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regularly counted by Cash Counting Machines (CCMs). Cash is typically withdrawn and deposited at 

Automated Teller Machines (ATMs) or Cash Recycling Machines (CRMs) using a card. The withdrawal 

or deposition is again processed by data centres. For all subsystems, we included the production, 

operation, and end-of-life phase. We did not include any software and development inputs, storage of 

banknotes and coins, coin counting, any other input of cash-in-transit companies than transport 

trucks, and data centre construction activities. 

Data quality was limited. The analysis concerns a complex market activity requiring many data 

inputs. For some of these, reliable data sources were available, such as the material inputs of 

banknotes and coins. For others, data availability was limited leading to several assumptions that can 

limit the reliability of the results. This includes aspects like the number of coins and banknotes used 

for transactions per country since they cannot be as easily tracked as digital payments, the overall 

energy usage of data centres since several actors with data centres are involved, and the average 

distance travelled to an ATM/CRM for the sole purpose of withdrawing money. In light of these 

limitations and considering the commissioner, we have opted to favour cash over digital payments in 

our assumptions whenever these were questionable throughout the report. Thus, for example, we 

assumed that every mobile payment at POS is based on a physical card which increases the 

environmental impact of digital payments. Moreover, we have performed several sensitivity checks 

and a Monte-Carlo uncertainty analysis. Nevertheless, it is crucial to keep the limitations concerning 

data quality in mind when interpreting the results. 

Our estimates indicate that a cash POS payment has a larger impact on most analysed impact 

categories than a digital one in all three countries in 2022. For Germany and Finland, the 

estimated impact of a cash transaction at POS is larger than the estimated impact of a digital 

transaction at POS across all 18 impact categories. For Italy, this holds true for all impact categories 

except ionizing radiation. Here, the estimated impact is larger for the digital payment at POS. In 

general, the estimated impact of a cash payment is largest in Finland and smallest in Italy. For digital 

payments the opposite holds true: Here, the largest impact was estimated in Italy and the smallest in 

Finland. Germany typically ranks in the middle.  

The differences in environmental impacts between countries are largely explained by variation 

in the utilisation of the infrastructure. In Finland, for example, few cash payments are made leading 

to a higher share of the installed infrastructure being assigned to one average cash transaction at 

POS. At the same time, the number of cash payments made in Italy is rather high, reducing the impact 

of the infrastructure assigned to an average cash payment here. In contrast, an average digital 

transaction has a larger impact in Italy than in the other two countries, because the number of 

payment terminals is relatively large in Italy compared to the number of digital POS transactions. 

While the average POS terminal in Italy is used for only 6,456 digital POS transactions, it is used for 

more than 28,870 in Germany and even 46,152 transactions in Finland. 

Moreover, in the case of Finland, the large distances travelled in this country increase the 

impact of a cash transaction significantly. This holds true for the average distance travelled to 

ATM/CRM, for example, as well as the overall impact of cash transport. However, there is significant 

uncertainty concerning the way travelled to ATM/CRM due to the population distribution across urban 

and rural areas and potential behavioural differences between these two groups. As a result, one 

should keep this uncertainty in mind when interpreting the results for Finland. 
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Data Source Primary use Examples of indicators 

used 

Impact on 

subsystems 

Data quality 

national public 

authorities  

Passenger mobility 

statistics (Eurostat, 

2021b) 

Distance to 

waste 

treatment 

facility 

Average commuting 

distance 

Included if 

waste market 

datasets 

exclude 

transport 

High: Based on a survey 

answered by a 

representative sample 

and carried out by 

national public 

authorities 

ECB statistics on 

cash circulation 

(ECB, 2023a; ECB, 

2023b; ECB, 2023e) 

Assignment 

factors 

Banknotes and coins in 

circulation, share of cash 

used for transactional 

purposes 

All cash 

subsystems  

High: Based on data 

provided by national 

central banks 

DNB paper on the 

impact of cash 

(Hanegraaf, Jonker, 

Mandley, & 

Miedema, Life cycle 

assessment of cash 

payments, 2018) 

Input to all 

phases of 

cash 

subsystems 

Material input, 

production processes, 

energy consumed, 

assumed lifetimes of cash 

subsystems 

Subsystems 5 

(banknote), 6 

(coins), 7 (Cash 

in Transit 

(CiT)), 8 (Cash 

Counting 

Machine 

(CCM)), 10 

(ATM/CRM) 

Medium: Published 

study by the Dutch 

national central bank 

based on varying 

degrees of data quality  

DNB paper on the 

impact of debit 

card payments 

(Lindgreen, et al., 

2017) 

Input to all 

phases of 

digital 

subsystems 

Material input, 

production processes, 

energy consumed, 

assumed lifetimes of 

digital subsystems 

Subsystems 1 

(cards), 3 

(payment 

terminals) 

Medium: Published 

study by the Dutch 

national central bank 

based on varying 

degrees of data quality 

Source: Oxford Economics 

Lastly, given the commissioner and background of the study, we have assumed the most conservative 

assumption whenever no detailed information was available leaning towards favouring cash payments 

over digital payments. Thus, estimations of the impact of digital over cash payments constitute 

conservative estimates and are more likely to be biased downward. 
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TABLE 4: ELECTRICITY MIXES USED IN THIS STUDY AND THEIR EMISSION FACTORS 

ecoinvent dataset for electricity mix 
Kg CO2 eq. per 

kWh29 

Electricity, low voltage {DE}| market for electricity, low voltage | Cut-off, U 0.124 

Electricity, low voltage {FI}| market for electricity, low voltage | Cut-off, U 0.066 

Electricity, low voltage {IT}| market for electricity, low voltage | Cut-off, U 0.109 

Electricity, low voltage {GB}| market for electricity, low voltage | Cut-off, U 0.0852 

Electricity, low voltage {NL}| market for electricity, low voltage | Cut-off, U 0.138 

Electricity, low voltage {FR}| market for electricity, low voltage | Cut-off, U 0.0249 

Electricity, low voltage {IR}| market for electricity, low voltage | Cut-off, U 0.218 

Electricity, low voltage {CH}| market for electricity, low voltage | Cut-off, U 0.0116 

Electricity, medium voltage {DE}| market for electricity, medium voltage | Cut-off, U 0.133 

Electricity, medium voltage {FI}| market for electricity, medium voltage | Cut-off, U 0.0632 

Electricity, medium voltage {IT}| market for electricity, medium voltage | Cut-off, U 0.114 

Electricity, medium voltage {GLO}| market group for electricity, medium voltage | Cut-

off, U 
0.201 

Electricity, medium voltage {RER}| market group for electricity, medium voltage | Cut-

off, U 
0.0989 

Source: Oxford Economics 

The inventory typically refers to one unit of the respective subsystem, i.e., one card, one average 

banknote, or one data centre. Afterwards, an assignment factor is used to assign the impact of one 

unit to a single average transaction at POS. Please note that the operation phase may differ from the 

production and end-of-life phases as the reference unit here normally is one year, i.e., energy usage 

per year, distance travelled for maintenance per year, or ATM withdrawals per year. Therefore, the 

assignment factor mostly differs as well in the operation phase compared to the other two phases as 

is described in detail in the following. 

4.1 DIGITAL PAYMENTS 

To calculate the total number of digital POS payments for Germany, Italy, and Finland, we used the 

Payment Statistics provided by the ECB (2022b). Specifically, Table 7b in the section country tables 

displays all cash and cashless transactions that are performed at physical terminals. Thus, transactions 

done online, for example at virtual terminals, are not included. We calculated the number of digital 

POS payments for 2021 for each country by adding up POS transactions at terminals located in the 

reporting country at a) terminals provided by resident Payment Service Providers (PSPs) with cards 

issued by resident PSPs, b) terminals provided by resident PSPs with cards issued by non-resident 

 

29 Computed using ReCiPe 2016 v1.1 midpoint, Hierarchist perspective, and excluding long-term emissions. 
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and dividing it by the average lifespan of a terminal. The overall number of terminals in the respective 

countries was 927,826 for Germany, 4,148,706 for Italy and 135,984 for Finland. Thereby, the numbers 

for Germany and Italy are from 2021 and for Finland from 2020. This gave us the average number of 

produced payment terminals per year for digital POS transactions. According to our experts, the 

average lifespan of a terminal is 5 to 6 years. We used 5 years as the more conservative option. 

Furthermore, given we had data on how many terminals were refurbished in 2022 by a PSP, we 

extended the lifespan of the refurbished terminals by another 5 years. Thus, the average lifespan 

including the share of refurbished terminals was 5.57 years in Germany, 5.11 years in Italy, and 5.70 

years in Finland, where refurbishing rates are highest. To assign the total number of produced 

terminals per year to one digital POS transaction, we divided it by the total number of digital POS 

transactions in 2021 used before and published again in the payment statistics (ECB, 2022b). As a 

result, 0.00003 newly produced POS terminals were assigned to an average digital POS transaction in 

Germany, 0.00016 in Italy, and 0.00002 in Finland. In other words, each terminal is used for 28,870 

digital POS transactions per lifetime in Germany, 6,355 in Italy, and 46,152 in Finland.  

The assignment factor sums up several critical assumptions that have a significant effect on the 

estimated environmental impact of the subsystem. The most critical aspects here concern the number 

of terminals, the number of digital payments, and the lifetime of terminals. While the first two aspects 

were retrieved from the payment statistics (ECB, 2022b) with high validity, the lifetime was estimated 

and depends on several assumptions including refurbishment of terminals, for example. Thus, as 

mentioned before, an additional sensitivity check was performed adjusting the lifetime of terminals by 

assuming no refurbishment and thus shortening the expected lifetime (see Chapter 6.2.3). The check 

does not influence the overall outcome of the two systems. Lastly, uncertainties regarding data 

robustness were also accounted for in the Monte-Carlo simulation displayed in Chapter 6.3.  

Operation phase 

In the operation phase, terminals print receipts and use energy as well as the internet for processing 

digital POS transactions and they need to be maintained.  

To be able to print receipts, the printing paper needs to be manufactured first. According to 

information retrieved by a European paper roll manufacturer, printing paper consists of paper and a 

plastic core. Thus, the materials modelled to produce the receipt paper roll are lightweight coated 

paper and polypropylene for the core. The paper share of one receipt is assumed to weigh 0.108 g, 

which corresponds to a receipt length of 18 centimetres (cm), while the whole paper roll is 80 m long 

and weighs 48 g. For one paper receipt, 0.108 g of paper and 0.009 g of plastic for a core are used. 

Furthermore, we added 13.3 mg/g Bisphenol-A for one paper receipt, following Biedermann, Tschudin 

and Grob (2010).37  

For the packaging of the paper roll, we assigned the packaging film (low-density polyethene) for a 4-

pack of the paper roll to one receipt, which is 0.001665 g.  

To assign this information to one digital POS transaction, we had to make assumptions on the share 

of receipts printed per transaction as no primary data was available. In Germany, the printing of a 

 

37 Note that in recent years Bisphenol-A has been banned by the EU and consequently replaced by Bisphenol-S. As there is no 

Bisphenol-S process in ecoinvent, we have modelled paper receipts using Bisphenol-A instead. 
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merchant receipt is mandatory. In Italy and Finland, electronic receipts are also accepted. Additionally, 

a consumer receipt may be printed in all three countries. According to a survey conducted by global 

polling company Toluna of 6,375 consumers throughout France, Germany, Italy, Spain, Sweden, and 

the United Kingdom (UK) in 2019, 54% of European consumers prefer paper receipts (ChoosePaper, 

2020). Thus, we assumed, that 1.54 paper receipts are printed per digital POS transaction in Germany 

(mandatory merchant receipt plus in 54% of cases customer receipt), and 1.08 paper receipts are 

printed per transaction in Italy and Finland (54% of merchant and customer receipts each). The latter 

assumes that the merchant receipts are printed when the customer demands a paper receipt. Again, 

we performed sensitivity checks on this in Chapter 6.2.5 using two receipts per transaction in all three 

countries.  

For the maintenance of a terminal, customers mainly use postal swap according to interviews with a 

PSP. We assumed that the terminals are swapped twice per lifetime. The transport distance was 

retrieved from the PSP. 

In terms of energy usage, the market datasets used in ecoinvent account for the energy usage for 

paper roll production. Apart from that, terminals use energy for their operation. As terminal providers 

advise merchants to never disconnect the terminal from the power supply (Worldline, 2021), we 

assumed the terminals to be switched on 24 hours (Lindgreen, et al., 2017). The amount of electricity 

used depends on the mode or process of a terminal. Table 6 was retrieved from Lindgreen, et al. 

(2017) and lists the energy use and normal duration of a specific process a terminal can perform.  

TABLE 6: ELECTRICITY USE AND TIMES FOR A TERMINAL PER PROCESS 

Process Energy use in Watt Duration 

Standby mode 0.20 Rest of the day, 23.55 hours 

Merchant enters amount 1.53 0.00168 hours (6 sec) 

Display: your card, please 3.44 0.00168 hours (6 sec) 

NFC Transaction 3.73 0.00168 hours (6 sec) 

Printing* 30.00 0.00080 hours (3 sec) 

Other*: time to go in standby mode etc. 1.53 0.01200 hours (42 sec) 

Other: time to go in standby mode etc. 1.53 0.01040 hours (39 sec) 

Total energy use* 40.43 - 

Total energy use 10.43 - 

Source: Lindgreen, et al. (2017) 

Based on the number of terminals and the number of digital POS transactions published in the ECB 

Payment Statistic (ECB, 2022b), we could calculate the average number of digital transactions per 

terminal per day, which is 14.2 in Germany, 3.4 in Italy, and 17.64 in Finland. We further included the 

energy used for printing a receipt (in italic words) only for the assumed share of receipts printed as 

explained above. The rest of the day, meaning when the terminal does not process any transactions 

but is connected to power, the terminal uses energy according to its standby mode. We further 

modelled the local electricity mix as low voltage according to ecoinvent. 
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transport to a waste treatment facility, again approximated with commuting distances (Eurostat, 

2021b). The used market dataset for the data centre building already includes the disposal and does 

not need to be modelled explicitly.  
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End-of-life phase 

For end-of-life, the smartphone and the power adapter were modelled based on existing ecoinvent 

datasets. These include transport to the waste treatment facility and energy used during the process. 

Moreover, the packaging material was treated with the corresponding waste processes, i.e., waste 

paperboard for the corrugated board box and waste polyethene for the packaging film. The 

assignment factor applied in this phase corresponds to the assignment factor from the production 

phase. 
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Input Dataset 

Amount 

Source 

Germany Italy Finland 

Packaging Kraft paper {RER}| market for kraft paper | Cut-off, U 0.002 kg 

Own assumptions based on 

Wikipedia (2023a), IMPARGO 

(2023) and abfallscout (2023) 

Packaging 
Packaging film, low density polyethylene {GLO}| market for 

packaging film, low density polyethylene | Cut-off, U 
0.000005929 kg 

Own assumptions based on 

Wikipedia (2023a), IMPARGO 

(2023) and abfallscout (2023) 

Packaging EUR-flat pallet {RER}| market for EUR-flat pallet | Cut-off, U 0.00001 pieces 

Own assumptions based on 

Wikipedia (2023a), IMPARGO 

(2023) and abfallscout (2023) 

Transport from fair trade cotton 

production to port 

 

Transport, freight, sea, container ship {GLO}| market for 

transport, freight, sea, container ship | Cut-off, U 
0.000167644 tkm 

Own calculations based on 

Hanegraaf et al. (2018) 

Transport from port in Europe to paper 

mill (fair trade cotton) 

 

Transport, freight, lorry, unspecified {RER}| market for 

transport, freight, lorry, unspecified | Cut-off, U 
2.37194E-05 tkm 

Own calculations based on 

Hanegraaf et al. (2018) 

Transport paper production from paper 

mill to printing works) 

Transport, freight, lorry, unspecified {RER}| market for 

transport, freight, lorry, unspecified | Cut-off, U 
0.000751659 tkm 

Own calculations based on 

Hanegraaf et al. (2018) 

Transport banknote production from 

printing works to central bank HQ (by 

lorry) 

 

Transport, freight, lorry, unspecified, WITHOUT LORRY {RER}| 

market for transport, freight, lorry, unspecified | Cut-off, U 

0.003911815 

tkm 

0.004884995 

tkm 

0.007956536 

tkm 

Own calculations based on 

Hanegraaf et al. (2018) 

Transport banknote production from 

printing works to central bank HQ (by 

ship) 

Transport, freight, sea, ferry {GLO}| market for transport, 

freight, sea, ferry | Cut-off, U 
- 

0.000063639 

tkm 

0.000257736 

tkm 

Own calculations based on 

Hanegraaf et al. (2018) 

Electricity for cotton production 
Electricity, medium voltage {GLO}| market group for 

electricity, medium voltage | Cut-off, U 
0.015286624 Wh Hanegraaf et al. (2018) 

Electricity for foil production 
Electricity, medium voltage {RER}| market group for 

electricity, medium voltage | Cut-off, U 
0.008917197 Wh 

Based on Hanegraaf et al. 

(2018) 

Heat for foil production 
Heat, district or industrial, natural gas {RER}| market group 

for heat, district or industrial, natural gas | Cut-off, U 
2.420382166 J 

Based on Hanegraaf et al. 

(2018) 

Electricity for thread production 
Electricity, medium voltage {RER}| market group for 

electricity, medium voltage | Cut-off, U 
0.001636943 Wh 

Based on Hanegraaf et al. 

(2018) 

Heat for thread production 
Heat, district or industrial, natural gas {RER}| market group 

for heat, district or industrial, natural gas | Cut-off, U 
0.452229299 J 

Based on Hanegraaf et al. 

(2018) 
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Germany, as these constitute the conservative estimate. As a result, we have calculated the number of 

fully consumed cash trucks needed for cash transport in one year per country. We found that more 

than 281 cash trucks would be needed in Germany, 154 in Italy, and 37.4 in Finland. Dividing this by 

the number of cash transactions yielded the final assignment factors: 3.257E-08 in Germany, 1.270E-08 

in Italy, and 1.343E-07in Finland. Thus, a cash transporter supports almost 32 million cash POS 

transactions in Germany over its lifetime, almost 78 million cash POS transactions in Italy, and more 

than 7 million in Finland. 

Operation phase 

During the operation phase, we modelled the transportation of cash by CiT companies that transport 

cash between ATMs, banks, and retailers. From our approximated cash truck, we excluded the lorry 

production and the end-of-life in this dataset to only cover the road wear, fuel consumption etc., as 

the production was modelled as outlined in the production phase.  

For calculating the transport in the operation phase, we used the estimated tkm all cash transporters 

drive per year from above. Since transports in the production and end-of-life phase of coins and 

banknotes were already covered in these subsystems, we then subtracted these distances. Out of the 

281 fully consumed cash trucks needed per year in Germany, 266 were assigned to the operation 

phase of cash and thus modelled in this subsystem. The remaining 15 cash trucks were attributed to 

the production and end-of-life of coins and banknotes and therefore modelled in these subsystems. 

In Italy, 151 out of the 154 cash trucks were attributed to the operation phase, and in Finland 36.7 out 

of the 37.4 cash trucks were. To assign this to one average cash transaction, we divided this distance 

by the number of cash POS transactions per country per year. As a result, more than 28.6 Mio. tkm 

was attributed to cash transports in the operation phase in Germany, more than 81.15 Mio. tkm in 

Italy, and about 3.95 Mio. tkm in Finland. 

End-of-life phase 

The end-of-life of cash trucks was modelled by applying the corresponding treatment processes to 

the input processes in SimaPro. The same assignment factor as in the production phase was used. 
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The life-cycle stage contributions of one digital POS payment in the three countries are shown in 

Figure 20 to Figure 22.  

FIGURE 20: LIFE-CYCLE STAGE CONTRIBUTION OF ONE DIGITAL POS PAYMENT IN GERMANY  

 

Source: Oxford Economics 
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FIGURE 21: LIFE-CYCLE STAGE CONTRIBUTION OF ONE DIGITAL POS PAYMENT IN ITALY 

 

Source: Oxford Economics 
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estimated impact on ionizing radiation, global warming, and freshwater ecotoxicity in Italy, for 

example, is just 13, 22, and 43% of the estimated impact in Finland. 

The life-cycle stage contributions of one cash POS payment in the three countries are shown in Figure 

24 to Figure 26. 

FIGURE 24: LIFE-CYCLE STAGE CONTRIBUTION OF ONE CASH POS PAYMENT IN GERMANY 

 

Source: Oxford Economics 
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FIGURE 25: LIFE-CYCLE STAGE CONTRIBUTION OF ONE CASH POS PAYMENT IN ITALY 

 

Source: Oxford Economics 
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FIGURE 29: GLOBAL WARMING POTENTIAL OF AN AVERAGE DIGITAL POS PAYMENT BY PHASE 

AND SUBSYSTEM 

 

Source: Oxford Economics 

The main emissions for GWP of the digital POS payment system are displayed in Figure 30. Across all 

countries, it is estimated that carbon dioxide (fossil) and methane (fossil) contribute most to GWP. For 

Italy, also methane (biogenic) also contributes a significant share of emissions for the GWP of the 

digital payment system. 

FIGURE 30: MAIN EMISSIONS FOR GWP IN THE DIGITAL SYSTEM 

 

Source: Oxford Economics 

The phase during which most fossil carbon dioxide is emitted is the production phase in Germany. 

Within this phase, the production of cards and terminals are particularly impactful. In Italy and Finland, 
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to cash trucks reaching their end-of-life mileage sooner than cash trucks in other countries. In 

Germany, cards also contribute a noticeable share of 16% to the end-of-life GWP as comparably more 

cards are in use in Germany compared to the other countries. For example, while about 911 cash POS 

transactions were assigned to a card in Germany, 3,022 were assigned to a card in Italy, and 2,827 to a 

card in Finland making the assignment of one card to an average POS transaction by far the largest in 

Germany.99 The small and large CCM subsystems and the data centre subsystem are not relevant in 

the end-of-life phase of any country. 

FIGURE 33: GLOBAL WARMING POTENTIAL OF CASH POS PAYMENT BY PHASE AND 

SUBSYSTEM 

 

Source: Oxford Economics 

The main emission for GWP of the cash POS payment system are displayed in Figure 34. As for the 

digital POS payment system, it is estimated that fossil carbon dioxide and fossil methane contribute 

with around 85% and 10%, respectively, most to GWP in all three countries.  

 

99 The high assignment of a card to a cash POS transaction in Germany is mainly caused by two aspects. First, there are relatively 

many cards in Germany. While one card supports about 51 cash POS transactions in Germany, almost 102 cash payments are 

supported in Italy. Although one card supports only about 26 transactions in Finland, the second aspect leads to the assignment 

numbers as stated in the text. That is, in Germany 20% of the card is allocated to the cash payment system at POS whereas this 

share is only 12% in Italy and 3% in Finland. In these countries, cards are used relatively more often for digital POS transactions 

and non-POS transactions such as online purchases. 
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FIGURE 34: MAIN EMISSIONS FOR GWP IN THE CASH SYSTEM 

 

Source: Oxford Economics 

In Germany, the operation phase is the highest emitting phase of fossil carbon dioxide. Within this 

phase, it is mostly the ATM/CRM subsystem that is responsible for their emission, in particular during 

the way to ATM/CRM to withdraw/deposit cash. The same is true for Italy and Finland. 

Table 65 in Appendix 3 shows the main emitting processes regarding GWP for the cash POS payment 

system.   
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FIGURE 36: GLOBAL WARMING POTENTIAL OF THE OPERATION PHASE OF THE ATM/CRM 

SUBSYSTEM 

 

Source: Oxford Economics 

 

Mineral resource scarcity  

Digital POS payment 

In this subchapter, we look at the contribution of the production, operation, and end-of-life phases of 

cash and digital payments on the mineral resource scarcity and the impact of their different 

subsystems. The overall picture that emerges is roughly similar to the one for the GWP impact. Figure 

37 depicts the impact contribution in mg CU (copper) eq. of each phase in the three different 

countries. According to our results, the total impact of an average digital POS payment amounts to 

49.3 mg CU eq. in Germany, 133.3 mg CU eq. in Italy, and 44.5 mg CU eq. in Finland. The production 

phase is responsible for the largest impact, followed by the operation phase. The end-of-life phase 

only has a minor impact in the three countries. 

The share of the production phase among the total impact on mineral resource scarcity is estimated 

to be largest in Italy (97%), followed by Germany (92%), and Finland (91%). The operation phase is 

most important in Finland with 9% of the total impact of an average digital POS payment on mineral 

resource scarcity, and least important in Italy (3%). Germany ranks in the middle with the operation 

phase contributing 8%. Compared to our results for the GWP impact, the production phase is even 

more dominant for this impact category.100 

Again, the end-of-life phase is relatively unimportant in all countries, contributing less than 0.5% to 

the total impact on mineral resource scarcity in all three countries. 

 

100 As a reminder, we estimated the share of the production phase among the total GWP impact to be 64% in Germany, 76% in 

Italy, and 52% in Finland. 
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FIGURE 37: MINERAL RESOURCE SCARCITY OF DIGITAL POS PAYMENT BY PHASE 

 

Source: Oxford Economics 

The share of contribution of each of the four subsystems to overall mineral resource scarcity in the 

three countries is shown in Figure 38. Our results indicate that the importance of the terminal and 

data centre is roughly equal in Germany. In contrast, the terminal subsystem is much more important 

in Italy (80% of the overall impact on mineral resource scarcity), whereas in Finland the data centre 

subsystem is the most important one. Comparing the results on mineral resource scarcity with those 

on GWP, one can notice that the card subsystem is less important across all three countries for 

mineral resource scarcity than on GWP. At the same time, the data centre subsystem has a relatively 

larger impact on mineral resource scarcity than on GWP. Finally, as in the case of GWP, our results 

show that smartphones only have a negligible impact on mineral resource scarcity. 

FIGURE 38: SHARE OF MINERAL RESOURCE SCARCITY BY DIGITAL SUBSYSTEMS 

 

Source: Oxford Economics 

The contribution of the digital subsystems in each phase to the overall impact on mineral resource 

scarcity in that phase is shown in Figure 39. In comparison to the results on GWP, the importance of 

the data centre subsystem has increased during the production phase in all three countries. In 

contrast, the share of the card subsystem during the production phase has decreased in all countries. 

The results for the operation phase are similar to the GWP results. In the three countries, the most 
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important subsystem in this phase is the data centre subsystem. Terminals are also very relevant in 

this phase. In the end-of-life phase, the importance of the card subsystem for mineral resource 

scarcity has slightly decreased compared to its importance for GWP. Instead, the terminal subsystem 

has become even more important. As in the case of GWP, the smartphone subsystem does not play a 

relevant role in any phase in the three countries. 

FIGURE 39: MINERAL RESOURCE SCARCITY OF DIGITAL POS PAYMENT BY PHASE AND 

SUBSYSTEM 

 

Source: Oxford Economics 

The main emissions for mineral resource scarcity of the digital POS payment system are displayed in 

Figure 40. Compared to the emissions for the GWP, the main emissions for mineral resource scarcity 

are more evenly spread. Overall, gold has the largest impact on resource scarcity with over 35% across 

all countries, followed by copper, tantalum, and silver.  

FIGURE 40: MAIN EMISSIONS FOR MINERAL RESOURCE SCARCITY IN THE DIGITAL SYSTEM 

 

Source: Oxford Economics 
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The main emitting processes regarding mineral resource scarcity of the digital POS payment system 

are displayed in Table 66 in Appendix 3. 

Cash POS payment 

Figure 41 shows the impact of a cash POS payment on mineral resource scarcity by phase and 

country. Our results suggest that the total impact on mineral resource scarcity equals 841.8 mg CU eq. 

in Germany, 262.5 mg CU eq. in Italy, and 541.6 mg CU eq. in Finland. Compared to the results on 

GWP, the production phase has become much more important in all three countries. Its share of the 

total impact on mineral resource scarcity is 84% in Germany, 87% in Italy, and 58% in Finland.101 The 

impact of the end-of-life phase on mineral resource scarcity remains minor in all three countries. 

FIGURE 41: MINERAL RESOURCE SCARCITY OF CASH POS PAYMENT BY PHASE 

 

Source: Oxford Economics 

The share of the contribution by one cash POS payment to overall mineral resource scarcity is shown 

in Figure 42. In Germany and Italy, coins are the most important subsystems contributing 54% and 

70% to the total impact on mineral resource scarcity respectively. In Finland, coins rank second with 

33% contribution. Here, ATMs/CRMs contribute most to the overall impact with 54%. In Germany and 

Italy, this subsystem contributes 40% and 26% respectively. The is in contrast to the overall GWP 

impact that is clearly dominated by ATMs/CRMs impact with around 70-90%. Furthermore, cash 

transport contributes 4% in Germany, 3% in Italy, and 12% in Finland. Other subsystems including 

cards, banknotes, CCMs, and only contribute little to the overall impact on mineral resource scarcity.  

 

101 The corresponding shares for GWP were 31% in Germany, 28% in Italy, and 13% in Finland. 
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FIGURE 45: IONIZING RADIATION OF DIGITAL POS PAYMENT BY PHASE 

 

Source: Oxford Economics 

The estimated share of contribution of each subsystem to overall ionizing radiation in the three 

countries is shown in Figure 46. Compared to GWP and mineral resource scarcity, the share of the 

data centre subsystem has increased and makes up between 44% of the total impact in Italy and 69% 

in Finland. In contrast, the share of the terminal subsystem has decreased compared to the impact on 

GWP and mineral resource scarcity, only making up between 22% (Finland) and 51% (Italy) of the total 

impact on ionizing radiation. 

FIGURE 46: SHARE OF IONIZING RADIATION BY DIGITAL SUBSYSTEMS 

 

Source: Oxford Economics 

The contribution of the digital subsystems to the overall impact on ionizing radiation in each phase is 

shown in Figure 47. The results for ionizing radiation are similar to those for GWP. Concerning the 

production phase, the card, terminal, and data centre subsystems have comparable shares in Germany 

in Finland. In contrast, the production phase in Italy is dominated by the terminal subsystem. In the 

operation phase, the impact on ionizing radiation is mainly caused by the data centre subsystem. In 

the end-of-life phase, the card and terminal systems are the most relevant ones in all three countries. 
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FIGURE 47: IONIZING RADIATION OF DIGITAL POS PAYMENT BY PHASE AND SUBSYSTEM 

 

Source: Oxford Economics 

The main emissions for ionizing radiation of the digital POS payment system are displayed in Figure 

48. Across all countries, carbon-14 and radon-222 are estimated to be the leading contributors to 

ionizing radiation. Other isotopes, such as cesium-137 or cobalt-60, only contribute a minor share 

with each under 3% of the total impact.  

FIGURE 48: MAIN EMISSIONS FOR IONIZING RADIATION IN THE DIGITAL SYSTEM 

 

Source: Oxford Economics 

The main emitting processes for ionizing radiation of the digital POS payment system are displayed in 

Table 68 in Appendix 3. 

Cash POS payment 

The impact of a cash POS payment on ionizing radiation by phase and country is shown in Figure 49. 

Our results show that the total impact amounts to 113.4 mBq Co-60 equivalents in Germany, 47.9 
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The contribution of the digital subsystems to the impact on ionizing radiation in each phase is shown 

in Figure 51. In the production phase, the shares of the different subsystems in the three countries are 

similar to those in the GWP analysis. Important subsystems in the production phases in the three 

countries are the coin and ATM/CRM subsystems. In addition, the cash transport subsystem also 

significantly contributes to the impact on ionizing radiation. Our results suggest that the impact 

during the operation phase is mainly caused by the ATM/CRM subsystem. Compared to the GWP 

impact, the small and large CCMs and the data centres are responsible for a relatively larger impact on 

ionizing radiation. The impact in the end-of-life phase is dominated by the banknote subsystem which 

accounts for 80% of the impact in this phase in Germany, 82% in Italy, and 87% in Finland. 

FIGURE 51: IONIZING RADIATION OF CASH POS PAYMENT BY PHASE AND SUBSYSTEM 

 

Source: Oxford Economics 

The main emissions for ionizing radiation of the cash POS payment system are displayed in Figure 52. 

As in the digital POS payment system case, carbon-14 and radon-222 are estimated to be the leading 

contributors to ionizing radiation. Especially in Finland, carbon-14 contributes a significantly higher 

share (and, therefore, radon-222 a lower share) to the total impact on ionizing radiation compared to 

Germany and Italy. Again, other isotopes, such as cesium-137 or cobalt-60, only contribute a minor 

share to the total impact. 
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FIGURE 52: MAIN EMISSIONS FOR IONIZING RADIATION IN THE CASH SYSTEM 

 

Source: Oxford Economics 

Table 69 in Appendix 3 shows the main processes regarding ionizing radiation for the cash POS 

payment system. 

5.2 COMPARISON OF THE DIGITAL AND CASH PAYMENT SYSTEMS 

5.2.1 All impact categories 

In this chapter, we compare the environmental impact of an average digital and cash POS payment for 

all impact categories across the three countries. Figure 53 to Figure 55 show the impact of a digital 

POS payment as a percentage of the impact of a cash POS payment in each impact category for 

Germany, Italy, and Finland. 
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FIGURE 53: IMPACT COMPARISON OF A DIGITAL VS. A CASH POS TRANSACTION IN GERMANY 

 

Note: The impact of a cash POS transaction is normalised to 100% in each impact category. 

Source: Oxford Economics 
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FIGURE 54: IMPACT COMPARISON OF A DIGITAL VS. A CASH POS TRANSACTION IN ITALY 

 

Note: The impact of a cash POS transaction is normalised to 100% in each impact category. 

Source: Oxford Economics 
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FIGURE 55: IMPACT COMPARISON OF A DIGITAL VS. A CASH POS TRANSACTION IN FINLAND 

 

Note: The impact of a cash POS transaction is normalised to 100% in each impact category. 

Source: Oxford Economics 

The figures show that the impact of a digital POS payment is smaller than that of a cash POS payment 

in every impact category in all three countries except for ionizing radiation in Italy. Thus, our 

estimated results suggest that there is almost no trade-off between different impact categories. 

Ionizing radiation in the cash system in Italy is lower than in the other countries due to the local 

electricity mix that produces less ionizing radiation since it is not as reliant on nuclear energy. 

Additionally, ionizing radiation in the digital system is comparatively high in Italy due to the high 

number of terminals produced. 

Overall, the difference between both payment systems is largest in Finland and smallest in Italy across 

all impact categories. Our results suggest that in Germany, the largest differences between a digital 

and a cash POS transaction occur in the impact categories human carcinogenic toxicity, marine 

eutrophication, terrestrial ecotoxicity, human non-carcinogenic toxicity, and terrestrial acidification. 

While human carcinogenic toxicity increases various types of cancer, marine eutrophication leads to 

damage to marine species, terrestrial ecotoxicity and acidification cause damage to terrestrial species, 

and non-carcinogenic toxicity may lead to increases in other diseases. In Italy, according to our results, 

the same impact categories show the largest differences in the impact of one cash vs. a digital 

transaction, although the ordering is different than in Germany. In Finland, the results differ slightly. 

Although the difference between digital and cash is largest in the categories of human carcinogenic 

toxicity and marine eutrophication here as well, the rest of the impact indicators deviate compared to 

the other two countries. Instead, fossil resource scarcity, ozone formation, terrestrial ecosystems as 

well as human health, and global warming show the largest differences in impact. While fossil 
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resource scarcity may lead to rising oil/gas/coal energy costs, ozone formation, terrestrial 

ecosystems/human health damages terrestrial species/human health. Global warming leads to an 

increase in other diseases and malnutrition as well as damage to freshwater and terrestrial species.  

The smallest differences between both payment systems occur in land use, ionising radiation, and 

marine ecotoxicity in Germany. In Italy, the impact of a digital POS payment is largest compared to a 

cash one in the categories of ionising radiation, freshwater eutrophication, marine ecotoxicity, and 

freshwater ecotoxicity. Lastly, in Finland, the relative impact of a digital POS payment is largest in the 

categories of freshwater eutrophication, land use, and ionizing radiation. 

5.2.2 Detailed analysis for selected impact categories 

In this chapter, we compare an average digital POS transaction to a cash one in detail for our three 

selected impact categories: GWP, mineral resource scarcity, and ionizing radiation. 

Global Warming Potential 

Figure 56 shows the GWP impact of one average digital POS payment compared to one average cash 

POS payment for Germany, Italy, and Finland. 

FIGURE 56: GLOBAL WARMING POTENTIAL OF ONE DIGITAL VS. CASH POS TRANSACTION 

 

 Source: Oxford Economics 

Our results indicate that a cash POS payment leads to a GWP impact 5.9 times greater than a digital 

one in Germany, 2.1 times greater in Italy, and 23.6 times greater in Finland. As discussed in Chapter 

5.1, the main reason for the large impact of a cash POS payment in Finland is the long travel distances 

within the country to reach the closest ATM for cash withdrawal. Furthermore, the low share of cash 

payments at POS in Finland (20%) results in assigning the cash systems' impacts (i.e., the required 

infrastructure) to a much lower number of transactions than in Italy and Germany. Compared to 

Finland and Germany, the relatively high GWP impact of digital payments in Italy is mainly caused by 

the high number of terminals per payment in Italy (see Chapter 5.1). 
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Mineral resource scarcity 

The impact on mineral resource scarcity of one average digital POS payment compared to one 

average cash POS payment for Germany, Italy, and Finland is depicted in Figure 57. 

FIGURE 57: MINERAL RESOURCE SCARCITY OF ONE DIGITAL VS. CASH POS TRANSACTION 

 

Source: Oxford Economics 

Our results indicate that a cash POS payment leads to an impact on mineral resource scarcity 6.9 times 

greater than a digital one in Germany, 2.0 times greater in Italy, and 12.2 times greater in Finland. 

Ionizing radiation 

The impact on ionizing radiation of one average digital POS payment compared to one average cash 

POS payment for Germany, Italy, and Finland is depicted in Figure 58. 

