
TEM Journal. Volume 11, Issue 3, pages 1193-1199, ISSN 2217-8309, DOI: 10.18421/TEM113-26, August 2022. 

TEM Journal – Volume 11 / Number 3 / 2022.     1193 

Nanotechnology Practices and Cost 
Restructure for Effective Cost  

Management under Industry 4.0  
Based Manufacturing Systems 

      Ahmed Maher Mohammad Ali, Sahar Mahede Jabir,  
Ameer Ageed Kadhim, Akeel Almagtome 

Faculty of administration and Economics, University of Kufa, Najaf, Iraq 

Abstract– This study offers a theoretical foundation 
for how nanotechnology impacts most commodities 
and materials in many ways, given high-tech 
production processes that increase goods' functional, 
chemical, and physical qualities. This influenced the 
cost structure of production and strategic cost 
management's efforts to adjust for the change. The 
study employed descriptive-analytic methods to 
investigate nanotechnology's impact on cost 
management. The study was based on a comprehensive 
review of previous studies on nanotechnology and 
Industry 4.0. The results imply strategic cost 
management as a vital management and accounting 
strategy for reallocating indirect costs based on 
specifications to produce items that meet consumer 
needs. With rising fixed costs, this study links 
nanotechnology and cost structure. Strategic cost 
management techniques minimize costs while 
preserving product quality, enabling organizations to 
stay competitive. 
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1. Introduction

Regarding atom slicing and energy generation, the 
world is undergoing technical improvement and 
progress beyond the perception and understanding of 
nuclear knowledge and science.  

Nanotechnology offers a variety of uses in the 
food business and dramatically aids in the 
characterization, production, and manipulation of 
nanostructures. The nanostructures increase the 
solubility of dietary constituents in vivo and their 
bioavailability and targeted release. In addition, these 
nanostructures act as anti-caking agents, nano-
additives, and nutraceutical delivery systems. The 
current paper discusses the many types of 
nanoengineered structures used in food 
nanotechnology to tailor the properties and uses of 
traditional food components. A literature review 
revealed several applications of various 
nanostructures in the food sector [1]. 

New technology has enabled the fragmentation of 
atoms into sizes smaller than one nanometer, 
allowing the introduction of various physical and 
chemical properties to materials to achieve rigidity, 
coagulation, and sustainability. We are now 
witnessing the fourth generation of technological 
advancements. The nanoscale is measured in size 
units, with one nanoscale equaling a fraction of a 
billionth of a meter square [2]. A nanometer is a unit 
of measurement equal to one billionth of a meter in 
length. 

Micro- and nanotechnology are terms used to 
study the underlying principles and constituents of 
compounds and molecules with diameters ranging 
from one nanometer to one hundred nanometers [3]. 
Aiming to redesign and manufacture measuring tools 
from a collection of basic atoms of the material in a 
specific order, nanoscience applications in any field, 
whether physical, chemical, or biological, aim to 
produce particles for various other materials with 
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new properties that can be used for a specific purpose 
or lead to the development of new inventions [4]. 

Nanotechnology allows the control of atomic 
depth, with the possibility for fragmentation ten times 
the nuclear unit of measurement known as an 
angstrom, which is being possible with the 
technology [5]. The physical structure and chemical 
concentration of raw materials used to produce 
nanoscale-sized materials impact the characteristics 
of developing nanomaterials. Since materials formed 
from a collection of grains have a composition 
containing millions of atoms, this phenomenon does 
not occur during the manufacturing of conventional 
materials [6]. Depending on their size, these grains 
may or may not be visible to the naked eye, but they 
may be viewed under a microscope. Nanomaterials 
have distinct features because they are minimal and 
comprise just a few atoms. Various sources of 
nanomaterials in the environment, including 
ultraviolet radiation and gases produced by 
volcanoes, contribute to their presence [7]. Water 
contains nanometric sulfide, hydro-iron, and 
manganese oxide, all toxic. Naturally occurring 
nanoparticles in soil may be traced back to iron 
hydrates, organic compounds, and biotic origins; 
however, non-natural sources include industrial gas 
emissions and atmospheric sediments [8]. 

