
Article

Not peer-reviewed version

Robotizing Audit of E-invoices for

Sustainable Purpose

Tian-Jun Zheng , Jia-Rong Cheng , Yiao-Lin Weng , Yi-Fang Yang , Guang-Yih Sheu 

*

Posted Date: 4 October 2023

doi: 10.20944/preprints202310.0221.v1

Keywords: SDG 13; electronic invoicing; software robot; paperless workflow; cloud E-invoice data

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

https://sciprofiles.com/profile/2232114
https://sciprofiles.com/profile/908288
https://sciprofiles.com/profile/836664


 

Article 

Robotizing Audit of E-Invoices for Sustainable 
Purpose 

Tian-Jun Zheng 1, Jia-Rong Cheng 2, Yiao-Lin Weng 3, Yi-Fang Yang 4 and Guang-Yih Sheu 5,* 

1 Chi Mei Medical Center; tjcheng@mail.chimei.org.tw 
2 Chi Mei Medical Center; ecmh7900@mail.chimei.org.tw 
3 Department of Accounting and Information System, Chang-Jung Christian University; 

ylong@mail.cjcu.edu.tw 
4 Department of Accounting and Information System, Chang-Jung Christian University; 

yifang@mail.cjcu.edu.tw 
5 Department of Accounting and Information System, Chang-Jung Christian University; xsheu@hotmail.com 

* Correspondence: xsheu@hotmail.com; Tel.: +886-937820903 

Abstract: Taiwan’s Chi Mei Medical Center has a vision of becoming a sustainable organization. They found 

they violated the sustainable development goal (SDG) 13 (“Climate Action”) since its workflows consume 

excessive tangible resources and waste much operation time. To fulfill the vision, the Chi Mei Medical Center 

first introduced electronic invoicing. Implementing this electronic invoicing included adopting cloud E-invoice 

data and creating a software robot for auditing them. This study presents this software robot and its 

contributions. The software robot replaces an internal auditor to log into Taiwan’s E-invoice platform, 

download cloud E-invoice data, and detect the inconsistency between these cloud and on-premise data. 

Internal auditors of the Chi Mei Medical Center only needed to confirm the detection results. They welcome 

this software robot since it significantly reduces their work burdens. They approved more software robots for 

assisting other workflows. Besides, the Chi Mei Medical Center earned profits after eliminating paper invoices. 

This elimination helped release less carbon. This study concludes that chasing a sustainable organization is 

unnecessarily equivalent to the requirement of more costs. A software robot represents the last puzzle for 

constructing a paperless workflow since it can resolve the resistance of existing workers to a new workflow. 

Keywords: SDG 13; electronic invoicing; software robot; paperless workflow; cloud E-invoice data 

 

1. Introduction 

Taiwan’s Chi Mei Medical Center is famous in southern Taiwan; nevertheless, it has suffered 

from insufficient or uneconomic workflows. Implementing these workflows wastes excessive 

tangible resources and operation time. For example, its internal auditors audited massive paper 

invoices to detect fraud each month. An example of fraud is undeclared invoices. The Chi Mei 

Medical Center paid money according to these invoices. Undeclared invoices may imply tax evasion 

problems. 

The Chi Mei Medical Center has a vision of becoming a sustainable organization. Consequently, 

the Chi Mei Medical Center's executives have tried to revise its inefficient or uneconomic workflows 

to pursue SDG 13. It implemented electronic invoicing as its first trial. In Taiwan, uploading each E-

invoice to Taiwan's E-invoice platform [1] is necessary. Although this upload may be immediate or 

periodic, we may employ an E-invoice platform to detect fraud. The clues of this fraud may lie in the 

inconsistency between cloud E-invoice and on-premise data. 

However, browsing Taiwan's E-invoice platform to detect inconsistencies between cloud E-

invoice and on-premise data costs a lot of time. It is easy to expect that internal auditors of the Chi 

Mei Medical Center will refuse to browse excessive cloud E-invoice data on Taiwan's E-invoice 

platform. This brow is uninteresting and repetitive. Besides, any commercial Enterprise Resources 

Planning (ERP) or Accounting Information Systems (AIS) does not have the function of connecting 

Taiwan's E-invoice platform since this website is unique. 
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We may employ recent bot creators such as UiPath to create software robots for automating the 

browsing of Taiwan’s E-invoice platform. The IEEE Standard Association [2] defines a software robot 

as “A preconfigured software instance that uses business rules and predefined activity choreography 

to complete the autonomous execution of a combination of processes, activities, transactions, and 

tasks in one or more unrelated software systems to deliver a result of service with human exception 

management.” A software robot may reproduce the work that humans do. It may be called a software 

robot or a bot. 