FIGURE 58: IONIZING RADIATION OF ONE DIGITAL VS. CASH POS TRANSACTION 

 

Source: Oxford Economics 

According to our results, a cash POS payment leads to an impact on ionizing radiation 3 times greater 

than a digital one in Germany, 0.9 times greater in Italy, and 9 times greater in Finland. 
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FIGURE 60: CHARACTERISATION RESULTS OF ONE CASH OR DIGITAL POS TRANSACTION IN 

ITALY USING THE ENVIRONMENTAL FOOTPRINT 3.1 METHOD 

 

Source: Oxford Economics 

FIGURE 61: CHARACTERISATION RESULTS OF ONE CASH OR DIGITAL POS TRANSACTION IN 

FINLAND USING THE ENVIRONMENTAL FOOTPRINT 3.1 METHOD 

 

Source: Oxford Economics 
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FIGURE 63: CHARACTERISATION RESULTS OF ONE CASH OR DIGITAL POS TRANSACTION IN 

ITALY USING THE INDIVIDUALIST PERSPECTIVE OF THE RECIPE METHOD 

 

Source: Oxford Economics 

FIGURE 64: CHARACTERISATION RESULTS OF ONE CASH OR DIGITAL POS TRANSACTION IN 

FINLAND USING THE INDIVIDUALIST PERSPECTIVE OF THE RECIPE METHOD 

 

Source: Oxford Economics 



The Environmental Impact of Digital Over Cash Payments 

 

168 

The absolute impact results using the individualist perspective of the ReCiPe method are displayed 

in Table 25. 

TABLE 25: ABSOLUTE RESULTS OF THE CHARACTERISATION RESULTS OF ONE CASH OR 

DIGITAL POS TRANSACTION USING THE INDIVIDUALIST PERSPECTIVE OF THE RECIPE 

METHOD 

Impact 

category 
Unit 

Cash in 

Germany 

Digital in 

Germany 

Cash in 

Italy 

Digital in 

Italy 

Cash in 

Finland 

Digital in 

Finland 

Global warming kg C02 eq 2.06E-02 3.50E-03 1.35E-02 6.56E-03 5.94E-02 2.52E-03 

Stratospheric 

ozone depletion 

kg CFC11 

eg 5.42E-09 9.81E-10 3.56E-09 1.55E-09 1.27E-08 7.44E-10 

Ionizing 

radiation 

kBq Co-

60 eq 8.37E-05 2.78E-05 3.48E-05 3.95E-05 2.51E-04 2.92E-05 

Ozone 

formation, 

Human health 

kg NOx 

eq 

4.69E-05 8.96E-06 3.64E-05 1.59E-05 1.51E-04 5.91E-06 

Fine particulate 

matter formation 

kg PM2.5 

eq 8.27E-06 1.40E-06 5.72E-06 3.41E-06 2.20E-05 1.15E-06 

Ozone 

formation, 

Terrestrial 

ecosystems 

kg NOx 

eq 

4.96E-05 9.29E-06 3.87E-05 1.65E-05 1.61E-04 6.13E-06 

Terrestrial 

acidification 

kg SO2 

eq 8.52E-05 1.14E-05 7.06E-05 2.16E-05 1.68E-04 8.90E-06 

Freshwater 

eutrophication 

kg P eq 

1.71E-06 3.21E-07 8.02E-07 6.84E-07 1.85E-06 2.52E-07 

Marine 

eutrophication 

kg N eq 

1.49E-06 1.08E-07 1.33E-06 2.70E-07 2.11E-06 6.37E-08 

Terrestrial 

ecotoxicity 

kg 1,4-

DCB 1.65E-01 1.32E-02 1.52E-01 2.45E-02 2.36E-01 1.20E-02 

Freshwater 

ecotoxicity 

kg 1,4-

DCB 4.38E-05 9.87E-06 3.29E-05 2.62E-05 1.03E-04 8.45E-06 

Marine 

ecotoxicity 

kg 1,4-

DCB 5.57E-05 1.27E-05 4.69E-05 3.38E-05 9.99E-05 1.13E-05 

Human 

carcinogenic 

toxicity 

kg 1,4-

DCB 

1.09E-05 8.97E-07 9.10E-06 1.70E-06 3.59E-05 7.07E-07 

Human non-

carcinogenic 

toxicity 

kg 1,4-

DCB 

1.34E-03 1.07E-04 1.21E-03 1.91E-04 2.21E-03 9.38E-05 

Land use 

m2a crop 

eq 1.08E-03 5.69E-04 8.86E-04 5.11E-04 2.06E-03 2.78E-04 

Mineral resource 

scarcity 

kg Cu eq 

2.90E-04 5.45E-05 2.29E-04 1.50E-04 4.51E-04 4.94E-05 

Fossil resource 

scarcity 

kg oil eq 

4.79E-03 8.57E-04 3.22E-03 1.42E-03 1.47E-02 6.12E-04 

Water 

consumption 

m3 

1.86E-04 3.07E-05 1.64E-04 4.88E-05 3.08E-04 2.27E-05 

Source: Oxford Economics 

 





The Environmental Impact of Digital Over Cash Payments 

 

170 

FIGURE 66: CHARACTERISATION RESULTS OF ONE CASH OR DIGITAL POS TRANSACTION IN 

ITALY USING THE EGALITARIAN PERSPECTIVE OF THE RECIPE METHOD 

 

Source: Oxford Economics 

FIGURE 67: CHARACTERISATION RESULTS OF ONE CASH OR DIGITAL POS TRANSACTION IN 

FINLAND USING THE EGALITARIAN PERSPECTIVE OF THE RECIPE METHOD 

 

Source: Oxford Economics 



The Environmental Impact of Digital Over Cash Payments 

 

171 

The absolute impact results using the egalitarian perspective of the ReCiPe method are displayed in 

Table 26. 

TABLE 26: ABSOLUTE RESULTS OF THE CHARACTERISATION RESULTS OF ONE CASH OR 

DIGITAL POS TRANSACTION USING THE EGALITARIAN PERSPECTIVE OF THE RECIPE 

METHOD 

Impact 

category 
Unit 

Cash in 

Germany 

Digital in 

Germany 

Cash in 

Italy 

Digital in 

Italy 

Cash in 

Finland 

Digital in 

Finland 

Global warming 
kg C02 eq 1.63E-02 2.75E-03 1.02E-02 4.62E-03 4.66E-02 1.97E-03 

Stratospheric 

ozone depletion 

kg CFC11 

eg 
1.22E-08 2.13E-09 7.99E-09 3.31E-09 2.82E-08 1.64E-09 

Ionizing 

radiation 

kBq Co-

60 eq 
6.87E-04 2.64E-04 3.30E-04 3.84E-04 2.84E-03 2.86E-04 

Ozone 

formation, 

Human health 

kg NOx 

eq 4.69E-05 8.96E-06 3.64E-05 1.59E-05 1.51E-04 5.91E-06 

Fine particulate 

matter formation 

kg PM2.5 

eq 
3.25E-05 4.66E-06 2.59E-05 9.57E-06 7.05E-05 3.69E-06 

Ozone 

formation, 

Terrestrial 

ecosystems 

kg NOx 

eq 

4.96E-05 9.29E-06 3.87E-05 1.65E-05 1.61E-04 6.13E-06 

Terrestrial 

acidification 

kg SO2 

eq 
8.52E-05 1.14E-05 7.06E-05 2.16E-05 1.68E-04 8.90E-06 

Freshwater 

eutrophication 

kg P eq 1.71E-06 3.21E-07 8.02E-07 6.84E-07 1.85E-06 2.52E-07 

Marine 

eutrophication 

kg N eq 1.49E-06 1.08E-07 1.33E-06 2.70E-07 2.11E-06 6.37E-08 

Terrestrial 

ecotoxicity 

kg 1,4-

DCB 
4.16E-01 3.28E-02 3.83E-01 6.09E-02 6.16E-01 2.97E-02 

Freshwater 

ecotoxicity 

kg 1,4-

DCB 
7.35E-05 1.20E-05 5.57E-05 3.03E-05 2.14E-04 1.01E-05 

Marine 

ecotoxicity 

kg 1,4-

DCB 
7.94E-01 2.95E-01 6.25E-01 8.35E-01 2.19E+00 2.59E-01 

Human 

carcinogenic 

toxicity 

kg 1,4-

DCB 6.04E-02 3.61E-03 3.58E-02 7.68E-03 1.16E-01 3.11E-03 

Human non-

carcinogenic 

toxicity 

kg 1,4-

DCB 1.20E+00 3.01E-01 1.01E+00 7.97E-01 2.37E+00 2.67E-01 

Land use 

m2a crop 

eq 
1.08E-03 5.69E-04 8.86E-04 5.11E-04 2.06E-03 2.78E-04 

Mineral resource 

scarcity 

kg Cu eq 3.42E-04 4.93E-05 2.62E-04 1.33E-04 5.42E-04 4.45E-05 

Fossil resource 

scarcity 

kg oil eq 4.79E-03 8.57E-04 3.22E-03 1.42E-03 1.47E-02 6.12E-04 

Water 

consumption 

m3 1.86E-04 3.07E-05 1.64E-04 4.88E-05 3.08E-04 2.27E-05 

Source: Oxford Economics 
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TABLE 27: OVERVIEW OF THE RESULTS FROM THE SENSITIVITY ANALYSIS 

Robustness Checks: 

1: No way to ATM/CRM (impact on cash payment system) 9: Data centres local grid (digital only) (impact on digital payment system) 

2: Newer POS terminal model (impact on digital payment system) 10: Data centres local grid (impact on cash and digital systems) 

3: No refurbishment of terminals (impact on digital payment system) 11: More small CCMs (impact on cash payment system) 

4: Worst EoL for refurbished terminals (impact on digital payment system) 12: No small CCMs (impact on cash payment system) 

5: Printing of two paper receipts (impact on digital payment system) 13: Recycled cards (impact on cash and digital payment system) 

6: Higher energy use of digital data centres (impact on digital payment 

system) 

14: Double life of banknotes (impact on cash payment system) 

7: Higher energy use for cash data centres (impact on cash payment 

system) 

15: No overhead during coin production (impact on cash payment system) 

8: Lower energy use of digital data centres (impact on digital payment 

system) 

 

Note: The colouring of the cells illustrates the change of a sensitivity check relative to the baseline. A dark red colour means that the percentage increased 

a lot compared to the baseline, whereas a dark green colour means that the percentage increased only by a bit or even decreased relative to the baseline. 

For example, an average digital POS transaction has 16.9% of the impact on global warming as an average cash POS transaction in Germany. Sensitivity 

analysis 1 excluded the way to ATM/CRM decreasing the impact of an average cash POS transaction in Germany. As a result, the impact of a digital cash 

POS transaction is 26.3% as high as the impact of a cash transaction at POS in this analysis. Thus, the digital POS transaction has become relatively worse as 

indicated by the red colour.  

The result for the combined scenario is not depicted in this table as it constitutes a combination of several other sensitivity checks. Its result can be found 

in section 6.2.16. 
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Relative impact of a digital POS payment compared to a cash one in Germany: 

Impact Category 
Base- 

line 

Sensitivity Analysis 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Global warming 16.9% 26.3% 16.2% 17.4% 16.9% 17.4% 20.0% / 16.9% 17.4% 17.4% 16.5% 16.9% 16.7% 17.1% 17.3% 

Stratospheric ozone 

depletion 

17.7% 23.6% 16.7% 18.1% 17.7% 18.7% 21.2% / 17.7% 18.3% 18.3% 17.3% 17.7% 17.3% 19.1% 18.3% 

Ionizing radiation 33.9% 37.0% 32.0% 34.4% 33.9% 35.1% 45.2% / 33.9% 26.9% 27.0% 33.1% 33.9% 33.7% 34.5% 34.8% 

Ozone formation, 

Human health 

19.1% 31.1% 18.4% 19.6% 19.1% 19.6% 21.9% / 19.1% 19.0% 19.0% 18.6% 19.1% 18.9% 19.4% 20.0% 

Fine particulate matter 

formation 

14.3% 17.9% 13.8% 14.8% 14.4% 14.8% 17.3% / 14.3% 14.5% 14.5% 13.9% 14.3% 14.2% 14.5% 16.5% 

Ozone formation, 

Terrestrial ecosystems 

18.7% 30.8% 18.1% 19.3% 18.8% 19.3% 21.5% / 18.7% 18.7% 18.7% 18.3% 18.8% 18.6% 19.0% 19.7% 

Terrestrial acidification 13.4% 16.2% 13.5% 13.8% 13.4% 13.8% 16.2% / 13.4% 13.5% 13.5% 13.1% 13.4% 13.3% 13.6% 15.8% 

Freshwater 

eutrophication 

18.8% 20.3% 16.2% 19.5% 18.8% 19.3% 22.7% / 18.8% 21.6% 21.5% 17.7% 18.8% 18.7% 20.1% 19.7% 

Marine eutrophication 7.3% 7.9% 7.5% 7.5% 7.3% 7.5% 7.8% / 7.3% 7.3% 7.3% 7.0% 7.3% 7.3% 11.1% 7.3% 

Terrestrial ecotoxicity 7.9% 8.6% 7.4% 8.1% 7.9% 7.9% 10.5% / 7.9% 7.9% 7.9% 7.8% 7.9% 7.8% 7.9% 10.2% 

Freshwater ecotoxicity 18.4% 26.2% 14.1% 19.4% 18.9% 18.7% 22.9% / 18.4% 18.5% 18.5% 17.4% 18.4% 18.4% 19.4% 19.6% 

Marine ecotoxicity 21.2% 25.4% 17.1% 22.3% 21.2% 21.3% 27.1% / 21.1% 21.2% 21.2% 20.0% 21.2% 21.1% 21.3% 25.3% 

Human carcinogenic 

toxicity 

6.2% 7.3% 6.3% 6.5% 6.3% 6.4% 7.9% / 6.2% 6.3% 6.3% 6.2% 6.2% 6.2% 6.3% 6.8% 

Human non-

carcinogenic toxicity 

10.3% 11.1% 9.5% 10.7% 10.4% 10.5% 13.5% / 10.3% 10.4% 10.4% 10.2% 10.4% 10.3% 10.4% 13.4% 

Land use 52.4% 61.4% 51.9% 52.7% 52.4% 56.4% 54.8% / 52.4% 51.6% 51.6% 51.7% 52.4% 52.4% 66.3% 54.1% 
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Impact Category 
Base- 

line 

Sensitivity Analysis 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Mineral resource 

scarcity 

14.4% 16.0% 13.0% 15.2% 14.4% 14.5% 18.5% / 14.4% 14.5% 14.5% 14.0% 14.4% 14.4% 14.5% 17.2% 

Fossil resource scarcity 17.9% 29.5% 17.3% 18.3% 17.9% 18.6% 21.1% / 17.9% 17.9% 17.9% 17.5% 17.9% 17.4% 18.1% 18.3% 

Water consumption 16.5% 18.2% 15.8% 16.9% 16.5% 17.5% 19.0% / 16.5% 16.7% 16.7% 16.3% 16.5% 16.9% 21.3% 17.2% 

Source: Oxford Economics 

 

Relative impact of a digital POS payment compared to a cash one in Italy: 

Impact Category 
Base- 

line 

Sensitivity Analysis 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Global warming 46.8% 81.5% 41.9% 47.5% 46.9% 49.2% 51.6% 46.8% 45.9% 47.1% 47.1% 46.5% 46.9% 46.6% 47.8% 48.5% 

Stratospheric ozone 

depletion 

42.1% 59.1% 35.1% 42.7% 42.2% 44.4% 47.4% 42.1% 41.1% 42.1% 42.1% 41.8% 42.2% 41.7% 47.4% 44.4% 

Ionizing radiation 114.8% 135.2% 94.2% 115.9% 114.8% 120.5% 141.7% 114.1% 109.4% 90.8% 91.4% 113.4% 114.9% 114.5% 118.9% 122.0% 

Ozone formation, 

Human health 

43.8% 72.6% 39.6% 44.4% 43.8% 45.2% 47.4% 43.7% 43.0% 44.2% 44.2% 43.4% 43.8% 43.6% 44.6% 46.6% 

Fine particulate matter 

formation 

37.0% 45.7% 33.8% 37.5% 37.1% 38.0% 40.7% 36.9% 36.2% 37.5% 37.5% 36.7% 37.0% 36.8% 37.4% 44.3% 

Ozone formation, 

Terrestrial ecosystems 

42.8% 71.7% 39.0% 43.4% 42.8% 44.1% 46.3% 42.7% 42.1% 43.3% 43.2% 42.4% 42.8% 42.6% 43.6% 45.4% 

Terrestrial acidification 30.5% 36.3% 31.1% 31.0% 30.5% 31.5% 33.9% 30.5% 29.9% 31.1% 31.1% 30.4% 30.5% 30.4% 31.0% 37.5% 

Freshwater 

eutrophication 

85.4% 96.8% 60.8% 86.8% 85.4% 87.7% 93.7% 85.2% 83.7% 83.3% 83.3% 83.0% 85.5% 85.2% 98.6% 94.7% 

Marine eutrophication 20.3% 21.8% 21.5% 20.5% 20.3% 23.4% 20.8% 20.3% 20.2% 20.2% 20.2% 20.0% 20.3% 20.3% 33.4% 20.5% 



The Environmental Impact of Digital Over Cash Payments 

 

178 

Impact Category 
Base- 

line 

Sensitivity Analysis 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Terrestrial ecotoxicity 15.9% 17.0% 13.7% 16.1% 15.9% 16.0% 18.7% 15.9% 15.3% 15.9% 15.9% 15.8% 15.9% 15.9% 15.9% 21.1% 

Freshwater ecotoxicity 65.9% 94.9% 39.0% 67.1% 66.5% 66.5% 72.1% 65.8% 64.6% 65.9% 65.9% 64.7% 65.9% 65.9% 70.9% 71.6% 

Marine ecotoxicity 67.0% 78.8% 45.0% 68.2% 67.1% 67.2% 74.0% 66.9% 65.6% 67.0% 67.0% 66.0% 67.0% 66.9% 67.7% 83.1% 

Human carcinogenic 

toxicity 

21.0% 25.3% 21.3% 21.3% 21.0% 21.4% 23.7% 20.9% 20.4% 21.0% 21.0% 20.9% 21.0% 20.9% 21.1% 24.0% 

Human non-

carcinogenic toxicity 

22.2% 23.6% 17.9% 22.5% 22.2% 22.6% 25.7% 22.2% 21.5% 22.2% 22.2% 22.1% 22.2% 22.2% 22.3% 29.8% 

Land use 57.7% 66.7% 54.6% 58.0% 57.7% 67.5% 60.6% 57.7% 57.2% 56.9% 56.9% 57.5% 57.7% 57.7% 77.5% 60.1% 

Mineral resource 

scarcity 

50.8% 56.1% 42.0% 51.7% 50.8% 51.0% 56.0% 50.7% 49.7% 50.7% 50.7% 50.3% 50.8% 50.7% 50.9% 64.3% 

Fossil resource scarcity 44.1% 79.2% 39.7% 44.7% 44.1% 46.1% 48.8% 44.0% 43.1% 44.5% 44.5% 43.7% 44.1% 43.6% 44.8% 45.4% 

Water consumption 29.7% 32.3% 26.1% 30.1% 29.7% 32.0% 32.5% 29.7% 29.2% 32.2% 32.2% 29.6% 29.7% 30.0% 39.8% 31.2% 

Source: Oxford Economics 

 

Relative impact of a digital POS payment compared to a cash one in Finland: 

Impact Category 
Baseli

ne 

Sensitivity Analysis 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Global warming 4.2% 18.9% 4.1% 4.4% 4.2% 4.6% 5.3% / 3.7% 4.0% 4.0% 4.2% 4.2% 4.2% 4.3% 4.3% 

Stratospheric ozone 

depletion 

5.8% 17.8% 5.6% 6.0% 5.8% 6.6% 7.3% / 5.1% 6.0% 6.0% 5.8% 5.8% 5.8% 6.0% 5.9% 

Ionizing radiation 11.2% 13.3% 10.8% 11.3% 11.2% 11.9% 14.7% / 9.5% 16.8% 16.7% 11.1% 11.2% 11.1% 11.3% 11.3% 

Ozone formation, 

Human health 

3.9% 15.6% 3.8% 4.0% 3.9% 4.3% 4.8% / 3.5% 3.9% 3.9% 3.9% 3.9% 3.9% 3.9% 4.0% 
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Impact Category 
Baseli

ne 

Sensitivity Analysis 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Fine particulate matter 

formation 

5.2% 12.3% 5.1% 5.4% 5.3% 5.6% 6.6% / 4.6% 5.4% 5.4% 5.2% 5.2% 5.2% 5.3% 5.6% 

Ozone formation, 

Terrestrial ecosystems 

3.8% 15.4% 3.7% 3.9% 3.8% 4.2% 4.7% / 3.4% 3.7% 3.7% 3.8% 3.8% 3.8% 3.8% 3.9% 

Terrestrial acidification 5.3% 11.7% 5.3% 5.5% 5.3% 5.7% 6.7% / 4.6% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.7% 

Freshwater 

eutrophication 

13.6% 23.8% 12.1% 14.1% 13.6% 14.6% 17.2% / 11.9% 12.8% 12.8% 13.0% 13.6% 13.6% 14.4% 14.2% 

Marine eutrophication 3.0% 4.7% 3.1% 3.1% 3.0% 3.5% 3.4% / 2.9% 3.0% 3.0% 3.0% 3.0% 3.0% 4.0% 3.0% 

Terrestrial ecotoxicity 4.8% 7.4% 4.6% 4.9% 4.8% 4.9% 6.6% / 4.0% 4.8% 4.8% 4.8% 4.8% 4.8% 4.8% 5.7% 

Freshwater ecotoxicity 5.7% 17.0% 4.7% 5.9% 5.8% 5.8% 7.3% / 4.9% 5.6% 5.6% 5.6% 5.7% 5.7% 5.8% 5.8% 

Marine ecotoxicity 9.5% 20.1% 8.2% 10.0% 9.6% 9.6% 12.5% / 8.1% 9.5% 9.5% 9.3% 9.5% 9.5% 9.6% 10.4% 

Human carcinogenic 

toxicity 

2.9% 5.5% 2.9% 3.0% 2.9% 3.0% 3.8% / 2.4% 2.8% 2.8% 2.9% 2.9% 2.9% 2.9% 3.0% 

Human non-

carcinogenic toxicity 

6.7% 9.8% 6.3% 6.9% 6.7% 7.0% 9.0% / 5.6% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 8.0% 

Land use 13.5% 25.8% 13.3% 13.6% 13.5% 17.7% 14.7% / 12.9% 13.9% 13.9% 13.4% 13.5% 13.5% 15.1% 13.7% 

Mineral resource 

scarcity 

8.2% 13.4% 7.6% 8.6% 8.2% 8.3% 10.8% / 7.0% 8.2% 8.2% 8.1% 8.2% 8.2% 8.2% 9.1% 

Fossil resource scarcity 4.2% 20.2% 4.0% 4.3% 4.2% 4.6% 5.2% / 3.7% 3.8% 3.8% 4.1% 4.2% 4.1% 4.2% 4.2% 

Water consumption 7.4% 11.3% 7.1% 7.5% 7.4% 8.6% 8.8% / 6.7% 8.8% 8.8% 7.3% 7.4% 7.4% 8.5% 7.5% 

Source: Oxford Economics 
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One can see that in no sensitivity check a digital POS transaction has a larger impact than a cash one 

when it had a lower impact in the baseline. In other words, our sensitivity checks only resulted in a 

larger impact of a digital POS transaction compared to a cash one in the category ionizing radiation in 

Italy, as this was the only category-country combination where a digital POS transaction had a larger 

impact than a cash one in the baseline. 

In the following, for each sensitivity check, we first specify and justify the modified assumption, and 

then discuss the impact results of that sensitivity check in more detail.  

6.2.1 No Way to ATM/CRM (impact on cash payment system) 

As noticed already, the way to reach the next ATM/CRM has a large impact on the impact 

categories. Especially in Finland, due to the long driving distances, this could influence the robustness 

of the results. Hence, we test the robustness of the results by assuming that no way to the ATM/CRM 

needs to be overcome at all. 

TABLE 28: INVENTORY TABLE ADJUSTMENTS FOR NO WAY TO ATM/CRM  

 Baseline Scenario Sensitivity Check 

Transport to reach the next ATM/CRM by car 

Germany 147,521,458.17 km 0 km 

Italy 146,938,594.54 km 0 km 

Finland 28,217,169.66 km 0 km 

Transport to reach the next ATM/CRM by bicycle 

Germany 59,383,930.80 km 0 km 

Italy 13,487,471.96 km 0 km 

Finland 9,135,033.60 km 0 km 

Transport to reach the next ATM/CRM by public transport (bus) 

Germany 29,632,700 km 0 km 

Italy 37,016,514.87 km 0 km 

Finland 5,860,800 km 0 km 

Transport to reach the next ATM/CRM by motor scooter 

Germany - 0 km 

Italy 8,318,620.43 km 0 km 

Finland - 0 km 

Source: Oxford Economics 

The results for the sensitivity analysis on the impact of the digital payment system relative to the cash 

system are displayed in Figure 68. The impact of a cash POS transaction in the baseline case is 

normalised to 100% (i.e., the light blue bar). Additionally, the impact of a digital POS payment relative 

to a cash POS payment in the baseline case is displayed by the dark blue squares. For example, the 

dark blue square for global warming in Germany indicates that an average digital POS transaction has 

16.9% of the impact on global warming as an average cash POS transaction. The grey bar represents 

the impact of the sensitivity check on the estimates for a cash POS payment. For example, an average 
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FIGURE 68: IMPACT OF NO WAY TO ATM/CRM ON THE CASH SYSTEM AND THE RELATIVE 

IMPACT OF THE DIGITAL SYSTEM 

Note: All categories in which the sensitivity check decreased/increased the cash payment system, relative to the baseline cash 

payment estimates, are represented by grey bars lower/higher than 100%. If the sensitivity check did not influence the cash 

system, the grey bars remain at 100%. If the green triangles, i.e. the impact of a digital POS payment relative to a cash one in 

the sensitivity check, change relative to the dark blue squares, i.e. the impact of a digital POS payment relative to a cash one in 

the baseline case, without the cash payment being impacted, then this implies that assumptions in the digital payment system 

have been changed. Only in three cases estimates for both payment systems were impacted, namely: data centres local grid 

(Chapter 6.2.10), recycled cards (Chapter 6.2.13), and the worst vs. best case scenario (Chapter 6.2.16). 

 

Source: Oxford Economics
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6.2.2 Newer POS terminal model (impact on digital payment system) 

In the baseline model, we used the same material inputs as reported by Lindgreen et. al (2017) 

because we were not able to gather data on the models of terminals currently in use in the three 

countries. However, newer terminals are significantly more energy-efficient and use less material. To 

take the effect of these newer terminals into account, we used information from a leading terminal 

producer on a current terminal. All input changes in the sensitivity check are displayed in Table 29. 

Only the environmental impact of digital payments is influenced by this change (see Figure 69). 
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FIGURE 69: IMPACT OF NEWER POS TERMINAL MODELS ON THE CASH SYSTEM AND THE 

RELATIVE IMPACT OF THE DIGITAL SYSTEM 

Note: All categories in which the sensitivity check decreased/increased the cash payment system, relative to the baseline cash 

payment estimates, are represented by grey bars lower/higher than 100%. If the sensitivity check did not influence the cash 

system, the grey bars remain at 100%. If the green triangles, i.e. the impact of a digital POS payment relative to a cash one in 

the sensitivity check, change relative to the dark blue squares, i.e. the impact of a digital POS payment relative to a cash one in 

the baseline case, without the cash payment being impacted, then this implies that assumptions in the digital payment system 

have been changed. Only in three cases estimates for both payment systems were impacted, namely: data centres local grid 

(Chapter 6.2.10), recycled cards (Chapter 6.2.13), and the worst vs. best case scenario (Chapter 6.2.16). 

 

Source: Oxford Economics.  
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The results indicate that the environmental impact of an average digital transaction at POS 

decreases significantly for all countries and across most impact categories. The impact categories 

affected most by the robustness check are ionising radiation, freshwater eutrophication, freshwater 

ecotoxicity, and marine ecotoxicity. As terminal production plays a particularly important role in digital 

POS transactions in Italy, the country is affected most by the sensitivity analysis. Looking at ionising 

radiation in Italy, the result flipped such that a digital POS transaction has a lower estimated impact 

than a cash POS transaction across all impact categories in all countries. 

6.2.3 No refurbishment of terminals (impact on digital payment system) 

In the terminal subsystem, we assumed that some terminals are refurbished, which extends their 

average lifetime, but also adds a disposal scenario in Asia as an assumption. In the sensitivity check, 

we assume that all terminals are disposed of in their respective country, not allowing for any 

refurbishment and thus reducing the average life expectancy of a terminal to 5 years. A detailed 

presentation of the changes made for the sensitivity check is displayed in Table 30. 

TABLE 30: INVENTORY TABLE NO REFURBISHMENT OF TERMINALS  

 Baseline Scenario Sensitivity Check 

Average lifespan of a terminal (in years) including refurbishing rates 

Germany 5.57 5 

Italy 5.11 5 

Finland 5.7 5 

Assignment factor for one payment terminal (production) 

Germany 3.46E-05 3.86E-05 

Italy 1.57E-04 1.61E-04 

Finland 2.17E-05 2.47E-05 

Assignment factor for average distance from customer to warehouse for disposal/recycling for one POS terminal in 

2022 

Germany 3.46E-05 3.86E-05 

Italy 1.57E-04 1.61E-04 

Finland 2.17E-05 2.47E-05 

Assignment factor for average distance from warehouse to waste treatment 

Germany 2.94E-05 3.28E-05 

Italy 1.43E-04 1.46E-04 

Finland 1.51E-05 1.72E-05 

Assignment factor for average distance from warehouse to recycling company for one POS terminal in 2022 

Germany 1.26E-06 1.40E-06 

Italy 1.08E-05 1.10E-05 

Finland 3.59E-06 4.10E-06 

Assignment factor for average distance from warehouse to the port of Rotterdam 

Germany 3.94E-06 / 
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The assumption that terminals are treated with the worst possible environmental impact at 

their end-of-life does not noticeably affect the estimates for the environmental impact in all 

countries. If at all, the cash system becomes worse relative to the baseline. Thus, this more 

conservative sensitivity check does not change the main result on the comparison of cash and digital 

POS transactions in all three countries and all impact categories and no results are flipped.  

6.2.5 Printing of two paper receipts (impact on digital payment system) 

Our baseline estimation assumes that 1.54 paper receipts are printed per digital POS transaction in 

Germany and 1.08 paper receipts per transaction in Italy and Finland. However, these estimates were 

quite uncertain as data availability was limited. In this sensitivity check, we therefore account for the 

worst-case possibility that in all countries two receipts are printed in each digital POS transaction (i.e., 

merchant and customer receipts are always printed). The sensitivity check only influences the digital 

payment system (see Figure 70).  

TABLE 32: INVENTORY TABLE ADJUSTMENTS FOR PRINTING OF TWO PAPER RECEIPTS  

 Baseline Scenario Sensitivity Check 

Germany Italy Finland Germany Italy Finland 

Assignment Factor Operation 1.54 1.08 1.08 2.00 

Energy use per terminal Printing 

only per day 

0.000578 

kWh 

0.000097 

kWh 

0.000504 

kWh 

0.000751 

kWh 

0.000180 

kWh 

0.000933 

kWh 

Energy use per terminal for non-

processing time 

0.004746 

kWh 

0.004788 

kWh 

0.004736 

kWh 

0.004743 

kWh 

0.004786 

kWh 

0.004729 

kWh 

Source: Oxford Economics 

The results are displayed in Figure 70. The environmental impact of an average digital transaction at 

POS increases for all countries. However, the only impact categories with a notable difference are 

land use in all three countries and ionising radiation in Italy. 
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FIGURE 70: IMPACT OF PRINTING TWO PAPER RECEIPTS ON THE CASH SYSTEM AND THE 

RELATIVE IMPACT OF THE DIGITAL SYSTEM 

Note: All categories in which the sensitivity check decreased/increased the cash payment system, relative to the baseline cash 

payment estimates, are represented by grey bars lower/higher than 100%. If the sensitivity check did not influence the cash 

system, the grey bars remain at 100%. If the green triangles, i.e. the impact of a digital POS payment relative to a cash one in 

the sensitivity check, change relative to the dark blue squares, i.e. the impact of a digital POS payment relative to a cash one in 

the baseline case, without the cash payment being impacted, then this implies that assumptions in the digital payment system 

have been changed. Only in three cases estimates for both payment systems were impacted, namely: data centres local grid 

(Chapter 6.2.10), recycled cards (Chapter 6.2.13), and the worst vs. best case scenario (Chapter 6.2.16).    

 

Source: Oxford Economics
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FIGURE 71: IMPACT OF HIGHER DIGITAL DATA CENTRE ENERGY USE ON THE CASH SYSTEM 

AND THE RELATIVE IMPACT OF THE DIGITAL SYSTEM 

Note: All categories in which the sensitivity check decreased/increased the cash payment system, relative to the baseline cash 

payment estimates, are represented by grey bars lower/higher than 100%. If the sensitivity check did not influence the cash 

system, the grey bars remain at 100%. If the green triangles, i.e. the impact of a digital POS payment relative to a cash one in 

the sensitivity check, change relative to the dark blue squares, i.e. the impact of a digital POS payment relative to a cash one in 

the baseline case, without the cash payment being impacted, then this implies that assumptions in the digital payment system 

have been changed. Only in three cases estimates for both payment systems were impacted, namely: data centres local grid 

(Chapter 6.2.10), recycled cards (Chapter 6.2.13), and the worst vs. best case scenario (Chapter 6.2.16).    

 

Source: Oxford Economics. 
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TABLE 36: INVENTORY TABLE ADJUSTMENTS FOR DATA CENTRES LOCAL GRID (DIGITAL ONLY)  

 Baseline Scenario Sensitivity Check 

Germany Italy Finland Germany Italy Finland 

Issuing Bank: Energy Consumption  
Data centre average electricity mix (see 

Table 9) 

Electricity, low voltage {DE}| market for 

electricity, low voltage | Cut-off, U 

Payment Service Provider: Energy 

consumption 

Data centre average electricity mix (see 

Table 9) 

Electricity, low voltage {DE}| market for 

electricity, low voltage | Cut-off, U 

Source: Oxford Economics 
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FIGURE 72: IMPACT OF DIGITAL DATA CENTRE LOCAL GRID USE ON THE CASH SYSTEM AND 

THE RELATIVE IMPACT OF THE DIGITAL SYSTEM 

Note: All categories in which the sensitivity check decreased/increased the cash payment system, relative to the baseline cash 

payment estimates, are represented by grey bars lower/higher than 100%. If the sensitivity check did not influence the cash 

system, the grey bars remain at 100%. If the green triangles, i.e. the impact of a digital POS payment relative to a cash one in 

the sensitivity check, change relative to the dark blue squares, i.e. the impact of a digital POS payment relative to a cash one in 

the baseline case, without the cash payment being impacted, then this implies that assumptions in the digital payment system 

have been changed. Only in three cases estimates for both payment systems were impacted, namely: data centres local grid 

(Chapter 6.2.10), recycled cards (Chapter 6.2.13), and the worst vs. best case scenario (Chapter 6.2.16).   

 

Source: Oxford Economics 
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FIGURE 73: IMPACT OF CASH & DIGITAL DATA CENTRE LOCAL GRID USE ON THE CASH 

SYSTEM AND THE RELATIVE IMPACT OF THE DIGITAL SYSTEM 

Note: All categories in which the sensitivity check decreased/increased the cash payment system, relative to the baseline cash 

payment estimates, are represented by grey bars lower/higher than 100%. If the sensitivity check did not influence the cash 

system, the grey bars remain at 100%. If the green triangles, i.e. the impact of a digital POS payment relative to a cash one in 

the sensitivity check, change relative to the dark blue squares, i.e. the impact of a digital POS payment relative to a cash one in 

the baseline case, without the cash payment being impacted, then this implies that assumptions in the digital payment system 

have been changed. Only in three cases estimates for both payment systems were impacted, namely: data centres local grid 

(Chapter 6.2.10), recycled cards (Chapter 6.2.13), and the worst vs. best case scenario (Chapter 6.2.16).   

 

Source: Oxford Economics.
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6.2.11 More small CCMs (impact on cash payment system) 

The number of small CCMs in usage is hard to estimate and includes high uncertainties regarding 

their true number. In the baseline estimation, we modelled the number of CCMs by scaling the 

number of CCMs in use in Italy to Germany and Finland. To check the influence of this assumption, we 

additionally calculated the number of CCMs by using information from the ECB (2017) as described in 

inventory analysis (see Chapter 4, Subsystem 8). The change in method yielded a significantly higher 

number of small CCMs in all three countries.  

TABLE 38: INVENTORY TABLE ADJUSTMENTS FOR MORE SMALL CCMS  

 Baseline Scenario Sensitivity Check 

Germany Italy Finland Germany Italy Finland 

Assignment Factor  1.49E-08 1.48E-08 1.46E-08 1.73E-06 3.80E-07 1.33E-06 

Source: Oxford Economics 

The results only change slightly in this sensitivity check. Overall, the impact of the cash system is 

rather increased leading to a larger difference between the estimated impacts of a digital vs. a cash 

POS transaction. The impact categories affected the most were freshwater eutrophication, freshwater 

ecotoxicity, and marine ecotoxicity. No results were flipped. 

6.2.12 No small CCMs (impact on cash payment system) 

Moreover, we run the model without any small CCMs as an additional sensitivity check due to the 

number of small CCMs being difficult to estimate.  

TABLE 39: INVENTORY TABLE ADJUSTMENTS FOR NO SMALL CCMS  

 Baseline Scenario Sensitivity Check 

Germany Italy Finland Germany Italy Finland 

Assignment Factor  1.49E-08 1.48E-08 1.46E-08 / / / 

Source: Oxford Economics 

The estimated results remain the same and no relevant changes in the estimated impacts occur. 

6.2.13 Recycled cards (impact on cash and digital payment system) 

As another sensitivity check, we analysed whether assuming that cards are produced from recycled 

Polyethylene rather than virgin PVC as in the baseline significantly alters the obtained environmental 

impacts. Changing this assumption could influence both the digital payment system as well as the 

environmental impact of cash transactions, due to cards being used to withdraw money from ATMs.  
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FIGURE 74: IMPACT OF A LONGER LIFETIME OF BANKNOTES ON THE CASH SYSTEM AND THE 

RELATIVE IMPACT OF THE DIGITAL SYSTEM 

Note: All categories in which the sensitivity check decreased/increased the cash payment system, relative to the baseline cash 

payment estimates, are represented by grey bars lower/higher than 100%. If the sensitivity check did not influence the cash 

system, the grey bars remain at 100%. If the green triangles, i.e. the impact of a digital POS payment relative to a cash one in 

the sensitivity check, change relative to the dark blue squares, i.e. the impact of a digital POS payment relative to a cash one in 

the baseline case, without the cash payment being impacted, then this implies that assumptions in the digital payment system 

have been changed. Only in three cases estimates for both payment systems were impacted, namely: data centres local grid 

(Chapter 6.2.10), recycled cards (Chapter 6.2.13), and the worst vs. best case scenario (Chapter 6.2.16).   

