrument that could replace the traditional payment form, or monetary instru-
ments in general, which, from an energy efficiency standpoint, are outdated, inefficient,
and require significant energy for cash production and the maintenance of information
processing related to non-cash payments and cryptocurrencies. Future research should
also focus on the use of artificial intelligence in the decision-making process involving the
purchase of goods and services, as well as the search for modern non-monetary payment
methods, which can be, for example, energy as a means of payment, medium of exchange,
store of value, and unit of account.

A prospect that avoids the excessive energy consumption associated with imperfect
payment infrastructure and payment instruments may include the replacement of the
algorithm from “choose–put in basket–pay” to “pay–choose–put in basket”. With this,
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individuals carry out household budgeting and, as customers, their decisions should focus
on planning expenditures and determining spending limits for a given period. At the same
time, the task of selection can be delegated to artificial intelligence, which is able to analyse
trends, collect global data on trends and limitations, and learn preferences and habits. In
turn, the payment process will be merely a technical and automated stage of the chain, not
requiring time or money to interact with the cashier, as well as eliminating the costs and
energy involved in payments in the context of this study.
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32. Valentová, M.; Horák, M.; Dvořáček, L. Why transaction costs do not decrease over time? A case study of energy efficiency
programmes in Czechia. Energy Policy 2020, 147, 111871. [CrossRef]

33. Sedlmeir, J.; Buhl, H.U.; Fridgen, G.; Keller, R. The Energy Consumption of Blockchain Technology: Beyond Myth. Bus. Inf. Syst.
Eng. 2020, 62, 599–608. [CrossRef]

34. Tanwar, S.; Popat, A.; Bhattacharya, P.; Gupta, R.; Kumar, N. A taxonomy of energy optimization techniques for smart cities:
Architecture and future directions. Expert Syst. 2021, e12703. [CrossRef]

35. Anton, S.G.; Afloarei Nucu, A.E. The effect of financial development on renewable energy consumption. A panel data approach.
Renew. Energy 2020, 147, 330–338. [CrossRef]
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