It is possible to create engineered nanomaterials, 
which are the result of applying techniques and 
technologies aimed at the atomic re-engineering of 
materials to produce environmentally friendly 
materials that do not require the use of natural 
resources and do so at a low cost. For good results, 
all of the techniques used are on the same atomic 
scale (atom by atom), and the nanomaterials are 
formed in two top-down approaches, one for each 
type of atom. First, large-scale materials have to be 
fragmented to access microscopic molecules [9]. The 
production of microparticles with fixed properties at 
the atomic level is straightforward: cutting enormous 
stone blocks into pottery and marmalade is one 
example of how to do it. The second method is to 
start from the bottom up [10]. This technology 
condenses large amounts of atoms or molecules to 
produce complex nanomaterials with pre-
programmed physical properties. In acquiring oxides 
and metals, this second process, which is more 
advanced than the first, is critical, such as in the case 
of steam deposition and plasma deposition [11]. Even 
though nanotechnology offers a wide range of 
economically essential applications in many sectors, 
many governments worldwide are interested in using 
nanotechnology in the industry [12]. 

There is a lack of cost accounting studies in the 
realm of nanotechnology use in industry. As a result 
of nanotechnology, many cost accounting challenges 
will be exacerbated, resulting in the creation of 

particular accounting standards, procedures, and 
systems [13]. As a consequence of the outcomes of 
this study, it is hoped that more people will be aware 
of the role of nanotechnology in cost restructuring. It 
will make it possible to do more research into 
nanotechnology and to address numerous future 
nano-cost management issues. A primary focus of 
this research paper will be on multiple accounting 
challenges that have previously been highlighted or 
overlooked in studies, such as decreased unit costs 
and cost change structures that result in considerable 
fixed cost increases. The results of previous research 
could no longer predict what would happen if 
nanotechnology were utilized in the industry but did 
not present any apparent answers for the future. As a 
result of this groundbreaking research, the path will 
be cleared for future studies on new cost accounting 
difficulties associated with nanotechnology. The first 
section to be covered was the front portion. The part 
that follows is a review of the literature. 

 
2. Literature Review 
 
2.1. The Nanotechnology and Industry 4.0 

Manufacturing Systems 
 

Various sectors, including industrial, agricultural, 
medical, engineering, hydro, chemical, energy, 
construction, and electronics, are expected to benefit 
from nanotechnology. Therefore, nanotechnology is 
expected to play a critical role in various industries 
in the future [14]. 

The application of nanotechnology in 
manufacturing most goods and materials will benefit 
the consumer, including greater efficiency, higher 
rigidity and strength, and improved material softness. 
According to experts and practitioners, 
Nanotechnology will usher in a worldwide industrial 
revolution that will affect all industries 
simultaneously [15]. In the industrial sector, 
nanomaterials have aided in the discovery and 
development of a wide range of products, resulting 
in the opening of new markets for high-quality and 
low-cost goods, as well as contributing to the 
recovery of the economy and social well-being by 
addressing concerns about environmental 
sustainability [16]. Nanotechnology has significantly 
influenced the modification of physical and chemical 
characteristics over the years. Nanomaterials can also 
considerably improve the nutritional content of some 
foods by substantially increasing their surface area. 
Some individuals use them as food additives or taste 
enhancers, and others use them in cosmetics. In 
packaging, nanomaterials such as titanium dioxide 
are combined with other materials to create a more 
durable package [17]. Specifically, in the realm of 
the environment, nanomaterials have been 
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discovered to have the potential to improve the 
environment by removing pollutants through the 
operation of a vast surface area, making them a 
prominent participant in the disposal of 
contaminants, whether they are found in the air, the 
soil, or the water [18]. Examples of medical 
applications include nanotechnology in cancer 
treatment and the development of antidotes. A team 
of researchers from the University of Maryland has 
discovered nanoscale gold molecules that can be used 
to treat cancer tumors on the body's surface [10]. 
There are now active initiatives to employ 
nanotechnology to provide access to effective 
COVID-19 medications [19]. Numerous 
experimental investigations carried out in the field by 
practitioners, such as the forecast that 
nanotechnology would lead to a rapid improvement 
in the manufacturing process, expect that the unit 
cost will be reduced due to more efficient input 
utilization. Many things, such as file copying, are 
predicted to be produced quickly and inexpensively 
in the future [20]. However, this is expected to 
change in the future since nano-goods may be 
produced at a cheap cost in the future. 
Nanotechnology has an impact on the whole value 
chain. Products will be made at a competitive price 
while keeping high-quality standards. Nanoparticles 
will save various expenses under standard technology 
by cutting direct labor costs while eliminating 
distribution, shipping, storage, and other associated 
expenditures [21]. 