 

Source: Oxford Economics. 
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FIGURE 75: IMPACT NO OVERHEAD DURING COIN PRODUCTION ON THE CASH SYSTEM AND 

THE RELATIVE IMPACT OF THE DIGITAL SYSTEM 

Note: All categories in which the sensitivity check decreased/increased the cash payment system, relative to the baseline cash 

payment estimates, are represented by grey bars lower/higher than 100%. If the sensitivity check did not influence the cash 

system, the grey bars remain at 100%. If the green triangles, i.e. the impact of a digital POS payment relative to a cash one in 

the sensitivity check, change relative to the dark blue squares, i.e. the impact of a digital POS payment relative to a cash one in 

the baseline case, without the cash payment being impacted, then this implies that assumptions in the digital payment system 

have been changed. Only in three cases estimates for both payment systems were impacted, namely: data centres local grid 

(Chapter 6.2.10), recycled cards (Chapter 6.2.13), and the worst vs. best case scenario (Chapter 6.2.16)  

 

Source: Oxford Economics. 
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 Baseline Scenario Sensitivity Check 

Germany Italy Finland Germany Italy Finland 

Transport to reach the 

next ATM/CRM by 

motor scooter 

/ 
8,318,620.43 

km 
/ 0km 0km 0km 

No refurbishment of terminals 

Average lifespan of a 

terminal (in years) 

including refurbishing 

rates 

5.57 5.11 5.7 5 5 5 

Assignment factor for 

one payment terminal 

(production) 

3.46E-05 1.57E-04 2.17E-05 3.86E-05 1.61E-04 2.47E-05 

Assignment factor for 

average distance from 

customer to 

warehouse for 

disposal/recycling for 

one POS terminal in 

2022 

3.46E-05 1.57E-04 2.17E-05 3.86E-05 1.61E-04 2.47E-05 

Assignment factor for 

average distance from 

warehouse to waste 

treatment 

2.94E-05 1.43E-04 1.51E-05 3.28E-05 1.46E-04 1.72E-05 

Assignment factor for 

average distance from 

warehouse to recycling 

company for one POS 

terminal in 2022 

1.26E-06 1.08E-05 3.59E-06 1.40E-06 1.10E-05 4.10E-06 

Assignment factor for 

average distance from 

warehouse to the port 

of Rotterdam 

3.94E-06 3.59E-06 3.01E-06 / / / 

Assignment factor for 

average distance from 

the port of Rotterdam 

to the port of Malaysia 

3.94E-06 3.59E-06 / / / / 

Assignment factor for 

refurbished terminals 

as a whole 

3.94E-06 3.94E-06 3.94E-06 / / / 

Printing of two paper receipts 

Assignment Factor 

Operation 
1.54 1.08 1.08 2.00 

Energy use per 

terminal Printing only 

per day 

0.000578 kWh 
0.000097 

kWh 

0.000504 

kWh 

0.000751 

kWh 

0.000180 

kWh 

0.000933 

kWh 

Energy use per 

terminal for non-

processing time 

0.004746 kWh 
0.004788 

kWh 

0.004736 

kWh 

0.004743 

kWh 

0.004786 

kWh 

0.004729 

kWh 

Higher energy use of digital data centres 

Assignment Factor 

Production 
1.81E-11 2.05E-11 2.40E-11 3.04E-11 3.28E-11 3.62E-11 
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FIGURE 76: IMPACT OF THE WORST-CASE DIGITAL SCENARIO VS. BEST-CASE CASH SCENARIO 

ON THE CASH SYSTEM AND THE RELATIVE IMPACT OF THE DIGITAL SYSTEM 

Note: All categories in which the sensitivity check decreased/increased the cash payment system, relative to the baseline cash 

payment estimates, are represented by grey bars lower/higher than 100%. If the sensitivity check did not influence the cash 

system, the grey bars remain at 100%. If the green triangles, i.e. the impact of a digital POS payment relative to a cash one in 

the sensitivity check, change relative to the dark blue squares, i.e. the impact of a digital POS payment relative to a cash one in 

the baseline case, without the cash payment being impacted, then this implies that assumptions in the digital payment system 

have been changed. Only in three cases estimates for both payment systems were impacted, namely: data centres local grid 

(Chapter 6.2.10), recycled cards (Chapter 6.2.13), and the worst vs. best case scenario (Chapter 6.2.16)  

 

Source: Oxford Economics. 
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Although the predefined categories for each dimension help to increase comparability across LCA 

studies, it was sometimes challenging to select the right category for a specific variable. For instance, 

although data used to model the material inputs of a euro coin are more than three years old, it could 

be argued that it is valid to assume the best category concerning temporal correlation since euro coin 

inputs are normed and thus remain the same. To ensure the highest quality of our analysis, we chose 

to be conservative in the data quality assessment and picked the lower ranking category whenever 

categorisation was questionable. The pedigree matrices are displayed in Appendix 4. 

6.3.1 All impact categories 

The results of our Monte-Carlo simulations for all impact categories are shown in Figure 77. More detailed results can be found 

in Source: Oxford Economics 

 

Appendix 6. 



The Environmental Impact of Digital Over Cash Payments 

 

209 

FIGURE 77: MONTE CARLO SIMULATION RESULTS FOR AN AVERAGE CASH AND DIGITAL POS 

PAYMENT ACROSS ALL IMPACT CATEGORIES 

 

Source: Oxford Economics 

For most impact categories, an average cash payment had a larger environmental impact than an 

average digital payment in 100% of the iterations. In other words, paying digitally at POS has a lower 
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FIGURE 79: MEAN IMPACT OF A DIGITAL POS TRANSACTION ON GWP BY PHASE 

 

Note: Bars indicate 95% confidence intervals  

Source: Oxford Economics 

Turning to the cash system, the standard deviation is largest in the operation phase in all countries, 

followed by the production and end-of-life phases (see Figure 80). In the production and operation 

phase, the spread is biggest in Finland and lowest in Italy. In the end-of-life phase, it is the largest in 

Italy and lowest in Germany. For all countries, the operation phase has the largest impact on GWP 

followed by the production and the operation phase with high certainty. 

FIGURE 80: MEAN IMPACT OF A CASH POS TRANSACTION ON GWP BY PHASE 

 

Note: Bars indicate 95% confidence intervals  

Source: Oxford Economics 

6.3.3 Mineral resource scarcity 

Figure 81 illustrates the average difference in the impact on mineral resource scarcity between the 

cash and the digital POS payment system across all simulation runs as well as the 95% confidence 

intervals. 
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FIGURE 81: DIFFERENCE IN MEAN IMPACT ON MINERAL RESOURCE SCARCITY BETWEEN CASH 

AND DIGITAL POS TRANSACTIONS 

 

Note: Bars indicate 95% confidence intervals  

Source: Oxford Economics 

In our simulations, the impact on mineral resource scarcity is on average 0.3 g CU eq. larger for a cash 

POS transaction than a digital one in Germany, 0.1 g CU eq. larger in Italy, and 0.5 g CU eq. larger in 

Finland. In Germany, we estimate that the 95% confidence interval for the difference in impact 

between a cash and a digital POS transaction is between 0.21 and 0.39 g CU eq. The 95% confidence 

interval for Italy is between 0.05 and 0.22 g CU eq. and for Finland between 0.33 and 0.85 g CU eq. 

Thus, we can reject the possibility that a digital POS transaction has a larger impact on mineral 

resource scarcity than a cash one with high certainty in all countries. Comparing the results across the 

analysed countries, highest uncertainty is associated with the results for Italy and lowest for Finland. 

Additionally, there is some uncertainty about which country has the largest difference in impact 

between a cash and a digital POS transaction. 

Looking at the digital POS payment system, the standard deviation is the largest in the production 

phase in all countries (see Figure 82). Furthermore, there is high certainty about the ordering of the 

different phases. In all three countries, the impact is largest in the production phase and smallest in 

the end-of-life phase with high certainty.  
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FIGURE 82: MEAN IMPACT OF A DIGITAL POS TRANSACTION ON MINERAL RESOURCE 

SCARCITY BY PHASE 

 

Note: Bars indicate 95% confidence intervals  

Source: Oxford Economics 

The Monte-Carlo results of the cash POS payment system are shown in Figure 83. The standard 

deviation is largest in the production phase in Germany and Italy. In contrast, it is larger in the 

operation phase compared to the production phase in Finland. The high uncertainty in the production 

and operation phases means that we cannot say with high certainty which phase has the larger impact 

in any of the three countries. Our results suggest, however, that the end-of-life phase very likely has 

the smallest impact in Germany and Finland. 

FIGURE 83: MEAN IMPACT OF A CASH POS TRANSACTION ON MINERAL RESOURCE SCARCITY 

BY PHASE 

 

Note: Bars indicate 95% confidence intervals  

Source: Oxford Economics 
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6.3.4 Ionizing radiation 

Finally, Figure 84 depicts the average difference in the impact on ionizing radiation between the cash 

and the digital POS payment system across all simulation runs as well as the 95% confidence intervals. 

FIGURE 84: DIFFERENCE IN MEAN IMPACT ON IONIZING RADIATION BETWEEN CASH AND 

DIGITAL POS TRANSACTIONS 

 

Note: Bars indicate 95% confidence intervals  

Source: Oxford Economics 

Our simulations suggest that the impact on ionizing radiation is on average 1.16 Bq Co-60 equivalents 

larger for a cash POS transaction than a digital one in Germany, 0.057 Bq Co-60 equivalents smaller in 

Italy, and 3.29 Bq Co-60 equivalents larger in Finland. In Germany, we estimate that the 95% 

confidence interval for the difference in impact between a cash and a digital POS transaction is 

between 0.12 and 5.81 Bq Co-60 equivalents. The 95% confidence interval for Italy is between -0.41 

and 0.13 Bq Co-60 equivalents and for Finland between 0.45 and 15.2 Bq Co-60 equivalents. In 

particular, the result for Italy means that we cannot reject with high certainty the possibility that a cash 

POS transaction has a larger impact on ionizing radiation than a digital one. There is also uncertainty 

over the ordering between the three countries. For example, we cannot reject with high certainty the 

possibility that the difference in the impact between a cash and a digital POS transaction is larger in 

Germany compared to Finland. 

The average impact and the 95% confidence intervals for each phase of a digital POS transaction are 

displayed in Figure 85. One can see that the standard deviation is largest in the operation phase in all 

three countries. There is also significant uncertainty about the ordering of the different phases: it is 

uncertain whether the production or the operation phase has a larger impact in all countries. 
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FIGURE 85: MEAN IMPACT OF A DIGITAL POS TRANSACTION ON IONIZING RADIATION BY 

PHASE 

 

Note: Bars indicate 95% confidence intervals  

Source: Oxford Economics 

The simulation results for the cash POS payment system are shown in Figure 86. The standard 

deviation is the largest in the operation phase in all three countries. Our results also show that there is 

significant uncertainty about whether the impact on ionizing radiation is highest in the production or 

the operation phase in all countries. 

FIGURE 86: MEAN IMPACT OF A CASH POS TRANSACTION ON IONIZING RADIATION BY PHASE 

 

Note: Bars indicate 95% confidence intervals  

Source: Oxford Economics 
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for 2022. Thus, older data have been used whenever necessary introducing a further source of 

uncertainty. 

Another point to highlight once again is that only POS transactions were considered. All other 

payments, such as online purchases or P2P payments, were out of the scope of the study. This is 

especially important as many digital payments are not conducted at POS and it could be argued that 

increased digital payments go hand in hand with increased online purchases. However, estimating 

these impacts and analysing potential substitution effects are not part of this study. Here, only POS 

transactions were analysed, and the results only hold given everything else remains constant. 

Furthermore, it should be noted that since a market activity was studied instead of a product, many 

stakeholders were involved and gaining primary data was tough. Yet, as some data referred to 

normalised inputs, for example for coins and banknotes, secondary data should not be of less quality. 

For other subsystems, the combination of different literature and use of secondary data was more 

problematic. For example, to approximate the material inputs for ATMs/CRMs in Germany correctly, it 

would be necessary to have data on the distribution of providers and models used and gather 

information on the material inputs, production processes etc. for all the different models to build an 

average ATM/CRM for each country. Yet as this was not feasible, we aimed to identify the market-

leading companies or models and approximate them. Again, often secondary data with a possibly 

lower reliability from the literature or public company reports were used. 

Concerning the main data sources, we heavily relied on the payment statistics (ECB, 2022b) and the 

SPACE report (ECB, 2022a) to estimate the number of cash and digital POS payments that were used 

in all subsystems and are decisive for the results. We typically estimated the impact for a whole 

system, i.e., the material inputs for one ATM, and divided it by the number of cash or digital POS 

payments. Other numbers would impact every subsystem and change the results drastically. However, 

as both statistics stem from reliable sources and there were no better options to the best of our 

knowledge, we deem the data quite reliable. Still, feedback from several stakeholders has revealed 

that the numbers published might underestimate the number of digital payments in Germany. 

Furthermore, some data inconsistencies have been spotted in the Italian numbers of the Payment 

statistics, which could not be resolved by asking the respective authorities. 

In general, packaging and transport data were often approximated, and software inputs were never 

considered. If in question, we mostly opted for the conservative option, rather overestimating the 

impact of an average digital payment system than underestimating it and vice versa for the average 

cash payment system. 

Subsystems 1 and 9 - Cards 

In terms of data uncertainties in the digital payment system, we could use some updated data and 

verify the effect of newer trends in the sensitivity checks. Regarding subsystems 1 and 9, i.e., payment 

cards, data availability was comparatively good. Both systems were modelled identically with varying 

assignment factors. Since the assignment factors used for the digital systems were identical to the 

ones used in the cash system or larger, the overall inventory had larger effects on the digital system.  

Material inputs were taken from a well-published study that nevertheless was published in 2017. Some 

uncertainty was associated with the production location of the chip and card body. This is important 

since for many impact categories, transport (by aircraft) had the largest effect, such as for GWP and 

























The Environmental Impact of Digital Over Cash Payments 

 

231 

Böwing, N. (2013, December 22). Warum deutsche Geldtransporter der Renner sind. Retrieved October 

2023, 04, from Welt: https://www.welt.de/motor/article123023475/Warum-deutsche-

Geldtransporter-der-Renner-sind.html 

Boyo, S. (2022, November 20). Why the U.S. trails China in phone manufacturing. Retrieved September 

29, 2023, from https://www.cnbc.com/2022/11/20/why-the-us-trails-china-in-phone-

manufacturing.html 

Brocklehurst, F. (2022). International review of energy efficiency in Data Centres for IEA EBC Building 

Energy Codes Working Group. Richland: Battelle Memorial Institute. 

Bundesverwaltungsamt. (2023). Die Aufgaben. Retrieved September 14, 2023, from 

https://www.muenze-deutschland.de/: https://www.muenze-deutschland.de/wir-ueber-

uns/aufgaben 

Butterworth, C. (2023, March 6). Retrieved January 17, 2023, from The carbon impact of AI vs search 

engines: https://weareyard.com/insights/the-carbon-impact-of-ai-vs-search-engines 

Carbon Trust. (2021). Carbon Impact of Video Streaming. Retrieved from 

https://ctprodstorageaccountp.blob.core.windows.net/prod-drupal-

files/documents/resource/public/Carbon-impact-of-video-streaming.pdf 

ChoosePaper. (2020, January 31). Paper receipts remain essential choice for shoppers following the EU 

BPA ban. Retrieved Octobre 11, 2023, from https://www.choosepaper.org/paper-receipts-

remain-essential-choice-for-shoppers-following-the-eu-bpa-ban/#_ftn1 

Ciroth, A., Muller, S., Weidema, B., & Lesage, P. (2016). Empirically based uncertainty factors for the 

pedigree matrix in ecoinvent. The International Journal of Life Cycle Assessment(21), 1338-1348. 

Danish Payments Council. (2016). Report on the role of cash in society. Danmarks Nationalbank. 

Deinhammer, H., & Ladi, A. (2017). Modelling euro banknote quality in circulation. Occasional Paper 

Series, 1-75. 

Deutsche Bundesbank. (2015). Euro coins held for transaction purposes in Germany. Monthly report 

April 2015, 61-74. 

Deutsche Bundesbank. (2020). Cash withdrawals and payments in urban and rural areas. Monthly 

Report , S. 33-44. 

Deutsche Bundesbank. (2022). Zugang zu Bargeld in Deutschland - Ergebnisse einer repräsentativen 

Bevölkerungsbefragung. Deutsche Bundesbank. 

Deutsche Bundesbank. (2022b). Zugang zu Bargeld in Duetschland - Ergebnisse einer repräsentativen 

Bevölkerungsbefragung. Deutsche Bundesbank. 

Deutsche Bundesbank. (2023a). Beschädigtes Geld. Retrieved September 14, 2023, from 

https://www.bundesbank.de/de/aufgaben/bargeld/beschaedigtes-geld/beschaedigtes-geld-

599292 

Deutsche Bundesbank. (2023b). Häufig gestellte Fragen zu Euro-Banknoten. Retrieved September 25, 

2023, from https://www.bundesbank.de/de/aufgaben/bargeld/haeufig-gestellte-fragen-faq-









The Environmental Impact of Digital Over Cash Payments 

 

235 

level. Report I: Characterization. National Institute for Public Health and the Environment 

(RIVM). 

Huijbregts, M. A., Steinmann, Z. J., Elshout, P. M., Stam, G., Verones, F., Vieira, M., . . . van Zelm, R. 

(2017). ReCiPe 2016: a harmonised life cycle impact assessment method at midpoint and 

endpoint level. International Journal of Life Cycle Assessment, 138-147. 

IMPARGO. (2023). Lademeter (ldm) einfach berechnen. Retrieved October 11, 2023, from 

https://impargo.de/blog/ldm-berechnen 

in 't Groen, B., Stengs, L., & Zanneveld, N. (2017). European Standards for Waste Electrical and 

Electronic Equipment (WEEE). Brussels: European Electrotechnical Committee for 

Standardization (CENELEC). Retrieved from https://www.cencenelec.eu/media/CEN-

CENELEC/AreasOfWork/CEN-

CENELEC_Topics/Environment%20and%20Sustainability/Quicklinks%20General/Documentation

%20and%20Materials/weee-brochure.pdf 

infas, DLR, & IVT Research GmbH. (2019). Mobilität in Deutschland - Zeitreihenbericht 2002-2008-

2017. Bonn: Bundesministerium für Verkehr und digitale Infrastruktur. 

International Telecommunication Union. (2014). Methodology for environmental life cycle assessments 

of information and communication technology goods, networks and services.  

ISO 14040. (2006). Environmental management - Life cycle assessment - Principles and framework.  

Jenkins, K. (2014). Superior Manufacturing Reduces Errors . Von United States Mint: 

https://www.usmint.gov/news/inside-the-mint/superior-manufacturing-reduces-errors 

abgerufen 

Laurent, A., Dal Maso, M., Wang, X., Zhu, X., & Prata Dias, G. (2020). Environmental sustainability of 

data centres: A need for a multi-impact and life cycle approach. Copenhagen: Copenhagen 

Centre on Energy Efficiency. 

Leichsenring, H. (2018). Die technischen Daten des ersten deutschen Geldautomaten. Retrieved 

September 2023, 28, from Der Bank Blog: https://www.der-bank-blog.de/problemloeser-

geldautomat/fotostrecke/33708/5/ 

Leopold, S., & Englesson, N. (2017). How Eco friendly is our money and is there an alternative? 

Retrieved November 21, 2023, from https://papers.netrogenic.com/sid/eco-friendly-money.pdf 

Lindgreen, E. R., van Schendel, M., Jonker, N., Kloek, J., de Graaff, L., & Davidson, M. (2017). Evaluating 

the environmental impact of debit card payments. Amsterdam: De Nederlandsche Bank NV. 

Lindgreen, E. R., van Schendel, M., Jonker, N., Kloek, J., de Graaff, L., & Davidson, M. (2023). Author 

Correction to: Evaluating the environmental impact of debit card payments. The International 

Journal of Life Cycle Assessment 28, 1799-1801. 

Lizenzero. (2023). Verpackungslizenz Rechner. Retrieved October 11, 2023, from 

https://www.lizenzero.de/verpackungslizenz-kosten/kostenrechner-berechnungshilfe/ 





The Environmental Impact of Digital Over Cash Payments 

 

237 

PEP. (2023). PSR - specific rules for electrical switchgear and control gear - Solutions. PEP 

ecopoassport. Retrieved September 2023, 29, from https://register.pep-

ecopassport.org/documents/public/PSR-0005-EN 

PRé Sustainability. (2014). Improved pedigree matrix approach for ecoinvent. Retrieved October 27, 

2023, from https://pre-sustainability.com/articles/improved-pedigree-matrix-approach-for-

ecoinvent/ 

PRé Sustainability. (2022). SimaPro database manual - methods library. PRé Sustainability B.V. 

PRé Sustainability B.V. (2023). SimaPro 9.5. Von https://support.simapro.com/s/article/Release-Notes 

abgerufen 

Rankl, W., & Effing, W. (2010). Smart Card Handbook (Fourth Edition ed.). John Wiley & Sons. 

Reuters. (2023). Mastercard launches global plan to recycle credit cards. Von Reuters: 

https://www.reuters.com/sustainability/mastercard-launches-global-plan-recycle-credit-cards-

2023-06-21/ abgerufen 

Rohleder, B. (2023). Rechenzentren in Deutschland. Retrieved September 4, 2023, from Bitkom: 

https://www.bitkom.org/sites/main/files/2023-05/Rechenzentren2023PKCharts.pdf 

Runnemark, E., Hedman, J., & Xiao, X. (2015). Do consumers pay more using debit cards than cash? 

Electronic Commerce Research and Applications, 285-291. 

Sánchez, D., Proske, M., & Baur, S.-J. (2022). Life cycle assessment of the Fairphone 4. Berlin: 

Fraunhofer IZM. 

SeaRates. (2023). Searates Distances. Retrieved October 25, 2023, from 

https://www.searates.com/services/distances-time/ 

Siddik, M., Shehabi, A., & Marston, L. (2021). The environmental footprint of data centers in the United 

States. Environmental Research Letters, 1-11. 

Tessloff. (2023). Wie viele Chips sind in einem Personal Computer? Retrieved September 2023, 26, 

from https://www.tessloff.com/was-ist-was/archiv/Technik/Eure-Fragen/wie-viele-chips-sind-in-

einem-personal-

computer.html#:~:text=Chip%20ist%20ja%20nur%20eine,eine%20Reihe%20von%20Funktionen

%20%C3%BCbernimmt. 

Thales. (2022). Factsheet - Thales in Singapore. thalesgroup.com. Retrieved September 19, 2023, from 

https://www.thalesgroup.com/sites/default/files/2022-12/Singapore_Country_Factsheet_-

_Feb_2022_-_English.pdf 

Traficom. (2023). Henkilöliikenne-tukimus 2021. Traficom. Retrieved from 

https://www.traficom.fi/sites/default/files/media/publication/valtakunnallinen%20henkil%C3%B

6liikennetutkimus_paaraportti_20230406.pdf 

Vilabrille Paz, C., Ciroth, A., Mitra, A., Birnbach, M., & Wunsch, N. (2022). Comparative Life Cycle 

Assessment of Menstrual Products. DeltaGreen GmbH. 





The Environmental Impact of Digital Over Cash Payments 

 

239 

APPENDIX 1: OVERVIEW OF RECIPE 2016 IMPACT 

CATEGORIES 

TABLE 45: DESCRIPTION OF THE MIDPOINT IMPACT CATEGORIES 

Midpoint Impact Category Characterisation Factor Unit Importance 

Climate Change Global Warming Potential kg CO2 eq. to air 

Increased atmospheric concentration of GHG will 

increase radiative forcing capacity, leading to an increase 

in the global mean temperature. This can cause diseases 

and malnutrition. Further, it can cause damage to 

freshwater and terrestrial species. 

Ozone Depletion Ozone depletion potential 
kg CFC 

-11 eq. to air 

Emissions of ozone-depleting substances destroy ozone 

molecules, thereby decreasing ozone levels. This can 

cause an increase in various types of cancer as well as in 

other diseases due to the increased UVB radiation. 

Ionising Radiation Ionising radiation potential kBq Co-60 eq. to air 

Burning coal and nuclear fuel cycles (e.g., mining, waste 

disposal) generate emissions of radionuclides which can 

affect human health (causing various types of cancer as 

well as other diseases) 

Fine Particulate Matter Formation 
Particulate matter formation 

potential 
kg PM2.5 eq. to air 

Air pollution through fine particular matter (e.g., NOx, 

NH3) that causes aerosols in the atmosphere can lead to 

an increase in respiratory disease. 

Ozone Formation: Human Health 
Photochemical oxidant formation: 

humans 
kg Nox eq. to air 

Ground-level ozone formation is hazardous to human 

health as it can cause an increase in respiratory disease. 
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APPENDIX 2: DETAILED IMPACT ASSESSMENT RESULTS 

TABLE 46: CHARACTERISATION RESULTS FOR THE PRODUCTION PHASE OF THE CASH SYSTEM IN GERMANY 

Impact category Unit Total 
Fictional 

coin 

Fictional 

banknote 
ATM/CRM 

Cash 

Transport 

Cash 

Counting 

Data Centre 

Cash 
Card Cash 

Global warming kg CO2 eq 5.54E-03 1.35E-03 3.47E-04 3.06E-03 5.79E-04 6.37E-06 1.71E-05 1.79E-04 

Stratospheric ozone depletion kg CFC11 eq 3.00E-09 9.18E-10 1.02E-09 8.08E-10 1.83E-10 2.61E-12 8.35E-12 5.51E-11 

Ionizing radiation kBq Co-60 eq 3.57E-05 9.64E-06 3.37E-06 1.92E-05 2.48E-06 4.37E-08 1.30E-07 8.06E-07 

Ozone formation, Human health kg NOx eq 1.84E-05 7.55E-06 1.15E-06 7.43E-06 1.53E-06 1.86E-08 6.23E-08 6.65E-07 

Fine particulate matter formation kg PM2.5 eq 2.14E-05 1.44E-05 5.98E-07 4.98E-06 1.14E-06 1.27E-08 5.41E-08 2.01E-07 

Ozone formation, Terrestrial ecosystems kg NOx eq 1.93E-05 7.77E-06 1.20E-06 7.95E-06 1.64E-06 1.93E-08 6.43E-08 6.92E-07 

Terrestrial acidification kg SO2 eq 5.80E-05 4.38E-05 1.97E-06 9.28E-06 2.24E-06 2.67E-08 1.29E-07 5.74E-07 

Freshwater eutrophication kg P eq 8.75E-07 2.68E-07 2.18E-07 3.28E-07 4.37E-08 1.40E-09 3.36E-09 1.23E-08 

Marine eutrophication kg N eq 1.32E-06 5.22E-08 1.03E-06 2.16E-07 1.09E-08 6.78E-10 4.17E-10 1.03E-08 

Terrestrial ecotoxicity kg 1,4-DCB 3.19E-01 2.94E-01 1.87E-03 1.78E-02 3.56E-03 4.34E-05 5.90E-04 1.20E-03 

Freshwater ecotoxicity kg 1,4-DCB 3.20E-05 1.15E-05 6.04E-06 1.16E-05 2.47E-06 5.08E-08 1.65E-07 2.01E-07 

Marine ecotoxicity kg 1,4-DCB 1.88E-04 1.43E-04 4.27E-06 3.31E-05 5.52E-06 2.24E-07 1.03E-06 8.71E-07 

Human carcinogenic toxicity kg 1,4-DCB 7.19E-04 2.47E-04 5.03E-06 3.99E-04 6.55E-05 1.53E-07 9.29E-07 1.69E-06 

Human non-carcinogenic toxicity kg 1,4-DCB 1.85E-02 1.68E-02 1.95E-04 1.15E-03 2.75E-04 4.75E-06 4.05E-05 8.26E-05 

Land use m2a crop eq 7.79E-04 1.33E-04 4.53E-04 1.09E-04 1.36E-05 2.28E-07 7.71E-07 6.88E-05 

Mineral resource scarcity kg Cu eq 2.87E-04 1.85E-04 1.74E-06 8.40E-05 1.44E-05 1.72E-07 9.12E-07 6.58E-07 

Fossil resource scarcity kg oil eq 1.36E-03 3.27E-04 8.87E-05 7.35E-04 1.45E-04 1.73E-06 4.26E-06 5.64E-05 

Water consumption m3 1.30E-04 2.55E-05 8.29E-05 1.62E-05 3.62E-06 4.23E-08 1.46E-07 1.24E-06 
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TABLE 47: CHARACTERISATION RESULTS FOR THE OPERATION PHASE OF THE CASH SYSTEM IN GERMANY 

Impact category Unit Total Cash Transport ATM/CRM Cash Counting Data Centre Cash 

Global warming kg CO2 eq 1.24E-02 4.61E-04 1.18E-02 2.13E-05 1.24E-04 

Stratospheric ozone depletion kg CFC11 eq 4.81E-09 1.08E-10 4.63E-09 1.12E-11 5.88E-11 

Ionizing radiation kBq Co-60 eq 7.73E-05 5.14E-07 7.19E-05 2.92E-07 4.60E-06 

Ozone formation, Human health kg NOx eq 2.78E-05 2.31E-06 2.52E-05 2.46E-08 2.30E-07 

Fine particulate matter formation kg PM2.5 eq 1.10E-05 5.07E-07 1.03E-05 1.43E-08 1.77E-07 

Ozone formation, Terrestrial ecosystems kg NOx eq 2.95E-05 2.42E-06 2.68E-05 2.53E-08 2.38E-07 

Terrestrial acidification kg SO2 eq 2.68E-05 1.15E-06 2.52E-05 4.07E-08 4.51E-07 

Freshwater eutrophication kg P eq 8.29E-07 3.12E-09 8.11E-07 3.16E-09 1.21E-08 

Marine eutrophication kg N eq 1.67E-07 1.06E-08 1.55E-07 9.94E-11 8.42E-10 

Terrestrial ecotoxicity kg 1,4-DCB 6.76E-02 7.78E-03 5.89E-02 1.08E-04 7.85E-04 

Freshwater ecotoxicity kg 1,4-DCB 2.45E-05 1.34E-06 2.30E-05 1.50E-08 1.66E-07 

Marine ecotoxicity kg 1,4-DCB 7.06E-05 6.03E-06 6.37E-05 6.62E-08 7.47E-07 

Human carcinogenic toxicity kg 1,4-DCB 2.00E-04 2.68E-06 1.95E-04 1.97E-07 1.36E-06 

Human non-carcinogenic toxicity kg 1,4-DCB 3.67E-03 1.34E-04 3.46E-03 8.24E-06 6.23E-05 

Land use m2a crop eq 3.05E-04 2.37E-05 2.76E-04 4.60E-07 4.42E-06 

Mineral resource scarcity kg Cu eq 5.49E-05 5.22E-07 5.36E-05 7.09E-08 7.11E-07 

Fossil resource scarcity kg oil eq 3.41E-03 1.49E-04 3.22E-03 5.22E-06 3.39E-05 

Water consumption m3 5.49E-05 8.45E-07 5.19E-05 1.54E-07 1.94E-06 

Source: Oxford Economics 
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TABLE 48: CHARACTERISATION RESULTS FOR THE END-OF-LIFE PHASE OF THE CASH SYSTEM IN GERMANY 

Impact category Unit Total 
Fictional 

coin 
ATM/CRM 

Fictional 

Banknote 

Cash 

Transport 

Cash 

Counting 

Data Centre 

Cash 
Card Cash 

Global warming kg CO2 eq 1.65E-04 3.13E-06 5.51E-05 5.28E-05 2.64E-05 5.66E-07 1.64E-07 2.66E-05 

Stratospheric ozone depletion kg CFC11 eq 2.28E-10 4.63E-12 2.55E-11 1.65E-10 1.23E-11 8.95E-14 1.10E-13 2.04E-11 

Ionizing radiation kBq Co-60 eq 3.85E-07 2.01E-08 3.35E-08 3.06E-07 1.82E-08 2.32E-11 3.05E-11 7.09E-09 

Ozone formation, Human health kg NOx eq 7.06E-07 1.18E-08 4.76E-07 1.78E-07 1.94E-08 1.27E-10 7.36E-11 2.09E-08 

Fine particulate matter formation kg PM2.5 eq 1.60E-07 2.80E-09 1.06E-07 3.48E-08 1.07E-08 2.39E-11 2.08E-11 5.28E-09 

Ozone formation, Terrestrial ecosystems kg NOx eq 7.23E-07 1.22E-08 4.88E-07 1.81E-07 1.99E-08 1.29E-10 7.50E-11 2.13E-08 

Terrestrial acidification kg SO2 eq 3.43E-07 6.93E-09 2.05E-07 1.03E-07 1.53E-08 6.21E-11 6.12E-11 1.29E-08 

Freshwater eutrophication kg P eq 5.47E-09 3.02E-10 4.66E-10 4.02E-09 2.19E-10 3.05E-12 7.54E-13 4.59E-10 

Marine eutrophication kg N eq 4.59E-09 7.54E-11 1.34E-09 2.65E-09 2.47E-10 7.36E-13 6.75E-13 2.82E-10 

Terrestrial ecotoxicity kg 1,4-DCB 2.81E-04 2.66E-05 1.12E-04 6.38E-05 4.87E-05 3.53E-07 8.25E-08 2.95E-05 

Freshwater ecotoxicity kg 1,4-DCB 2.10E-06 5.75E-09 6.22E-07 7.13E-08 1.36E-06 2.41E-09 8.29E-09 3.59E-08 

Marine ecotoxicity kg 1,4-DCB 3.01E-06 2.17E-08 9.20E-07 1.26E-07 1.86E-06 3.51E-09 1.13E-08 6.72E-08 

Human carcinogenic toxicity kg 1,4-DCB 2.50E-06 3.97E-08 5.32E-07 1.51E-06 1.69E-07 1.97E-09 6.55E-10 2.42E-07 

Human non-carcinogenic toxicity kg 1,4-DCB 4.39E-05 1.27E-06 7.66E-06 1.91E-05 1.05E-05 4.11E-08 5.78E-08 5.32E-06 

Land use m2a crop eq 1.27E-06 1.01E-07 4.37E-07 5.25E-07 1.20E-07 2.21E-10 1.29E-09 8.72E-08 

Mineral resource scarcity kg Cu eq 1.93E-07 5.44E-09 8.34E-08 7.03E-08 1.62E-08 6.09E-11 1.03E-10 1.72E-08 

Fossil resource scarcity kg oil eq 2.43E-05 8.41E-07 1.33E-05 8.51E-06 9.02E-07 3.32E-09 2.40E-09 7.43E-07 

Water consumption m3 9.53E-07 1.54E-08 9.38E-08 3.17E-07 4.29E-08 1.41E-10 2.36E-10 4.83E-07 

Source: Oxford Economics 
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TABLE 49: CHARACTERISATION RESULTS FOR THE PRODUCTION PHASE OF THE DIGITAL SYSTEM IN GERMANY 

Impact category Unit Total Card Digital Terminal Smartphone Data Centre Digital 

Global warming kg CO2 eq 0.001946743 0.000920319 0.000674262 6.30E-08 0.000352099 

Stratospheric ozone depletion kg CFC11 eq 7.35E-10 2.84E-10 2.79E-10 2.84E-14 1.72E-10 

Ionizing radiation kBq Co-60 eq 1.16E-05 4.15E-06 4.83E-06 5.06E-10 2.67E-06 

Ozone formation, Human health kg NOx eq 6.97E-06 3.42E-06 2.26E-06 1.49E-10 1.28E-06 

Fine particulate matter formation kg PM2.5 eq 3.58E-06 1.03E-06 1.43E-06 1.19E-10 1.11E-06 

Ozone formation, Terrestrial ecosystems kg NOx eq 7.23E-06 3.56E-06 2.35E-06 1.55E-10 1.32E-06 

Terrestrial acidification kg SO2 eq 8.68E-06 2.95E-06 3.07E-06 2.17E-10 2.66E-06 

Freshwater eutrophication kg P eq 2.41E-07 6.33E-08 1.09E-07 1.26E-11 6.91E-08 

Marine eutrophication kg N eq 8.82E-08 5.29E-08 2.67E-08 3.47E-12 8.58E-09 

Terrestrial ecotoxicity kg 1,4-DCB 2.57E-02 6.19E-03 7.41E-03 3.04E-07 0.012142515 

Freshwater ecotoxicity kg 1,4-DCB 9.21E-06 1.03E-06 4.77E-06 2.20E-10 3.40E-06 

Marine ecotoxicity kg 1,4-DCB 5.11E-05 4.48E-06 2.54E-05 5.59E-10 2.12E-05 

Human carcinogenic toxicity kg 1,4-DCB 4.58E-05 8.71E-06 1.79E-05 9.31E-10 1.91E-05 

Human non-carcinogenic toxicity kg 1,4-DCB 1.86E-03 4.25E-04 6.05E-04 3.17E-08 0.000832586 

Land use m2a crop eq 3.96E-04 3.54E-04 2.61E-05 1.19E-09 1.59E-05 

Mineral resource scarcity kg Cu eq 4.55E-05 3.38E-06 2.33E-05 4.34E-10 1.88E-05 

Fossil resource scarcity kg oil eq 0.000561625 2.90E-04 0.0001838 1.58E-08 8.76E-05 

Water consumption m3 1.54E-05 6.39E-06 6.06E-06 3.65E-10 3.00E-06 

Source: Oxford Economics 
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TABLE 50: CHARACTERISATION RESULTS FOR THE OPERATION PHASE OF THE DIGITAL SYSTEM IN GERMANY 

Impact category Unit Total Data Centre Digital Smartphone Terminal 

Global warming kg CO2 eq 9.19E-04 0.000537967 8.61E-06 0.000371949 

Stratospheric ozone depletion kg CFC11 eq 4.53E-10 2.75E-10 4.51E-12 1.74E-10 

Ionizing radiation kBq Co-60 eq 2.67E-05 1.92E-05 1.18E-07 7.40E-06 

Ozone formation, Human health kg NOx eq 1.78E-06 8.17E-07 9.92E-09 9.49E-07 

Fine particulate matter formation kg PM2.5 eq 1.02E-06 4.40E-07 5.75E-09 5.74E-07 