Unlike other programming languages, employing a bot creator is easy enough to let auditors 

create a software bot themselves. The resulting software robot can automatically log in to Taiwan’s 

E-invoice platform, download cloud E-invoice data, and detect inconsistencies between cloud E-

invoice and on-premise data. The resulting software robot can operate when auditors get off their 

work. Auditors will welcome it since their remaining work only confirms the resulting inconsistency. 

However, existing bots for automating an audit process were few. The Chi Mei Medical Center had 

no choice but to create its software robots for automating the audit of cloud E-invoice data. 

This study contributes to the presentation that a software robot may be the last puzzle for 

constructing workflows for achieving SDG 13. To chase SDG 13, an organization builds new 

workflows. It is easy to expect some of its employees will resist these new workflows. Automating 

new workflows using software robots may resolve the resistance. The Chi Mei Medical Center has 

provided valuable experience in removing the resistance of its internal auditors to the audit of cloud 

E-invoice data. 

The remainder of this study contains five sections. Section 2 presents literature relevant to this 

study. Section 3 illustrates how the Chi Mei Medical Center implemented electronic invoicing. Section 

4 shows the effects of implementing this electronic invoicing. Based on this section, Section 5 presents 

some discussions. Section 6 offers the conclusion of this study. 

2. Literature Review 

The global consumption of paper and paperboard totaled 408 million tons in 2021 [3]. Printing 

and writing papers were the second most in-demand end-use, with a total global demand of 85 

million tons. The Chi Mei Medical Center can consume less printing and writing papers and thus 

support SDG 13. Greenwood [4] and Chao [5] have concluded the reasons that promote a paperless 

workflow: 

1. We used papers on-site and cannot access them from a distance. 

2. Papers occupy spaces. They go against archiving and storage. 

3. Delivering paper documents requires external actions. 

4. Copying a paper document is necessary for multiple readers. 

5. Due to the definitive displacement of the information on top of the paper, paper documents can’t 

be quickly revised, reformatted, and merged with other documents. 

6. Replicating a paper document needs external technology such as photocopiers and scanners. 

7. Paper documents can only retain static information (wording or images). 

8. Paper-based systems are less safe since several risks of destruction may destroy them. 

A paperless workflow requires emerging information technologies such as servers and robotic 

process automation. Some other studies have presented the positive impacts of these emerging 

information technologies on sustainability. For example, Elliot [6] demonstrated that suitable design, 

production, applications, and deployment of information technologies cause human behaviors to 

impact sustainability positively. Luthando, et al. [7] inspected a paperless office environment’s 

positive influence on sustainability. Hafiz and Farid [8] employed a profit model and a cost-benefit 

analysis to evaluate the benefits of implementing paperless workflows. Oliveira et al. [9] presented 

the positive impacts on companies. These impacts include profitability, cost reduction, and 

contribution to environmental sustainability. 

Nevertheless, we can expect that deploying a paperless workflow has challenges and barriers. 

Implementing a paperless workflow relies on digital records; however, cybernetic attacks may occur 

in employing these digital records (Cumming and Findlay [10]). Meanwhile, we can expect that 
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creating a paperless workflow may be against some existing regulations. Luthando, et al. [7] found 

that employees may complain about a new paperless workflow's slow responses and errors. Liang et 

al. [11] concluded that a company should change before implementing a new paperless workflow; 

nevertheless, this transformation may fail to fit the varied market circumstances when 

mismanagement appears. Deng et al. [12] concluded internal motivations can affect adopting a 

paperless workflow. These motivations include top management support, greening the 

organization's culture, and strategic intent. 