 
2.2. Nanotechnology and Cost Restructure 
 

The traditional costing approach has been 
questioned for most of the twentieth century. It 
became increasingly difficult to calculate the cost of 
the correct product or assist managers in proper 
planning or decision-making after this system 
experienced a significant increase in technical 
production [22]. This was due to insufficient drivers 
of allocating overhead costs for products or services, 
resulting in errors in calculating product costs. At this 
point, managers and academics began investigating 
how to resolve these issues through a more 
dependable and proper implementation [23]. As a 
result of the findings of the studies, many researchers 
believe that strategic input techniques for cost 
management are the most innovative cost accounting 
and management techniques developed in the 
twentieth century, as well as being more reliable and 
accurate than the traditional cost system. Kaplan and 
Anderson state that most management and cost 
techniques (ABC, ABM, ABB, TDABC, BSC, 
PLCC, RCA, ABCI II, CI, TQM, JIT, VE, VA, CE, 
PRE, TC, BM, TOC, VCA, RE, and CPA) are meant 
to cut costs in different ways when sales expand. 

Using cost methods to distribute indirect 
expenditures and calculate profit is a more effective 
method of doing business. It is ideal for various tasks 
such as making decisions, evaluating product prices 
and pricing, enhancing customer profitability, and 
improving financial results [24]. Reducing the need 
for raw materials while simultaneously cutting 
production and storage costs, enhancing product 
quality, and boosting product sustainability through 
nanoscale applications is possible. Several 
difficulties and dangers involved with accounting for 
nanoscale things outweigh these advantages. To 
generate goods, a process necessitates three essential 
components: resources, labor, and indirect industrial 
expenditures. These expenditures are classified 
according to a set of linkages. Consequently, the 
impact of nanotechnology on traditional materials 
differs significantly from the impact of 
nanotechnology processing, in part because the 
approach reduces the size of material atoms to a 
fraction of their original size (1-100 nm) rather than 
a fraction of their original size (1-100 nm) [2]. 
According to Ali and Jabir's findings, nanomaterials 
cost management may be done throughout the 
procurement process [25]. On the contrary, it is 
possible to profit from nanoparticles throughout the 
whole life cycle of a product. The acquisition of 
nanomaterials is expensive, yet nanoparticles result 
in a large reduction in manufacturing costs, 
notwithstanding the high acquisition cost. Removing 
all non-host operations and resources means real cost 
savings, resulting in zero losses and damage to 
enhanced production volume and greater sales 
volume and selling price [6]. As a result of the 
cognitive evolution of nanotechnology, the cost 
structure has been influenced. The vast majority of 
production costs are indirect industrial costs, 
necessitating a clear and rapid response by cost 
accounting to reclassification and new allocation 
bases to determine the true cost of nanotechnology is 
a fictional character created by the author. The use of 
nanotechnology influences salaries. Since the 
resources are subject to pre-agreed-upon criteria and 
quality in the buying process, the researchers 
discovered that wages for turning conventional 
materials into nanoparticles within the company are 
direct wages [23]. This is because materials are 
disassembled and reassembled based on the quality 
requirements of the product, and as a result, they are 
a step in the manufacturing process. Because of 
advancements in nanotechnology, indirect costs in 
commodities have become significantly higher, 
necessitating methodologies and philosophies aimed 
at reallocating indirect industrial costs in light of 
technological innovation. The ABC system has been 
applied to nanotechnology method products, and 
only one study examined the allocation of a fixed or 
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indirect cost to a unit of product under the ABC 
system [26]. However, higher costs and time are 
expected when applying this technique to 
nanotechnology products, and there has been no 
study of the cost system to be used in the new 
nanotechnology manufacturing environment [27]. 
Therefore, in our research, we will place a strong 
emphasis on the issue of the customer's expenses and 
specifications. Researchers such as Walmsley et al. 
[7] argue that cost allocation is critical because it aids 
in the valuation and assessment of inventory for 
external reporting purposes, planning, and 
monitoring of the cost of activities and processes, as 
well as the formulation of several different strategic 
decisions. Companies have to adopt a new system, 
particularly when the use of technical data has 
resulted in a move away from direct labor and toward 
machine labor. As a result, objects have to bear 
additional indirect expenses that are not directly 
related to the item. It is possible to determine the unit 
cost of a product using two cost allocation methods, 
the Activity Based Costing System and the 
Attributes-Based Costing System, respectively. The 
following is a brief overview of each system. 