Ozone formation, Terrestrial ecosystems kg NOx eq 1.85E-06 8.50E-07 1.02E-08 9.89E-07 

Terrestrial acidification kg SO2 eq 2.60E-06 1.21E-06 1.64E-08 1.37E-06 

Freshwater eutrophication kg P eq 7.56E-08 3.79E-08 1.28E-09 3.65E-08 

Marine eutrophication kg N eq 1.50E-08 3.00E-09 4.01E-11 1.20E-08 

Terrestrial ecotoxicity kg 1,4-DCB 0.004463976 0.003113269 4.36E-05 0.001307089 

Freshwater ecotoxicity kg 1,4-DCB 1.02E-06 4.63E-07 6.06E-09 5.50E-07 

Marine ecotoxicity kg 1,4-DCB 3.41E-06 2.07E-06 2.67E-08 1.31E-06 

Human carcinogenic toxicity kg 1,4-DCB 9.32E-06 4.98E-06 7.96E-08 4.26E-06 

Human non-carcinogenic toxicity kg 1,4-DCB 0.000379905 0.000230676 3.32E-06 0.000145904 

Land use m2a crop eq 0.000171648 2.44E-05 1.86E-07 0.000147056 

Mineral resource scarcity kg Cu eq 3.73E-06 2.26E-06 2.86E-08 1.44E-06 

Fossil resource scarcity kg oil eq 0.000288811 0.000156654 2.11E-06 0.000130049 

Water consumption m3 1.25E-05 5.00E-06 6.22E-08 7.40E-06 

Source: Oxford Economics 
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TABLE 51: CHARACTERISATION RESULTS FOR THE END-OF-LIFE PHASE OF THE DIGITAL SYSTEM IN GERMANY 

Impact category Unit Total Card Digital Data Centre Digital Smartphone Terminal 

Global warming kg CO2 eq 0.000190042 1.37E-04 3.38E-06 2.67E-10 5.01E-05 

Stratospheric ozone depletion kg CFC11 eq 2.35E-10 1.05E-10 2.25E-12 2.02E-16 1.28E-10 

Ionizing radiation kBq Co-60 eq 5.98E-08 3.64E-08 6.27E-10 6.25E-13 2.27E-08 

Ozone formation, Human health kg NOx eq 2.12E-07 1.08E-07 1.51E-09 3.79E-13 1.03E-07 

Fine particulate matter formation kg PM2.5 eq 6.35E-08 2.71E-08 4.27E-10 2.28E-13 3.59E-08 

Ozone formation, Terrestrial ecosystems kg NOx eq 2.16E-07 1.09E-07 1.54E-09 3.87E-13 1.05E-07 

Terrestrial acidification kg SO2 eq 1.27E-07 6.64E-08 1.26E-09 4.81E-13 5.93E-08 

Freshwater eutrophication kg P eq 4.12E-09 2.36E-09 1.55E-11 6.03E-15 1.74E-09 

Marine eutrophication kg N eq 5.16E-09 1.45E-09 1.39E-11 3.51E-15 3.70E-09 

Terrestrial ecotoxicity kg 1,4-DCB 0.000269035 1.52E-04 1.70E-06 1.11E-09 0.000115635 

Freshwater ecotoxicity kg 1,4-DCB 5.72E-07 1.85E-07 1.71E-07 8.93E-12 2.17E-07 

Marine ecotoxicity kg 1,4-DCB 9.37E-07 3.45E-07 2.32E-07 1.27E-11 3.60E-07 

Human carcinogenic toxicity kg 1,4-DCB 2.48E-06 1.24E-06 1.35E-08 5.56E-12 1.22E-06 

Human non-carcinogenic toxicity kg 1,4-DCB 5.81E-05 2.74E-05 1.19E-06 1.15E-10 2.96E-05 

Land use m2a crop eq 8.39E-07 4.48E-07 2.66E-08 2.60E-12 3.64E-07 

Mineral resource scarcity kg Cu eq 1.49E-07 8.83E-08 2.12E-09 4.45E-13 5.85E-08 

Fossil resource scarcity kg oil eq 7.01E-06 3.82E-06 4.93E-08 2.35E-11 3.14E-06 

Water consumption m3 2.76E-06 2.48E-06 4.85E-09 1.63E-12 2.71E-07 

Source: Oxford Economics 
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TABLE 52: CHARACTERISATION RESULTS FOR THE PRODUCTION PHASE OF THE CASH SYSTEM IN ITALY 

Impact category Unit Total 
Fictional 

coin 

Fictional 

banknote 
ATM/CRM 

Cash 

Transport 

Cash 

Counting 

Data Centre 

Cash 
Card Cash 

Global warming kg CO2 eq 0.003278243 0.001329715 0.000347588 0.001295275 0.000237708 6.13E-06 8.58E-06 5.33E-05 

Stratospheric ozone depletion kg CFC11 eq 2.36E-09 9.10E-10 1.01E-09 3.41E-10 7.51E-11 2.52E-12 4.18E-12 1.61E-11 

Ionizing radiation kBq Co-60 eq 2.20E-05 9.46E-06 3.14E-06 8.07E-06 1.02E-06 4.20E-08 6.49E-08 2.03E-07 

Ozone formation, Human health kg NOx eq 1.27E-05 7.46E-06 1.19E-06 3.17E-06 6.29E-07 1.79E-08 3.12E-08 2.02E-07 

Fine particulate matter formation kg PM2.5 eq 1.76E-05 1.43E-05 6.10E-07 2.10E-06 4.66E-07 1.22E-08 2.71E-08 6.17E-08 

Ozone formation, Terrestrial ecosystems kg NOx eq 1.32E-05 7.67E-06 1.25E-06 3.39E-06 6.74E-07 1.85E-08 3.22E-08 2.11E-07 

Terrestrial acidification kg SO2 eq 5.07E-05 4.36E-05 2.00E-06 3.92E-06 9.18E-07 2.58E-08 6.48E-08 1.76E-07 

Freshwater eutrophication kg P eq 6.39E-07 2.65E-07 2.13E-07 1.38E-07 1.79E-08 1.36E-09 1.68E-09 2.99E-09 

Marine eutrophication kg N eq 1.17E-06 5.17E-08 1.02E-06 9.07E-08 4.49E-09 6.66E-10 2.09E-10 3.10E-09 

Terrestrial ecotoxicity kg 1,4-DCB 0.30415437 0.29237884 0.001968827 0.007642461 0.001463593 4.24E-05 0.000295807 0.000362453 

Freshwater ecotoxicity kg 1,4-DCB 2.36E-05 1.14E-05 6.03E-06 4.90E-06 1.01E-06 4.88E-08 8.29E-08 6.04E-08 

Marine ecotoxicity kg 1,4-DCB 0.00016433 0.000142705 4.33E-06 1.40E-05 2.27E-06 2.15E-07 5.17E-07 2.62E-07 

Human carcinogenic toxicity kg 1,4-DCB 0.000446446 0.000246243 5.00E-06 0.000167236 2.69E-05 1.47E-07 4.66E-07 5.03E-07 

Human non-carcinogenic toxicity kg 1,4-DCB 0.017535634 0.016693794 0.000194286 0.000485455 0.000112705 4.60E-06 2.03E-05 2.45E-05 

Land use m2a crop eq 0.000656545 0.000131882 0.00045125 4.64E-05 5.60E-06 2.20E-07 3.86E-07 2.08E-05 

Mineral resource scarcity kg Cu eq 0.000227793 0.00018412 1.74E-06 3.52E-05 5.90E-06 1.66E-07 4.57E-07 1.97E-07 

Fossil resource scarcity kg oil eq 0.000804993 0.000321433 9.09E-05 0.000312091 5.96E-05 1.66E-06 2.13E-06 1.71E-05 

Water consumption m3 0.000117214 2.55E-05 8.28E-05 6.83E-06 1.48E-06 4.05E-08 7.30E-08 4.17E-07 

Source: Oxford Economics 
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TABLE 53: CHARACTERISATION RESULTS FOR THE OPERATION PHASE OF THE CASH SYSTEM IN ITALY 

Impact category Unit Total Cash Transport ATM/CRM Cash Counting Data Centre Cash 

Global warming kg CO2 eq 0.008045577 0.000971374 0.006943024 1.86E-05 1.13E-04 

Stratospheric ozone depletion kg CFC11 eq 2.74E-09 2.27E-10 2.45E-09 9.04E-12 5.30E-11 

Ionizing radiation kBq Co-60 eq 2.57E-05 1.08E-06 2.03E-05 1.37E-07 4.20E-06 

Ozone formation, Human health kg NOx eq 2.33E-05 4.86E-06 1.82E-05 3.20E-08 2.14E-07 

Fine particulate matter formation kg PM2.5 eq 8.17E-06 1.07E-06 6.91E-06 1.82E-08 1.69E-07 

Ozone formation, kg NOx eq 2.50E-05 5.09E-06 1.97E-05 3.46E-08 2.21E-07 

Terrestrial ecosystems kg NOx eq 2.50E-05 5.09E-06 1.97E-05 3.46E-08 2.21E-07 

Terrestrial acidification kg SO2 eq 1.97E-05 2.41E-06 1.68E-05 5.27E-08 4.28E-07 

Freshwater eutrophication kg P eq 1.59E-07 6.56E-09 1.41E-07 4.29E-10 1.14E-08 

Marine eutrophication kg N eq 1.28E-07 2.23E-08 1.05E-07 8.00E-11 7.82E-10 

Terrestrial ecotoxicity kg 1,4-DCB 0.052165697 0.016370352 0.034972909 0.00010083 0.000721605 

Freshwater ecotoxicity kg 1,4-DCB 1.82E-05 2.82E-06 1.53E-05 1.32E-08 1.57E-07 

Marine ecotoxicity kg 1,4-DCB 5.45E-05 1.27E-05 4.10E-05 6.11E-08 7.08E-07 

Human carcinogenic toxicity kg 1,4-DCB 0.000128298 5.64E-06 0.000121235 1.62E-07 1.26E-06 

Human non-carcinogenic toxicity kg 1,4-DCB 0.002172626 0.000282609 0.001825704 6.68E-06 5.76E-05 

Land use m2a crop eq 0.000228404 4.99E-05 0.000174068 5.08E-07 3.89E-06 

Mineral resource scarcity kg Cu eq 3.46E-05 1.10E-06 3.28E-05 6.54E-08 6.67E-07 

Fossil resource scarcity kg oil eq 0.002399974 0.000314225 0.002049448 5.70E-06 3.06E-05 

Water consumption m3 4.64E-05 1.78E-06 4.25E-05 3.12E-07 1.85E-06 

Source: Oxford Economics 
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TABLE 54: CHARACTERISATION RESULTS FOR THE END-OF-LIFE PHASE OF THE CASH SYSTEM IN ITALY 

Impact category Unit Total 
Fictional 

coin 
ATM/CRM 

Fictional 

Banknote 

Cash 

Transport 

Cash 

Counting 

Data Centre 

End Cash 
Card Cash 

Global warming kg CO2 eq 0.000190027 8.15E-06 2.35E-05 0.000131338 1.08E-05 3.11E-07 8.24E-08 1.58E-05 

Stratospheric ozone depletion kg CFC11 eq 1.66E-10 2.71E-12 1.00E-11 1.45E-10 5.06E-12 5.20E-14 5.49E-14 3.30E-12 

Ionizing radiation kBq Co-60 eq 1.86E-07 1.01E-08 1.41E-08 1.52E-07 7.45E-09 2.46E-11 1.53E-11 1.87E-09 

Ozone formation, Human health kg NOx eq 4.01E-07 9.69E-09 1.99E-07 1.79E-07 7.96E-09 8.90E-11 3.69E-11 4.62E-09 

Fine particulate matter formation kg PM2.5 eq 9.80E-08 2.86E-09 4.45E-08 4.22E-08 4.37E-09 2.19E-11 1.04E-11 4.04E-09 

Ozone formation, Terrestrial ecosystems kg NOx eq 4.12E-07 1.02E-08 2.04E-07 1.84E-07 8.16E-09 9.11E-11 3.76E-11 4.74E-09 

Terrestrial acidification kg SO2 eq 2.19E-07 6.82E-09 8.58E-08 1.17E-07 6.29E-09 4.87E-11 3.07E-11 3.35E-09 

Freshwater eutrophication kg P eq 2.67E-09 1.53E-10 1.70E-10 2.03E-09 8.97E-11 2.08E-12 3.78E-13 2.31E-10 

Marine eutrophication kg N eq 3.00E-08 1.51E-09 5.99E-10 2.46E-08 1.01E-10 1.11E-11 3.38E-13 3.22E-09 

Terrestrial ecotoxicity kg 1,4-DCB 0.000158328 2.06E-05 4.70E-05 6.43E-05 2.00E-05 2.25E-07 4.13E-08 6.18E-06 

Freshwater ecotoxicity kg 1,4-DCB 9.04E-07 4.58E-09 2.61E-07 6.97E-08 5.56E-07 2.14E-09 4.15E-09 6.22E-09 

Marine ecotoxicity kg 1,4-DCB 1.32E-06 1.73E-08 3.86E-07 1.28E-07 7.64E-07 3.04E-09 5.65E-09 1.23E-08 

Human carcinogenic toxicity kg 1,4-DCB 1.79E-06 2.99E-08 2.23E-07 1.39E-06 6.93E-08 1.09E-09 3.28E-10 7.79E-08 

Human non-carcinogenic toxicity kg 1,4-DCB 2.38E-05 7.86E-07 3.09E-06 1.47E-05 4.30E-06 2.66E-08 2.90E-08 8.43E-07 

Land use m2a crop eq 9.35E-07 8.94E-08 1.88E-07 5.81E-07 4.93E-08 3.06E-10 6.48E-10 2.63E-08 

Mineral resource scarcity kg Cu eq 1.11E-07 4.16E-09 3.46E-08 6.25E-08 6.65E-09 4.18E-11 5.16E-11 2.97E-09 

Fossil resource scarcity kg oil eq 1.60E-05 7.69E-07 5.60E-06 9.05E-06 3.70E-07 3.23E-09 1.20E-09 1.93E-07 

Water consumption m3 5.91E-07 2.43E-08 4.16E-08 4.40E-07 1.76E-08 1.18E-10 1.18E-10 6.74E-08 

Source: Oxford Economics 
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TABLE 55: CHARACTERISATION RESULTS FOR THE PRODUCTION PHASE OF THE DIGITAL SYSTEM IN ITALY 

Impact category Unit Total Card Digital Terminal Smartphone Data Centre Digital 

Global warming kg CO2 eq 0.004093658 0.000618734 0.003076227 7.57E-08 0.000398621 

Stratospheric ozone depletion kg CFC11 eq 1.65E-09 1.87E-10 1.27E-09 3.41E-14 1.94E-10 

Ionizing radiation kBq Co-60 eq 2.74E-05 2.36E-06 2.20E-05 6.07E-10 3.02E-06 

Ozone formation, Human health kg NOx eq 1.42E-05 2.35E-06 1.03E-05 1.80E-10 1.45E-06 

Fine particulate matter formation kg PM2.5 eq 8.49E-06 7.16E-07 6.51E-06 1.43E-10 1.26E-06 

Ozone formation, Terrestrial ecosystems kg NOx eq 1.47E-05 2.45E-06 1.07E-05 1.87E-10 1.50E-06 

Terrestrial acidification kg SO2 eq 1.90E-05 2.05E-06 1.40E-05 2.61E-10 3.01E-06 

Freshwater eutrophication kg P eq 6.08E-07 3.48E-08 4.95E-07 1.51E-11 7.82E-08 

Marine eutrophication kg N eq 1.68E-07 3.60E-08 1.22E-07 4.17E-12 9.72E-09 

Terrestrial ecotoxicity kg 1,4-DCB 0.051816639 0.004211468 0.033857909 3.65E-07 0.013746897 

Freshwater ecotoxicity kg 1,4-DCB 2.63E-05 7.02E-07 2.17E-05 2.64E-10 3.85E-06 

Marine ecotoxicity kg 1,4-DCB 0.000142665 3.05E-06 0.000115573 6.71E-10 2.40E-05 

Human carcinogenic toxicity kg 1,4-DCB 0.000109164 5.84E-06 8.17E-05 1.12E-09 2.16E-05 

Human non-carcinogenic toxicity kg 1,4-DCB 0.003977705 0.000284821 0.002750251 3.81E-08 0.000942595 

Land use m2a crop eq 0.000379092 0.00024137 0.000119765 1.43E-09 1.80E-05 

Mineral resource scarcity kg Cu eq 0.000129457 2.29E-06 0.000105914 5.21E-10 2.13E-05 

Fossil resource scarcity kg oil eq 0.0011375 0.000199175 0.00083909 1.90E-08 9.92E-05 

Water consumption m3 3.58E-05 4.84E-06 2.76E-05 4.38E-10 3.39E-06 

Source: Oxford Economics 
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TABLE 56: CHARACTERISATION RESULTS FOR THE OPERATION PHASE OF THE DIGITAL SYSTEM IN ITALY 

Impact category Unit Total Card Digital Terminal Smartphone Data Centre Digital 

Global warming kg CO2 eq 4.09E-03 6.19E-04 3.08E-03 7.57E-08 3.99E-04 

Stratospheric ozone depletion kg CFC11 eq 1.65E-09 1.87E-10 1.27E-09 3.41E-14 1.94E-10 

Ionizing radiation kBq Co-60 eq 2.74E-05 2.36E-06 2.20E-05 6.07E-10 3.02E-06 

Ozone formation, Human health kg NOx eq 1.42E-05 2.35E-06 1.03E-05 1.80E-10 1.45E-06 

Fine particulate matter formation kg PM2.5 eq 8.49E-06 7.16E-07 6.51E-06 1.43E-10 1.26E-06 

Ozone formation, Terrestrial ecosystems kg NOx eq 1.47E-05 2.45E-06 1.07E-05 1.87E-10 1.50E-06 

Terrestrial acidification kg SO2 eq 1.90E-05 2.05E-06 1.40E-05 2.61E-10 3.01E-06 

Freshwater eutrophication kg P eq 6.08E-07 3.48E-08 4.95E-07 1.51E-11 7.82E-08 

Marine eutrophication kg N eq 1.68E-07 3.60E-08 1.22E-07 4.17E-12 9.72E-09 

Terrestrial ecotoxicity kg 1,4-DCB 5.18E-02 4.21E-03 3.39E-02 3.65E-07 1.37E-02 

Freshwater ecotoxicity kg 1,4-DCB 2.63E-05 7.02E-07 2.17E-05 2.64E-10 3.85E-06 

Marine ecotoxicity kg 1,4-DCB 1.43E-04 3.05E-06 1.16E-04 6.71E-10 2.40E-05 

Human carcinogenic toxicity kg 1,4-DCB 1.09E-04 5.84E-06 8.17E-05 1.12E-09 2.16E-05 

Human non-carcinogenic toxicity kg 1,4-DCB 3.98E-03 2.85E-04 2.75E-03 3.81E-08 9.43E-04 

Land use m2a crop eq 3.79E-04 2.41E-04 1.20E-04 1.43E-09 1.80E-05 

Mineral resource scarcity kg Cu eq 1.29E-04 2.29E-06 1.06E-04 5.21E-10 2.13E-05 

Fossil resource scarcity kg oil eq 1.14E-03 1.99E-04 8.39E-04 1.90E-08 9.92E-05 

Water consumption m3 3.58E-05 4.84E-06 2.76E-05 4.38E-10 3.39E-06 

Source: Oxford Economics 
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TABLE 57: CHARACTERISATION RESULTS FOR THE END-OF-LIFE PHASE OF THE DIGITAL SYSTEM IN ITALY 

Impact category Unit Total Card Digital Data Centre Digital Smartphone Terminal 

Global warming kg CO2 eq 0.000406937 0.000184083 3.83E-06 5.06E-10 0.000219025 

Stratospheric ozone depletion kg CFC11 eq 1.22E-10 3.84E-11 2.55E-12 1.98E-16 8.15E-11 

Ionizing radiation kBq Co-60 eq 9.17E-08 2.17E-08 7.10E-10 7.60E-13 6.93E-08 

Ozone formation, Human health kg NOx eq 1.62E-07 5.37E-08 1.71E-09 4.38E-13 1.07E-07 

Fine particulate matter formation kg PM2.5 eq 1.45E-07 4.70E-08 4.84E-10 2.81E-13 9.75E-08 

Ozone formation, Terrestrial ecosystems kg NOx eq 1.66E-07 5.51E-08 1.75E-09 4.48E-13 1.09E-07 

Terrestrial acidification kg SO2 eq 1.28E-07 3.89E-08 1.43E-09 5.82E-13 8.78E-08 

Freshwater eutrophication kg P eq 6.00E-09 2.68E-09 1.76E-11 9.20E-15 3.30E-09 

Marine eutrophication kg N eq 9.04E-08 3.75E-08 1.57E-11 6.17E-14 5.29E-08 

Terrestrial ecotoxicity kg 1,4-DCB 0.000232667 7.19E-05 1.92E-06 1.25E-09 0.000158887 

Freshwater ecotoxicity kg 1,4-DCB 9.15E-07 7.23E-08 1.93E-07 1.07E-11 6.50E-07 

Marine ecotoxicity kg 1,4-DCB 1.38E-06 1.43E-07 2.63E-07 1.51E-11 9.74E-07 

Human carcinogenic toxicity kg 1,4-DCB 2.81E-06 9.05E-07 1.53E-08 6.42E-12 1.89E-06 

Human non-carcinogenic toxicity kg 1,4-DCB 3.40E-05 9.79E-06 1.35E-06 1.29E-10 2.29E-05 

Land use m2a crop eq 9.43E-07 3.06E-07 3.01E-08 3.24E-12 6.07E-07 

Mineral resource scarcity kg Cu eq 1.13E-07 3.46E-08 2.40E-09 5.17E-13 7.63E-08 

Fossil resource scarcity kg oil eq 6.90E-06 2.24E-06 5.58E-08 2.86E-11 4.60E-06 

Water consumption m3 1.76E-06 7.83E-07 5.49E-09 1.86E-12 9.71E-07 

Source: Oxford Economics 
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TABLE 58: CHARACTERISATION RESULTS FOR THE PRODUCTION PHASE OF THE CASH SYSTEM IN FINLAND 

Impact category Unit Total 
Fictional 

coin 

Fictional 

banknote 
ATM/CRM 

Cash 

Transport 

Cash 

Counting 

Data Centre 

Cash 
Card Cash 

Global warming kg CO2 eq 6.65E-03 1.30E-03 3.50E-04 2.39E-03 2.51E-03 2.09E-05 2.50E-05 5.21E-05 

Stratospheric ozone depletion kg CFC11 eq 3.36E-09 8.95E-10 1.00E-09 6.31E-10 7.93E-10 8.20E-12 1.22E-11 1.74E-11 

Ionizing radiation kBq Co-60 eq 4.17E-05 1.03E-05 4.78E-06 1.50E-05 1.08E-05 1.47E-07 1.90E-07 5.98E-07 

Ozone formation, Human health kg NOx eq 2.14E-05 7.32E-06 1.27E-06 5.84E-06 6.63E-06 6.09E-08 9.11E-08 2.00E-07 

Fine particulate matter formation kg PM2.5 eq 2.37E-05 1.41E-05 6.24E-07 3.89E-06 4.92E-06 3.98E-08 7.92E-08 6.35E-08 

Ozone formation, Terrestrial ecosystems kg NOx eq 2.26E-05 7.53E-06 1.32E-06 6.25E-06 7.10E-06 6.30E-08 9.40E-08 2.09E-07 

Terrestrial acidification kg SO2 eq 6.23E-05 4.29E-05 2.00E-06 7.25E-06 9.68E-06 8.09E-08 1.89E-07 1.77E-07 

Freshwater eutrophication kg P eq 9.27E-07 2.60E-07 2.10E-07 2.55E-07 1.89E-07 3.89E-09 4.91E-09 3.22E-09 

Marine eutrophication kg N eq 1.28E-06 5.08E-08 1.01E-06 1.68E-07 4.74E-08 1.19E-09 6.10E-10 3.27E-09 

Terrestrial ecotoxicity kg 1,4-DCB 3.20E-01 2.87E-01 2.24E-03 1.40E-02 1.54E-02 9.59E-05 8.63E-04 3.79E-04 

Freshwater ecotoxicity kg 1,4-DCB 3.74E-05 1.12E-05 5.98E-06 9.06E-06 1.07E-05 1.71E-07 2.42E-07 6.26E-08 

Marine ecotoxicity kg 1,4-DCB 1.97E-04 1.40E-04 4.49E-06 2.59E-05 2.39E-05 7.60E-07 1.51E-06 2.71E-07 

Human carcinogenic toxicity kg 1,4-DCB 8.43E-04 2.42E-04 5.01E-06 3.10E-04 2.83E-04 5.09E-07 1.36E-06 5.24E-07 

Human non-carcinogenic toxicity kg 1,4-DCB 1.88E-02 1.64E-02 1.97E-04 8.98E-04 1.19E-03 1.36E-05 5.92E-05 2.58E-05 

Land use m2a crop eq 7.45E-04 1.30E-04 4.46E-04 8.57E-05 5.91E-05 7.32E-07 1.13E-06 2.24E-05 

Mineral resource scarcity kg Cu eq 3.13E-04 1.81E-04 1.74E-06 6.54E-05 6.23E-05 5.89E-07 1.33E-06 2.10E-07 

Fossil resource scarcity kg oil eq 1.64E-03 3.14E-04 9.12E-05 5.76E-04 6.29E-04 5.74E-06 6.23E-06 1.67E-05 

Water consumption m3 1.36E-04 2.51E-05 8.15E-05 1.27E-05 1.57E-05 1.57E-07 2.13E-07 4.48E-07 

Source: Oxford Economics 
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TABLE 59: CHARACTERISATION RESULTS FOR THE OPERATION PHASE OF THE CASH SYSTEM IN FINLAND 

Impact category Unit Total Cash Transport ATM/CRM Cash Counting Data Centre Cash 

Global warming kg CO2 eq 0.044925097 0.002064235 0.042715626 1.11E-05 1.34E-04 

Stratospheric ozone depletion kg CFC11 eq 1.51E-08 4.82E-10 1.45E-08 1.01E-11 6.42E-11 

Ionizing radiation kBq Co-60 eq 0.000321791 2.30E-06 0.00031307 1.46E-06 4.96E-06 

Ozone formation, Human health kg NOx eq 0.00012879 1.03E-05 0.000118187 2.09E-08 2.45E-07 

Fine particulate matter formation kg PM2.5 eq 4.66E-05 2.27E-06 4.42E-05 1.73E-08 1.84E-07 

Ozone formation, Terrestrial ecosystems kg NOx eq 0.000137558 1.08E-05 0.00012647 2.18E-08 2.53E-07 

Terrestrial acidification kg SO2 eq 0.000105289 5.12E-06 9.97E-05 3.59E-08 4.71E-07 

Freshwater eutrophication kg P eq 9.25E-07 1.39E-08 8.98E-07 5.10E-10 1.28E-08 

Marine eutrophication kg N eq 8.21E-07 4.73E-08 7.73E-07 9.45E-11 8.98E-10 

Terrestrial ecotoxicity kg 1,4-DCB 0.25219365 0.034788116 0.2164743 8.70E-05 0.000844215 

Freshwater ecotoxicity kg 1,4-DCB 0.000118692 5.99E-06 0.000112514 1.24E-08 1.74E-07 

Marine ecotoxicity kg 1,4-DCB 0.000313958 2.70E-05 0.000286134 4.91E-08 7.82E-07 

Human carcinogenic toxicity kg 1,4-DCB 0.000890279 1.20E-05 0.000876709 1.35E-07 1.46E-06 

Human non-carcinogenic toxicity kg 1,4-DCB 0.011491092 0.000600563 0.01081707 6.89E-06 6.66E-05 

Land use m2a crop eq 0.001315815 0.000106123 0.001203626 1.15E-06 4.91E-06 

Mineral resource scarcity kg Cu eq 0.000228805 2.33E-06 0.000225656 6.50E-08 7.51E-07 

Fossil resource scarcity kg oil eq 0.013072188 0.00066775 0.012364761 2.71E-06 3.70E-05 

Water consumption m3 0.000171161 3.78E-06 0.000165037 3.21E-07 2.02E-06 

Source: Oxford Economics 
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TABLE 60: CHARACTERISATION RESULTS FOR THE END-OF-LIFE PHASE OF THE CASH SYSTEM IN FINLAND 

Impact category Unit Total 
Fictional 

coin 
ATM/CRM 

Fictional 

Banknote 

Cash 

Transport 

Cash 

Counting 

Data Centre 

Cash 
Card Cash 

Global warming kg CO2 eq 2.19E-04 1.91E-06 4.30E-05 4.84E-05 1.14E-04 1.98E-06 2.40E-07 9.40E-06 

Stratospheric ozone depletion kg CFC11 eq 2.42E-10 4.04E-12 1.97E-11 1.58E-10 5.34E-11 3.06E-13 1.60E-13 6.32E-12 

Ionizing radiation kBq Co-60 eq 1.50E-06 8.17E-08 2.62E-08 1.31E-06 7.86E-08 6.80E-11 4.46E-11 2.36E-09 

Ozone formation, Human health kg NOx eq 6.39E-07 6.29E-09 3.71E-07 1.70E-07 8.40E-08 4.75E-10 1.08E-10 6.97E-09 

Fine particulate matter formation kg PM2.5 eq 1.71E-07 1.88E-09 8.27E-08 3.77E-08 4.62E-08 8.81E-11 3.04E-11 1.99E-09 

Ozone formation, Terrestrial ecosystems kg NOx eq 6.54E-07 6.47E-09 3.80E-07 1.73E-07 8.61E-08 4.83E-10 1.10E-10 7.11E-09 

Terrestrial acidification kg SO2 eq 3.32E-07 4.11E-09 1.60E-07 9.70E-08 6.63E-08 2.28E-10 8.96E-11 4.32E-09 

Freshwater eutrophication kg P eq 2.99E-09 1.28E-10 3.59E-10 1.38E-09 9.46E-10 1.13E-11 1.10E-12 1.58E-10 

Marine eutrophication kg N eq 7.24E-09 1.79E-10 1.05E-09 4.53E-09 1.07E-09 8.36E-12 9.87E-13 3.94E-10 

Terrestrial ecotoxicity kg 1,4-DCB 3.85E-04 9.45E-06 8.84E-05 6.41E-05 2.11E-04 1.25E-06 1.21E-07 1.06E-05 

Freshwater ecotoxicity kg 1,4-DCB 6.45E-06 2.64E-09 4.84E-07 6.78E-08 5.87E-06 4.15E-09 1.21E-08 1.14E-08 

Marine ecotoxicity kg 1,4-DCB 8.95E-06 8.25E-09 7.17E-07 1.22E-07 8.06E-06 6.49E-09 1.65E-08 2.19E-08 

Human carcinogenic toxicity kg 1,4-DCB 2.69E-06 3.03E-08 4.15E-07 1.43E-06 7.32E-07 6.68E-09 9.58E-10 7.89E-08 

Human non-carcinogenic toxicity kg 1,4-DCB 7.20E-05 8.96E-07 5.97E-06 1.78E-05 4.54E-05 1.22E-07 8.45E-08 1.67E-06 

Land use m2a crop eq 2.16E-06 8.93E-08 3.45E-07 1.17E-06 5.21E-07 7.22E-10 1.89E-09 3.22E-08 

Mineral resource scarcity kg Cu eq 2.17E-07 4.41E-09 6.51E-08 7.11E-08 7.02E-08 2.23E-10 1.51E-10 5.53E-09 

Fossil resource scarcity kg oil eq 2.07E-05 3.45E-07 1.04E-05 5.78E-06 3.90E-06 1.35E-08 3.50E-09 2.63E-07 

Water consumption m3 8.95E-07 2.30E-08 7.36E-08 4.63E-07 1.86E-07 5.80E-10 3.45E-10 1.48E-07 

Source: Oxford Economics 
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TABLE 61: CHARACTERISATION RESULTS FOR THE PRODUCTION PHASE OF THE DIGITAL SYSTEM IN FINLAND 

Impact category Unit Total Card Digital Terminal Smartphone Data Centre Digital 

Global warming kg CO2 eq 1.13E-03 2.42E-04 4.24E-04 8.44E-08 4.66E-04 

Stratospheric ozone depletion kg CFC11 eq 4.83E-10 8.10E-11 1.75E-10 3.83E-14 2.27E-10 

Ionizing radiation kBq Co-60 eq 9.33E-06 2.78E-06 3.03E-06 6.83E-10 3.52E-06 

Ozone formation, Human health kg NOx eq 4.05E-06 9.32E-07 1.43E-06 1.99E-10 1.69E-06 

Fine particulate matter formation kg PM2.5 eq 2.67E-06 2.95E-07 8.98E-07 1.60E-10 1.47E-06 

Ozone formation, Terrestrial ecosystems kg NOx eq 4.20E-06 9.70E-07 1.48E-06 2.06E-10 1.75E-06 

Terrestrial acidification kg SO2 eq 6.27E-06 8.24E-07 1.92E-06 2.92E-10 3.52E-06 

Freshwater eutrophication kg P eq 1.75E-07 1.50E-08 6.82E-08 1.70E-11 9.13E-08 

Marine eutrophication kg N eq 4.34E-08 1.52E-08 1.68E-08 4.67E-12 1.13E-08 

Terrestrial ecotoxicity kg 1,4-DCB 2.25E-02 1.76E-03 4.66E-03 4.10E-07 1.61E-02 

Freshwater ecotoxicity kg 1,4-DCB 7.78E-06 2.91E-07 2.99E-06 2.96E-10 4.50E-06 

Marine ecotoxicity kg 1,4-DCB 4.53E-05 1.26E-06 1.59E-05 7.54E-10 2.81E-05 

Human carcinogenic toxicity kg 1,4-DCB 3.90E-05 2.44E-06 1.13E-05 1.25E-09 2.53E-05 

Human non-carcinogenic toxicity kg 1,4-DCB 1.60E-03 1.20E-04 3.79E-04 4.27E-08 1.10E-03 

Land use m2a crop eq 1.42E-04 1.04E-04 1.65E-05 1.60E-09 2.10E-05 

Mineral resource scarcity kg Cu eq 4.04E-05 9.75E-07 1.46E-05 5.86E-10 2.48E-05 

Fossil resource scarcity kg oil eq 3.09E-04 7.75E-05 1.16E-04 2.11E-08 1.16E-04 

Water consumption m3 9.84E-06 2.08E-06 3.80E-06 4.92E-10 3.96E-06 

Source: Oxford Economics 
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TABLE 62: CHARACTERISATION RESULTS FOR THE OPERATION PHASE OF THE DIGITAL SYSTEM IN FINLAND 

Impact category Unit Total Data Centre Digital Smartphone Terminal 

Global warming kg CO2 eq 9.76E-04 6.87E-04 6.19E-06 2.83E-04 

Stratospheric ozone depletion kg CFC11 eq 4.90E-10 3.52E-10 5.66E-12 1.32E-10 

Ionizing radiation kBq Co-60 eq 3.14E-05 2.45E-05 8.15E-07 6.05E-06 

Ozone formation, Human health kg NOx eq 1.75E-06 1.03E-06 1.17E-08 7.08E-07 

Fine particulate matter formation kg PM2.5 eq 9.91E-07 5.43E-07 9.69E-09 4.38E-07 

Ozone formation, Terrestrial ecosystems kg NOx eq 1.83E-06 1.08E-06 1.22E-08 7.37E-07 

Terrestrial acidification kg SO2 eq 2.57E-06 1.51E-06 2.01E-08 1.05E-06 

Freshwater eutrophication kg P eq 7.57E-08 4.76E-08 2.85E-10 2.79E-08 

Marine eutrophication kg N eq 1.24E-08 3.80E-09 5.28E-11 8.56E-09 

Terrestrial ecotoxicity kg 1,4-DCB 5.07E-03 3.96E-03 4.86E-05 1.06E-03 

Freshwater ecotoxicity kg 1,4-DCB 1.00E-06 5.76E-07 6.93E-09 4.18E-07 

Marine ecotoxicity kg 1,4-DCB 3.67E-06 2.58E-06 2.74E-08 1.06E-06 

Human carcinogenic toxicity kg 1,4-DCB 9.63E-06 6.31E-06 7.55E-08 3.24E-06 

Human non-carcinogenic toxicity kg 1,4-DCB 4.10E-04 2.92E-04 3.85E-06 1.14E-04 

Land use m2a crop eq 1.36E-04 3.15E-05 6.44E-07 1.04E-04 

Mineral resource scarcity kg Cu eq 4.02E-06 2.84E-06 3.63E-08 1.15E-06 

Fossil resource scarcity kg oil eq 2.99E-04 2.01E-04 1.51E-06 9.71E-05 

Water consumption m3 1.19E-05 6.19E-06 1.80E-07 5.58E-06 

Source: Oxford Economics 
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TABLE 63: CHARACTERISATION RESULTS FOR THE END-OF-LIFE PHASE OF THE DIGITAL SYSTEM IN FINLAND 

Impact category Unit Total Card Digital Data Centre Digital Smartphone Terminal 

Global warming kg CO2 eq 8.76E-05 4.37E-05 4.47E-06 3.81E-10 3.94E-05 

Stratospheric ozone depletion kg CFC11 eq 1.17E-10 2.94E-11 2.98E-12 2.68E-16 8.43E-11 

Ionizing radiation kBq Co-60 eq 2.65E-08 1.10E-08 8.29E-10 8.47E-13 1.47E-08 

Ozone formation, Human health kg NOx eq 1.05E-07 3.24E-08 2.00E-09 5.16E-13 7.10E-08 

Fine particulate matter formation kg PM2.5 eq 3.39E-08 9.25E-09 5.65E-10 3.10E-13 2.41E-08 

Ozone formation, Terrestrial ecosystems kg NOx eq 1.07E-07 3.31E-08 2.04E-09 5.28E-13 7.23E-08 

Terrestrial acidification kg SO2 eq 6.31E-08 2.01E-08 1.67E-09 6.54E-13 4.13E-08 

Freshwater eutrophication kg P eq 2.02E-09 7.34E-10 2.05E-11 8.36E-15 1.27E-09 

Marine eutrophication kg N eq 7.97E-09 1.83E-09 1.84E-11 1.06E-14 6.12E-09 

Terrestrial ecotoxicity kg 1,4-DCB 0.000127232 4.93E-05 2.24E-06 1.52E-09 7.57E-05 