The Chi Mei Medical Center created a software robot to automate the audit of cloud E-invoice 

data. A software robot containing features such as artificial intelligence and management tools can 

be applicable for accounting, taxation, human resources, and regulatory purposes [13–15]. Hsu [16] 

reported that software robots could help financial departments improve operation efficiency. Tseng 

[15] conducted a questionnaire survey among financial accounting personnel in different industries 

and ages, intending to investigate their understanding of software robots and their recognition of the 

benefits of introducing bots. He documented that financial accounting departments should carry out 

self-assessments to review their current workflows and whether their human resources and 

information facilities can support the application of software robots. Furthermore, Tseng (2020) 

indicated that personnel training and facility arrangements were the key to successfully developing 

and deploying bots. 

3. Electronic invoicing 

The Chi Mei Medical Center now has 13 administrative departments, including the Human 

Resources Department, the Accounting Office, and the Resources Office. The Accounting Office is 

responsible for accounting and audit systems. The accounting system creates the issuance of notes 

for incoming and outgoing, processes accounting affairs, and compiles financial statements. The 

audit system reviews incoming and outgoing accounting of all branches and accounts and collects 

receivables. To eliminate papers, improve the correctness and speed of operations, and meet SDG 13, 

executives of the Chi Mei Medical Center established a cross-department digital transition team. The 

first job of this team was integrating the Director's Office, the Business Administration Department, 

the Materials Office, the Information Office, the Accounting Department, the Cashier Division, and 

the Pharmacy Department to introduce electronic invoicing in placing an order. They identified that 

placing an order has four steps: 

1. Manufacturers of this order issue payment invoices. These invoices may be hand-written or hard 

copies of E-invoices. Figure 1 exemplifies a hard copy of an E-invoice. 

2. The Account Office of the Chi Mei Medical Center stores order information in its ERP or AIS 

system. 

3. If manufacturers are authorized traders of Taiwan's E-invoice platform, they should upload E-

invoice data to this website. This upload may be immediate or periodical. 

4. Internal auditors of the Chi Mei Medical Center review the consistency between invoices from 

manufacturers and its accounting data. This review of invoices may be one-by-one or in batches. 

In reviewing a hard copy of an E-invoice, an internal auditor can scan its QR code to browse E-

invoice on Taiwan's E-invoice platform. If an audited invoice is paper-based, internal auditors 

have no choice but to use their eyes to audit this paper invoice. 

The Chi Mei Medical Center knew that the last step was the bottleneck in invoicing. Even if hard 

copies of E-invoices were adopted, browsing Taiwan's E-invoice platform to detect the inconsistency 

between cloud and on-premise data was still time-consuming. They may print cloud and on-premise 

data to facilitate the detection of inconsistency; accordingly, this printing violated SDG 13. Therefore, 

the Chi Mei Medical Center adopted UiPath to create a software robot to automate the step of 

detecting the inconsistency between cloud E-invoice and on-premise data. Figure 2 illustrates the 

resulting software robot. This bot automatically logs in to Taiwan's E-invoice platform and imports 

cloud E-invoice data into an Excel file. It can wait for new E-invoice data and import cloud E-invoice 

data into an Excel file. Detecting the inconsistency between cloud E-invoice and on-premise data is 
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next implemented in this Excel file. A separate module was employed to output the inconsistency. 

Internal auditors only need to confirm these outputs. 

 

Figure 1. A hard copy of an E-invoice (in traditional Chinese). 

 

Figure 2. Software robot for automating the audit of cloud E-invoice data. (in traditional Chinese). 

Taiwan’s E-invoice platform and the software robot shown in Figure 2 can eliminate the need 

for paper invoices or hard copies of E-invoices. Manufacturers only exchange E-invoice data with the 

Chi Mei Medical Center. It has a genuinely paperless electronic invoicing workflow. 

3. Results 

The Chi Mei Medical Center had more confidence in a software robot since it was a young 

information technology. Therefore, they measured the average time in completing its conventional 

audit of paper invoices or hard copies of E-invoices at its three branches between October 2020 and 

January 2021. This average time is equal to average time = ୘୭୲ୟ୪ ୟ୳ୢ୧୲ ୲୧୫ୣ୒୳୫ୠୣ୰ ୭୤ ୧୬୴୭୧ୡୣୱ  (1)

Comparing the results of Equation (1) with the average time spent to audit cloud E-invoice data 

using the proposed bot is next inspected. 
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Figures 1(a)-1(b) denote the remote cause for introducing electronic invoicing to achieve SDG 

13. In these two figures, the Chi Mei Medical Center checks the total number of paper invoices and 

hard copies of E-invoices between October 2020 and January 2022. Its internal auditors may audit 

invoices one by one or in batches. 

