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Abstract: When used as a lightweight office application server, the Raspberry Pi is becoming more and more popular in 

small enterprises and educational settings due to its low cost and small size.  SD cards, USB flash drives, external HDDs, 

and SSDs are among the important storage solutions that are examined in this study.  The research concentrated on 

factors pertaining to cost, energy efficiency, performance, and dependability.  According to benchmark results from recent 

research, SD cards continue to be the most affordable option for simple applications, but SSDs perform better in terms of 

performance and durability.  HDDs are less desirable because of their mechanical susceptibility, while USB flash drives 

provide a more balanced option.  Based on certain use cases and resource constraints, this article offers useful insights 

for choosing the optimal storage systems by contrasting study findings with real-world implementations. 
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1. INTRODUCTION  
The Raspberry Pi's price and versatility made it a popular 
option for home or basic office servers. One of its best 
qualities is affordability.  The Raspberry Pi functions as 
an inexpensive server solution that drastically reduces the 
amount of money normally needed to set up a cloud 
storage system. For small and medium-sized enterprises, 
which probably have limited resources, this makes it 
especially beneficial [1]. The Raspberry Pi is once again 
a cost-effective option for managing data and duties, as 
evidenced by another study that showed it can function 
almost as effectively as conventional servers [2]. 
Along with the budgetary advantages, the Raspberry Pi's 
small size allows for flexible installations, which makes 
it perfect for offices with limited space.  Its small size, 
for instance, makes it possible to install several devices 
together, increasing performance without requiring the 
significant upfront investment that larger servers would 
normally need [3].  Because of its portability, more space 
may be used at home or in the office. 
Furthermore, the Raspberry Pi isn't limited to easy 
activities.  Because of its complete Linux OS, it can 
manage cloud services, real-time apps, and even data 
analytics [4].  It's also helpful for monitoring setups, 
tracking conditions and performance with sensors and 
IoT technologies [5].  Because of its affordability, 
portability, and small size, the Raspberry Pi is a popular 
platform among companies in the modern economy. 
When utilizing a Raspberry Pi for a basic server setup, 
selecting the appropriate storage type is crucial, 
particularly in situations when funds, space, and energy 
are restricted.  According to a study conducted at Ibn 
Khaldun University's CSN Laboratory, students' access 
to and sharing of data has increased since a basic NAS 
(Network Attached Storage) was put up using a 
Raspberry Pi 3B+ and an Open Media Vault.  They were 
able to employ a centralized system that operated more 
quickly and effectively in place of USB devices, which 
are frequently slow and inconvenient. This made file 
management and cooperation simpler for all parties 
involved [3]. 
Choosing the right storage option is also crucial for 
improving the Raspberry Pi's functionality, performance, 
and dependability.  Storage has a direct effect on the 

Raspberry Pi's functionality, particularly whether it 
serves as a server or a data storage device.  Ritzkal et al., 
(2023) study, for instance, shows that slower, lower-
quality microSD cards' intrinsic limitations might result 
in system bottlenecks that ultimately impact user 
experience and operational efficiency [3]. 
This researcher’s primary goal is to investigate and assess 
the many storage media alternatives for Raspberry Pi, 
especially considering lightweight server applications 
like file sharing and storage in homes and offices and 
educational labs.  The purpose of this review is to provide 
information on how storage decisions impact system 
performance based on scholarly research and real-world 
case studies. 
This review's focus is on storage solutions that work with 
Raspberry Pi models and are both affordable and useful.  
To help system designers, educators, and hobbyists make 
well-informed decisions that balance deployment 
convenience, performance, and cost, this article further 
narrows its scope to cover lightweight server use cases, 
such as file hosting, classroom data sharing, or personal 
backups. 
 
2. METHODOLOGY 
The literature from academic journals, conference 
proceedings, and reliable open-access sources that were 
published between 2015 and 2025 was gathered and 
carefully reviewed for this review.  Peer-reviewed 
research and case studies that focused on performance, 
affordability, and deployment simplicity were prioritized.  
Every article was thoroughly assessed for its applicability 
to the Raspberry Pi's use as a storage server.  
Implementations in home, small-office, and educational 
settings where price and ease of use are frequently crucial 
factors received particular attention.  The chosen sources 
offer a comprehensive basis for comprehending real-
world uses and the viability of storage solutions based on 
Raspberry Pi. 
 
3. RELATED RESEARCH 
We may better grasp the storage media requirements and 
performance consequences for office servers based on 
Raspberry Pi by examining recent research and practical 
applications.  Prior studies have demonstrated the 
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versatility of the Raspberry Pi in server applications 
ranging from educational platforms to Internet of Things 
systems.  These studies also provide light on how system 
dependability, responsiveness, and cost-effectiveness are 
impacted by storage selection.  This section reviews the 
use of the Raspberry Pi as a lightweight server, the types 
of storage media utilized, performance standards, 
reliability aspects, and considerations for cost, power, 
and space efficiency. 
 