Freshwater ecotoxicity kg 1,4-DCB 4.08E-07 5.29E-08 2.25E-07 1.21E-11 1.30E-07 

Marine ecotoxicity kg 1,4-DCB 6.28E-07 1.02E-07 3.07E-07 1.71E-11 2.19E-07 

Human carcinogenic toxicity kg 1,4-DCB 1.18E-06 3.67E-07 1.78E-08 7.50E-12 7.95E-07 

Human non-carcinogenic toxicity kg 1,4-DCB 2.89E-05 7.76E-06 1.57E-06 1.55E-10 1.95E-05 

Land use m2a crop eq 4.32E-07 1.50E-07 3.52E-08 3.59E-12 2.47E-07 

Mineral resource scarcity kg Cu eq 6.69E-08 2.57E-08 2.80E-09 6.02E-13 3.84E-08 

Fossil resource scarcity kg oil eq 3.42E-06 1.22E-06 6.51E-08 3.23E-11 2.13E-06 

Water consumption m3 8.67E-07 6.90E-07 6.41E-09 2.20E-12 1.70E-07 

Source: Oxford Economics 
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APPENDIX 3: MAIN EMITTING 

PROCESSES FOR IMPACT CATEGORIES 

TABLE 64: MAIN EMITTING PROCESSES FOR GWP IN THE DIGITAL SYSTEM ACROSS COUNTRIES 

Process 
Share of 

total 

Germany 

Transport, freight, aircraft, long haul {GLO}| transport, freight, aircraft, belly-freight, long haul | Cut-off, U 7.5% 

Transport, freight, aircraft, long haul {GLO}| transport, freight, aircraft, dedicated freight, long haul | Cut-off, U 6.2% 

Electricity, high voltage {DE}| electricity production, lignite | Cut-off, U 5.5% 

Natural gas, vented {GLO}| natural gas venting from petroleum/natural gas production | Cut-off, U 4.0% 

Electricity, high voltage {GB}| electricity production, natural gas, conventional power plant | Cut-off, U 3.5% 

Hard coal {CN}| hard coal mine operation and hard coal preparation | Cut-off, U 2.4% 

Waste polystyrene {RoW}| treatment of waste polystyrene, municipal incineration | Cut-off, U 2.3% 

Polystyrene, general purpose {RoW}| polystyrene production, general purpose | Cut-off, U 2.2% 

Electricity, high voltage {DE}| electricity production, hard coal | Cut-off, U 1.7% 

Heat, district or industrial, natural gas {Europe without Switzerland}| heat production, natural gas, at industrial 

furnace >100kW | Cut-off, U 
1.5% 

Italy 

Transport, freight, aircraft, long haul {GLO}| transport, freight, aircraft, belly-freight, long haul | Cut-off, U 5.2% 

Transport, freight, aircraft, long haul {GLO}| transport, freight, aircraft, dedicated freight, long haul | Cut-off, U 4.3% 

Hard coal {CN}| hard coal mine operation and hard coal preparation | Cut-off, U 3.7% 

Natural gas, vented {GLO}| natural gas venting from petroleum/natural gas production | Cut-off, U 3.6% 

Waste paperboard {RoW}| treatment of waste paperboard, sanitary landfill | Cut-off, U 3.0% 

Electricity, high voltage {DE}| electricity production, lignite | Cut-off, U 2.5% 

Electricity, high voltage {GB}| electricity production, natural gas, conventional power plant | Cut-off, U 2.3% 

Heat, district or industrial, other than natural gas {RoW}| heat production, at hard coal industrial furnace 1-10MW | 

Cut-off, U 
1.9% 

Waste graphical paper {RoW}| treatment of waste graphical paper, sanitary landfill | Cut-off, U 1.8% 

Electricity, high voltage {CN-NM}| electricity production, hard coal | Cut-off, U 1.8% 

Finland 

Electricity, high voltage {GB}| electricity production, natural gas, conventional power plant | Cut-off, U 6.0% 

Electricity, high voltage {DE}| electricity production, lignite | Cut-off, U 6.0% 

Natural gas, vented {GLO}| natural gas venting from petroleum/natural gas production | Cut-off, U 3.5% 

Transport, freight, aircraft, long haul {GLO}| transport, freight, aircraft, belly-freight, long haul | Cut-off, U 3.3% 

Hard coal {CN}| hard coal mine operation and hard coal preparation | Cut-off, U 2.8% 

Transport, freight, aircraft, long haul {GLO}| transport, freight, aircraft, dedicated freight, long haul | Cut-off, U 2.7% 

Electricity, high voltage {DE}| electricity production, hard coal | Cut-off, U 1.9% 

Electricity, high voltage {NL}| electricity production, hard coal | Cut-off, U 1.9% 

Electricity, high voltage {IR}| electricity production, natural gas, conventional power plant | Cut-off, U 1.5% 

Heat, district or industrial, other than natural gas {RoW}| heat production, at hard coal industrial furnace 1-10MW | 

Cut-off, U 
1.5% 

Source: Oxford Economics 



The Environmental Impact of Digital Over Cash Payments 

 

261 

TABLE 65:MAIN EMITTING PROCESSES FOR GWP IN THE CASH SYSTEM ACROSS COUNTRIES 

Process Share of total 

Germany 

Electricity, high voltage {DE}| electricity production, lignite | Cut-off, U 12.5% 

Natural gas, vented {GLO}| natural gas venting from petroleum/natural gas production | Cut-off, U 4.9% 

Pig iron {RoW}| pig iron production | Cut-off, U 4.0% 

Electricity, high voltage {DE}| electricity production, hard coal | Cut-off, U 4.0% 

Hard coal {CN}| hard coal mine operation and hard coal preparation | Cut-off, U 2.2% 

Transport, passenger car, medium size, diesel, EURO 3 {RoW}| transport, passenger car, medium size, diesel, 

EURO 3 | Cut-off, U 2.1% 

Transport, passenger car, medium size, diesel, EURO 5 {RoW}| transport, passenger car, medium size, diesel, 

EURO 5 | Cut-off, U 1.9% 

Transport, passenger car, medium size, diesel, EURO 4 {RoW}| transport, passenger car, medium size, diesel, 

EURO 4 | Cut-off, U 1.7% 

Electricity, high voltage {DE}| heat and power co-generation, natural gas, conventional power plant, 100MW 

electrical | Cut-off, U 1.7% 

Transport, passenger car, medium size, petrol, EURO 3 {RoW}| transport, passenger car, medium size, petrol, 

EURO 3 | Cut-off, U 1.6% 

Italy 

Natural gas, vented {GLO}| natural gas venting from petroleum/natural gas production | Cut-off, U 6.8% 

Pig iron {RoW}| pig iron production | Cut-off, U 3.3% 

Transport, passenger car, medium size, diesel, EURO 3 {RoW}| transport, passenger car, medium size, diesel, 

EURO 3 | Cut-off, U 2.5% 

Electricity, high voltage {IT}| electricity production, hard coal | Cut-off, U 2.2% 

Hard coal {CN}| hard coal mine operation and hard coal preparation | Cut-off, U 2.2% 

Electricity, high voltage {IT}| electricity production, natural gas, combined cycle power plant | Cut-off, U 2.1% 

Transport, regular bus {CH}| transport, regular bus | Cut-off, U 2.1% 

Electricity, high voltage {IT}| heat and power co-generation, natural gas, combined cycle power plant, 

400MW electrical | Cut-off, U 2.1% 

Transport, passenger car, medium size, diesel, EURO 4 {RoW}| transport, passenger car, medium size, diesel, 

EURO 4 | Cut-off, U 2.0% 

Transport, passenger car, medium size, petrol, EURO 3 {RoW}| transport, passenger car, medium size, petrol, 

EURO 3 | Cut-off, U 1.9% 

Finland 

Natural gas, vented {GLO}| natural gas venting from petroleum/natural gas production | Cut-off, U 7.3% 

Transport, passenger car, medium size, diesel, EURO 3 {RoW}| transport, passenger car, medium size, diesel, 

EURO 3 | Cut-off, U 4.6% 

Transport, passenger car, medium size, diesel, EURO 4 {RoW}| transport, passenger car, medium size, diesel, 

EURO 4 | Cut-off, U 3.7% 

Transport, passenger car, medium size, petrol, EURO 3 {RoW}| transport, passenger car, medium size, petrol, 

EURO 3 | Cut-off, U 3.5% 

Transport, regular bus {CH}| transport, regular bus | Cut-off, U 3.3% 

Transport, passenger car, small size, petrol, EURO 3 {RoW}| transport, passenger car, small size, petrol, 

EURO 3 | Cut-off, U 3.2% 

Transport, passenger car, medium size, diesel, EURO 5 {RoW}| transport, passenger car, medium size, diesel, 

EURO 5 | Cut-off, U 2.8% 

Pig iron {RoW}| pig iron production | Cut-off, U 2.7% 

Transport, passenger car, medium size, petrol, EURO 4 {RoW}| transport, passenger car, medium size, petrol, 

EURO 4 | Cut-off, U 2.2% 

Transport, passenger car, small size, petrol, EURO 4 {RoW}| transport, passenger car, small size, petrol, 

EURO 4 | Cut-off, U 2.1% 

Source: Oxford Economics 
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TABLE 66: MAIN EMITTING PROCESSES FOR MINERAL RESOURCE SCARCITY IN THE DIGITAL 

SYSTEM ACROSS COUNTRIES 

Process Share of total 

Germany 

Gold, unrefined {RoW}| gold mine operation and gold production, unrefined | Cut-off, U 17.1% 

Gold {RoW}| silver-gold mine operation with refinery | Cut-off, U 11.3% 

Tantalum concentrate, 30% Ta2O5 {RoW}| tantalum mine operation and beneficiation | Cut-off, U 4.8% 

Tantalum concentrate, 30% Ta2O5 {CD}| tantalum mine operation and beneficiation | Cut-off, U 4.7% 

Copper concentrate, sulfide ore {RoW}| copper mine operation and beneficiation, sulfide ore | Cut-off, U 4.0% 

Copper concentrate, sulfide ore {GLO}| molybdenite mine operation | Cut-off, U 3.9% 

Silver {RoW}| silver-gold mine operation with refinery | Cut-off, U 3.5% 

Cobalt hydroxide {GLO}| cobalt production | Cut-off, U 3.4% 

Copper, cathode {GLO}| copper production, cathode, solvent extraction and electrowinning process | Cut-

off, U 3.4% 

Gold {AU}| gold production | Cut-off, U 3.1% 

Italy 

Gold, unrefined {RoW}| gold mine operation and gold production, unrefined | Cut-off, U 19.6% 

Gold {RoW}| silver-gold mine operation with refinery | Cut-off, U 13.0% 

Cobalt hydroxide {GLO}| cobalt production | Cut-off, U 5.8% 

Tantalum concentrate, 30% Ta2O5 {RoW}| tantalum mine operation and beneficiation | Cut-off, U 5.4% 

Tantalum concentrate, 30% Ta2O5 {CD}| tantalum mine operation and beneficiation | Cut-off, U 5.3% 

Silver {RoW}| silver-gold mine operation with refinery | Cut-off, U 3.8% 

Gold {AU}| gold production | Cut-off, U 3.5% 

Gold {RoW}| gold-silver mine operation with refinery | Cut-off, U 3.5% 

Tin concentrate {RoW}| tin mine operation | Cut-off, U 3.3% 

Gold {US}| gold production | Cut-off, U 2.8% 

Finland 

Gold, unrefined {RoW}| gold mine operation and gold production, unrefined | Cut-off, U 17.1% 

Gold {RoW}| silver-gold mine operation with refinery | Cut-off, U 11.3% 

Tantalum concentrate, 30% Ta2O5 {RoW}| tantalum mine operation and beneficiation | Cut-off, U 4.9% 

Tantalum concentrate, 30% Ta2O5 {CD}| tantalum mine operation and beneficiation | Cut-off, U 4.8% 

Copper concentrate, sulfide ore {RoW}| copper mine operation and beneficiation, sulfide ore | Cut-off, U 4.3% 

Copper concentrate, sulfide ore {GLO}| molybdenite mine operation | Cut-off, U 4.1% 

Silver {RoW}| silver-gold mine operation with refinery | Cut-off, U 3.6% 

Copper, cathode {GLO}| copper production, cathode, solvent extraction and electrowinning process | Cut-

off, U 3.6% 

Copper concentrate, sulfide ore {CL}| copper mine operation and beneficiation, sulfide ore | Cut-off, U 3.2% 

Gold {AU}| gold production | Cut-off, U 3.1% 

Source: Oxford Economics 
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TABLE 67: MAIN EMITTING PROCESSES FOR MINERAL RESOURCE SCARCITY IN THE CASH 

SYSTEM ACROSS COUNTRIES 

Process Share of total 

Germany 

Iron ore, crude ore, 46% Fe {GLO}| iron ore mine operation, 46% Fe | Cut-off, U 18.9% 

Ferronickel {GLO}| ferronickel production | Cut-off, U 11.4% 

Copper concentrate, sulfide ore {RoW}| copper mine operation and beneficiation, sulfide ore | Cut-off, U 7.7% 

Copper concentrate, sulfide ore {GLO}| molybdenite mine operation | Cut-off, U 7.4% 

Copper, cathode {GLO}| copper production, cathode, solvent extraction and electrowinning process | Cut-

off, U 6.6% 

Copper concentrate, sulfide ore {CL}| copper mine operation and beneficiation, sulfide ore | Cut-off, U 5.8% 

Copper concentrate, sulfide ore {CN}| copper mine operation and beneficiation, sulfide ore | Cut-off, U 4.8% 

Nickel, class 1 {GLO}| cobalt production | Cut-off, U 4.1% 

Iron ore, crude ore, 63% Fe {IN}| iron ore mine operation, 63% Fe | Cut-off, U 3.0% 

Copper concentrate, sulfide ore {US}| copper mine operation and beneficiation, sulfide ore | Cut-off, U 2.0% 

Italy 

Iron ore, crude ore, 46% Fe {GLO}| iron ore mine operation, 46% Fe | Cut-off, U 13.0% 

Copper concentrate, sulfide ore {RoW}| copper mine operation and beneficiation, sulfide ore | Cut-off, U 9.4% 

Ferronickel {GLO}| ferronickel production | Cut-off, U 9.1% 

Copper concentrate, sulfide ore {GLO}| molybdenite mine operation | Cut-off, U 9.0% 

Copper, cathode {GLO}| copper production, cathode, solvent extraction and electrowinning process | Cut-

off, U 8.1% 

Copper concentrate, sulfide ore {CL}| copper mine operation and beneficiation, sulfide ore | Cut-off, U 7.1% 

Copper concentrate, sulfide ore {CN}| copper mine operation and beneficiation, sulfide ore | Cut-off, U 5.9% 

Nickel, class 1 {GLO}| cobalt production | Cut-off, U 5.3% 

Nickel concentrate, 16% Ni {CA-QC}| nickel mine operation and benefication to nickel concentrate, 16% Ni | 

Cut-off, U 2.4% 

Copper concentrate, sulfide ore {US}| copper mine operation and beneficiation, sulfide ore | Cut-off, U 2.4% 

Finland 

Iron ore, crude ore, 46% Fe {GLO}| iron ore mine operation, 46% Fe | Cut-off, U 22.99% 

Ferronickel {GLO}| ferronickel production | Cut-off, U 13.94% 

Copper concentrate, sulfide ore {RoW}| copper mine operation and beneficiation, sulfide ore | Cut-off, U 5.36% 

Copper concentrate, sulfide ore {GLO}| molybdenite mine operation | Cut-off, U 5.17% 

Copper, cathode {GLO}| copper production, cathode, solvent extraction and electrowinning process | Cut-

off, U 4.61% 

Copper concentrate, sulfide ore {CL}| copper mine operation and beneficiation, sulfide ore | Cut-off, U 4.06% 

Bauxite {GLO}| bauxite mine operation | Cut-off, U 3.76% 

Iron ore, crude ore, 63% Fe {IN}| iron ore mine operation, 63% Fe | Cut-off, U 3.62% 

Platinum group metal concentrate {ZA}| platinum group metal, mine and concentration operations | Cut-

off, U 3.48% 

Copper concentrate, sulfide ore {CN}| copper mine operation and beneficiation, sulfide ore | Cut-off, U 3.36% 

Source: Oxford Economics 
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TABLE 68: MAIN EMITTING PROCESSES FOR IONIZING RADIATION IN THE DIGITAL SYSTEM 

ACROSS COUNTRIES 

Process Share of total 

Germany 

Spent nuclear fuel {RoW}| treatment of spent nuclear fuel, reprocessing | Cut-off, U 23.3% 

Electricity, high voltage {GB}| electricity production, nuclear, boiling water reactor | Cut-off, U 15.1% 

Uranium ore, as U {RNA}| uranium mine operation, underground | Cut-off, U 14.6% 

Uranium ore, as U {RoW}| uranium mine operation, underground | Cut-off, U 13.8% 

Low level radioactive waste {CH}| treatment of low level radioactive waste, plasma torch incineration | Cut-

off, U 9.6% 

Uranium, in yellowcake {RoW}| uranium production, in yellowcake | Cut-off, U 3.7% 

Electricity, high voltage {SE}| electricity production, nuclear, boiling water reactor | Cut-off, U 2.5% 

Uranium, in yellowcake {RNA}| uranium production, in yellowcake | Cut-off, U 1.6% 

Electricity, high voltage {DE}| electricity production, nuclear, boiling water reactor | Cut-off, U 1.4% 

Electricity, high voltage {CH}| electricity production, nuclear, boiling water reactor | Cut-off, U 1.1% 

Italy 

Spent nuclear fuel {RoW}| treatment of spent nuclear fuel, reprocessing | Cut-off, U 24.7% 

Uranium ore, as U {RNA}| uranium mine operation, underground | Cut-off, U 13.8% 

Uranium ore, as U {RoW}| uranium mine operation, underground | Cut-off, U 13.1% 

Electricity, high voltage {GB}| electricity production, nuclear, boiling water reactor | Cut-off, U 12.1% 

Low level radioactive waste {CH}| treatment of low level radioactive waste, plasma torch incineration | Cut-

off, U 9.1% 

Uranium, in yellowcake {RoW}| uranium production, in yellowcake | Cut-off, U 3.6% 

Electricity, high voltage {SE}| electricity production, nuclear, boiling water reactor | Cut-off, U 2.1% 

Electricity, high voltage {SERC}| electricity production, nuclear, boiling water reactor | Cut-off, U 1.6% 

Uranium, in yellowcake {RNA}| uranium production, in yellowcake | Cut-off, U 1.5% 

Electricity, high voltage {RFC}| electricity production, nuclear, boiling water reactor | Cut-off, U 1.4% 

Finland 

Spent nuclear fuel {RoW}| treatment of spent nuclear fuel, reprocessing | Cut-off, U 21.7% 

Electricity, high voltage {GB}| electricity production, nuclear, boiling water reactor | Cut-off, U 17.6% 

Uranium ore, as U {RNA}| uranium mine operation, underground | Cut-off, U 14.0% 

Uranium ore, as U {RoW}| uranium mine operation, underground | Cut-off, U 13.3% 

Low level radioactive waste {CH}| treatment of low level radioactive waste, plasma torch incineration | Cut-

off, U 9.4% 

Uranium, in yellowcake {RoW}| uranium production, in yellowcake | Cut-off, U 3.6% 

Electricity, high voltage {FI}| electricity production, nuclear, boiling water reactor | Cut-off, U 3.1% 

Electricity, high voltage {SE}| electricity production, nuclear, boiling water reactor | Cut-off, U 2.6% 

Uranium, in yellowcake {RNA}| uranium production, in yellowcake | Cut-off, U 1.6% 

Electricity, high voltage {CH}| electricity production, nuclear, boiling water reactor | Cut-off, U 1.1% 

Source: Oxford Economics 
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TABLE 69: MAIN EMITTING PROCESSES FOR IONIZING RADIATION IN THE CASH SYSTEM 

ACROSS COUNTRIES 

Process Share of total 

Germany 

Spent nuclear fuel {RoW}| treatment of spent nuclear fuel, reprocessing | Cut-off, U 27.4% 

Uranium ore, as U {RNA}| uranium mine operation, underground | Cut-off, U 16.5% 

Uranium ore, as U {RoW}| uranium mine operation, underground | Cut-off, U 15.6% 

Low level radioactive waste {CH}| treatment of low level radioactive waste, plasma torch incineration | Cut-

off, U 10.7% 

Electricity, high voltage {DE}| electricity production, nuclear, boiling water reactor | Cut-off, U 6.3% 

Uranium, in yellowcake {RoW}| uranium production, in yellowcake | Cut-off, U 4.2% 

Electricity, high voltage {SE}| electricity production, nuclear, boiling water reactor | Cut-off, U 2.2% 

Electricity, high voltage {GB}| electricity production, nuclear, boiling water reactor | Cut-off, U 1.9% 

Uranium, in yellowcake {RNA}| uranium production, in yellowcake | Cut-off, U 1.8% 

Electricity, high voltage {CH}| electricity production, nuclear, boiling water reactor | Cut-off, U 1.1% 

Italy 

Spent nuclear fuel {RoW}| treatment of spent nuclear fuel, reprocessing | Cut-off, U 27.7% 

Uranium ore, as U {RNA}| uranium mine operation, underground | Cut-off, U 14.6% 

Uranium ore, as U {RoW}| uranium mine operation, underground | Cut-off, U 13.8% 

Low level radioactive waste {CH}| treatment of low level radioactive waste, plasma torch incineration | Cut-

off, U 9.3% 

Electricity, high voltage {CH}| electricity production, nuclear, boiling water reactor | Cut-off, U 4.7% 

Uranium, in yellowcake {RoW}| uranium production, in yellowcake | Cut-off, U 3.7% 

Electricity, high voltage {GB}| electricity production, nuclear, boiling water reactor | Cut-off, U 2.8% 

Electricity, high voltage {SE}| electricity production, nuclear, boiling water reactor | Cut-off, U 2.6% 

Uranium, in yellowcake {RNA}| uranium production, in yellowcake | Cut-off, U 1.6% 

Electricity, high voltage {SERC}| electricity production, nuclear, boiling water reactor | Cut-off, U 1.3% 

Finland 

Electricity, high voltage {FI}| electricity production, nuclear, boiling water reactor | Cut-off, U 26.2% 

Spent nuclear fuel {RoW}| treatment of spent nuclear fuel, reprocessing | Cut-off, U 17.0% 

Uranium ore, as U {RNA}| uranium mine operation, underground | Cut-off, U 11.0% 

Uranium ore, as U {RoW}| uranium mine operation, underground | Cut-off, U 10.4% 

Electricity, high voltage {SE}| electricity production, nuclear, boiling water reactor | Cut-off, U 8.9% 

Low level radioactive waste {CH}| treatment of low level radioactive waste, plasma torch incineration | Cut-

off, U 8.1% 

Uranium, in yellowcake {RoW}| uranium production, in yellowcake | Cut-off, U 2.8% 

Electricity, high voltage {FI}| electricity production, nuclear, pressure water reactor | Cut-off, U 2.7% 

Electricity, high voltage {RU}| electricity production, nuclear, boiling water reactor | Cut-off, U 1.8% 

Uranium, in yellowcake {RNA}| uranium production, in yellowcake | Cut-off, U 1.2% 

Source: Oxford Economics 
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APPENDIX 4: DETAILED CHARACTERISATION RESULTS FOR 

EACH SENSITIVITY ANALYSIS 

TABLE 70: NO WAY TO ATM/CRM (IMPACT ON CASH PAYMENT SYSTEM) 

Impact category Unit Germany 

digital 

Italy 

digital 

Finland 

digital 

Germany 

cash 

Italy 

cash 

Finland 

cash 

Global Warming kg C02 eq 3.06E-03 5.39E-03 2.20E-03 1.16E-02 6.61E-03 1.16E-02 

Stratospheric ozone depletion kg CFC11 eg 1.42E-09 2.22E-09 1.09E-09 6.02E-09 3.75E-09 6.13E-09 

Ionizing radiation kBq Co-60 eq 3.85E-05 5.50E-05 4.07E-05 1.04E-04 4.07E-05 3.07E-04 

Ozone formation, Human health kg NOx eq 8.96E-06 1.59E-05 5.91E-06 2.88E-05 2.20E-05 3.78E-05 

Fine particulate matter formation kg PM2.5 eq 4.66E-06 9.57E-06 3.69E-06 2.60E-05 2.10E-05 3.00E-05 

Ozone formation, Terrestrial ecosystems kg NOx eq 9.29E-06 1.65E-05 6.13E-06 3.02E-05 2.31E-05 3.98E-05 

Terrestrial acidification kg SO2 eq 1.14E-05 2.16E-05 8.90E-06 7.04E-05 5.94E-05 7.59E-05 

Freshwater eutrophication kg P eq 3.21E-07 6.84E-07 2.52E-07 1.58E-06 7.07E-07 1.06E-06 

Marine eutrophication kg N eq 1.08E-07 2.70E-07 6.37E-08 1.37E-06 1.24E-06 1.36E-06 

Terrestrial ecotoxicity kg 1,4-DCB 3.05E-02 5.66E-02 2.77E-02 3.55E-01 3.33E-01 3.75E-01 

Freshwater ecotoxicity kg 1,4-DCB 1.08E-05 2.81E-05 9.19E-06 4.12E-05 2.96E-05 5.41E-05 

Marine ecotoxicity kg 1,4-DCB 5.55E-05 1.47E-04 4.96E-05 2.18E-04 1.87E-04 2.47E-04 

Human carcinogenic toxicity kg 1,4-DCB 5.76E-05 1.21E-04 4.98E-05 7.85E-04 4.78E-04 8.97E-04 

Human non-carcinogenic toxicity kg 1,4-DCB 2.30E-03 4.39E-03 2.04E-03 2.07E-02 1.86E-02 2.09E-02 

Land use m2a crop eq 5.69E-04 5.11E-04 2.78E-04 9.26E-04 7.67E-04 1.08E-03 

Mineral resource scarcity kg Cu eq 4.93E-05 1.33E-04 4.45E-05 3.08E-04 2.38E-04 3.31E-04 

Fossil resource scarcity kg oil eq 8.57E-04 1.42E-03 6.12E-04 2.91E-03 1.79E-03 3.02E-03 

Water consumption m3 3.07E-05 4.88E-05 2.27E-05 1.68E-04 1.51E-04 2.00E-04 

Source: Oxford Economics 
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TABLE 71: NEWER POS TERMINAL MODEL (IMPACT ON DIGITAL PAYMENT SYSTEM) 

Impact category Unit Germany 

digital 

Italy 

digital 

Finland 

digital 

Germany 

cash 

Italy 

cash 

Finland 

cash 

Global Warming kg C02 eq 2.93E-03 4.83E-03 2.12E-03 1.81E-02 1.15E-02 5.18E-02 

Stratospheric ozone depletion kg CFC11 eg 1.34E-09 1.85E-09 1.04E-09 8.04E-09 5.27E-09 1.87E-08 

Ionizing radiation kBq Co-60 eq 3.63E-05 4.51E-05 3.94E-05 1.13E-04 4.79E-05 3.65E-04 

Ozone formation, Human health kg NOx eq 8.63E-06 1.44E-05 5.70E-06 4.69E-05 3.64E-05 1.51E-04 

Fine particulate matter formation kg PM2.5 eq 4.48E-06 8.75E-06 3.58E-06 3.25E-05 2.59E-05 7.05E-05 

Ozone formation, Terrestrial ecosystems kg NOx eq 8.97E-06 1.51E-05 5.92E-06 4.96E-05 3.87E-05 1.61E-04 

Terrestrial acidification kg SO2 eq 1.15E-05 2.20E-05 8.96E-06 8.52E-05 7.06E-05 1.68E-04 

Freshwater eutrophication kg P eq 2.78E-07 4.88E-07 2.25E-07 1.71E-06 8.02E-07 1.85E-06 

Marine eutrophication kg N eq 1.12E-07 2.87E-07 6.61E-08 1.49E-06 1.33E-06 2.11E-06 

Terrestrial ecotoxicity kg 1,4-DCB 2.88E-02 4.90E-02 2.66E-02 3.87E-01 3.56E-01 5.73E-01 

Freshwater ecotoxicity kg 1,4-DCB 8.28E-06 1.67E-05 7.61E-06 5.86E-05 4.27E-05 1.63E-04 

Marine ecotoxicity kg 1,4-DCB 4.48E-05 9.91E-05 4.29E-05 2.62E-04 2.20E-04 5.20E-04 

Human carcinogenic toxicity kg 1,4-DCB 5.80E-05 1.23E-04 5.00E-05 9.21E-04 5.77E-04 1.74E-03 

Human non-carcinogenic toxicity kg 1,4-DCB 2.11E-03 3.53E-03 1.92E-03 2.22E-02 1.97E-02 3.04E-02 

Land use m2a crop eq 5.63E-04 4.84E-04 2.74E-04 1.08E-03 8.86E-04 2.06E-03 

Mineral resource scarcity kg Cu eq 4.43E-05 1.10E-04 4.13E-05 3.42E-04 2.62E-04 5.42E-04 

Fossil resource scarcity kg oil eq 8.27E-04 1.28E-03 5.92E-04 4.79E-03 3.22E-03 1.47E-02 

Water consumption m3 2.94E-05 4.29E-05 2.18E-05 1.86E-04 1.64E-04 3.08E-04 

Source: Oxford Economics 
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TABLE 72: NO REFURBISHMENT OF TERMINALS (IMPACT ON DIGITAL PAYMENT SYSTEM) 

Impact category Unit Germany 

digital 

Italy 

digital 

Finland 

digital 

Germany 

cash 

Italy 

cash 

Finland 

cash 

Global Warming kg C02 eq 3.14E-03 5.47E-03 2.26E-03 1.81E-02 1.15E-02 5.18E-02 

Stratospheric ozone depletion kg CFC11 eg 1.46E-09 2.25E-09 1.12E-09 8.04E-09 5.27E-09 1.87E-08 

Ionizing radiation kBq Co-60 eq 3.90E-05 5.55E-05 4.12E-05 1.13E-04 4.79E-05 3.65E-04 

Ozone formation, Human health kg NOx eq 9.21E-06 1.62E-05 6.11E-06 4.69E-05 3.64E-05 1.51E-04 

Fine particulate matter formation kg PM2.5 eq 4.82E-06 9.72E-06 3.82E-06 3.25E-05 2.59E-05 7.05E-05 

Ozone formation, Terrestrial ecosystems kg NOx eq 9.56E-06 1.68E-05 6.33E-06 4.96E-05 3.87E-05 1.61E-04 

Terrestrial acidification kg SO2 eq 1.17E-05 2.19E-05 9.17E-06 8.52E-05 7.06E-05 1.68E-04 

Freshwater eutrophication kg P eq 3.34E-07 6.96E-07 2.62E-07 1.71E-06 8.02E-07 1.85E-06 

Marine eutrophication kg N eq 1.12E-07 2.73E-07 6.63E-08 1.49E-06 1.33E-06 2.11E-06 

Terrestrial ecotoxicity kg 1,4-DCB 3.13E-02 5.74E-02 2.83E-02 3.87E-01 3.56E-01 5.73E-01 

Freshwater ecotoxicity kg 1,4-DCB 1.13E-05 2.87E-05 9.62E-06 5.86E-05 4.27E-05 1.63E-04 

Marine ecotoxicity kg 1,4-DCB 5.84E-05 1.50E-04 5.18E-05 2.62E-04 2.20E-04 5.20E-04 

Human carcinogenic toxicity kg 1,4-DCB 5.97E-05 1.23E-04 5.14E-05 9.21E-04 5.77E-04 1.74E-03 

Human non-carcinogenic toxicity kg 1,4-DCB 2.37E-03 4.45E-03 2.09E-03 2.22E-02 1.97E-02 3.04E-02 

Land use m2a crop eq 5.72E-04 5.14E-04 2.80E-04 1.08E-03 8.86E-04 2.06E-03 

Mineral resource scarcity kg Cu eq 5.20E-05 1.36E-04 4.65E-05 3.42E-04 2.62E-04 5.42E-04 

Fossil resource scarcity kg oil eq 8.78E-04 1.44E-03 6.28E-04 4.79E-03 3.22E-03 1.47E-02 

Water consumption m3 3.14E-05 4.95E-05 2.32E-05 1.86E-04 1.64E-04 3.08E-04 

Source: Oxford Economics 
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TABLE 73: WORST EOL FOR REFURBISHED TERMINALS (IMPACT ON DIGITAL PAYMENT SYSTEM) 

Impact category Unit Germany 

digital 

Italy 

digital 

Finland 

digital 

Germany 

cash 

Italy 

cash 

Finland 

cash 

Global Warming kg C02 eq 3.15E-03 5.66E-03 2.39E-03 1.81E-02 1.15E-02 5.18E-02 

Stratospheric ozone depletion kg CFC11 eg 1.50E-09 2.34E-09 1.24E-09 8.04E-09 5.27E-09 1.87E-08 

Ionizing radiation kBq Co-60 eq 3.98E-05 5.77E-05 4.35E-05 1.13E-04 4.79E-05 3.65E-04 

Ozone formation, Human health kg NOx eq 9.22E-06 1.65E-05 6.44E-06 4.69E-05 3.64E-05 1.51E-04 

Fine particulate matter formation kg PM2.5 eq 4.80E-06 9.85E-06 3.97E-06 3.25E-05 2.59E-05 7.05E-05 

Ozone formation, Terrestrial ecosystems kg NOx eq 9.57E-06 1.71E-05 6.68E-06 4.96E-05 3.87E-05 1.61E-04 

Terrestrial acidification kg SO2 eq 1.17E-05 2.22E-05 9.56E-06 8.52E-05 7.06E-05 1.68E-04 

Freshwater eutrophication kg P eq 3.30E-07 7.03E-07 2.70E-07 1.71E-06 8.02E-07 1.85E-06 

Marine eutrophication kg N eq 1.12E-07 3.12E-07 7.45E-08 1.49E-06 1.33E-06 2.11E-06 

Terrestrial ecotoxicity kg 1,4-DCB 3.07E-02 5.71E-02 2.82E-02 3.87E-01 3.56E-01 5.73E-01 

Freshwater ecotoxicity kg 1,4-DCB 1.09E-05 2.84E-05 9.48E-06 5.86E-05 4.27E-05 1.63E-04 

Marine ecotoxicity kg 1,4-DCB 5.57E-05 1.48E-04 5.01E-05 2.62E-04 2.20E-04 5.20E-04 

Human carcinogenic toxicity kg 1,4-DCB 5.88E-05 1.23E-04 5.23E-05 9.21E-04 5.77E-04 1.74E-03 

Human non-carcinogenic toxicity kg 1,4-DCB 2.34E-03 4.46E-03 2.12E-03 2.22E-02 1.97E-02 3.04E-02 

Land use m2a crop eq 6.12E-04 5.98E-04 3.64E-04 1.08E-03 8.86E-04 2.06E-03 

Mineral resource scarcity kg Cu eq 4.96E-05 1.34E-04 4.51E-05 3.42E-04 2.62E-04 5.42E-04 

Fossil resource scarcity kg oil eq 8.91E-04 1.49E-03 6.78E-04 4.79E-03 3.22E-03 1.47E-02 

Water consumption m3 3.25E-05 5.25E-05 2.63E-05 1.86E-04 1.64E-04 3.08E-04 

Source: Oxford Economics 
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TABLE 74: PRINTING OF TWO PAPER RECEIPTS (IMPACT ON DIGITAL PAYMENT SYSTEM) 

Impact category Unit Germany 

digital 

Italy 

digital 

Finland 

digital 

Germany 

cash 

Italy 

cash 

Finland 

cash 

Global Warming kg C02 eq 3.15E-03 5.66E-03 2.39E-03 1.81E-02 1.15E-02 5.18E-02 

Stratospheric ozone depletion kg CFC11 eg 1.50E-09 2.34E-09 1.24E-09 8.04E-09 5.27E-09 1.87E-08 

Ionizing radiation kBq Co-60 eq 3.98E-05 5.77E-05 4.35E-05 1.13E-04 4.79E-05 3.65E-04 

Ozone formation, Human health kg NOx eq 9.22E-06 1.65E-05 6.44E-06 4.69E-05 3.64E-05 1.51E-04 

Fine particulate matter formation kg PM2.5 eq 4.80E-06 9.85E-06 3.97E-06 3.25E-05 2.59E-05 7.05E-05 

Ozone formation, Terrestrial ecosystems kg NOx eq 9.57E-06 1.71E-05 6.68E-06 4.96E-05 3.87E-05 1.61E-04 

Terrestrial acidification kg SO2 eq 1.17E-05 2.22E-05 9.56E-06 8.52E-05 7.06E-05 1.68E-04 

Freshwater eutrophication kg P eq 3.30E-07 7.03E-07 2.70E-07 1.71E-06 8.02E-07 1.85E-06 

Marine eutrophication kg N eq 1.12E-07 3.12E-07 7.45E-08 1.49E-06 1.33E-06 2.11E-06 

Terrestrial ecotoxicity kg 1,4-DCB 3.07E-02 5.71E-02 2.82E-02 3.87E-01 3.56E-01 5.73E-01 

Freshwater ecotoxicity kg 1,4-DCB 1.09E-05 2.84E-05 9.48E-06 5.86E-05 4.27E-05 1.63E-04 

Marine ecotoxicity kg 1,4-DCB 5.57E-05 1.48E-04 5.01E-05 2.62E-04 2.20E-04 5.20E-04 

Human carcinogenic toxicity kg 1,4-DCB 5.88E-05 1.23E-04 5.23E-05 9.21E-04 5.77E-04 1.74E-03 

Human non-carcinogenic toxicity kg 1,4-DCB 2.34E-03 4.46E-03 2.12E-03 2.22E-02 1.97E-02 3.04E-02 

Land use m2a crop eq 6.12E-04 5.98E-04 3.64E-04 1.08E-03 8.86E-04 2.06E-03 

Mineral resource scarcity kg Cu eq 4.96E-05 1.34E-04 4.51E-05 3.42E-04 2.62E-04 5.42E-04 

Fossil resource scarcity kg oil eq 8.91E-04 1.49E-03 6.78E-04 4.79E-03 3.22E-03 1.47E-02 

Water consumption m3 3.25E-05 5.25E-05 2.63E-05 1.86E-04 1.64E-04 3.08E-04 

Source: Oxford Economics 
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TABLE 75: HIGHER ENERGY USE OF DIGITAL DATA CENTRES (IMPACT ON DIGITAL PAYMENT SYSTEM) 