Observing Figures 1(a)-1(b) finds that hard copies of E-invoices increased gradually. Summing 

data points in these two figures reveals that the Chi Mei Medical Center audited 114214 invoices in 

batches and 11374 invoices one by one. If these invoices can be paperless, we can save approximately 

2.66 tons of carbon [17]. This result indicated that Chi Mei Medical Center has the potential to become 

a sustainable organization. 

 

Figure 3. Variation of invoices audited one-by-one or in batches: (a) one by one; (b) In batches. 

Furthermore, the executives of the Chi Mei Medical Center asked its internal auditors to sample 

some orders and measure the average time spent to audit invoices of these orders one by one. Placing 

the orders employs paper invoices or hard copies of E-invoices. Figures 4(a)-4(c) show the results. 

These results serve as a benchmark for preliminarily evaluating the effects of electronic invoicing. 

Generating Figures 4(a)-4(c) were completed at three branches of Chi Mei Medical Center from May 

28, 2021, to Nov 4, 2021. 

Even if the Chi Mei Medical Center just changed to replace some paper invoices with hard copies 

of E-invoices, Figures 4(a)-4(c) demonstrate that auditing invoices one by one has been more efficient. 

In Figure 4(b), blue points generated with hard copies of E-invoices are below red points. These red 

points represent the conventional use of paper invoices. To internal auditors, the burden of auditing 

paper invoices was heavy. The average time spent to audit per paper invoice is about or above 1 

minute. If the internal auditors of the Chi Mei Medical Center were few, they may need quite a while 

to audit over 1000 paper invoices one by one. 

Nevertheless, Figures 4(a)-4(c) contain too few data points. For example, observing Figures 4(a) 

and 4(c) can find two blue points in these figures. Therefore, we still further classify the scientific 

soundness of introducing electronic invoicing. Besides, employing hard copies of E-invoices does not 

help achieve SDG 13. The Chi Mei Medical Center still uses excessive paper. 
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Figure 4. Measurements of the average time spent to audit invoices one-by-one. 

Executives of the Chi Mei Medical Center also thought that Figures 4(a)-4(c) were insufficient to 

conclude the benefits of electronic invoicing. They desired more evidences. Therefore, the Chi Mei 

Medical Center experimented to audit invoices in batch at its YongKang branch with paper invoices, 

hard copies of E-invoices, and cloud E-invoice data. The software robot shown in Figure 2 was 

employed to audit cloud E-invoice data. The experiment time was between 10/18/2021 and 2/8/2021. 

For approaching the real working condition as close as possible, internal auditors of this YongKang 

branch may audit paper invoices, hard copies of E-invoices, and cloud E-invoice data simultaneously. 

Note that some manufacturers are old, they still use paper invoices. Figures 5(a)-5(b) show the results. 

Blue data points in Figure 5(a) represent that replacing some paper invoices or hard copies of E-

invoices with cloud E-invoice data improves the average time spent to audit invoices. Figure 5(b) 

shows the total number of audited invoices increased after introducing electronic invoicing. Suppose 

all manufacturers linked to the Chi Mei Medical Center can be authorized traders of Taiwan’s E-

invoice platform. They can release less carbon to achieve SDG 13 but audit more invoices. 
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Figure 5. Experiment of introducing electronic invoicing (audit of cloud E-invoice data in batch). 

Figures 6(a)-6(c) and Take 1 ensure that cloud E-invoice data and the proposed software robot 

reach the Chi Mei Medical Center’s objective of paperless electronic invoicing. In Figure 6(a)-6(c), 

three branches of Chi Mei Medical demonstrated that saving operation time is possible if cloud E-

invoice data and the proposed bot are adopted. Table 1 records that the Chi Mei Medical Center 

eliminated 9148 paper invoices in invoicing. This elimination implies that the Chi Mei Medical Center 

can consume 0.11 tons of carbon per month; nevertheless, saving this amount brings profits to the 

Chi Mei Medical Center. This result denotes the starting point of transferring the Chi Mei Medical 

Center into a sustainable organization. 