3.1. Raspberry Pi as a Lightweight Server 
One noteworthy application of the Raspberry Pi is in 
offline learning management systems (LMS).  Maro et al., 
(2023) point to research where Raspberry Pis were used 
in Tanzanian schools to improve teacher training by 
offering offline access to instructional materials [6]. Fig. 
1, illustrates how the Raspberry Pi may host LMS content 
and function as a micro-server without having constant 
internet access. 

  
Fig. 1. Raspberry Pi 5. Source: [7] 
 
Applications for Raspberry Pi can also be found in the 
Internet of things, where it serves as the foundation for 
intelligent systems.  Research on IoT implementations, 
for instance, has resulted in systems that leverage 
Raspberry Pi devices as central servers for data collection 
and management utilizing modern web frameworks [8]. 
One well-liked platform for setting up a Raspberry Pi as 
network attached storage (NAS) is Open Media Vault 
(OMV).  This program enables the Raspberry Pi to 
function as a file storage server that facilitates file sharing 
and management via a local area network (LAN).  Ritzkal 
et al., (2023) emphasized the Raspberry Pi's potential to 
simplify file storage management and the device's 
widespread use in NAS systems using OMV, while also 
highlighting the security dangers associated with open 
ports [9]. 
 
3.2 Types of Storage Media Used 
External HDDs, USB flash drives, SD cards, and SSDs 
are the primary storage media types that the Raspberry Pi 
uses.  Each of these media formats has unique advantages 
and is selected based on the specific needs of the 
Raspberry Pi application. 

• The primary storage medium for Raspberry Pi 
devices is SD cards.  They serve as both the 
operating system's boot medium and the main 
storage for data and applications.  The 
Raspberry Pi architecture relies heavily on 

secure digital (SD) cards due to their small size, 
portability, and price [10].  SD cards provide the 
transport of data to and from the Raspberry Pi, 
enabling applications ranging from simple 
monitoring systems to complex data logging 
jobs [10]. 

• USB flash drives are yet another well-liked 
storage option.  Because USB flash drives have 
greater read/write speeds than regular SD cards, 
the Raspberry Pi can be configured to run solely 
from one [11]. 

• Compared to traditional SD cards and USB 
flash drives, external HDDs and SSDs provide a 
substantial amount of storage capacity and 
enhanced performance.  When users need to 
store a lot of data or carry out operations that 
require a lot of data processing, such as video 
recording systems that employ multiple 
Raspberry Pis, external storage are crucial [12]. 
 

3.3 Performance Considerations and Benchmarks 
To correctly evaluate storage media for office application 
servers based on Raspberry Pis, one must comprehend 
both the theoretical and practical performance of each 
option under realistic workloads.  This section highlights 
the performance trade-offs between external drives, SD 
cards, and SSDs when utilized with Raspberry Pi 
computers by presenting significant benchmarks from 
various research. 
A study in the CSN Laboratory employed a Raspberry Pi 
3B+ configured with OpenMediaVault (OMV) as a NAS 
server.  By comparing file transfer speeds across several 
platforms, including Windows, Linux, and Android, 
stable access rights enforcement was verified.  The 
benchmark results showed an average download speed of 
2.01 Mbps, an average file upload speed from client to 
server of 1.66 Mbps, and an average NAS uptime 
performance of 2.37 Mbps over a 7-day period. Table 1,  
demonstrate practical throughput constraints when using 
a Raspberry Pi 3B+ with an HDD in a shared network 
storage situation [3].  

 
Table 1. NAS file transfer speed trends from the CSN Lab 
testing. Source: [3] 
 
However, performance benchmarking on a Raspberry Pi 
4B with a 64-bit SSD setup showed notable 
improvements.  In a learning management system (LMS) 
deployment, the average response time for a medium-
sized course viewed by 100 users dropped from 46.9 
seconds (32-bit SD configuration) to 35 seconds (64-bit 
SSD).  This illustrates how the SSD outperforms 
traditional SD cards in terms of I/O performance.  
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According to the study, performance scaled well up to 40 
users, but after that, the Raspberry Pi's CPU limits 
became a problem [6]. 
 

 
Fig. 2. LMS response times across SD vs SSD storage 
configurations. Source: [6]. 
  