Impact category Unit Germany 

digital 

Italy 

digital 

Finland 

digital 

Germany 

cash 

Italy 

cash 

Finland 

cash 

Global Warming kg C02 eq 3.61E-03 5.94E-03 2.75E-03 1.81E-02 1.15E-02 5.18E-02 

Stratospheric ozone depletion kg CFC11 eg 1.70E-09 2.50E-09 1.37E-09 8.04E-09 5.27E-09 1.87E-08 

Ionizing radiation kBq Co-60 eq 5.13E-05 6.78E-05 5.36E-05 1.13E-04 4.79E-05 3.65E-04 

Ozone formation, Human health kg NOx eq 1.03E-05 1.73E-05 7.23E-06 4.69E-05 3.64E-05 1.51E-04 

Fine particulate matter formation kg PM2.5 eq 5.63E-06 1.05E-05 4.66E-06 3.25E-05 2.59E-05 7.05E-05 

Ozone formation, Terrestrial ecosystems kg NOx eq 1.07E-05 1.79E-05 7.49E-06 4.96E-05 3.87E-05 1.61E-04 

Terrestrial acidification kg SO2 eq 1.38E-05 2.40E-05 1.13E-05 8.52E-05 7.06E-05 1.68E-04 

Freshwater eutrophication kg P eq 3.88E-07 7.51E-07 3.19E-07 1.71E-06 8.02E-07 1.85E-06 

Marine eutrophication kg N eq 1.16E-07 2.78E-07 7.12E-08 1.49E-06 1.33E-06 2.11E-06 

Terrestrial ecotoxicity kg 1,4-DCB 4.04E-02 6.66E-02 3.76E-02 3.87E-01 3.56E-01 5.73E-01 

Freshwater ecotoxicity kg 1,4-DCB 1.34E-05 3.08E-05 1.18E-05 5.86E-05 4.27E-05 1.63E-04 

Marine ecotoxicity kg 1,4-DCB 7.10E-05 1.63E-04 6.51E-05 2.62E-04 2.20E-04 5.20E-04 

Human carcinogenic toxicity kg 1,4-DCB 7.32E-05 1.37E-04 6.54E-05 9.21E-04 5.77E-04 1.74E-03 

Human non-carcinogenic toxicity kg 1,4-DCB 2.99E-03 5.08E-03 2.73E-03 2.22E-02 1.97E-02 3.04E-02 

Land use m2a crop eq 5.94E-04 5.37E-04 3.03E-04 1.08E-03 8.86E-04 2.06E-03 

Mineral resource scarcity kg Cu eq 6.32E-05 1.47E-04 5.83E-05 3.42E-04 2.62E-04 5.42E-04 

Fossil resource scarcity kg oil eq 1.01E-03 1.57E-03 7.63E-04 4.79E-03 3.22E-03 1.47E-02 

Water consumption m3 3.52E-05 5.33E-05 2.72E-05 1.86E-04 1.64E-04 3.08E-04 

Source: Oxford Economics 
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TABLE 76: HIGHER ENERGY USE FOR CASH DATA CENTRES (IMPACT ON CASH PAYMENT SYSTEM) 

Impact category Unit Germany 

digital 

Italy 

digital 

Finland 

digital 

Germany 

cash 

Italy 

cash 

Finland 

cash 

Global Warming kg C02 eq 3.01E-03 5.39E-03 2.09E-03 2.04E-02 1.15E-02 8.44E-02 

Stratospheric ozone depletion kg CFC11 eg 1.40E-09 2.22E-09 1.05E-09 8.73E-09 5.28E-09 2.91E-08 

Ionizing radiation kBq Co-60 eq 3.63E-05 5.50E-05 3.81E-05 1.15E-04 4.81E-05 4.03E-04 

Ozone formation, Human health kg NOx eq 8.92E-06 1.59E-05 5.73E-06 5.36E-05 3.65E-05 2.33E-04 

Fine particulate matter formation kg PM2.5 eq 4.58E-06 9.57E-06 3.53E-06 3.41E-05 2.59E-05 1.00E-04 

Ozone formation, Terrestrial ecosystems kg NOx eq 9.26E-06 1.65E-05 5.95E-06 5.67E-05 3.87E-05 2.49E-04 

Terrestrial acidification kg SO2 eq 1.11E-05 2.16E-05 8.47E-06 8.84E-05 7.07E-05 2.35E-04 

Freshwater eutrophication kg P eq 3.11E-07 6.84E-07 2.39E-07 1.71E-06 8.03E-07 2.45E-06 

Marine eutrophication kg N eq 1.09E-07 2.70E-07 6.33E-08 1.54E-06 1.33E-06 2.73E-06 

Terrestrial ecotoxicity kg 1,4-DCB 3.02E-02 5.66E-02 2.73E-02 3.94E-01 3.57E-01 7.47E-01 

Freshwater ecotoxicity kg 1,4-DCB 1.08E-05 2.81E-05 9.10E-06 6.41E-05 4.28E-05 2.48E-04 

Marine ecotoxicity kg 1,4-DCB 5.52E-05 1.47E-04 4.91E-05 2.76E-04 2.20E-04 7.47E-04 

Human carcinogenic toxicity kg 1,4-DCB 5.72E-05 1.21E-04 4.89E-05 9.47E-04 5.77E-04 2.33E-03 

Human non-carcinogenic toxicity kg 1,4-DCB 2.27E-03 4.39E-03 2.00E-03 2.22E-02 1.97E-02 3.75E-02 

Land use m2a crop eq 5.69E-04 5.11E-04 2.75E-04 1.13E-03 8.86E-04 2.82E-03 

Mineral resource scarcity kg Cu eq 4.91E-05 1.33E-04 4.41E-05 3.44E-04 2.63E-04 6.90E-04 

Fossil resource scarcity kg oil eq 8.48E-04 1.42E-03 5.84E-04 5.50E-03 3.22E-03 2.43E-02 

Water consumption m3 3.09E-05 4.88E-05 2.24E-05 1.91E-04 1.64E-04 3.89E-04 

Source: Oxford Economics 
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TABLE 77: LOWER ENERGY USE OF DIGITAL DATA CENTRES (IMPACT ON DIGITAL PAYMENT SYSTEM) 

Impact category Unit Germany 

digital 

Italy 

digital 

Finland 

digital 

Germany 

cash 

Italy 

cash 

Finland 

cash 

Global Warming kg C02 eq 3.05E-03 5.28E-03 1.93E-03 1.81E-02 1.15E-02 5.18E-02 

Stratospheric ozone depletion kg CFC11 eg 1.42E-09 2.17E-09 9.56E-10 8.04E-09 5.27E-09 1.87E-08 

Ionizing radiation kBq Co-60 eq 3.84E-05 5.24E-05 3.46E-05 1.13E-04 4.79E-05 3.65E-04 

Ozone formation, Human health kg NOx eq 8.95E-06 1.57E-05 5.28E-06 4.69E-05 3.64E-05 1.51E-04 

Fine particulate matter formation kg PM2.5 eq 4.66E-06 9.37E-06 3.22E-06 3.25E-05 2.59E-05 7.05E-05 

Ozone formation, Terrestrial ecosystems kg NOx eq 9.29E-06 1.63E-05 5.47E-06 4.96E-05 3.87E-05 1.61E-04 

Terrestrial acidification kg SO2 eq 1.14E-05 2.11E-05 7.75E-06 8.52E-05 7.06E-05 1.68E-04 

Freshwater eutrophication kg P eq 3.21E-07 6.71E-07 2.20E-07 1.71E-06 8.02E-07 1.85E-06 

Marine eutrophication kg N eq 1.08E-07 2.69E-07 6.02E-08 1.49E-06 1.33E-06 2.11E-06 

Terrestrial ecotoxicity kg 1,4-DCB 3.04E-02 5.46E-02 2.29E-02 3.87E-01 3.56E-01 5.73E-01 

Freshwater ecotoxicity kg 1,4-DCB 1.08E-05 2.76E-05 7.92E-06 5.86E-05 4.27E-05 1.63E-04 

Marine ecotoxicity kg 1,4-DCB 5.54E-05 1.44E-04 4.21E-05 2.62E-04 2.20E-04 5.20E-04 

Human carcinogenic toxicity kg 1,4-DCB 5.75E-05 1.18E-04 4.22E-05 9.21E-04 5.77E-04 1.74E-03 

Human non-carcinogenic toxicity kg 1,4-DCB 2.30E-03 4.25E-03 1.71E-03 2.22E-02 1.97E-02 3.04E-02 

Land use m2a crop eq 5.68E-04 5.06E-04 2.66E-04 1.08E-03 8.86E-04 2.06E-03 

Mineral resource scarcity kg Cu eq 4.93E-05 1.30E-04 3.78E-05 3.42E-04 2.62E-04 5.42E-04 

Fossil resource scarcity kg oil eq 8.57E-04 1.39E-03 5.39E-04 4.79E-03 3.22E-03 1.47E-02 

Water consumption m3 3.07E-05 4.79E-05 2.05E-05 1.86E-04 1.64E-04 3.08E-04 

Source: Oxford Economics 
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TABLE 78: DATA CENTRES LOCAL GRID (DIGITAL ONLY) (IMPACT ON DIGITAL PAYMENT SYSTEM) 

Impact category Unit Germany 

digital 

Italy 

digital 

Finland 

digital 

Germany 

cash 

Italy 

cash 

Finland 

cash 

Global Warming kg C02 eq 3.14E-03 5.42E-03 2.05E-03 1.81E-02 1.15E-02 5.18E-02 

Stratospheric ozone depletion kg CFC11 eg 1.47E-09 2.22E-09 1.12E-09 8.04E-09 5.27E-09 1.87E-08 

Ionizing radiation kBq Co-60 eq 3.06E-05 4.35E-05 6.12E-05 1.13E-04 4.79E-05 3.65E-04 

Ozone formation, Human health kg NOx eq 8.93E-06 1.61E-05 5.81E-06 4.69E-05 3.64E-05 1.51E-04 

Fine particulate matter formation kg PM2.5 eq 4.71E-06 9.71E-06 3.82E-06 3.25E-05 2.59E-05 7.05E-05 

Ozone formation, Terrestrial ecosystems kg NOx eq 9.26E-06 1.67E-05 6.03E-06 4.96E-05 3.87E-05 1.61E-04 

Terrestrial acidification kg SO2 eq 1.15E-05 2.20E-05 8.95E-06 8.52E-05 7.06E-05 1.68E-04 

Freshwater eutrophication kg P eq 3.69E-07 6.67E-07 2.38E-07 1.71E-06 8.02E-07 1.85E-06 

Marine eutrophication kg N eq 1.08E-07 2.70E-07 6.38E-08 1.49E-06 1.33E-06 2.11E-06 

Terrestrial ecotoxicity kg 1,4-DCB 3.07E-02 5.67E-02 2.74E-02 3.87E-01 3.56E-01 5.73E-01 

Freshwater ecotoxicity kg 1,4-DCB 1.08E-05 2.81E-05 9.17E-06 5.86E-05 4.27E-05 1.63E-04 

Marine ecotoxicity kg 1,4-DCB 5.56E-05 1.47E-04 4.93E-05 2.62E-04 2.20E-04 5.20E-04 

Human carcinogenic toxicity kg 1,4-DCB 5.85E-05 1.21E-04 4.93E-05 9.21E-04 5.77E-04 1.74E-03 

Human non-carcinogenic toxicity kg 1,4-DCB 2.32E-03 4.37E-03 2.03E-03 2.22E-02 1.97E-02 3.04E-02 

Land use m2a crop eq 5.60E-04 5.04E-04 2.86E-04 1.08E-03 8.86E-04 2.06E-03 

Mineral resource scarcity kg Cu eq 4.94E-05 1.33E-04 4.44E-05 3.42E-04 2.62E-04 5.42E-04 

Fossil resource scarcity kg oil eq 8.58E-04 1.43E-03 5.54E-04 4.79E-03 3.22E-03 1.47E-02 

Water consumption m3 3.10E-05 5.29E-05 2.71E-05 1.86E-04 1.64E-04 3.08E-04 

Source: Oxford Economics 
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TABLE 79: DATA CENTRES LOCAL GRID (CASH AND DIGITAL) (IMPACT ON CASH AND DIGITAL PAYMENT SYSTEMS) 

Impact category Unit Germany 

digital 

Italy 

digital 

Finland 

digital 

Germany 

cash 

Italy 

cash 

Finland 

cash 

Global Warming kg C02 eq 3.14E-03 5.42E-03 2.05E-03 1.81E-02 1.15E-02 5.18E-02 

Stratospheric ozone depletion kg CFC11 eg 1.47E-09 2.22E-09 1.12E-09 8.04E-09 5.27E-09 1.87E-08 

Ionizing radiation kBq Co-60 eq 3.06E-05 4.35E-05 6.12E-05 1.13E-04 4.76E-05 3.67E-04 

Ozone formation, Human health kg NOx eq 8.93E-06 1.61E-05 5.81E-06 4.69E-05 3.64E-05 1.51E-04 

Fine particulate matter formation kg PM2.5 eq 4.71E-06 9.71E-06 3.82E-06 3.25E-05 2.59E-05 7.05E-05 

Ozone formation, Terrestrial ecosystems kg NOx eq 9.26E-06 1.67E-05 6.03E-06 4.96E-05 3.87E-05 1.61E-04 

Terrestrial acidification kg SO2 eq 1.15E-05 2.20E-05 8.95E-06 8.52E-05 7.06E-05 1.68E-04 

Freshwater eutrophication kg P eq 3.69E-07 6.67E-07 2.38E-07 1.71E-06 8.01E-07 1.85E-06 

Marine eutrophication kg N eq 1.08E-07 2.70E-07 6.38E-08 1.49E-06 1.33E-06 2.11E-06 

Terrestrial ecotoxicity kg 1,4-DCB 3.07E-02 5.67E-02 2.74E-02 3.87E-01 3.56E-01 5.73E-01 

Freshwater ecotoxicity kg 1,4-DCB 1.08E-05 2.81E-05 9.17E-06 5.86E-05 4.27E-05 1.63E-04 

Marine ecotoxicity kg 1,4-DCB 5.56E-05 1.47E-04 4.93E-05 2.62E-04 2.20E-04 5.20E-04 

Human carcinogenic toxicity kg 1,4-DCB 5.85E-05 1.21E-04 4.93E-05 9.21E-04 5.77E-04 1.74E-03 

Human non-carcinogenic toxicity kg 1,4-DCB 2.32E-03 4.37E-03 2.03E-03 2.22E-02 1.97E-02 3.04E-02 

Land use m2a crop eq 5.60E-04 5.04E-04 2.86E-04 1.08E-03 8.86E-04 2.06E-03 

Mineral resource scarcity kg Cu eq 4.94E-05 1.33E-04 4.44E-05 3.42E-04 2.62E-04 5.42E-04 

Fossil resource scarcity kg oil eq 8.58E-04 1.43E-03 5.54E-04 4.79E-03 3.22E-03 1.47E-02 

Water consumption m3 3.10E-05 5.29E-05 2.71E-05 1.86E-04 1.64E-04 3.08E-04 

Source: Oxford Economics 
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TABLE 80: MORE SMALL CCMS (IMPACT ON CASH PAYMENT SYSTEM) 

Impact category Unit Germany 

digital 

Italy 

digital 

Finland 

digital 

Germany 

cash 

Italy 

cash 

Finland 

cash 

Global Warming kg C02 eq 3.06E-03 5.39E-03 2.20E-03 1.85E-02 1.16E-02 5.21E-02 

Stratospheric ozone depletion kg CFC11 eg 1.42E-09 2.22E-09 1.09E-09 8.22E-09 5.31E-09 1.88E-08 

Ionizing radiation kBq Co-60 eq 3.85E-05 5.50E-05 4.07E-05 1.16E-04 4.85E-05 3.67E-04 

Ozone formation, Human health kg NOx eq 8.96E-06 1.59E-05 5.91E-06 4.82E-05 3.67E-05 1.52E-04 

Fine particulate matter formation kg PM2.5 eq 4.66E-06 9.57E-06 3.69E-06 3.34E-05 2.61E-05 7.12E-05 

Ozone formation, Terrestrial ecosystems kg NOx eq 9.29E-06 1.65E-05 6.13E-06 5.09E-05 3.90E-05 1.62E-04 

Terrestrial acidification kg SO2 eq 1.14E-05 2.16E-05 8.90E-06 8.71E-05 7.10E-05 1.69E-04 

Freshwater eutrophication kg P eq 3.21E-07 6.84E-07 2.52E-07 1.82E-06 8.25E-07 1.94E-06 

Marine eutrophication kg N eq 1.08E-07 2.70E-07 6.37E-08 1.56E-06 1.35E-06 2.16E-06 

Terrestrial ecotoxicity kg 1,4-DCB 3.05E-02 5.66E-02 2.77E-02 3.91E-01 3.57E-01 5.76E-01 

Freshwater ecotoxicity kg 1,4-DCB 1.08E-05 2.81E-05 9.19E-06 6.22E-05 4.35E-05 1.65E-04 

Marine ecotoxicity kg 1,4-DCB 5.55E-05 1.47E-04 4.96E-05 2.77E-04 2.23E-04 5.32E-04 

Human carcinogenic toxicity kg 1,4-DCB 5.76E-05 1.21E-04 4.98E-05 9.32E-04 5.79E-04 1.74E-03 

Human non-carcinogenic toxicity kg 1,4-DCB 2.30E-03 4.39E-03 2.04E-03 2.26E-02 1.98E-02 3.06E-02 

Land use m2a crop eq 5.69E-04 5.11E-04 2.78E-04 1.10E-03 8.89E-04 2.07E-03 

Mineral resource scarcity kg Cu eq 4.93E-05 1.33E-04 4.45E-05 3.53E-04 2.65E-04 5.50E-04 

Fossil resource scarcity kg oil eq 8.57E-04 1.42E-03 6.12E-04 4.90E-03 3.25E-03 1.48E-02 

Water consumption m3 3.07E-05 4.88E-05 2.27E-05 1.88E-04 1.65E-04 3.10E-04 

Source: Oxford Economics 
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TABLE 81: NO SMALL CCMS (IMPACT ON CASH PAYMENT SYSTEM) 

Impact category Unit Germany 

digital 

Italy 

digital 

Finland 

digital 

Germany 

cash 

Italy 

cash 

Finland 

cash 

Global Warming kg C02 eq 3.06E-03 5.39E-03 2.20E-03 1.81E-02 1.15E-02 5.18E-02 

Stratospheric ozone depletion kg CFC11 eg 1.42E-09 2.22E-09 1.09E-09 8.03E-09 5.27E-09 1.87E-08 

Ionizing radiation kBq Co-60 eq 3.85E-05 5.50E-05 4.07E-05 1.13E-04 4.78E-05 3.65E-04 

Ozone formation, Human health kg NOx eq 8.96E-06 1.59E-05 5.91E-06 4.69E-05 3.64E-05 1.51E-04 

Fine particulate matter formation kg PM2.5 eq 4.66E-06 9.57E-06 3.69E-06 3.25E-05 2.59E-05 7.05E-05 

Ozone formation, Terrestrial ecosystems kg NOx eq 9.29E-06 1.65E-05 6.13E-06 4.96E-05 3.87E-05 1.61E-04 

Terrestrial acidification kg SO2 eq 1.14E-05 2.16E-05 8.90E-06 8.52E-05 7.06E-05 1.68E-04 

Freshwater eutrophication kg P eq 3.21E-07 6.84E-07 2.52E-07 1.71E-06 8.01E-07 1.85E-06 

Marine eutrophication kg N eq 1.08E-07 2.70E-07 6.37E-08 1.49E-06 1.33E-06 2.11E-06 

Terrestrial ecotoxicity kg 1,4-DCB 3.05E-02 5.66E-02 2.77E-02 3.87E-01 3.56E-01 5.73E-01 

Freshwater ecotoxicity kg 1,4-DCB 1.08E-05 2.81E-05 9.19E-06 5.86E-05 4.27E-05 1.63E-04 

Marine ecotoxicity kg 1,4-DCB 5.55E-05 1.47E-04 4.96E-05 2.62E-04 2.20E-04 5.20E-04 

Human carcinogenic toxicity kg 1,4-DCB 5.76E-05 1.21E-04 4.98E-05 9.21E-04 5.76E-04 1.74E-03 

Human non-carcinogenic toxicity kg 1,4-DCB 2.30E-03 4.39E-03 2.04E-03 2.22E-02 1.97E-02 3.04E-02 

Land use m2a crop eq 5.69E-04 5.11E-04 2.78E-04 1.08E-03 8.86E-04 2.06E-03 

Mineral resource scarcity kg Cu eq 4.93E-05 1.33E-04 4.45E-05 3.42E-04 2.62E-04 5.41E-04 

Fossil resource scarcity kg oil eq 8.57E-04 1.42E-03 6.12E-04 4.79E-03 3.22E-03 1.47E-02 

Water consumption m3 3.07E-05 4.88E-05 2.27E-05 1.86E-04 1.64E-04 3.08E-04 

Source: Oxford Economics 
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TABLE 82: RECYCLED CARDS (IMPACT ON CASH AND DIGITAL PAYMENT SYSTEM) 

Impact category Unit Germany 

digital 

Italy 

digital 

Finland 

digital 

Germany 

cash 

Italy 

cash 

Finland 

cash 

Global Warming kg C02 eq 3.02E-03 5.37E-03 2.18E-03 1.81E-02 1.15E-02 5.18E-02 

Stratospheric ozone depletion kg CFC11 eg 1.39E-09 2.20E-09 1.08E-09 8.03E-09 5.27E-09 1.87E-08 

Ionizing radiation kBq Co-60 eq 3.82E-05 5.48E-05 4.07E-05 1.13E-04 4.79E-05 3.65E-04 

Ozone formation, Human health kg NOx eq 8.88E-06 1.59E-05 5.89E-06 4.69E-05 3.64E-05 1.51E-04 

Fine particulate matter formation kg PM2.5 eq 4.62E-06 9.54E-06 3.68E-06 3.25E-05 2.59E-05 7.05E-05 

Ozone formation, Terrestrial ecosystems kg NOx eq 9.22E-06 1.65E-05 6.11E-06 4.96E-05 3.87E-05 1.61E-04 

Terrestrial acidification kg SO2 eq 1.13E-05 2.15E-05 8.87E-06 8.52E-05 7.06E-05 1.68E-04 

Freshwater eutrophication kg P eq 3.19E-07 6.83E-07 2.52E-07 1.71E-06 8.01E-07 1.85E-06 

Marine eutrophication kg N eq 1.08E-07 2.70E-07 6.38E-08 1.49E-06 1.33E-06 2.11E-06 

Terrestrial ecotoxicity kg 1,4-DCB 3.03E-02 5.65E-02 2.76E-02 3.87E-01 3.56E-01 5.73E-01 

Freshwater ecotoxicity kg 1,4-DCB 1.08E-05 2.81E-05 9.19E-06 5.86E-05 4.27E-05 1.63E-04 

Marine ecotoxicity kg 1,4-DCB 5.54E-05 1.47E-04 4.95E-05 2.62E-04 2.20E-04 5.20E-04 

Human carcinogenic toxicity kg 1,4-DCB 5.72E-05 1.21E-04 4.97E-05 9.21E-04 5.77E-04 1.74E-03 

Human non-carcinogenic toxicity kg 1,4-DCB 2.29E-03 4.38E-03 2.04E-03 2.22E-02 1.97E-02 3.04E-02 

Land use m2a crop eq 5.68E-04 5.11E-04 2.78E-04 1.08E-03 8.86E-04 2.06E-03 

Mineral resource scarcity kg Cu eq 4.92E-05 1.33E-04 4.44E-05 3.42E-04 2.62E-04 5.42E-04 

Fossil resource scarcity kg oil eq 8.34E-04 1.40E-03 6.05E-04 4.78E-03 3.22E-03 1.47E-02 

Water consumption m3 3.13E-05 4.93E-05 2.28E-05 1.86E-04 1.64E-04 3.08E-04 

Source: Oxford Economics 
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TABLE 83: LONGER LIFETIME OF BANKNOTES (IMPACT ON CASH PAYMENT SYSTEM) 

Impact category Unit Germany 

digital 

Italy 

digital 

Finland 

digital 

Germany 

cash 

Italy 

cash 

Finland 

cash 

Global Warming kg C02 eq 3.06E-03 5.39E-03 2.20E-03 1.79E-02 1.13E-02 5.16E-02 

Stratospheric ozone depletion kg CFC11 eg 1.42E-09 2.22E-09 1.09E-09 7.44E-09 4.69E-09 1.81E-08 

Ionizing radiation kBq Co-60 eq 3.85E-05 5.50E-05 4.07E-05 1.12E-04 4.62E-05 3.62E-04 

Ozone formation, Human health kg NOx eq 8.96E-06 1.59E-05 5.91E-06 4.62E-05 3.58E-05 1.50E-04 

Fine particulate matter formation kg PM2.5 eq 4.66E-06 9.57E-06 3.69E-06 3.22E-05 2.56E-05 7.02E-05 

Ozone formation, Terrestrial ecosystems kg NOx eq 9.29E-06 1.65E-05 6.13E-06 4.89E-05 3.80E-05 1.60E-04 

Terrestrial acidification kg SO2 eq 1.14E-05 2.16E-05 8.90E-06 8.41E-05 6.96E-05 1.67E-04 

Freshwater eutrophication kg P eq 3.21E-07 6.84E-07 2.52E-07 1.60E-06 6.94E-07 1.75E-06 

Marine eutrophication kg N eq 1.08E-07 2.70E-07 6.37E-08 9.75E-07 8.09E-07 1.60E-06 

Terrestrial ecotoxicity kg 1,4-DCB 3.05E-02 5.66E-02 2.77E-02 3.86E-01 3.55E-01 5.72E-01 

Freshwater ecotoxicity kg 1,4-DCB 1.08E-05 2.81E-05 9.19E-06 5.56E-05 3.97E-05 1.60E-04 

Marine ecotoxicity kg 1,4-DCB 5.55E-05 1.47E-04 4.96E-05 2.60E-04 2.18E-04 5.18E-04 

Human carcinogenic toxicity kg 1,4-DCB 5.76E-05 1.21E-04 4.98E-05 9.18E-04 5.73E-04 1.73E-03 

Human non-carcinogenic toxicity kg 1,4-DCB 2.30E-03 4.39E-03 2.04E-03 2.21E-02 1.96E-02 3.03E-02 

Land use m2a crop eq 5.69E-04 5.11E-04 2.78E-04 8.58E-04 6.60E-04 1.84E-03 

Mineral resource scarcity kg Cu eq 4.93E-05 1.33E-04 4.45E-05 3.41E-04 2.62E-04 5.41E-04 

Fossil resource scarcity kg oil eq 8.57E-04 1.42E-03 6.12E-04 4.74E-03 3.17E-03 1.47E-02 

Water consumption m3 3.07E-05 4.88E-05 2.27E-05 1.44E-04 1.23E-04 2.67E-04 

Source: Oxford Economics 
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TABLE 84: NO OVERHEAD DURING COIN PRODUCTION (IMPACT ON CASH PAYMENT SYSTEM) 

Impact category Unit Germany 

digital 

Italy 

digital 

Finland 

digital 

Germany 

cash 

Italy 

cash 

Finland 

cash 

Global Warming kg C02 eq 3.06E-03 5.39E-03 2.20E-03 1.77E-02 1.11E-02 5.14E-02 

Stratospheric ozone depletion kg CFC11 eg 1.42E-09 2.22E-09 1.09E-09 7.76E-09 5.00E-09 1.84E-08 

Ionizing radiation kBq Co-60 eq 3.85E-05 5.50E-05 4.07E-05 1.11E-04 4.51E-05 3.62E-04 

Ozone formation, Human health kg NOx eq 8.96E-06 1.59E-05 5.91E-06 4.47E-05 3.42E-05 1.49E-04 

Fine particulate matter formation kg PM2.5 eq 4.66E-06 9.57E-06 3.69E-06 2.82E-05 2.16E-05 6.63E-05 

Ozone formation, Terrestrial ecosystems kg NOx eq 9.29E-06 1.65E-05 6.13E-06 4.73E-05 3.64E-05 1.59E-04 

Terrestrial acidification kg SO2 eq 1.14E-05 2.16E-05 8.90E-06 7.21E-05 5.76E-05 1.55E-04 

Freshwater eutrophication kg P eq 3.21E-07 6.84E-07 2.52E-07 1.63E-06 7.23E-07 1.78E-06 

Marine eutrophication kg N eq 1.08E-07 2.70E-07 6.37E-08 1.47E-06 1.32E-06 2.09E-06 

Terrestrial ecotoxicity kg 1,4-DCB 3.05E-02 5.66E-02 2.77E-02 2.99E-01 2.69E-01 4.87E-01 

Freshwater ecotoxicity kg 1,4-DCB 1.08E-05 2.81E-05 9.19E-06 5.52E-05 3.93E-05 1.59E-04 

Marine ecotoxicity kg 1,4-DCB 5.55E-05 1.47E-04 4.96E-05 2.19E-04 1.77E-04 4.78E-04 

Human carcinogenic toxicity kg 1,4-DCB 5.76E-05 1.21E-04 4.98E-05 8.47E-04 5.03E-04 1.66E-03 

Human non-carcinogenic toxicity kg 1,4-DCB 2.30E-03 4.39E-03 2.04E-03 1.72E-02 1.47E-02 2.54E-02 

Land use m2a crop eq 5.69E-04 5.11E-04 2.78E-04 1.05E-03 8.52E-04 2.03E-03 

Mineral resource scarcity kg Cu eq 4.93E-05 1.33E-04 4.45E-05 2.86E-04 2.07E-04 4.87E-04 

Fossil resource scarcity kg oil eq 8.57E-04 1.42E-03 6.12E-04 4.69E-03 3.12E-03 1.46E-02 

Water consumption m3 3.07E-05 4.88E-05 2.27E-05 1.78E-04 1.57E-04 3.00E-04 

Source: Oxford Economics 
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TABLE 85: WORST CASE FOR DIGITAL POS PAYMENTS VS. BEST CASE FOR CASH POS PAYMENTS 

Impact category Unit Germany 

digital 

Italy 

digital 

Finland 

digital 

Germany 

cash 

Italy 

cash 

Finland 

cash 

Global Warming kg C02 eq 3.78E-03 6.29E-03 3.01E-03 1.10E-02 5.97E-03 1.11E-02 

Stratospheric ozone depletion kg CFC11 eg 1.81E-09 2.65E-09 1.55E-09 5.15E-09 2.90E-09 5.28E-09 

Ionizing radiation kBq Co-60 eq 5.32E-05 7.11E-05 5.68E-05 9.93E-05 3.62E-05 3.01E-04 

Ozone formation, Human health kg NOx eq 1.08E-05 1.80E-05 7.95E-06 2.59E-05 1.90E-05 3.49E-05 

Fine particulate matter formation kg PM2.5 eq 5.93E-06 1.10E-05 5.06E-06 2.14E-05 1.63E-05 2.54E-05 

Ozone formation, Terrestrial ecosystems kg NOx eq 1.12E-05 1.87E-05 8.24E-06 2.72E-05 2.00E-05 3.68E-05 

Terrestrial acidification kg SO2 eq 1.45E-05 2.49E-05 1.22E-05 5.62E-05 4.53E-05 6.20E-05 

Freshwater eutrophication kg P eq 4.09E-07 7.81E-07 3.47E-07 1.39E-06 5.19E-07 8.75E-07 

Marine eutrophication kg N eq 1.23E-07 3.23E-07 8.45E-08 8.39E-07 7.02E-07 8.41E-07 

Terrestrial ecotoxicity kg 1,4-DCB 4.15E-02 6.79E-02 3.88E-02 2.66E-01 2.44E-01 2.88E-01 

Freshwater ecotoxicity kg 1,4-DCB 1.41E-05 3.16E-05 1.26E-05 3.47E-05 2.31E-05 4.77E-05 

Marine ecotoxicity kg 1,4-DCB 7.42E-05 1.66E-04 6.79E-05 1.73E-04 1.42E-04 2.03E-04 

Human carcinogenic toxicity kg 1,4-DCB 7.66E-05 1.41E-04 6.96E-05 7.08E-04 4.01E-04 8.21E-04 

Human non-carcinogenic toxicity kg 1,4-DCB 3.10E-03 5.21E-03 2.86E-03 1.56E-02 1.35E-02 1.59E-02 

Land use m2a crop eq 6.40E-04 6.26E-04 3.92E-04 6.65E-04 5.07E-04 8.19E-04 

Mineral resource scarcity kg Cu eq 6.62E-05 1.50E-04 6.10E-05 2.51E-04 1.81E-04 2.75E-04 

Fossil resource scarcity kg oil eq 1.06E-03 1.66E-03 8.46E-04 2.76E-03 1.64E-03 2.88E-03 

Water consumption m3 3.77E-05 5.77E-05 3.14E-05 1.19E-04 1.02E-04 1.52E-04 

Source: Oxford Economics 
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TABLE 86: PEDIGREE MATRIX OF THE CARDS SUBSYSTEM (DIGITAL AND CASH) 

Subsystem Dataset 

Reliability Completeness 
Temporal 

correlation 

Geographical 

correlation 

Further 

technological 

correlation 

DE IT FI DE IT FI DE IT FI DE IT FI DE IT FI 

Production 

Card body production 

Polyvinylchloride, suspension polymerised {GLO}| 

market for polyvinylchloride, suspension 

polymerised | Cut-off, U 

2 2 2 2 2 2 2 2 2 3 3 3 2 2 2 

Injection moulding {GLO}| market for injection 

moulding | Cut-off, U 
2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 

Polyvinylchloride, suspension polymerised {GLO}| 

market for polyvinylchloride, suspension 

polymerised | Cut-off, U 

2 2 2 2 2 2 2 2 2 3 3 3 2 2 2 

Injection moulding {GLO}| market for injection 

moulding | Cut-off, U 
2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 

Copper, cathode {GLO}| market for copper, cathode | 

Cut-off, U 
2 2 2 2 2 2 2 2 2 3 3 3 2 2 2 

Metal working, average for copper product 

manufacturing {GLO}| market for metal working, 

average for copper product manufacturing | Cut-off, 

U 

2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 

Chip production 

Nickel, class 1 {GLO}| market for nickel, class 1 | Cut-

off, U 
2 2 2 2 2 2 2 2 2 3 3 2 2 2 2 

Metal working, average for metal product 

manufacturing {GLO}| market for metal working, 

average for metal product manufacturing | Cut-off, 

U 

2 2 2 2 2 2 2 2 2 3 3 2 3 3 3 

Copper, cathode {GLO}| market for copper, cathode | 

Cut-off, U 
2 2 2 2 2 2 2 2 2 3 3 2 2 2 2 

Metal working, average for copper product 

manufacturing {GLO}| market for metal working, 

average for copper product manufacturing | Cut-off, 

U 

2 2 2 2 2 2 2 2 2 3 3 2 3 3 3 

Gold {GLO}| market for gold | Cut-off, U 2 2 2 2 2 2 2 2 2 3 3 3 2 2 2 

Metal working, average for metal product 

manufacturing {GLO}| market for metal working, 
2 2 2 2 2 2 2 2 

2 
3 3 3 3 3 3 
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Subsystem Dataset 

Reliability Completeness 
Temporal 

correlation 

Geographical 

correlation 

Further 

technological 

correlation 

DE IT FI DE IT FI DE IT FI DE IT FI DE IT FI 

average for metal product manufacturing | Cut-off, 

U 

Glass fibre reinforced plastic 2 2 2 2 2 2 2 2 2 3 3 3 2 2 2 

Injection moulding {GLO}| market for injection 

moulding | Cut-off, U 
2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 

Epoxy resin, liquid {RoW}| market for epoxy resin, 

liquid | Cut-off, U 
2 2 2 2 2 2 2 2 2 3 3 3 2 2 2 

Injection moulding {GLO}| market for injection 

moulding | Cut-off, U 
2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 

Silicon, electronics grade {GLO}| market for silicon, 

electronics grade | Cut-off, U 
2 2 2 2 2 2 2 2 2 3 3 3 2 2 2 

Injection moulding {GLO}| market for injection 

moulding | Cut-off, U 
2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 

Chip (Malaysia) to Card 

Body Production 

(Singapore) 

Transport, freight, lorry, unspecified {RoW}| market 

for transport, freight, lorry, unspecified | Cut-off, U 
4 4 4 3 3 3 1 1 1 2 2 2 3 3 3 

Card Body & Chip 

(Singapore) to 

Personalisation 

facility/logistic hub 

(Frankfurt) in the 

respective country 

Transport, freight, aircraft, long haul {GLO}| market 

for transport, freight, aircraft, long haul | Cut-off, U 
4 4 4 3 3 3 1 1 1 2 2 2 3 3 3 

From logistic hub to 

warehouse 

Transport, freight, lorry, unspecified {RER}| market 

for transport, freight, lorry, unspecified | Cut-off, U 
4 4 4 3 3 3 1 1 1 2 2 2 3 3 3 

From warehouse to 

customer 

Transport, freight, lorry, unspecified {RER}| market 

for transport, freight, lorry, unspecified | Cut-off, U 
4 4 4 3 3 3 1 1 1 2 2 2 3 3 3 

Energy usage for 

personalisation of 1 card 

Electricity, low voltage {DE}| market for electricity, 

low voltage | Cut-off, U 
4 4 4 3 3 3 1 1 1 4 1 4 1 1 1 
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Subsystem Dataset 

Reliability Completeness 
Temporal 

correlation 

Geographical 

correlation 

Further 

technological 

correlation 

DE IT FI DE IT FI DE IT FI DE IT FI DE IT FI 

Packaging from chip 

production to card 

assembly 

Tubular particleboard {RoW}| market for tubular 

particleboard | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Corrugated board box {RER}| market for corrugated 

board box | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Packaging film, low density polyethylene {GLO}| 

market for packaging film, low density polyethylene 

| Cut-off, U 

5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Packaging from 

production location 

(Singapore) to country 

of relevance 

Tubular particleboard {RoW}| market for tubular 

particleboard | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Packaging from 

production location to 

country of relevance 

Corrugated board box {RER}| market for corrugated 

board box | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Packaging film, low density polyethylene {GLO}| 

market for packaging film, low density polyethylene 

| Cut-off, U 

5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Packaging to the 

customer (two 

envelopes for PIN and 

Card) 