 
2.2.1. ABC under Industry 4.0 Applications 

 
Several concepts such as Industry 4.0, activity-

based costing, and environmental concerns are 
discussed in contemporary accounting literature to 
increase the efficiency of manufacturing cost 
management. They consider ecological issues such as 
carbon emissions, energy recycling, and waste reuse 
and employ a mathematical programming model that 
incorporates Activity-Based Costing (ABC) and the 
Theory of Constraints (TOC) to achieve profit 
maximization while also minimizing environmental 
impacts. Using the old costing technique was suitable 
when direct labor was in high demand throughout a 
manufacturing process [28]. Traditional costing 
approaches are most effective for managing variable 
costs but ineffective for reducing indirect costs. 
Many criticisms of the conventional costing approach 
have been raised against it since the 1980s. However, 
not all of them are valid. In a standard costing 
system, allocating indirect costs to products or 
services is divided into two parts. In the first stage, 
indirect costs are assigned initially to cost centers, 
and in the second stage, indirect cost centers are 
assigned to command objects [29]. Traditionally, the 
traditional costing technique depends on insufficient 
single volume measurements of cost drivers to 
attribute costs to objects or services (such as machine 
hours or direct labor costs). Early in the twentieth 
century, an improved technique for allocating 
indirect costs and evaluating product profitability, 
known as the activity-based cost system, was 

proposed as being consistent with technological 
advancement and the automation of production lines. 
This new technique was adopted by the United States 
Government [30]. Many researchers believed that 
ABC was more dependable and accurate and would 
produce objective reports suitable for operational and 
strategic decision-making [31]. The ABC allocates 
indirect costs in two steps: first, it identifies costs for 
activities, and then it allocates costs for products 
based on their utilization of activities. After placing 
costs for activities, the ABC gives costs for products 
based on the product's utilization of activities. The 
product consumes activities that require the 
consumption of resources. 

On the other hand, previous research verifies the 
contrasts between ABC and the traditional cost 
regime in terms of the allocation rules used to divide 
costs by cost element in the second phase and the 
number of allocation rules used to split costs by cost 
element. Furthermore, the TCS and ABC allocation 
systems do not meet the nano companies' current 
needs because the indirect cost rate is expected to 
rise. As a result, these companies will be confronted 
with the problem of future cost allocation and the 
need for accurate product cost information to help 
them assess the profitability of their product in light 
of the competitive position and specifications 
specified by the customer. 

 
2.2.2. Attributes-Based Costing System 

 
As stated by de Souza, et al. [32], the attributes-

based cost technique corresponds to current 
technological developments as an appropriate tool 
for allocating indirect costs with two primary 
objectives: first, to obtain relevant information on the 
cost of products and services; and second, to get 
accurate product costs measures within strategic cost 
management that are focused on the needs and 
requirements of the customer. Using ABC11, one 
can identify indirect expenses in three simple steps. 
First, they list the fundamental qualities of all 
commodities, followed by the distinguishing traits 
that distinguish their products from other competing 
things, and lastly, the catalytic parameters that 
prompt the customer to seek the product. Second, 
value-adding activities are defined by the degrees to 
which each product characteristic is attained to 
eliminate non-value-adding activities. Then, products 
based on utilizing value-adding activities are 
determined [33]. Third, the development requires 
actions and characteristics, both of which entail 
using resources. Finally, customers' requests are 
combined with optimal resource usage. According to 
Hong et al. [34], the attributes-based cost method 
helps to reduce expenses and increase revenues. It 
has been reported that the ABC11 system allows 
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indirect costs to be distributed depending on each 
product feature, which supports management in 
decision-making, notably in choosing price and 
market share and improving the product quality. We 
discovered that nano-businesses should begin 
employing strategic input technologies for cost 
management rather than standard costing methods 
because the indirect cost rate is expected to increase. 
Conventional costing methods will provide 
difficulties for these businesses in allocating future 
costs, mainly if their enterprises generate more than 
one product line. 