The overall performance of Raspberry Pi systems can be 
significantly impacted by the choice between SD cards 
and USB flash drives, Fig 2.  SD cards are typically used 
more commonly for operating systems and apps because 
the Raspberry Pi has an integrated SD card port.  
Numerous studies indicate that the throughput and 
response times of these devices may vary based on their 
characteristics.  Higher-speed SD cards (Class 10 or 
UHS-I) generally perform better in data read/write tests 
than many conventional USB flash drives.  However, 
there are currently few specific performance comparisons 
between SD cards and USB drives for Raspberry Pi use.  
According to certain research, USB flash drives can 
perform exceptionally well and, in some cases, may even 
exceed SD cards [13]. 
 Additionally, a study of different Raspberry Pi operating 
systems shows that performance is affected by file 
system and storage type.  For example, when it comes to 
file management efficiency and access speeds, Linux file 
systems, like ext4, usually outperform FAT32, which is 
commonly found in SD cards.  This suggests that both the 
underlying software framework and the type of hardware 
storage have an impact on performance [13]. 
 

 
Fig. 3. Raspberry Pi 5 Model and Connectivity. Source: 
[7] 
The way the Raspberry Pi communicates with external 
USB peripherals Fig 3, like flash drives, is another 
crucial element.  USB 3.0 drives may perform better than 
USB 2.0 devices.  A Raspberry Pi model with USB 3.0 
capability can be very helpful for large data analysis 
activities or applications that need high data speed, such 
as video recording [14]. 
 
3.4 Storage Reliability and Suitability in Office Use 
The two (2) most well-known advantages of SD cards are 
their portability and large capacity.  huge volumes of data 
may be recorded and stored thanks to its support for huge 
storage capacity, typically up to 32GB or more.  This is 

particularly helpful in office environments where 
thorough and frequent data collecting is conducted [15]. 
Because of their tiny size and high data transmission 
capacity, USB flash drives are useful for office 
applications that frequently need to handle huge files.  
They provide data transfer between computers and 
integrated systems, like as Raspberry Pi, which are 
frequently used for prototyping and computing jobs.  
This easy accessibility, which doesn't require an internet 
connection, supports productive teamwork and sporadic 
solo work [16].  The Raspberry Pi's simple architecture 
makes it a creative tool for computation and automation, 
enabling even novice users to effectively finish 
challenging tasks [13]. 
HDDs' intrinsic mechanical architecture makes them 
vulnerable to shock and vibration failure.  Because they 
use spinning disks and actuator motors to read and write 
data, they are susceptible [17].  As Mualfah et al., (2024)  
have shown that physical shocks can cause HDDs to 
malfunction, which is an important consideration in an 
office situation where Raspberry Pis may be moved 
between places regularly[17]. 
The main reason SSDs are more dependable than HDDs 
is because they don't have any moving parts.  Under 
normal operating conditions, SSDs frequently have lower 
failure rates and longer lifespans due to their design 
feature [18].  However, a thorough investigation revealed 
that while SSDs are generally more reliable, higher flash 
memory densities might lead to higher failure rates in 
some situations, especially in data center settings [18].   
Even while SSDs perform better than HDDs in many 
aspects, their cost per gigabyte still has a significant 
impact on whether or not they are used for large-scale 
storage applications.  But as technology develops, SSD 
costs are going down, making them a more affordable 
choice for workplaces [18]. 
 
3.5 Cost, Power, and Space Efficiency 
Generally speaking, SD cards are less expensive than 
SSDs and HDDs, offering higher capacities at lower 
prices [19]. Some analyses suggest that SD cards are 
often the best choice for Raspberry Pi projects due to 
their affordability, particularly when a large amount of 
data storage is required for deployment across multiple 
systems [19].  
SSDs consume less power than traditional HDDs, 
particularly in applications that require for frequent 
access and fast read/write cycles [20].  On the other hand, 
especially in low-intensity workloads, USB flash drives 
provide a balanced power profile and generally consume 
less energy than HDDs and SSDs [21]. 
Because SD cards are tiny, they can be easily included 
into the Raspberry Pi without making the system smaller 
overall [10].  USB flash drives are widely utilized as 
easily interchangeable storage choices since they are 
similarly tiny.  Despite their ability to store bigger 
volumes of data, HDDs require a dedicated power supply 
and additional physical space, hence they cannot be 
employed in projects that prioritize compact design [22].  
In order to balance form size and performance, SSDs are 
often designed to work in a range of computer scenarios 
without significantly changing the overall design [23]. 
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3.6 Future Trends in Rapberry Pi Storage Solutions 
The Raspberry PI is poised to become an essential part of 
contemporary computer systems.  The popularity of 
mobility, distributed architectures, financial restraints, 
and various rules pertaining to data security and 
sovereignty all have an impact on this change.  
One trend is the use of Raspberry PI's cloud computing 
capabilities to improve data storage options.  By utilizing 
scalable infrastructures for data storage and combining 
Raspberry PI devices with cloud services, users can cut 
costs.  Building an architecture that uses Raspberry Pi as 
a cloud storage server is a cost-effective and resource-
conscious solution for small to medium-sized businesses 
[1]. 
The use of ZFS and Btrfs advanced file systems on 
Raspberry Pi is another trend.  They provide self-healing 
capabilities, compression, and snapshots, which are ideal 
for office settings where data integrity is crucial.  
However, studies show that the existing hardware 
specification causes performance to significantly 
deteriorate under high load [3].  It is only a question of 
time till it’s hardware is upgraded.  The Raspberry Pi 
platform is developing to accommodate more 
sophisticated and highly effective storage solutions with 
the recent release of the Raspberry Pi 5, which has PCIe 
connectivity. 
Furthermore, high-performing storage solutions will be 
necessary for the advancement of edge projects.  SSDs 
will help AI and containerized edge-based applications 
that use Docker or Kubernetes on Raspberry Pi clusters 
by utilizing their high-endurance and high-speed 
read/write capabilities for managing logging, cache 
models, and effectively storing analytical data [24]. 
Due to the ongoing decline in flash memory prices and 
the growth of hybrid storage methods like SD and SSD 
caching, the Raspberry Pi will continue to be a viable 
option for scalable and reasonably priced home or office 
servers.  Developers and operations that want to future-
proof their Raspberry Pi-based installations must keep up 
with these advancements. 
 
