[bookmark: _Ref165898792]Appendix
1. What Does Literature Tell Us?
The results of literature search, presented in Section ‎2.1, corroborates that academic efforts fall short in addressing the material handling concerns within the context of library. Despite the scarce of material in this regard, the prophecy of literature review necessitates a meticulous investigation of previous academic efforts and capturing the available knowledge surrounding the material handling in the library. In this regard, in this section we base our discussion on the papers that were yielded through the literature search, accounted for six. 
In response to the agenda of automating the material handling, Modler et al. (2012) emphasised the book handling within the library environment in order to reduce the load of repetitive manual tasks, both at service points and shelves. According to the physical characteristics of books, the authors produced a prototype gripper to handle the books using a robotic arm.
In the same vein, Comsa et al. (2014) raises the concern pertaining to the prevalent manual means of book handling in the library environment and highlights the significance of automation to better perform the tasks corresponding to shelving and service points. This study represents a robotic unit, denoted as book manipulation system, which is composed of four major components: mobile platform, robotic arm, controller, and user interface. The necessary kinematics of this robotic unit is articulated in this study, and the design of the gripper is similar to the prototype developed by Modler et al. (2012). 
From the operations management standpoint, Li et al. (2016) put forward the idea of taking advantage of radio frequency identification (RFID) technology in order to establish a connected environment through the internet of things (IoT), for better functioning of activities such as user identification, inventory, self-help borrowing, and so forth, denoted by authors as library materials management tasks. Based on the possibility of storing information on RFID tags, the authors develop an Android-based RFID reader to enable the librarians with a digital platform for adding, refreshing, inventorying, and even finding the mis-placed items. 
According to the significance of library materials management, Mohammed et al. (2019) developed a digital platform founded on RFID technology and embedded with GSM (Global System for Mobile communication) solutions to facilitate essential communications with patrons. This platform, as a substitute for conventional library barcoding system, not only assists the librarians in better performing material handling and inventorying, but more importantly it functions as an effective and time-efficient solution for charging and discharging tasks. 
Although the benefits of automated solutions of material handing are transparent to academicians and practitioners, such as reducing human time and effort, there is an early-stage development in the library environment. In this regard, Vivek et al. (2020) resonate the importance of automating the process of book handling, specially corresponding to placing the books to their assigned spots without human intervention. In this regard, the authors design a mobile robotic unit in a CAD environment which is further fabricated in laboratory. The presented robotic solution is functioning in an environment where the information exchange is facilitated by RFID technology and enable the robot for accurate positioning of the books. 
Material handling in the library is emphasized by Jafari et al. (2023a) through analysis of the library operations by employing the ‘input-transformation-output’ model. The initial findings in this regard, identify the material processing as the major transformation process accomplished in the library operations, which is functioning by four types of processes: moving, sorting, controlling, and storing. Furthermore, this study investigates the technological and digital solutions that potentially contribute to the material handling of books within the library environment, and according to the outlined processes of material handling. In this regard, the feasibility and applicability of the manifested technologies are evaluated across as set of KPIs, i.e., smartness, productivity, etc., to provide academicians and practitioners with a practical list of potential technologies.
2. Semi-Structured Interview
Background 
Please introduce the respondents to this survey. (position, responsibilities, and years of employment in the library)
General Information 
How many full-time equivalent staff are employed by the main branch?
How many full-time equivalent operational staff are employed by the main branch?
How many full-time equivalent material-handling staff are employed by the main branch?
Does the main branch have any other branches?
What is the main branch’s annual budget, and how are these funds allocated among various operational costs? 
What is the average number of visitors each month at the main branch? 
How many books does the main branch have and sort each month? 
[bookmark: _Hlk161916463]How many sorted books are not returned to the shelves at the end of each workday?
What percentage of books are served incorrectly?  
Which types of complaints are usually expressed by the patrons? 
Does the main branch receive any complaints related to customer service? 
How is the performance and patron's satisfaction measured and evaluated at your library? 
Physical Characteristics
Are there any challenges/barriers for altering the architecture or structure of the main branch building? 
What is the total area of the main branch building in square meters?
How many floors does the main branch have?
How is the main branch's physical space organized, including the storage area, reading areas, and other specialized zones?
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Are the elevators only for employees, or are they also used by patrons? How many elevators are there, and what percentage is available for patrons? 
Do elevators create any bottlenecks in the main branch?
Is there any area in the main branch used for temporarily storing books along the material flow, such as temporary shelves on each floor to reduce the time and transportation between two departments?
Does the main branch utilize a self-check-in and check-out system? 
Are there the outdoor returned boxes at the main branch?
If the facility layout is changeable, how frequently is altered, and what are the reasons for such changes?
Material Handling in Library 
Can you explain the steps involved in processing a book from its arrival at the main branch to when it's available for borrowing? (For instance, sorting, controlling, moving, storing.)
What percentage of an employee's time is allocated to the following processes: Moving, Sorting, Storing, and Controlling?
What types of equipment does the main branch employ for the movement of books between different locations within the library? 
Does the main branch utilize equipment for sorting books, or is this process entirely manual? 
Is there a system to track the location of each book, both inside and outside of the library? If so, what technologies or equipment are involved in this tracking?
How do you find the shelve associated with each book? Are there any technologies or equipment used for this purpose?
What types of equipment does the main branch use for storing books, whether in storage areas or reading areas?
What factors do you believe underlie the choice of current equipment and technologies in use within the library? 
What are the cost drivers of material handling in your library? 
Which process within the main branch incurs the highest operational costs?
Have any material handling processes caused ergonomic issues for you? 
What challenges do you recognize in your library that negatively influence the material handling system?
3. Case Studies
The results of analysing the material handling processes within the selected case studies are summarized in Table 1.[bookmark: _Ref161319115]Table 1 Analysis of different aspects corresponding to material handling in the selected libraries.
Main Features
Library A
Library B
Library C
Library D
Library E
Building
Construction Year
1917
1902
2019
2018
2005

Area (m2) 
4,880
1,493
13,500
17,250
3,710
Layout
Fixed






Adjustable





Challenging Process
Sorting






Moving






Storing






Controlling





Form of Process
Sorting
S.A.
S.A.
A
A
S.A.

Moving
M
M
S.A.
A
M

Storing
M
M
M
M
M

Controlling
S.A.
S.A.
S.A.
S.A.
S.A.
Equipment 
Sorting Machine






Trolley






Bin






Cobot Arm






Conveyor






Elevator






Ergo Cart






Ergonomic Bins






Mobile Robot






Movable Shelf with Robot





(1) M: Manual (2) S.A: Semi-Automated (3) A: Automated
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