Kraft paper {RER}| market for kraft paper | Cut-off, U 5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Polystyrene, general purpose {GLO}| market for 

polystyrene, general purpose | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Assignment Factors 
Cash 2 2 2 2 2 2 1 1 1 1 1 1 3 3 3 

Digital 2 2 2 2 2 2 1 1 1 1 3 1 3 3 3 
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End-of-life 

Polyvinylchloride, 

suspension polymerised 

{GLO}| market for 

polyvinylchloride, 

suspension polymerised 

| Cut-off, U 

Waste polyvinylchloride {DE}| market for waste 

polyvinylchloride | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 

3 

Polyvinylchloride, 

suspension polymerised 

{GLO}| market for 

polyvinylchloride, 

suspension polymerised 

| Cut-off, U 

Waste polyvinylchloride {DE}| market for waste 

polyvinylchloride | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Copper, cathode {GLO}| 

market for copper, 

cathode | Cut-off, U 

Scrap copper {Europe without Switzerland} | market 

for scrap copper | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Nickel, class 1 {GLO}| 

market for nickel, class 1 

| Cut-off, U 

Scrap steel {Europe without Switzerland} | market for 

scrap steel | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Copper, cathode {GLO}| 

market for copper, 

cathode | Cut-off, U 

Scrap copper {Europe without Switzerland} | market 

for scrap copper | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Gold {GLO}| market for 

gold | Cut-off, U 

Scrap steel {Europe without Switzerland} | market for 

scrap steel | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Glass fibre reinforced 

plastic 
Waste glass {DE}| market for waste glass | Cut-off, U 5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Epoxy resin, liquid 

{RoW}| market for epoxy 

resin, liquid | Cut-off, U 

Waste plastic, mixture {DE}| market for waste plastic, 

mixture | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 
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Silicon, electronics grade 

{GLO}| market for silicon, 

electronics grade | Cut-

off, U 

Waste plastic, mixture {DE}| market for waste plastic, 

mixture | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Tubular particleboard 

{RoW}| market for 

tubular particleboard | 

Cut-off, U 

Waste wood, untreated {DE}| market for waste wood, 

untreated | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Corrugated board box 

{RER}| market for 

corrugated board box | 

Cut-off, U 

Waste paperboard {DE}| market for waste 

paperboard | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Packaging film, low 

density polyethylene 

{GLO}| market for 

packaging film, low 

density polyethylene | 

Cut-off, U 

Waste plastic, mixture {DE}| market for waste plastic, 

mixture | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Kraft paper {RER}| 

market for kraft paper | 

Cut-off, U 

Waste paperboard {DE}| market for waste 

paperboard | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Polystyrene, general 

purpose {GLO}| market 

for polystyrene, general 

purpose | Cut-off, U 

Waste polystyrene {DE}| market for waste 

polystyrene | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Assignment Factors 
Cash 2 2 2 2 2 2 1 1 1 1 1 1 3 3 3 

Digital 2 2 2 2 2 2 1 1 1 1 3 1 3 3 3 

Source: Oxford Economics 
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TABLE 87: PEDIGREE MATRIX OF THE TERMINALS SUBSYSTEM 

Subsystem Dataset 
Reliability Completeness 

Temporal 

correlation 

Geographical 

correlation 

Further 

technological 

correlation 

DE IT FI DE IT FI DE IT FI DE IT FI DE IT FI 

Production 

Production of POS 

terminal 

Power supply for desktop computer - 1 unit per 

terminal, GLO 
2 2 2 3 3 3 3 3 3 2 2 2 2 2 2 

Battery cell, Li-ion, NMC111 {GLO}| market for 

battery cell, Li-ion, NMC111 | Cut-off, U 
2 2 2 3 3 3 3 3 3 2 2 2 2 2 2 

Polycarbonate {GLO}| market for polycarbonate | 

Cut-off, U 
2 2 2 3 3 3 3 3 3 2 2 2 2 2 2 

Injection moulding {GLO}| market for injection 

moulding | Cut-off, U 
2 2 2 3 3 3 3 3 3 2 2 2 3 3 3 

Polypropylene, granulate {GLO}| market for 

polypropylene, granulate | Cut-off, U 
2 2 2 3 3 3 3 3 3 2 2 2 2 2 2 

Injection moulding {GLO}| market for injection 

moulding | Cut-off, U 
2 2 2 3 3 3 3 3 3 2 2 2 3 3 3 

Glass fibre reinforced plastic, polyamide, injection 

moulded {GLO}| market for glass fibre reinforced 

plastic, polyamide, injection moulded | Cut-off, U 

2 2 2 3 3 3 3 3 3 2 2 2 2 2 2 

Silicone product {RER}| market for silicone product | 

Cut-off, U 
2 2 2 3 3 3 3 3 3 2 2 2 2 2 2 

Injection moulding {GLO}| market for injection 

moulding | Cut-off, U 
2 2 2 3 3 3 3 3 3 2 2 2 3 3 3 

Market for display, liquid crystal, 17 inches, GLO 2 2 2 3 3 3 3 3 3 2 2 2 2 2 2 

Copper, cathode {GLO}| market for copper, cathode | 

Cut-off, U 
2 2 2 3 3 3 3 3 3 2 2 2 2 2 2 

Metal working, average for copper product 

manufacturing {GLO}| market for metal working, 

average for copper product manufacturing | Cut-off, 

U 

2 2 2 3 3 3 3 3 3 2 2 2 3 3 3 

Printed wiring board, mounted mainboard, desktop 

computer, Pb free {GLO}| market for printed wiring 

board, mounted mainboard, desktop computer, Pb 

free | Cut-off, U 

2 2 2 3 3 3 3 3 3 2 2 2 2 2 2 

Integrated circuit, logic type {GLO}| market for 

integrated circuit, logic type | Cut-off, U 
2 2 2 3 3 3 3 3 3 2 2 2 2 2 2 
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Subsystem Dataset 
Reliability Completeness 

Temporal 

correlation 

Geographical 

correlation 

Further 

technological 

correlation 

DE IT FI DE IT FI DE IT FI DE IT FI DE IT FI 

Integrated circuit, memory type {GLO}| market for 

integrated circuit, memory type | Cut-off, U 
2 2 2 3 3 3 3 3 3 2 2 2 2 2 2 

Electricity, medium voltage {GLO}| market group for 

electricity, medium voltage | Cut-off, U 
5 5 5 5 5 5 1 1 1 2 2 2 4 4 4 

Heat, district, or industrial, natural gas {GLO}| market 

group for heat, district or industrial, natural gas | 

Cut-off, U 

5 5 5 5 5 5 1 1 1 2 2 2 4 4 4 

Heat, district or industrial, other than natural gas 

{GLO}| market group for heat, district or industrial, 

other than natural gas | Cut-off, U 

5 5 5 5 5 5 1 1 1 2 2 2 4 4 4 

Distance from 

Production (Vietnam) to 

Freight Airport in 

Luxembourg 

Transport, freight, aircraft, long haul {GLO}| market 

for transport, freight, aircraft, long haul | Cut-off, U 
4 4 4 3 3 3 1 1 1 1 1 1 3 3 3 

Distance from 

Production (Vietnam) to 

the port of Marseille 

Transport, freight, sea, container ship {GLO}| market 

for transport, freight, sea, container ship | Cut-off, U 
4 4 4 3 3 3 1 1 1 1 1 1 3 3 3 

Distance from 

Airport/Port to 

Warehouses (primary 

and secondary) 

Transport, freight, lorry, unspecified {RER}| market for 

transport, freight, lorry, unspecified | Cut-off, U 
4 4 4 3 3 3 1 1 1 1 1 1 3 3 3 

Transport, freight, lorry, unspecified {RER}| market for 

transport, freight, lorry, unspecified | Cut-off, U 
4 4 4 3 3 3 1 1 1 1 1 1 3 3 3 

Average distance from 

distribution centres to 

customers for one POS 

terminal in 2022 

Transport, freight, lorry, unspecified {RER}| market for 

transport, freight, lorry, unspecified | Cut-off, U 
4 4 4 3 3 3 1 1 1 1 1 1 3 3 3 

Distance from 

Airport/Port to 

Warehouses (primary 

and secondary) 

Market for transport, freight, sea, ferry, GLO   4   3   1   1   3 

Producer packaging of 

POS terminal 

Packaging film, low density polyethylene {GLO}| 

market for packaging film, low density polyethylene | 

Cut-off, U 

4 4 4 3 3 3 1 1 1 1 1 1 3 3 3 

Corrugated board box {RER}| market for corrugated 

board box | Cut-off, U 
4 4 4 3 3 3 1 1 1 1 1 1 3 3 3 
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Subsystem Dataset 
Reliability Completeness 

Temporal 

correlation 

Geographical 

correlation 

Further 

technological 

correlation 

DE IT FI DE IT FI DE IT FI DE IT FI DE IT FI 

PSP packaging of POS 

terminal 

Packaging film, low density polyethylene {GLO}| 

market for packaging film, low density polyethylene | 

Cut-off, U 

4 4 4 3 3 3 1 1 1 1 1 1 3 3 3 

Corrugated board box {RER}| market for corrugated 

board box | Cut-off, U 
4 4 4 3 3 3 1 1 1 1 1 1 3 3 3 

Assignment Factors  1 1 1 1 1 1 1 1 1 1 1 1 3 3 3 

Operation 

Production of printing 

paper 

Polypropylene, granulate {GLO}| market for 

polypropylene, granulate | Cut-off, U 
3 3 3 3 4 4 2 2 2 4 4 4 3 3 3 

Injection moulding {GLO}| market for injection 

moulding | Cut-off, U 
3 3 3 3 4 4 2 2 2 4 4 4 3 3 3 

Paper, wood containing, lightweight coated {RER}| 

market for paper, wood containing, lightweight 

coated | Cut-off, U 

3 3 3 3 4 4 2 2 2 4 4 4 3 3 3 

Bisphenol A, powder {GLO}| market for bisphenol A, 

powder | Cut-off, U 
3 3 3 3 4 4 2 2 2 4 4 4 3 3 3 

Packaging film, low density polyethylene {GLO}| 

market for packaging film, low density polyethylene | 

Cut-off, U 

3 3 3 4 4 4 2 2 2 4 4 4 3 3 3 

Maintenance - mainly 

postal swap 

Transport, freight, lorry, unspecified {RER}| market for 

transport, freight, lorry, unspecified | Cut-off, U 
5 5 5 5 5 5 1 1 1 1 1 1 3 3 3 

Energy use per terminal 

without printing per day 

Electricity, low voltage {DE/IT/FI} | market for 

electricity, low voltage | Cut-off, U 
2 2 2 3 3 3 2 2 2 4 4 4 2 2 2 

Energy use per terminal 

Printing only per day 

Electricity, low voltage {DE/IT/FI} | market for 

electricity, low voltage | Cut-off, U 
2 2 2 3 3 3 2 2 2 4 4 4 2 2 2 

Energy use per terminal 

for non-processing time 

Electricity, low voltage {DE/IT/FI} | market for 

electricity, low voltage | Cut-off, U 
2 2 2 3 3 3 2 2 2 4 4 4 2 2 2 

Transmission of data via 

the internet 

Internet access, work, 0.2 Mbit/s {CH}, with RER 

electricity | internet access, work, 0.2 Mbit/s | Cut-off, 

U 

5 5 5 4 4 4 1 1 1 4 4 4 3 3 3 

Assignment Factors 
 

3 3 3 5 5 5 2 2 2 2 2 2 3 3 3 
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End-of-life 

Power supply for 

desktop computer - 1 

unit per terminal, GLO 

Used industrial electronic device {CH}| treatment of 

used industrial electronic device, manual dismantling 

| Cut-off, U 

5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Battery cell, Li-ion, 

NMC111 {GLO}| market 

for battery cell, Li-ion, 

NMC111 | Cut-off, U 

Used Li-ion battery, without transport {GLO}| market 

for used Li-ion battery | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Polycarbonate {GLO}| 

market for 

polycarbonate | Cut-off, 

U 

Waste plastic, mixture, without transport {DE/IT/FI} | 

market for waste plastic, mixture | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Polypropylene, granulate 

{GLO}| market for 

polypropylene, 

granulate | Cut-off, U 

Waste polypropylene, without transport {DE/IT/FI} | 

market for waste polypropylene | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Glass fibre reinforced 

plastic, polyamide, 

injection moulded 

{GLO}| market for glass 

fibre reinforced plastic, 

polyamide, injection 

moulded | Cut-off, U 

Waste plastic, mixture, without transport {DE/IT/FI} | 

market for waste plastic, mixture | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Silicone product {RER}| 

market for silicone 

product | Cut-off, U 

Waste plastic, mixture, without transport {DE/IT/FI} | 

market for waste plastic, mixture | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Market for display, liquid 

crystal, 17 inches, GLO 

Used liquid crystal display {CH}| treatment of used 

liquid crystal display, manual dismantling | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Copper, cathode {GLO}| 

market for copper, 

cathode | Cut-off, U 

Scrap copper {Europe without Switzerland} | 

treatment of scrap copper, municipal incineration | 

Cut-off, U 

5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Printed wiring board, 

mounted mainboard, 

desktop computer, Pb 

free {GLO}| market for 

printed wiring board, 

mounted mainboard, 

Electronics scrap from control units {RER}| treatment 

of electronics scrap from control units | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 
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desktop computer, Pb 

free | Cut-off, U 

Integrated circuit, logic 

type {GLO}| market for 

integrated circuit, logic 

type | Cut-off, U 

Electronics scrap from control units {RER}| treatment 

of electronics scrap from control units | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Integrated circuit, 

memory type {GLO}| 

market for integrated 

circuit, memory type | 

Cut-off, U 

Electronics scrap from control units {RER}| treatment 

of electronics scrap from control units | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Assignment Factors 
 

4 4 4 3 3 3 1 1 1 1 1 1 3 3 3 

Refurbished terminals as 

a whole 

Used industrial electronic device {RoW}| market for 

used industrial electronic device | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Assignment Factors  4 4 4 3 3 3 1 1 1 1 1 1 3 3 3 

Packaging film, low 

density polyethylene 

{GLO}| market for 

packaging film, low 

density polyethylene | 

Cut-off, U 

Waste polyvinylchloride {Europe without Switzerland} 

| market group for waste polyvinylchloride | Cut-off, 

U 

5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Corrugated board box 

{RER}| market for 

corrugated board box | 

Cut-off, U 

Waste paperboard {Europe without Switzerland} | 

market group for waste paperboard | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Assignment Factors  1 1 1 1 1 1 1 1 1 1 1 1 3 3 3 

Polypropylene, granulate 

{GLO}| market for 

polypropylene, 

granulate | Cut-off, U 

Waste graphical paper {DE/IT/FI} | market for waste 

graphical paper | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Paper, wood containing, 

lightweight coated 

{RER}| market for paper, 

wood containing, 

lightweight coated | Cut-

off, U 

Waste graphical paper {DE/IT/FI} | market for waste 

graphical paper | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 
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Bisphenol A, powder 

{GLO}| market for 

bisphenol A, powder | 

Cut-off, U 

Waste graphical paper {DE/IT/FI} | market for waste 

graphical paper | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Packaging film, low 

density polyethylene 

{GLO}| market for 

packaging film, low 

density polyethylene | 

Cut-off, U 

Waste plastic, mixture {DE/IT/FI} | market for waste 

plastic, mixture | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Assignment Factors 
 

3 3 3 5 5 5 2 2 2 2 2 2 3 3 3 

Average distance from 

customer to the 

warehouse for 

disposal/recycling for 

one POS terminal in 

2022 

Transport, freight, lorry, unspecified {RER}| market for 

transport, freight, lorry, unspecified | Cut-off, U 
4 4 4 3 3 3 1 1 1 1 1 1 3 3 3 

Average distance from 

the warehouse to waste 

treatment 

Transport, freight, lorry, unspecified {RER}| market for 

transport, freight, lorry, unspecified | Cut-off, U 
4 4 4 3 3 3 1 1 1 1 1 1 3 3 3 

Average distance from 

warehouse to recycling 

company for one POS 

terminal in 2022 

Transport, freight, lorry, unspecified {RER}| market for 

transport, freight, lorry, unspecified | Cut-off, U 
4 4 4 3 3 3 1 1 1 1 1 1 3 3 3 

Average distance from 

the warehouse to the 

port of Rotterdam 

Transport, freight, lorry, unspecified {RER}| market for 

transport, freight, lorry, unspecified | Cut-off, U 
4 4  3 3  1 1  1 1  3 3  

Average distance from 

the port of Rotterdam to 

the port of Malaysia 

Transport, freight, sea, container ship {GLO}| market 

for transport, freight, sea, container ship | Cut-off, U 
4 4 4 3 3 3 1 1 1 1 1 1 3 3 3 

Source: Oxford Economics 
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TABLE 88: PEDIGREE MATRIX OF THE SMARTPHONE SUBSYSTEM 

Subsystem Dataset 
Reliability Completeness 

Temporal 

correlation 

Geographical 

correlation 

Further 

technological 

correlation 

DE IT FI DE IT FI DE IT FI DE IT FI DE IT FI 

Production 

 

Consumer electronics, mobile device, smartphone, 

without waste treatment {GLO}| market for 

consumer electronics, mobile device, smartphone | 

Cut-off, U 

2 2 2 4 4 4 3 3 3 5 5 5 1 1 1 

Transport production to 

the country of relevance 

via plane (Beijing to 

Frankfurt)  

Transport, freight, aircraft, long haul {GLO}| market 

for transport, freight, aircraft, long haul | Cut-off, U 
2 2 2 4 4 4 1 1 1 2 2 2 3 3 3 

Transport, freight, sea, container ship {GLO}| market 

for transport, freight, sea, container ship | Cut-off, U 
2 2 2 4 4 4 1 1 1 2 2 2 3 3 3 

Transport National 

transport to the 

customer 

Transport, freight, lorry, unspecified {RER}| market 

for transport, freight, lorry, unspecified | Cut-off, U 
2 2 2 4 4 4 1 1 1 2 2 2 3 3 3 

Packaging 

Corrugated board box {RER}| market for corrugated 

board box | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Packaging film, low density polyethylene {GLO}| 

market for packaging film, low density polyethylene 

| Cut-off, U 

5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Assignment Factors  5 5 5 4 4 4 1 1 1 1 3 3 3 3 3 

Operation 

Average electricity usage 

for payment  

Electricity, low voltage {DE/IT/FI} | market for 

electricity, low voltage | Cut-off, U 
5 5 5 4 4 4 1 1 1 1 3 3 2 2 2 

Assignment Factors 
 

5 5 5 4 4 4 1 1 1 1 1 1 4 4 4 
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End-of-life 

Consumer electronics, 

mobile device, 

smartphone, without 

waste treatment {GLO}| 

market for consumer 

electronics, mobile 

device, smartphone | 

Cut-off, U 

Used cable {GLO}| market for used cable | Cut-off, U 5 5 5 3 3 3 1 1 1 2 2 2 2 2 2 

Consumer electronics, 

mobile device, 

smartphone, without 

waste treatment {GLO}| 

market for consumer 

electronics, mobile 

device, smartphone | 

Cut-off, U 

Used smartphone {GLO}| market for used 

smartphone | Cut-off, U 
5 5 5 3 3 3 1 1 1 2 2 2 2 2 2 

Corrugated board box 

{RER}| market for 

corrugated board box | 

Cut-off, U 

Waste paperboard {DE/IT/FI} | market for waste 

paperboard | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Packaging film, low 

density polyethylene 

{GLO}| market for 

packaging film, low 

density polyethylene | 

Cut-off, U 

Waste polyethylene {DE/IT/FI} | market for waste 

polyethylene | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Assignment Factors  5 5 5 4 4 4 1 1 1 1 3 3 3 3 3 

Source: Oxford Economics 
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TABLE 89: PEDIGREE MATRIX OF THE BANKNOTES SUBSYSTEM 

Subsystem Dataset 
Reliability Completeness 

Temporal 

correlation 

Geographical 

correlation 

Further 

technological 

correlation 

DE IT FI DE IT FI DE IT FI DE IT FI DE IT FI 

Production 

Cotton production 

Fibre, cotton {GLO}| market for fibre, cotton | Cut-off, 

U 
2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Fibre, cotton, organic {GLO}| market for fibre, cotton, 

organic | Cut-off, U 
2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Fibre, cotton {RoW}| fibre production, cotton, ginning 

| Cut-off, U 
2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Polyethylene terephthalate, granulate, amorphous 

{GLO}| market for polyethylene terephthalate, 

granulate, amorphous | Cut-off, U 

2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Foil production 

Polyester-complexed starch biopolymer {GLO}| 

market for polyester-complexed starch biopolymer | 

Cut-off, U 

2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Aluminium, primary, ingot {RoW}| market for 

aluminium, primary, ingot | Cut-off, U 
2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Polyester resin, unsaturated {RER}| market for 

polyester resin, unsaturated | Cut-off, U 
2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Extrusion, plastic film, without electricity {RER}| 

extrusion, plastic film | Cut-off, U 
5 5 5 4 4 4 3 3 3 3 3 3 3 3 3 

Metal working, average for aluminium product 

manufacturing, without electricity {RER}| metal 

working, average for aluminium product 

manufacturing | Cut-off, U 

5 5 5 4 4 4 3 3 3 3 3 3 3 3 3 

Thread production 

Aluminium, primary, ingot {RoW}| market for 

aluminium, primary, ingot | Cut-off, U 
2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Polyester-complexed starch biopolymer {GLO}| 

market for polyester-complexed starch biopolymer | 

Cut-off, U 

2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Extrusion, plastic film, without electricity {RER}| 

extrusion, plastic film | Cut-off, U 
5 5 5 4 4 4 3 3 3 3 3 3 3 3 3 

Metal working, average for aluminium product 

manufacturing, without electricity {RER}| metal 

working, average for aluminium product 

manufacturing | Cut-off, U 

5 5 5 4 4 4 3 3 3 3 3 3 3 3 3 



The Environmental Impact of Digital Over Cash Payments 

 

298 

Subsystem Dataset 
Reliability Completeness 

Temporal 

correlation 

Geographical 

correlation 

Further 

technological 

correlation 

DE IT FI DE IT FI DE IT FI DE IT FI DE IT FI 

Paper Production 

Sulfate pulp, bleached {RoW}| market for sulfate 

pulp, bleached | Cut-off, U 
2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Chemi-thermomechanical pulp {GLO}| market for 

chemi-thermomechanical pulp | Cut-off, U 
2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Paper, newsprint {RER}| market for paper, newsprint | 

Cut-off, U 
2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Corrugated board box {RER}| market for corrugated 

board box | Cut-off, U 
2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Polyethylene terephthalate, granulate, amorphous 

{GLO}| market for polyethylene terephthalate, 

granulate, amorphous | Cut-off, U 

2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Paper, newsprint {RER}| market for paper, newsprint | 

Cut-off, U 
2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Ink production 

Printing ink, offset, without solvent, in 47.5% solution 

state {RoW}| market for printing ink, offset, without 

solvent, in 47.5% solution state | Cut-off, U 

2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Banknote printing 

Acetone, liquid {RoW}| market for acetone, liquid | 

Cut-off, U 
2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Waste newspaper {GLO}| market for waste 

newspaper | Cut-off, U 
2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Polyethylene terephthalate, granulate, amorphous 

{GLO}| market for polyethylene terephthalate, 

granulate, amorphous | Cut-off, U 

2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Polyethylene, low density, granulate {GLO}| market 

for polyethylene, low density, granulate | Cut-off, U 
2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Corrugated board box {RER}| corrugated board box 

production | Cut-off, U 
2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Waste paperboard, sorted {GLO}| market for waste 

paperboard, sorted | Cut-off, U 
2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Nickel, class 1 {GLO}| market for nickel, class 1 | Cut-

off, U 
2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Polyethylene terephthalate, granulate, amorphous 

{GLO}| market for polyethylene terephthalate, 

granulate, amorphous | Cut-off, U 

2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Printed paper, without paper, toner, electricity 

{Europe without Switzerland} | operation, printer, 

laser, colour, per kg printed paper | Cut-off, U 

5 5 5 4 4 4 3 3 3 3 3 3 3 3 3 
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Subsystem Dataset 
Reliability Completeness 

Temporal 

correlation 

Geographical 

correlation 

Further 

technological 

correlation 

DE IT FI DE IT FI DE IT FI DE IT FI DE IT FI 

Packaging 

Kraft paper {RER}| market for kraft paper | Cut-off, U 5 5 5 4 4 4 1 1 1 3 3 3 3 3 3 

Packaging film, low density polyethylene {GLO}| 

market for packaging film, low density polyethylene | 

Cut-off, U 

5 5 5 4 4 4 1 1 1 3 3 3 3 3 3 

EUR-flat pallet {RER}| market for EUR-flat pallet | Cut-

off, U 
5 5 5 4 4 4 1 1 1 3 3 3 3 3 3 

Cotton production: 

Fairtrade cotton 

transport (production to 

paper mill) 

Transport, freight, sea, container ship {GLO}| market 

for transport, freight, sea, container ship | Cut-off, U 
2 2 2 4 4 4 3 2 2 3 1 1 3 3 3 

Cotton production: 

Europe, port to paper 

mill 

Transport, freight, lorry, unspecified {RER}| market for 

transport, freight, lorry, unspecified | Cut-off, U 
2 2 2 4 4 4 1 1 1 1 1 1 3 3 3 

Paper production (paper 

mill to printing works) 

Transport, freight, lorry, unspecified {RER}| market for 

transport, freight, lorry, unspecified | Cut-off, U 
5 5 5 4 4 4 1 1 1 1 1 1 3 3 3 

Banknote production 

(printing works to 

central bank HQ) 

Transport, freight, lorry, unspecified, WITHOUT 

LORRY {RER}| market for transport, freight, lorry, 

unspecified | Cut-off, U 

5 5 5 4 4 4 1 1 1 1 1 1 3 3 3 

Transport, freight, sea, ferry {GLO}| market for 

transport, freight, sea, ferry | Cut-off, U 
 5 5  4 4  1 1  1 1  3 3 

Cotton production 
Electricity, medium voltage {GLO}| market group for 

electricity, medium voltage | Cut-off, U 
2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Foil production 

Electricity, medium voltage {RER}| market group for 

electricity, medium voltage | Cut-off, U 
2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Heat, district, or industrial, natural gas {RER}| market 

group for heat, district, or industrial, natural gas | 

Cut-off, U 

2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Thread production 

Electricity, medium voltage {RER}| market group for 

electricity, medium voltage | Cut-off, U 
2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Heat, district, or industrial, natural gas {RER}| market 

group for heat, district, or industrial, natural gas | 

Cut-off, U 

2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Paper production 
Electricity, medium voltage {RER}| market group for 

electricity, medium voltage | Cut-off, U 
2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Banknote printing 
Electricity, medium voltage {DE/IT/FI} | market for 

electricity, medium voltage | Cut-off, U 
2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 
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Subsystem Dataset 
Reliability Completeness 

Temporal 

correlation 

Geographical 

correlation 

Further 

technological 

correlation 

DE IT FI DE IT FI DE IT FI DE IT FI DE IT FI 

Assignment Factor 
 

3 3 3 2 2 2 1 1 1 1 3 3 3 3 3 

End-of-life 

Cotton production: Fibre 

Cotton (GLO) 

Waste textile, soiled {CH}| treatment of waste textile, 

soiled, municipal incineration | Cut-off, U 
5 5 5 4 4 4 1 1 1 4 4 4 3 3 3 

Cotton production: Fibre 

cotton, organic 

Waste textile, soiled {CH}| treatment of waste textile, 

soiled, municipal incineration | Cut-off, U 
5 5 5 4 4 4 1 1 1 4 4 4 3 3 3 

Cotton production: Fibre 

cotton (RoW) 

Waste textile, soiled {CH}| treatment of waste textile, 

soiled, municipal incineration | Cut-off, U 
5 5 5 4 4 4 1 1 1 4 4 4 3 3 3 

Cotton production 

Waste polyethylene terephthalate {CH}| treatment of 

waste polyethylene terephthalate, municipal 

incineration | Cut-off, U 

5 5 5 4 4 4 1 1 1 4 4 4 3 3 3 

Foil production: 

Polyester-complexed 

starch bipolymer  

Waste plastic, mixture {CH}| treatment of waste 

plastic, mixture, municipal incineration | Cut-off, U 
5 5 5 4 4 4 1 1 1 4 4 4 3 3 3 

Foil production: 

Polyester resin 

Waste plastic, mixture {CH}| treatment of waste 

plastic, mixture, municipal incineration | Cut-off, U 
5 5 5 4 4 4 1 1 1 4 4 4 3 3 3 

Foil production: 

Scrap aluminium {Europe without Switzerland} | 

treatment of scrap aluminium, municipal incineration 

| Cut-off, U 

5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Printing ink 
Waste paint {Europe without Switzerland} | treatment 

of waste paint, municipal incineration | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Paper production: 

Sulfate pulp 

Waste graphical paper {CH}| treatment of waste 

graphical paper, municipal incineration | Cut-off, U 
5 5 5 4 4 4 1 1 1 4 4 4 3 3 3 

Paper production: 

Chemi-

thermomechanical pulp 

Waste graphical paper {CH}| treatment of waste 

graphical paper, municipal incineration | Cut-off, U 
5 5 5 4 4 4 1 1 1 4 4 4 3 3 3 

Paper production: Paper 

newsprint 

Waste graphical paper {CH}| treatment of waste 

graphical paper, municipal incineration | Cut-off, U 
5 5 5 4 4 4 1 1 1 4 4 4 3 3 3 

Paper production:  

Waste polyethylene terephthalate {CH}| treatment of 

waste polyethylene terephthalate, municipal 

incineration | Cut-off, U 

5 5 5 4 4 4 1 1 1 4 4 4 3 3 3 

Paper production: 

Corrugated board box 

Waste paperboard {CH}| treatment of waste 

paperboard, municipal incineration | Cut-off, U 
5 5 5 4 4 4 1 1 1 4 4 4 3 3 3 

Paper production: Paper 

newsprint 

Waste graphical paper {CH}| treatment of waste 

graphical paper, municipal incineration | Cut-off, U 
5 5 5 4 4 4 1 1 1 4 4 4 3 3 3 
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Subsystem Dataset 
Reliability Completeness 

Temporal 

correlation 

Geographical 

correlation 

Further 

technological 

correlation 

DE IT FI DE IT FI DE IT FI DE IT FI DE IT FI 

Thread production: 

Scrap aluminium {Europe without Switzerland} | 

treatment of scrap aluminium, municipal incineration 

| Cut-off, U 

5 5 5 4 4 4 1 1 1 2 4 4 3 3 3 

Thread production: 

Polyester-complexed 

starch biopolymer  

Waste plastic, mixture {CH}| treatment of waste 

plastic, mixture, municipal incineration | Cut-off, U 
5 5 5 4 4 4 1 1 1 4 4 4 3 3 3 

Banknote printing: 

Acetone, liquid  

Municipal solid waste {DE}| treatment of municipal 

solid waste, incineration | Cut-off, U 
5 5 5 4 4 4 1 1 1 1 1 1 3 3 3 

Banknote printing: 

Waste newspaper 

Waste graphical paper {CH}| treatment of waste 

graphical paper, municipal incineration | Cut-off, U 
5 5 5 4 4 4 1 1 1 4 4 4 3 3 3 

Banknote printing: 

Polyethylene 

terephthalate, granulate, 

amorphous 

Waste polyethylene terephthalate {CH}| treatment of 

waste polyethylene terephthalate, municipal 

incineration | Cut-off, U 

5 5 5 4 4 4 1 1 1 4 4 4 3 3 3 

Banknote printing: 

Polyethylene, low 

density, granulate 

Waste polyethylene {CH}| treatment of waste 

polyethylene, municipal incineration | Cut-off, U 
5 5 5 4 4 4 1 1 1 4 4 4 3 3 3 

Banknote printing: 

Corrugated board box 

Waste paperboard {CH}| treatment of waste 

paperboard, municipal incineration | Cut-off, U 
5 5 5 4 4 4 1 1 1 4 4 4 3 3 3 

Banknote printing: 

Waste paperboard, 

sorted 

Waste paperboard {CH}| treatment of waste 

paperboard, municipal incineration | Cut-off, U 
5 5 5 4 4 4 1 1 1 4 4 4 3 3 3 

Banknote printing: 

Nickel, 99.5% 

Scrap aluminium {CH}| treatment of scrap aluminium, 

municipal incineration | Cut-off, U 
5 5 5 4 4 4 1 1 1 4 4 4 3 3 3 

Banknote printing: 

Polyethylene 

terephthalate, granulate, 

amorphous 

Waste polyethylene terephthalate {CH}| treatment of 

waste polyethylene terephthalate, municipal 

incineration | Cut-off, U 

5 5 5 4 4 4 1 1 1 4 4 4 3 3 3 

Kraft paper {RER}| 

market for kraft paper | 

Cut-off, U 

Waste paperboard {DE}| market for waste 

paperboard | Cut-off, U 
5 5 5 4 4 4 1 1 1 1 1 1 3 3 3 

Packaging film, low 

density polyethylene 

{GLO}| market for 

packaging film, low 

density polyethylene | 

Cut-off, U 

Waste polyethylene {DE}| market for waste 

polyethylene | Cut-off, U 
5 5 5 4 4 4 1 1 1 1 1 1 3 3 3 
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Subsystem Dataset 
Reliability Completeness 

Temporal 

correlation 

Geographical 

correlation 

Further 

technological 

correlation 

DE IT FI DE IT FI DE IT FI DE IT FI DE IT FI 

EUR-flat pallet {RER}| 

market for EUR-flat 

pallet | Cut-off, U 

Waste wood, untreated {DE}| market for waste wood, 

untreated | Cut-off, U 
5 5 5 4 4 4 1 1 1 1 1 1 3 3 3 

Transport: Centre for 

analysis to waste 

incinerator 

Transport, freight, lorry, unspecified {RER}| market for 

transport, freight, lorry, unspecified | Cut-off, U 
2 2 2 1 1 1 1 1 1 1 1 1 3 3 3 

Shredding, granulating, 

and compacting of 

banknotes  

Heat, district or industrial, natural gas {Europe 

without Switzerland} | heat production, natural gas, 

at boiler modulating >100kW | Cut-off, U 

2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Shredding, granulating, 

and compacting of 

banknotes  

Polyethylene terephthalate, granulate, amorphous 

{GLO}| market for polyethylene terephthalate, 

granulate, amorphous | Cut-off, U 

2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Shredding, granulating, 

and compacting of 

banknotes  

Electricity, medium voltage {DE}| market for 

electricity, medium voltage | Cut-off, U 
2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Assignment Factor 
 

3 3 3 2 2 2 1 1 1 1 3 3 3 3 3 

Source: Oxford Economics 

 

TABLE 90: PEDIGREE MATRIX OF THE COINS SUBSYSTEM 

Subsystem Dataset 
Reliability Completeness 

Temporal 

correlation 

Geographical 

correlation 

Further 

technological 

correlation 

DE IT FI DE IT FI DE IT FI DE IT FI DE IT FI 

Production 

Fictional coin blank 

production 

Steel, low-alloyed {GLO}| market for steel, low-

alloyed | Cut-off, U 2 2 2 1 1 1 2 2 2 3 3 3 2 2 2 

Copper, cathode {GLO}| market for copper, cathode | 

Cut-off, U 2 2 2 1 1 1 2 2 2 3 3 3 2 2 2 

Aluminium, primary, liquid {GLO}| market for 

aluminium, primary, liquid | Cut-off, U 2 2 2 1 1 1 2 2 2 3 3 3 2 2 2 

Zinc {GLO}| market for zinc | Cut-off, U 2 2 2 1 1 1 2 2 2 3 3 3 2 2 2 
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Subsystem Dataset 
Reliability Completeness 

Temporal 

correlation 

Geographical 

correlation 

Further 

technological 

correlation 

DE IT FI DE IT FI DE IT FI DE IT FI DE IT FI 

Tin {GLO}| market for tin | Cut-off, U 2 2 2 1 1 1 2 2 2 3 3 3 2 2 2 

Nickel, class 1 {GLO}| market for nickel, class 1 | Cut-

off, U 2 2 2 1 1 1 2 2 2 3 3 3 2 2 2 

Metal working, average for metal product 

manufacturing {GLO}| market for metal working, 

average for metal product manufacturing | Cut-off, U 5 5 5 1 1 1 1 1 1 3 3 3 3 3 3 

Metal working, average for metal product 

manufacturing, without energy {RER}| metal working, 

average for metal product manufacturing | Cut-off, U 5 5 5 1 1 1 1 1 1 3 3 3 3 3 3 

Assignment Factor for 

one transaction 
 

3 3 3 2 1 1 1 1 1 1 4 4 3 3 3 

Coin Blanks to Coin Mint 
Transport, freight, lorry, unspecified {RER}| market for 

transport, freight, lorry, unspecified | Cut-off, U 
3 

3 3 2 2 2 1 1 1 1 1 1 3 3 3 

Coin Mint to HQ 

Transport, freight, lorry, unspecified, WITHOUT 

LORRY {RER}| market for transport, freight, lorry, 

unspecified | Cut-off, U 

3 

3 3 2 2 2 1 1 1 1 1 1 3 3 3 

Packaging of coins 

Kraft paper {RER}| market for kraft paper | Cut-off, U 5 5 5 2 2 2 1 1 1 2 2 2 3 3 3 

EUR-flat pallet {RER}| market for EUR-flat pallet | Cut-

off, U 
5 5 5 2 2 2 1 1 1 2 2 2 3 3 3 

Fictional Coin 

production 

Electricity, medium voltage {DE/IT/FI} | market for 

electricity, medium voltage | Cut-off, U 
2 2 2 

1 1 1 2 2 2 1 1 1 2 2 2 

Assignment Factor for 

one transaction without 

overhead  

3 3 3 

2 1 1 1 1 1 1 4 4 3 3 3 

End-of-life 

Kraft paper {RER}| 

market for kraft paper | 

Cut-off, U 

Waste paperboard {DE/IT/FI}| market for waste 

paperboard | Cut-off, U 
5 5 5 

4 4 4 1 1 1 1 1 1 3 3 3 

EUR-flat pallet {RER}| 

market for EUR-flat 

pallet | Cut-off, U 

Waste wood, untreated {DE/IT/FI}| market for waste 

wood, untreated | Cut-off, U 
5 5 5 

4 4 4 1 1 1 1 1 1 3 3 3 

Transport: HQ to melting 

centre 

Transport, freight, lorry, unspecified, WITHOUT 

LORRY {RER}| market for transport, freight, lorry, 

unspecified | Cut-off, U 

5 5 5 2 2 2 1 1 1 1 1 1 3 3 3 
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Subsystem Dataset 
Reliability Completeness 