One may suspect that Table 1 didn’t include computer usage, software fees, telecom charges, 

and electricity bills in operating the present software robot. Fortunately, the UiPath (the community 

version) is free. Running this software requires a usual computer. In Taiwan, internet fees are 

constant per month. Meanwhile, the electricity bills for employing the proposed software robot are 

negligible compared to the ordinary electricity bills of the Chi Mei Medical Center. 

Internal auditors were satisfied with the new paperless electronic invoicing. One of the female 

internal auditors stated representative opinions of the proposed software robot: 

「Oh! The software robot brings unexpected changes to my work. Now, I drink my bubble 

tea and wait for the outputs produced by the bot. My remaining work is confirming the 

results of this Excel file. That’s great!」 

The above conversation implies that existing internal auditors welcome a software robot. The 

vice president of the Chi Mei Medical Center was also surprised by the influence brought by software 

robots. He can’t wait to see the application of other bots. 
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Figure 6. Effects of promoting electronic invoicing to three branches of the Chi Mei Medical Center. 

Table 1. Changes before and after introducing a software bot to audit cloud E-invoice data. 

Observation After Before 

paper invoices 2,730 11878 

costs of papers TWD 2,048 TWD 10,409 

human resource costs TWD 1,311,876 TWD 1,457,640 

4. Discussion 

We can obtain the following experiences from Section 4: 

1. It is unnecessary that constructing a sustainable organization doesn’t earn profits. The Chi Mei 

Medical Center made profits in the trial of introducing electronic invoicing for reaching SDG 13. 

Some organizations are afraid of chasing SDG 13 since they expect that the chase will result in 

additional costs. The Chi Mei Medical Center provided a counter-example. Introducing proper 

information technologies can help obtain profits in chasing SDG 13. 

2. A software robot may be the last puzzle for building a paperless workflow. We can quickly 

expect that existing workers of an organization will resist the promotion of a new workflow. 

Their resistance is always an essential problem in promoting a new workflow. A software robot 

can substitute for workers to complete repetitive tasks such as data retrieval from a website; 

thus, it reduces the burden on workers. Due to humanity, workers will welcome a new workflow 

supported by a software robot. 

3. A complete information infrastructure is vital to the chase of SDG 13. If Taiwan’s E-invoice 

platform is unavailable, auditing the inconsistency between cloud and on-premise E-invoice 
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data is impossible. Nevertheless, a medical center can’t construct an E-invoice platform. A 

government should maintain similar websites. The government should have clear policies and 

define a complete information infrastructure in pursuing SDG 13. 

4. We recommend coding software robots to complement the missing features of an ERP or AIS 

system. The Chi Mei Medical Center has an ERP system; however, it selected to code a software 

robot to implement electronic invoicing. The Chi Mei Medical Center showed that bot 

programming is easy and inexpensive. 

5. Conclusions 

This study presents the full story about how the Chi Mei Medical Center implemented electronic 

invoicing for the vision of becoming a sustainable organization. In this electronic invoicing, the Chi 

Mei Medical Center employed a software robot to audit the inconsistency between cloud and on-

premise E-invoice data. This software robot helped eliminating excessive paper invoices, earning 

some profits, and achieving SDG 13. Existing internal auditors of the Chi Mei Medical welcomed the 

software robot. 

From the proposed story, we can conclude: 

1. Building a sustainable organization can earn profits. Some Taiwan’s organizations are anxious 

about the promotion of SDG 13 since it implies additional costs. The Chi Mei Medical Center 

demonstrated that releasing less carbon can gain profits. 

2. A software robot may be a necessary puzzle of a new workflow. It mitigates the resistance of 

existing workers to this new workflow. 

3. If an ETP or AIS system misses some features, complementing these missing features using 

software robots is a cheap and easy choice. Non-information workers can create a software robot 

by themselves. 

Meanwhile, the current study still has some limitations. The Chi Mei Medical Center is a private 

organization. It is impossible to abandon all paper-based invoices. Therefore, the effects of adopting 

cloud E-inv 
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