 
3. Data and Method   
 

This study makes use of reviews of the literature. 
Taking the technique of theoretical analysis and 
theorizing about educational material. Theoretical 
books are vital resources for researchers to assess and 
develop new information. Specifically, this study 
highlights the importance of literary audits in 
strategic cost management and nanotechnology and 
searching for relevant publications using keywords 
such as "nanotechnology and cost structure" to find 
relevant studies. The study results reveal a total 
number of articles published in scholarly journals. 
However, the author's theory, which is supported by 
and summarizes his preliminary findings, presents. 
Specifically, this research aims to uncover previously 
undiscovered linkages between cost accounting and 
nanotechnology problems that have been neglected in 
previous research.  

 
4. Results 

 
Nanotechnology has an impact on cost 

restructuring and production process procedures, and 
this has been brought to the public's attention through 
the evaluation and review of various literary works 
on its application in the industry that have been 
published in journals up to the year 2022, as well as 
the creation of awareness about this influence. As a 
result of this research, it has been determined that 
nanotechnology impacts product cost restructuring. 
The findings indicate that it does so by altering 
sections of the manufacturing costs, among other 
things. Products will be more affordable, and 
shipping and storage expenses will be less expensive 
due to nanotechnology, while product quality will be 
increased. According to the findings, a relationship 
exists between the application of nanotechnology and 
cost restructuring. Nanotechnology allows the 
prediction of material functionality in advance and 
their mechanics and biology, robustness, and rigidity. 
This could be interpreted as increasing the fixed cost 
due to the requirement for an industrial cost 
allocation basis, which could be construed as 

increasing the fixed cost. In a thorough analysis of 
the literature, we realized that there had been no 
study on strategic input strategies for cost 
management, which would have given us the ability 
to allocate indirect costs to product units 
manufactured by nanotechnology. As a result of this 
investigation, the general public became more aware 
of the situation. To further cut costs as rapidly as 
can, we highly advise nanowires to start adopting 
strategic input technologies for cost control rather 
than standard costing approaches. Under the study's 
findings, nanotechnology is connected with 
significant financial difficulties for organizations and 
people alike. A distortion of product costs and a rise 
in indirect expenses emerge, leading to erroneous 
pricing decisions and a decline in the company's 
competitiveness over time. 

 
5. Conclusions and Discussion 
 

As a result of incorporating nanotechnology into 
the production process, a new industrial revolution is 
on the horizon. Nanoscale products increase the 
functional, chemical, and physical features of 
materials, such as better electrical conductivity and 
magnetic reluctance, while also boosting the 
mechanical properties of materials, such as strength 
and stiffness, and the biological properties of 
materials. In addition, nanotechnology influences the 
pricing structure of things since it allows 
reformulation. While traditional or strategic input in 
cost measurement has to be strictly allocated to the 
unit of product, the rate of indirect costs will be 
extremely high; any error in product cost calculation 
will result in incorrect pricing decisions, thereby 
reducing the competitiveness of the entire industry 
unit of the economy. As seen in Figure (1), it is 
predicted that most management practices and 
expenses will result in cost reductions as revenue 
increases. 

 

 
 

Figure1. The objective of Strategic cost management 
techniques 
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On the other hand, nanotechnology will cut 
production costs while simultaneously enhancing 
product quality. Because of this, the outcomes of this 
study indicated a relationship between 
nanotechnology and cost structure by raising the 
fixed costs that have to be more precisely allocated. 
This study centered on adjusting the cost structure 
and solution expected from strategic cost 
management to assign indirect costs associated with 
the deployment of nanotechnology, which gives 
much more advantages than the usual entry point into 
the field of science. To remain competitive, strategic 
cost management techniques have to be used to 
manage and reduce costs without compromising 
product quality. Companies can achieve this by 
focusing on costs and management techniques for 
cost reduction rather than cost containment, 
continuously improving the cost structure and adding 
value to it, and focusing on the customer. 
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