4. RESULTS AND DISCUSSIONS 
This analysis highlights key findings from multiple 
research and benchmarks evaluating storage media used 
with Raspberry Pi in lightweight server setups.  SSDs 
frequently outperform SD cards and USB flash drives in 
terms of performance, especially in multi-user 
environments like LMS platforms.  Utilizing a 64-bit 
SSD arrangement on a Raspberry Pi 4B produced a 
notable improvement in reaction time in a 100-user LMS 
simulation, with a latency reduction of over 25% in 
comparison to an SD card configuration [6]. 
USB flash drives offer a reasonable balance between 
portability and performance, sometimes even 
outperforming SD cards in terms of read/write rates, 
depending on the device's model and class [13].  SD cards 
are still widely used due to their inexpensive cost and 
native compatibility, although they don't function well 
under heavy workloads.  HDDs are less reliable in mobile 
or vibration-prone office environments, even with their 
huge storage capacity [17]. 
Dependability and power consumption are also crucial 
considerations. Because SSDs don't have any mechanical 
parts that can break, they are more robust and energy-
efficient even though their initial costs are higher [18], 

[20].  USB flash drives and SD cards use less energy and 
are suitable for jobs needing minimal stamina.  When it 
comes to cost and size, SD cards are the most economical 
and space-efficient choice, which makes them ideal for 
deployments across a large number of devices [10]. 
All things considered, the discussion shows that while 
SD cards may handle basic needs, SSDs provide superior 
performance and reliability, making them suitable for 
demanding office applications.  USB flash drives are a 
flexible middle ground. 
 
5. CONCLUSION 
For a Raspberry Pi to operate reliably and 
effectively, especially in office application server 
scenarios, selecting the right storage media is 
essential.  SD cards are still the most affordable and 
small alternative, but they are only appropriate for 
simple, low-demand jobs due to their poor 
performance under high workloads and limited 
endurance. Because of their exceptional 
performance, dependability, and energy efficiency, 
SSDs are the best option for applications that 
require sustained data flow and high responsiveness, 
such multi-user platforms.  When weighing cost, 
mobility, and modest performance requirements, 
USB flash drives present an appealing choice 
because they provide a useful compromise: they are 
more portable and frequently quicker than SD cards, 
but they are also less expensive than SSDs. This can 
be used in the implementation for smart city [25] 
and it could be used in the implementation as a 
control system for refrigeration [26]. 
 
6. RECOMMENDATION 
 

1.For Portability and Interoperability: USB flash drives 
provide a useful balance between portability, modest 
performance, and ease of use, making them ideal for 
situations needing frequent data transfer between devices. 
They are perfect for temporary storage requirements or 
semi-mobile setups. 
2.Future Research: It is advised to conduct more 
benchmarking on a wider variety of Raspberry Pi models, 
including the Raspberry Pi 5, using standardized test 
suites.  Deeper understanding of performance scalability, 
long-term durability, and ideal settings for various use 
cases will be possible by comparative testing of different 
file systems (e.g., ext4 vs. Btrfs) under prolonged 
workloads. 
3.For Enhanced Performance: High-demand applications 
like learning management systems, web servers, or 
database hosting should use solid-state drives (SSDs) 
linked via USB 3.0 or native SATA (with suitable 
interfaces).  They are the most dependable choice for 
mission-critical deployments due to their exceptional 
speed, robustness, and steady data flow. 
4.For Educational and Lightweight Office Use: High-
quality SD cards, ideally Class 10 or UHS-I, are suitable 
for low-performance settings with limited budgets, like 
simple file sharing, data logging, or instructional 
applications.  Because of their price and native 
compatibility, they continue to be a sensible option even 
with their limited endurance. 
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