Temporal 

correlation 

Geographical 

correlation 

Further 

technological 

correlation 

DE IT FI DE IT FI DE IT FI DE IT FI DE IT FI 

Coin melting 
Electricity, medium voltage {DE/IT/FI} | market for 

electricity, medium voltage | Cut-off, U 
2 2 2 1 1 1 3 3 3 3 3 3 2 2 2 

Source: Oxford Economics 

 

TABLE 91: PEDIGREE MATRIX OF THE CASH-IN-TRANSIT SUBSYSTEM 

Subsystem Dataset 
Reliability Completeness 

Temporal 

correlation 

Geographical 

correlation 

Further 

technological 

correlation 

DE IT FI DE IT FI DE IT FI DE IT FI DE IT FI 

Production 

Cash Truck 

Reinforcing steel {GLO}| market for reinforcing steel 

| Cut-off, U 
2 2 2 4 4 4 2 2 2 3 3 3 2 2 2 

Passenger car, diesel, without waste treatment 

{GLO}| passenger car production, diesel | Cut-off, U 
2 2 2 4 4 4 2 2 2 3 3 3 2 2 2 

Metal working, average for steel product 

manufacturing {GLO}| market for metal working, 

average for steel product manufacturing | Cut-off, U 

2 2 2 4 4 4 2 2 2 3 3 3 3 3 3 

Transport of cash truck 

to customer 

Transport, freight, lorry, unspecified {RER}| market 

for transport, freight, lorry, unspecified | Cut-off, U 
1 1 1 4 4 4 1 1 1 1 1 1 3 3 3 

Assignment Factor 
 

4 4 1 2 2 1 1 1 1 1 1 4 3 3 3 

Operation 

BN&Coins: Cash 

Handling for Circulation 

by Cash in Transit 

Companies 

Transport, freight, lorry, unspecified, WITHOUT 

LORRY {RER}| market for transport, freight, lorry, 

unspecified | Cut-off, U 

5 5 5 2 3 4 1 1 1 4 1 4 3 3 3 

Assignment Factor  4 4 1 2 2 1 1 1 1 1 1 4 3 3 3 
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End-of-life 

Reinforcing steel {GLO}| 

market for reinforcing 

steel | Cut-off, U 

Scrap steel {Europe without Switzerland} | market 

for scrap steel | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Passenger car, diesel, 

without waste treatment 

{GLO}| passenger car 

production, diesel | Cut-

off, U 

Passenger car, diesel, only waste treatment {GLO}| 

passenger car production, diesel | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Assignment Factor  4 4 1 2 2 1 1 1 1 1 1 4 3 3 3 

Source: Oxford Economics 

 

TABLE 92: PEDIGREE MATRIX OF THE CASH COUNTING MACHINES (SMALL) SUBSYSTEM 

Subsystem Dataset 
Reliability Completeness 

Temporal 

correlation 

Geographical 

correlation 

Further 

technological 

correlation 

DE IT FI DE IT FI DE IT FI DE IT FI DE IT FI 

Production 

Material Input for 1 

small Cash Counting 

Machine 

Polystyrene, high impact {GLO}| market for 

polystyrene, high impact | Cut-off, U 
5 

5 5 5 5 5 1 1 1 2 2 2 4 4 4 

Injection moulding {GLO}| market for injection 

moulding | Cut-off, U 
5 

5 5 5 5 5 1 1 1 2 2 2 4 4 4 

Steel, unalloyed {GLO}| market for steel, unalloyed | 

Cut-off, U 
5 

5 5 5 5 5 1 1 1 2 2 2 4 4 4 

Metal working, average for steel product 

manufacturing {GLO}| market for metal working, 

average for steel product manufacturing | Cut-off, U 

5 

5 5 5 5 5 1 1 1 2 2 2 4 4 4 

Copper, cathode {GLO}| market for copper, cathode | 

Cut-off, U 
5 

5 5 5 5 5 1 1 1 2 2 2 4 4 4 

Metal working, average for copper product 

manufacturing {GLO}| market for metal working, 

average for copper product manufacturing | Cut-off, 

U 

5 

5 5 5 5 5 1 1 1 2 2 2 4 4 4 
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Subsystem Dataset 
Reliability Completeness 

Temporal 

correlation 

Geographical 

correlation 

Further 

technological 

correlation 

DE IT FI DE IT FI DE IT FI DE IT FI DE IT FI 

Integrated circuit, logic type {GLO}| market for 

integrated circuit, logic type | Cut-off, U 
5 

5 5 5 5 5 1 1 1 2 2 2 4 4 4 

Display, liquid crystal, 17 inches {GLO}| market for 

display, liquid crystal, 17 inches | Cut-off, U 
5 

5 5 5 5 5 1 1 1 2 2 2 4 4 4 

Assembly of liquid crystal display, auxiliaries, and 

energy use {GLO}| assembly of liquid crystal display, 

auxiliaries, and energy use | Cut-off, U 

5 

5 5 5 5 5 1 1 1 2 2 2 4 4 4 

Power adapter, for laptop {GLO}| market for power 

adapter, for laptop | Cut-off, U 
5 

5 5 5 5 5 1 1 1 2 2 2 4 4 4 

Keyboard {GLO}| market for keyboard | Cut-off, U 5 5 5 5 5 5 1 1 1 2 2 2 4 4 4 

Packaging for 1 small 

CCM 

Corrugated board box {RER}| market for corrugated 

board box | Cut-off, U 
5 

5 5 5 5 5 1 1 1 2 2 2 3 3 3 

Packaging film, low density polyethylene {GLO}| 

market for packaging film, low density polyethylene | 

Cut-off, U 

5 

5 5 5 5 5 1 1 1 2 2 2 3 3 3 

Transport from 

production to customer 

Transport, freight, lorry, unspecified {RER}| market for 

transport, freight, lorry, unspecified | Cut-off, U 
1 1 1 4 4 4 1 1 1 1 1 1 3 3 3 

Assignment Factor 

 

5 5 5 3 3 3 1 1 1 4 1 4 3 3 3 

Operation 

 

Electricity, low voltage {DE/IT/FI} | market for 

electricity, low voltage | Cut-off, U 
2 2 2 4 4 4 2 2 2 4 4 4 2 2 2 

Assignment Factor 
 

5 5 5 3 3 3 1 1 1 4 1 4 3 3 3 

End-of-life 

Polystyrene, high impact 

{GLO}| market for 

polystyrene, high impact 

| Cut-off, U 

Waste polystyrene {DE/IT/FI} | market for waste 

polystyrene | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Steel, unalloyed {GLO}| 

market for steel, 

unalloyed | Cut-off, U 

Scrap steel {Europe without Switzerland} | market for 

scrap steel | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 
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Subsystem Dataset 
Reliability Completeness 

Temporal 

correlation 

Geographical 

correlation 

Further 

technological 

correlation 

DE IT FI DE IT FI DE IT FI DE IT FI DE IT FI 

Copper, cathode {GLO}| 

market for copper, 

cathode | Cut-off, U 

Scrap copper {Europe without Switzerland} | market 

for scrap copper | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Integrated circuit, logic 

type {GLO}| market for 

integrated circuit, logic 

type | Cut-off, U 

Waste electric and electronic equipment {GLO}| 

market for waste electric and electronic equipment | 

Cut-off, U 

5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Display, liquid crystal, 17 

inches {GLO}| market for 

display, liquid crystal, 17 

inches | Cut-off, U 

Used liquid crystal display {GLO}| market for used 

liquid crystal display | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Power adapter, for 

laptop {GLO}| market for 

power adapter, for 

laptop | Cut-off, U 

Waste electric and electronic equipment {GLO}| 

market for waste electric and electronic equipment | 

Cut-off, U 

5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Keyboard {GLO}| market 

for keyboard | Cut-off, U 

Waste electric and electronic equipment {GLO}| 

market for waste electric and electronic equipment | 

Cut-off, U 

5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Corrugated board box 

{RER}| market for 

corrugated board box | 

Cut-off, U 

Waste paperboard {DE/IT/FI} | market for waste 

paperboard | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Packaging film, low 

density polyethylene 

{GLO}| market for 

packaging film, low 

density polyethylene | 

Cut-off, U 

Waste polyethylene {DE/IT/FI} | market for waste 

polyethylene | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Assignment Factor 
 

5 5 5 3 3 3 1 1 1 4 1 4 3 3 3 

Source: Oxford Economics 
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TABLE 93: PEDIGREE MATRIX OF THE CASH COUNTING MACHINES (LARGE) SUBSYSTEM 

Subsystem Dataset 
Reliability Completeness 

Temporal 

correlation 

Geographical 

correlation 

Further 

technological 

correlation 

DE IT FI DE IT FI DE IT FI DE IT FI DE IT FI 

Production 

Material Input for 1 

large Cash Counting 

Machine 

Polystyrene, high impact {GLO}| market for 

polystyrene, high impact | Cut-off, U 
5 5 5 5 5 5 1 1 1 2 2 2 4 4 4 

Injection moulding {GLO}| market for injection 

moulding | Cut-off, U 
5 5 5 5 5 5 1 1 1 2 2 2 4 4 4 

Steel, unalloyed {GLO}| market for steel, unalloyed | 

Cut-off, U 
5 5 5 5 5 5 1 1 1 2 2 2 4 4 4 

Metal working, average for steel product 

manufacturing {GLO}| market for metal working, 

average for steel product manufacturing | Cut-off, U 

5 5 5 5 5 5 1 1 1 2 2 2 4 4 4 

Copper, cathode {GLO}| market for copper, cathode | 

Cut-off, U 
5 5 5 5 5 5 1 1 1 2 2 2 4 4 4 

Metal working, average for copper product 

manufacturing {GLO}| market for metal working, 

average for copper product manufacturing | Cut-off, 

U 

5 5 5 5 5 5 1 1 1 2 2 2 4 4 4 

Integrated circuit, logic type {GLO}| market for 

integrated circuit, logic type | Cut-off, U 
5 5 5 5 5 5 1 1 1 2 2 2 4 4 4 

Display, liquid crystal, 17 inches {GLO}| market for 

display, liquid crystal, 17 inches | Cut-off, U 
5 5 5 5 5 5 1 1 1 2 2 2 4 4 4 

Assembly of liquid crystal display, auxiliaries, and 

energy use {GLO}| assembly of liquid crystal display, 

auxiliaries and energy use | Cut-off, U 

5 5 5 5 5 5 1 1 1 2 2 2 4 4 4 

Power adapter, for laptop {GLO}| market for power 

adapter, for laptop | Cut-off, U 
5 5 5 5 5 5 1 1 1 2 2 2 4 4 4 

Keyboard {GLO}| market for keyboard | Cut-off, U 5 5 5 5 5 5 1 1 1 2 2 2 4 4 4 

Packaging for 1 small 

CCM 

Corrugated board box {RER}| market for corrugated 

board box | Cut-off, U 
5 5 5 5 5 5 1 1 1 2 2 2 3 3 3 

Packaging film, low density polyethylene {GLO}| 

market for packaging film, low density polyethylene | 

Cut-off, U 

5 5 5 5 5 5 1 1 1 2 2 2 3 3 3 

Transport from 

production to customer 

Transport, freight, lorry, unspecified {RER}| market for 

transport, freight, lorry, unspecified | Cut-off, U 
1 1 1 4 4 4 1 1 1 1 1 1 3 3 3 
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Subsystem Dataset 
Reliability Completeness 

Temporal 

correlation 

Geographical 

correlation 

Further 

technological 

correlation 

DE IT FI DE IT FI DE IT FI DE IT FI DE IT FI 

Assignment Factors  5 5 5 2 2 2 1 1 1 1 1 1 3 3 3 

Operation 

 Electricity, low voltage {DE}| market for electricity, 

low voltage | Cut-off, U 
2 2 2 4 4 4 2 2 2 4 4 4 2 2 2 

Assignment Factors 
 

5 5 5 2 2 2 1 1 1 1 1 1 3 3 3 

End-of-life 

Market for polystyrene, 

high impact, GLO 

Waste polystyrene {DE/IT/FI} | market for waste 

polystyrene | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Market for steel, 

unalloyed, GLO 

Scrap steel {Europe without Switzerland} | market for 

scrap steel | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Copper, cathode {GLO}| 

market for copper, 

cathode | Cut-off, U 

Scrap copper {Europe without Switzerland} | market 

for scrap copper | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Integrated circuit 

production, logic type, 

GLO 

Waste electric and electronic equipment {GLO}| 

market for waste electric and electronic equipment | 

Cut-off, U 

5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Display, liquid crystal, 17 

inches {GLO}| market for 

display, liquid crystal, 17 

inches | Cut-off, U 

Used liquid crystal display {GLO}| market for used 

liquid crystal display | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Power adapter, for 

laptop {GLO}| market for 

power adapter, for 

laptop | Cut-off, U 

Waste electric and electronic equipment {GLO}| 

market for waste electric and electronic equipment | 

Cut-off, U 

5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Market for keyboard, 

GLO 

Waste electric and electronic equipment {GLO}| 

market for waste electric and electronic equipment | 

Cut-off, U 

5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Corrugated board box 

{RER}| market for 

corrugated board box | 

Cut-off, U 

Waste paperboard {DE/IT/FI} | market for waste 

paperboard | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 
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Subsystem Dataset 
Reliability Completeness 

Temporal 

correlation 

Geographical 

correlation 

Further 

technological 

correlation 

DE IT FI DE IT FI DE IT FI DE IT FI DE IT FI 

Packaging film, low 

density polyethylene 

{GLO}| market for 

packaging film, low 

density polyethylene | 

Cut-off, U 

Waste polyethylene {DE/IT/FI} | market for waste 

polyethylene | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Assignment Factors 
 

5 5 5 2 2 2 1 1 1 1 1 1 3 3 3 

Source: Oxford Economics 

 

TABLE 94: PEDIGREE MATRIX OF THE ATM/CRM SUBSYSTEM 

Subsystem Dataset 
Reliability Completeness 

Temporal 

correlation 

Geographical 

correlation 

Further 

technological 

correlation 

DE IT FI DE IT FI DE IT FI DE IT FI DE IT FI 

Production 

Production of CRM/ATM 

Display, liquid crystal, 17 inches {GLO}| market for 

display, liquid crystal, 17 inches | Cut-off, U 
2 2 2 3 3 3 1 1 1 1 1 1 2 2 2 

Assembly of liquid crystal display, auxiliaries, and 

energy use {GLO}| market for assembly of liquid 

crystal display, auxiliaries and energy use | Cut-off, U 

5 5 5 3 3 3 1 1 1 1 1 1 3 3 3 

Computer, desktop, without screen {GLO}| market for 

computer, desktop, without screen | Cut-off, U 
2 2 2 3 3 3 1 1 1 1 1 1 2 2 2 

Reinforcing steel {GLO}| market for reinforcing steel | 

Cut-off, U 
2 2 2 3 3 3 1 1 1 1 1 1 2 2 2 

Metal working, average for steel product 

manufacturing {RER}| metal working, average for 

steel product manufacturing | Cut-off, U 

5 5 5 3 3 3 1 1 1 1 1 1 3 3 3 

Polypropylene, granulate {GLO}| market for 

polypropylene, granulate | Cut-off, U 
2 2 2 3 3 3 1 1 1 1 1 1 2 2 2 

Injection moulding {RER}| market for injection 

moulding | Cut-off, U 
5 5 5 3 3 3 1 1 1 1 1 1 3 3 3 
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Subsystem Dataset 
Reliability Completeness 

Temporal 

correlation 

Geographical 

correlation 

Further 

technological 

correlation 

DE IT FI DE IT FI DE IT FI DE IT FI DE IT FI 

Packaging of CRM/ATM 

Kraft paper {RER}| market for kraft paper | Cut-off, U 5 5 5 5 5 5 1 1 1 1 1 1 3 3 3 

Packaging film, low density polyethylene {GLO}| 

market for packaging film, low density polyethylene | 

Cut-off, U 

5 5 5 5 5 5 1 1 1 1 1 1 3 3 3 

EUR-flat pallet {RER}| market for EUR-flat pallet | Cut-

off, U 
5 5 5 5 5 5 1 1 1 1 1 1 3 3 3 

Transport production 

facility to customer 

Transport, freight, lorry, unspecified {RER}| market for 

transport, freight, lorry, unspecified | Cut-off, U 
4 4 4 3 3 3 1 1 1 1 1 1 3 3 3 

Assignment Factor 
 

1 1 1 1 1 1 1 1 1 1 1 1 3 3 3 

Operation 

Way to ATM/CRM using 

passenger car 

Transport, passenger car {RER}| market for transport, 

passenger car | Cut-off, U 
1 1 1 4 4 4 1 1 1 1 4 4 3 3 3 

Way to ATM/CRM using 

bike 

Transport, passenger, bicycle {CH}| transport, regular 

bus | Cut-off, U 
1 1 1 4 4 4 1 1 1 1 4 4 3 3 3 

Way to ATM/CRM using 

public transport 

Transport, regular bus {CH}| transport, regular bus | 

Cut-off, U 
1 1 1 4 4 4 1 1 1 1 4 4 3 3 3 

Way to ATM/CRM using 

motorcycle 

Transport, passenger, motor scooter {CH}| transport, 

passenger, motor scooter | Cut-off, U 
1 1 1 4 4 4 1 1 1 1 4 4 3 3 3 

Transport for servicing 

one ATM/CRM for a year 

Transport, passenger car, EURO 5 {RER}| market for 

transport, passenger car, EURO 5 | Cut-off, U 
4 4 4 3 3 3 1 1 1 4 1 4 3 3 3 

ATM: Energy 

consumption 

Electricity, low voltage {DE/IT/FI} | market for 

electricity, low voltage | Cut-off, U 
4 4 4 3 3 3 1 1 1 1 1 1 1 1 1 

CRM: Energy 

consumption 

Electricity, low voltage {DE/IT/FI} | market for 

electricity, low voltage | Cut-off, U 
4 4 4 3 3 3 1 1 1 1 1 1 1 1 1 

Assignment Factor 
 

1 1 1 1 1 1 1 1 1 1 1 1 3 3 3 

End-of-life 

Display, liquid crystal, 17 

inches {GLO}| market for 

display, liquid crystal, 17 

inches | Cut-off, U 

Used liquid crystal display {GLO}| market for used 

liquid crystal display | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Computer, desktop, 

without screen {GLO}| 

market for computer, 

Used industrial electronic device {CH}| market for 

used industrial electronic device | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 
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Subsystem Dataset 
Reliability Completeness 

Temporal 

correlation 

Geographical 

correlation 

Further 

technological 

correlation 

DE IT FI DE IT FI DE IT FI DE IT FI DE IT FI 

desktop, without screen 

| Cut-off, U 

Reinforcing steel {GLO}| 

market for reinforcing 

steel | Cut-off, U 

Waste reinforcement steel {CH}| market for waste 

reinforcement steel | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Polypropylene, granulate 

{GLO}| market for 

polypropylene, 

granulate | Cut-off, U 

Waste polypropylene {Europe without Switzerland} | 

market group for waste polypropylene | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Kraft paper {RER}| 

market for kraft paper | 

Cut-off, U 

Waste paperboard {Europe without Switzerland} | 

market group for waste paperboard | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Polyvinylchloride, 

suspension polymerised 

{GLO}| market for 

polyvinylchloride, 

suspension polymerised 

| Cut-off, U 

Waste polyvinylchloride {Europe without Switzerland} 

| market group for waste polyvinylchloride | Cut-off, 

U 

5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

EUR-flat pallet {RER}| 

market for EUR-flat 

pallet | Cut-off, U 

Waste wood, untreated {DE/IT/FI} | market for waste 

wood, untreated | Cut-off, U 
5 5 5 4 4 4 1 1 1 2 2 2 3 3 3 

Assignment Factor 
 

1 1 1 1 1 1 1 1 1 1 1 1 3 3 3 

Source: Oxford Economics 
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Impact category Unit Mean Median 
Standard 

Deviation 
2.5% 97.5% 

Percent of 

times Cash > 

Digital 

Italy 

Fine particulate matter formation kg PM2.5 eq 1.64E-05 1.60E-05 3.89E-06 9.93E-06 2.46E-05 100 

Fossil resource scarcity kg oil eq 1.79E-03 1.64E-03 8.09E-04 7.01E-04 3.75E-03 100 

Freshwater ecotoxicity kg 1,4-DCB 1.79E-03 1.72E-03 8.71E-04 2.88E-04 3.71E-03 98.4 

Freshwater eutrophication kg P eq 1.83E-06 1.79E-06 1.39E-06 -8.33E-07 4.80E-06 92.2 

Global warming kg CO2 eq 6.09E-03 5.62E-03 2.60E-03 2.52E-03 1.20E-02 100 

Human carcinogenic toxicity kg 1,4-DCB 1.58E-03 1.54E-03 1.12E-03 -5.24E-04 3.86E-03 92 

Human non-carcinogenic toxicity kg 1,4-DCB 3.92E-02 4.66E-02 6.62E-01 -1.34E+00 1.44E+00 53.1 

Ionizing radiation kBq Co-60 eq -5.69E-05 -2.74E-05 1.42E-04 -4.07E-04 1.25E-04 19.5 

Land use m2a crop eq 3.77E-04 3.76E-04 1.66E-04 3.38E-05 7.04E-04 98.4 

Marine ecotoxicity kg 1,4-DCB 2.26E-03 2.14E-03 1.10E-03 2.96E-04 4.63E-03 98.4 

Marine eutrophication kg N eq 1.07E-06 1.06E-06 2.05E-07 7.13E-07 1.54E-06 100 

Mineral resource scarcity kg Cu eq 1.28E-04 1.26E-04 4.20E-05 4.67E-05 2.20E-04 100 

Ozone formation, Human health kg NOx eq 2.04E-05 1.95E-05 6.89E-06 9.56E-06 3.57E-05 100 

Ozone formation, Terrestrial 

ecosystems 
kg NOx eq 2.20E-05 2.10E-05 7.39E-06 1.04E-05 3.87E-05 100 

Stratospheric ozone depletion kg CFC11 eq 3.35E-09 3.19E-09 9.93E-10 1.91E-09 5.61E-09 100 

Terrestrial acidification kg SO2 eq 4.94E-05 4.85E-05 1.07E-05 3.14E-05 7.28E-05 100 

Terrestrial ecotoxicity kg 1,4-DCB 3.02E-01 2.71E-01 1.46E-01 1.41E-01 6.57E-01 100 

Water consumption m3 6.74E-05 4.72E-04 6.19E-03 -1.37E-02 1.12E-02 53.3 

Finland 

Fine particulate matter formation kg PM2.5 eq 6.76E-05 6.23E-05 2.19E-05 4.14E-05 1.23E-04 100 

Fossil resource scarcity kg oil eq 1.41E-02 1.25E-02 6.57E-03 6.65E-03 3.10E-02 100 

Freshwater ecotoxicity kg 1,4-DCB 6.81E-03 6.34E-03 2.06E-03 4.02E-03 1.17E-02 100 

Freshwater eutrophication kg P eq 1.32E-05 1.20E-05 5.15E-06 6.81E-06 2.60E-05 100 

Global warming kg CO2 eq 4.99E-02 4.45E-02 2.19E-02 2.45E-02 1.05E-01 100 

Human carcinogenic toxicity kg 1,4-DCB 6.59E-03 5.96E-03 3.21E-03 2.14E-03 1.49E-02 100 
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Impact category Unit Mean Median 
Standard 

Deviation 
2.5% 97.5% 

Percent of 

times Cash > 

Digital 

Human non-carcinogenic toxicity kg 1,4-DCB 5.76E-02 5.59E-02 1.03E+00 -1.99E+00 2.14E+00 51.7 

Ionizing radiation kBq Co-60 eq 3.29E-03 1.89E-03 4.24E-03 4.54E-04 1.52E-02 100 

Land use m2a crop eq 1.79E-03 1.67E-03 6.06E-04 1.01E-03 3.37E-03 100 

Marine ecotoxicity kg 1,4-DCB 8.76E-03 8.17E-03 2.62E-03 5.25E-03 1.51E-02 100 

Marine eutrophication kg N eq 2.80E-06 2.63E-06 7.68E-07 1.88E-06 4.55E-06 100 

Mineral resource scarcity kg Cu eq 5.02E-04 4.73E-04 1.36E-04 3.30E-04 8.52E-04 100 

Ozone formation, Human health kg NOx eq 1.45E-04 1.33E-04 5.42E-05 7.91E-05 2.80E-04 100 

Ozone formation, Terrestrial 

ecosystems 
kg NOx eq 1.55E-04 1.42E-04 5.84E-05 8.41E-05 2.99E-04 100 

Stratospheric ozone depletion kg CFC11 eq 1.80E-08 1.62E-08 7.31E-09 9.59E-09 3.62E-08 100 

Terrestrial acidification kg SO2 eq 1.60E-04 1.49E-04 4.95E-05 1.01E-04 2.83E-04 100 

Terrestrial ecotoxicity kg 1,4-DCB 5.45E-01 5.06E-01 1.89E-01 2.92E-01 1.01E+00 100 

Water consumption m3 3.80E-04 2.38E-03 2.64E-02 -5.91E-02 4.69E-02 53 

Source: Oxford Economics  
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TABLE 96: RESULTS OF SEPARATE MONTE CARLO SIMULATIONS OF ALL IMPACT CATEGORIES  

Impact category Unit Mean Median 
Standard 

Deviation 
2.5% 97.5% Mean Median 

Standard 

Deviation 
2.5% 97.5% 

  

Cash system Digital system 

Germany 

Fossil resource scarcity kg oil eq 4.74E-03 4.51E-03 1.10E-03 3.28E-03 7.31E-03 8.60E-04 8.49E-04 9.76E-05 7.01E-04 1.07E-03 

Mineral resource scarcity kg Cu eq 3.40E-04 3.36E-04 4.51E-05 2.63E-04 4.46E-04 4.95E-05 4.90E-05 6.68E-06 3.84E-05 6.42E-05 

Marine eutrophication kg N eq 2.15E-06 2.14E-06 2.26E-07 1.73E-06 2.64E-06 2.11E-07 2.08E-07 2.77E-08 1.65E-07 2.73E-07 

Marine ecotoxicity 
kg 1,4-

DCB 
6.42E-03 6.24E-03 1.31E-03 4.43E-03 9.13E-03 1.22E-03 1.21E-03 1.81E-04 9.16E-04 1.65E-03 

Land use 
m2a crop 

eq 
1.07E-03 1.05E-03 2.48E-04 6.36E-04 1.62E-03 5.77E-04 5.61E-04 3.83E-04 -1.00E-04 1.34E-03 

Terrestrial acidification 
kg SO2 

eq 
8.51E-05 8.33E-05 1.19E-05 6.64E-05 1.13E-04 1.14E-05 1.14E-05 1.01E-06 9.56E-06 1.35E-05 

Terrestrial ecotoxicity 
kg 1,4-

DCB 
3.88E-01 3.51E-01 1.61E-01 1.95E-01 8.28E-01 3.12E-02 2.83E-02 1.29E-02 1.74E-02 6.20E-02 

Ozone formation, Terrestrial 

ecosystems 

kg NOx 

eq 
4.93E-05 4.78E-05 9.26E-06 3.62E-05 7.12E-05 9.30E-06 9.18E-06 1.25E-06 7.35E-06 1.21E-05 

Freshwater eutrophication kg P eq 1.49E-05 1.36E-05 5.63E-06 8.02E-06 2.83E-05 2.54E-06 2.38E-06 8.07E-07 1.58E-06 4.51E-06 

Freshwater ecotoxicity 
kg 1,4-

DCB 
4.99E-03 4.84E-03 1.02E-03 3.45E-03 7.21E-03 9.44E-04 9.33E-04 1.40E-04 7.08E-04 1.26E-03 

Water consumption m3 4.12E-04 1.14E-03 1.02E-02 -2.19E-02 1.91E-02 1.53E-05 2.03E-05 1.62E-03 -3.49E-03 3.10E-03 

Global warming 
kg CO2 

eq 
1.79E-02 1.72E-02 3.43E-03 1.34E-02 2.62E-02 3.05E-03 3.03E-03 2.78E-04 2.59E-03 3.69E-03 

Human non-carcinogenic 

toxicity 

kg 1,4-

DCB 
3.73E-02 1.62E-02 7.26E-01 -1.45E+00 1.55E+00 1.30E-02 1.25E-02 8.49E-02 -1.69E-01 1.84E-01 

Human carcinogenic toxicity 
kg 1,4-

DCB 
3.73E-03 3.44E-03 2.18E-03 8.48E-04 8.16E-03 2.51E-04 2.35E-04 1.51E-04 8.57E-06 5.89E-04 

Ionizing radiation 
kBq Co-

60 eq 
1.65E-03 9.24E-04 2.21E-03 2.02E-04 8.67E-03 4.85E-04 2.69E-04 7.22E-04 5.78E-05 2.11E-03 

Stratospheric ozone depletion 
kg CFC11 

eq 
8.28E-09 8.08E-09 1.30E-09 6.22E-09 1.14E-08 1.41E-09 1.37E-09 2.38E-10 1.09E-09 1.96E-09 

Ozone formation, Human 

health 

kg NOx 

eq 
4.67E-05 4.53E-05 8.60E-06 3.45E-05 6.72E-05 8.96E-06 8.84E-06 1.21E-06 7.07E-06 1.17E-05 
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Impact category Unit Mean Median 
Standard 

Deviation 
2.5% 97.5% Mean Median 

Standard 

Deviation 
2.5% 97.5% 

Fine particulate matter 

formation 

kg PM2.5 

eq 
3.25E-05 3.18E-05 4.48E-06 2.58E-05 4.30E-05 4.69E-06 4.66E-06 4.38E-07 3.89E-06 5.60E-06 

Italy 

Fossil resource scarcity kg oil eq 3.19E-03 3.07E-03 7.80E-04 2.11E-03 5.04E-03 1.43E-03 1.42E-03 1.84E-04 1.12E-03 1.83E-03 

Mineral resource scarcity kg Cu eq 2.63E-04 2.60E-04 3.89E-05 2.00E-04 3.60E-04 1.34E-04 1.32E-04 2.09E-05 9.84E-05 1.81E-04 

Marine eutrophication kg N eq 1.56E-06 1.54E-06 2.05E-07 1.22E-06 2.01E-06 4.94E-07 4.87E-07 6.23E-08 3.90E-07 6.37E-07 

Marine ecotoxicity 
kg 1,4-

DCB 
5.14E-03 5.02E-03 1.08E-03 3.45E-03 7.61E-03 2.90E-03 2.85E-03 5.15E-04 2.07E-03 3.98E-03 

Land use 
m2a crop 

eq 
8.82E-04 8.77E-04 2.16E-04 4.59E-04 1.33E-03 5.15E-04 4.92E-04 2.78E-04 3.59E-05 1.12E-03 

Terrestrial acidification 
kg SO2 

eq 
7.09E-05 7.01E-05 1.05E-05 5.38E-05 9.53E-05 2.17E-05 2.15E-05 2.30E-06 1.78E-05 2.70E-05 

Terrestrial ecotoxicity 
kg 1,4-

DCB 
3.63E-01 3.29E-01 1.49E-01 1.86E-01 7.98E-01 5.80E-02 5.26E-02 2.33E-02 3.23E-02 1.17E-01 

Ozone formation, Terrestrial 

ecosystems 

kg NOx 

eq 
3.84E-05 3.76E-05 7.07E-06 2.80E-05 5.53E-05 1.66E-05 1.66E-05 2.09E-06 1.29E-05 2.14E-05 

Freshwater eutrophication kg P eq 6.88E-06 6.53E-06 1.63E-06 4.46E-06 1.09E-05 5.08E-06 4.90E-06 1.32E-06 3.24E-06 8.18E-06 

Freshwater ecotoxicity 
kg 1,4-

DCB 
3.99E-03 3.90E-03 8.60E-04 2.65E-03 6.00E-03 2.22E-03 2.19E-03 3.97E-04 1.58E-03 3.09E-03 

Water consumption m3 -4.97E-06 6.81E-04 8.02E-03 -1.82E-02 1.55E-02 -1.04E-05 1.30E-04 3.10E-03 -6.37E-03 5.75E-03 

Global warming 
kg CO2 

eq 
1.14E-02 1.10E-02 2.46E-03 8.03E-03 1.73E-02 5.41E-03 5.38E-03 5.48E-04 4.42E-03 6.59E-03 

Human non-carcinogenic 

toxicity 

kg 1,4-

DCB 
3.88E-02 4.89E-02 6.56E-01 -1.25E+00 1.32E+00 3.24E-02 3.28E-02 2.39E-01 -4.63E-01 5.04E-01 

Human carcinogenic toxicity 
kg 1,4-

DCB 
2.12E-03 2.01E-03 1.27E-03 -2.22E-05 4.83E-03 5.23E-04 5.00E-04 3.54E-04 -1.22E-04 1.30E-03 

Ionizing radiation 
kBq Co-

60 eq 
6.84E-04 3.66E-04 1.01E-03 7.96E-05 3.28E-03 6.62E-04 3.75E-04 9.74E-04 8.30E-05 2.71E-03 

Stratospheric ozone depletion 
kg CFC11 

eq 
5.52E-09 5.40E-09 9.34E-10 4.09E-09 7.84E-09 2.23E-09 2.20E-09 2.93E-10 1.74E-09 2.88E-09 

Ozone formation, Human 

health 

kg NOx 

eq 
3.62E-05 3.55E-05 6.57E-06 2.64E-05 5.20E-05 1.60E-05 1.59E-05 2.03E-06 1.24E-05 2.05E-05 
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Impact category Unit Mean Median 
Standard 

Deviation 
2.5% 97.5% Mean Median 

Standard 

Deviation 
2.5% 97.5% 

Fine particulate matter 

formation 

kg PM2.5 

eq 
2.60E-05 2.57E-05 3.83E-06 1.98E-05 3.54E-05 9.64E-06 9.56E-06 1.11E-06 7.76E-06 1.22E-05 

Finland 

Fossil resource scarcity kg oil eq 1.51E-02 1.35E-02 6.83E-03 6.84E-03 3.16E-02 6.12E-04 6.07E-04 6.28E-05 5.05E-04 7.50E-04 

Mineral resource scarcity kg Cu eq 5.48E-04 5.22E-04 1.34E-04 3.66E-04 9.06E-04 4.46E-05 4.36E-05 6.50E-06 3.44E-05 5.94E-05 

Marine eutrophication kg N eq 2.97E-06 2.80E-06 7.53E-07 2.02E-06 4.83E-06 1.43E-07 1.42E-07 1.58E-08 1.16E-07 1.79E-07 

Marine ecotoxicity 
kg 1,4-

DCB 
9.79E-03 9.39E-03 2.67E-03 6.22E-03 1.71E-02 1.02E-03 9.99E-04 1.68E-04 7.50E-04 1.42E-03 

Land use 
m2a crop 

eq 
2.07E-03 1.96E-03 6.46E-04 1.18E-03 3.62E-03 2.86E-04 2.80E-04 1.50E-04 -1.85E-06 6.01E-04 

Terrestrial acidification 
kg SO2 

eq 
1.71E-04 1.61E-04 4.96E-05 1.05E-04 2.96E-04 8.93E-06 8.87E-06 7.99E-07 7.48E-06 1.06E-05 

Terrestrial ecotoxicity 
kg 1,4-

DCB 
5.88E-01 5.38E-01 2.30E-01 3.07E-01 1.12E+00 2.76E-02 2.46E-02 1.09E-02 1.49E-02 5.67E-02 

Ozone formation, Terrestrial 

ecosystems 

kg NOx 

eq 
1.64E-04 1.52E-04 5.95E-05 8.86E-05 3.17E-04 6.16E-06 6.08E-06 6.39E-07 5.12E-06 7.58E-06 

Freshwater eutrophication kg P eq 1.52E-05 1.40E-05 5.56E-06 8.41E-06 3.00E-05 1.98E-06 1.87E-06 5.34E-07 1.23E-06 3.30E-06 

Freshwater ecotoxicity 
kg 1,4-

DCB 
7.60E-03 7.29E-03 2.09E-03 4.80E-03 1.32E-02 7.84E-04 7.65E-04 1.29E-04 5.76E-04 1.09E-03 

Water consumption m3 -1.61E-03 3.30E-04 2.82E-02 -6.28E-02 4.92E-02 -1.68E-05 1.05E-04 1.60E-03 -3.47E-03 2.77E-03 

Global warming 
kg CO2 

eq 
5.29E-02 4.83E-02 2.15E-02 2.58E-02 1.07E-01 2.20E-03 2.19E-03 1.68E-04 1.92E-03 2.59E-03 

Human non-carcinogenic 

toxicity 

kg 1,4-

DCB 
1.01E-01 1.14E-01 1.03E+00 -2.06E+00 2.03E+00 1.37E-02 1.50E-02 7.12E-02 -1.32E-01 1.55E-01 

Human carcinogenic toxicity 
kg 1,4-

DCB 
7.13E-03 6.37E-03 3.79E-03 2.40E-03 1.65E-02 2.24E-04 2.10E-04 1.42E-04 1.35E-05 5.33E-04 

Ionizing radiation 
kBq Co-

60 eq 
4.03E-03 2.18E-03 5.88E-03 5.25E-04 1.95E-02 5.04E-04 2.93E-04 7.03E-04 6.39E-05 2.38E-03 

Stratospheric ozone depletion 
kg CFC11 

eq 
1.93E-08 1.78E-08 6.95E-09 1.02E-08 3.75E-08 1.10E-09 1.06E-09 1.90E-10 8.72E-10 1.53E-09 

Ozone formation, Human 

health 

kg NOx 

eq 
1.54E-04 1.42E-04 5.49E-05 8.34E-05 2.96E-04 5.94E-06 5.87E-06 6.22E-07 4.92E-06 7.31E-06 
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Impact category Unit Mean Median 
Standard 

Deviation 
2.5% 97.5% Mean Median 

Standard 

Deviation 
2.5% 97.5% 

Fine particulate matter 

formation 

kg PM2.5 

eq 
7.22E-05 6.75E-05 2.19E-05 4.31E-05 1.28E-04 3.71E-06 3.67E-06 3.51E-07 3.08E-06 4.47E-06 

Source: Oxford Economics  
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