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ternal resource sharing and
optimization, thereby iency and effectiveness of asset
management. This st

management i

0 assess the risks associated with fixed assets in the power grid. The
ate that the asset risk assessment method under the concept of financial
haring can reduce power grid asset losses, effectively enhance the competitiveness
sustainable development capabilities of electricity enterprises.
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1 Introduction
1.1 Background

With the rapid development of economic globalization and information technology, the
number of multinational corporations and economic connections has been increasing, leading to
intensified competition among enterprises. To adapt to the challenges of globalization and
improve efficiency, many large enterprises have adopted the financial shared services model
(Yangetal,, 2021). Financial shared services integrate and centralize non-core financial functions
of the business into a shared services center, providing specialized financial services. This model
supports enterprises in the era of globalization by optimizing financial processes, integrating data
and resources, improving workflow efficiency, and reducing costs.

As one of the large-scale enterprises, the power industry also faces challenges from
globalization. In the context of domestic economic development and improved living
standards, the power industry experiences growing demand for supply and increased
requirements for quality. However, traditional financial management systems in power
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enterprises often have complex organizational structures, outdated
operational concepts, and inefficient working environments, making
it difficult to meet the rapidly evolving industry demands (Butt
et al.,, 2021).

Therefore, power enterprises need to introduce advanced
management concepts and approaches to enhance their financial
management capabilities. Financial shared services, as an advanced
financial management model, are still in their early stages of
adoption and exploration in the power industry (Gao, 2022).
Through the implementation of financial shared services, power
enterprises can optimize their financial processes, improve
establish a
their

management efficiency, reduce costs, and

comprehensive financial management framework for
development.

The purpose of this study is to investigate and analyze the
financial shared services center within a power generation group
enterprise. By examining the current state of financial management
and identifying existing problems and their causes, combined with
the characteristics of the power industry, this research aims to
provide a comprehensive financial management framework,
strategies, and optimization plans for the establishment of a
financial shared services center. This study can assist power
enterprises in adapting to the challenges of globalization,
improving their financial management level, and promoting

sustainable development.

1.2 Research significance

lifecycle costs. Furthermore, en
appreciation of fixed assets is

fixed asset management. Wi

ha§ become a choice

for enterprise nancial management
capabilities.

In the era and economic globalization,
enterprises face singly fierce market competition. As
ze and expand their branches, they

encounter challenges such as rising costs, increased management

companies grow in
complexity, and amplified financial and operational risks.
these
management transformations.

Tang et al. (2022) used data from strategic emerging
enterprises in Shanghai and Shenzhen Stock Exchanges from

issues  necessitates organizational and

Addressing

2011 to 2018 to explore the impact of digital finance on enterprise
value. They found that digital finance development, especially the
depth of use, has a structural driving effect on the value of
strategic emerging enterprises, particularly for those in less
developed markets, non-state-owned, and in central and
western regions. Digital finance enhances enterprise value by
providing funds, reducing risk, and promoting innovation. Liu
(2021) analyzed the impact of the COVID-19 pandemic on
enterprise financial management and how big data technology
can help enterprises effectively respond. The paper discusses how
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big data is changing traditional business models and financial
management practices, and looks forward to trends in financial
management informatization, automation, intelligence, and
digitalization. Gardi et al. (2021) investigated the effects of
financial accounting reports on managerial decision making in
small and medium-sized enterprises in Iraq. Through cross-
sectional data analysis of 250 respondents, they found that the
effectiveness of managerial decisions is significantly influenced
by factors such as financial statements, company records, report
understandability, and data quality. The understandability,
relevance, and quality of financial reports positively mediate
the relationship between accounting reports and SME
managerial decisions.

This study aims to provide comprehensive solutions for the
fixed asset management and construction of financial shared

services in the power industry. By investigating and analyzing

the current status and challenges i et management,
anagement are
CBRM theory is

n, enhancing their financial

promoting  sustainable
it serves as a valuable reference for
reform and

industries, fostering

The research content and ideas of this paper are arranged as
follows. The first chapter of this paper introduces the research
background of the concept of financial sharing and the asset
management strategy of power enterprises. The second chapter
introduces the related work, including the current situation and
existing problems of fixed asset management in power enterprises,
and the concept of financial sharing. The third chapter introduces
the enterprise financial management model based on big data and
IoT technology and the process of inventory, addition and scrapping
of fixed assets. The fourth chapter introduces the principle and
process of asset risk assessment of power grid enterprises based on
CBRM theory. The fifth chapter summarizes the work of the
whole paper.

2 Related work
2.1 Status of fixed asset management

Fixed assets play a vital role in power grid enterprises,
accounting for approximately 50% in provincial-level power grid
companies and even reaching 80% in some county-level power
supply companies (Song et al, 2018). Although fixed assets
maintain their physical form during usage, they experience wear
and tear, and the reduction in their value is partly transferred to the
produced electrical energy, becoming one of the elements
constituting the value of the energy product. Traditionally, fixed

frontiersin.org


https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://doi.org/10.3389/fenrg.2024.1430562

Minyue and XiuE

assets and physical assets have been considered identical, but this
viewpoint is too simplistic. Due to the large number and frequent
changes of assets in power grid enterprises, the fixed asset cards
often fail to achieve synchronized management of asset value and
physical records, leading to complex situations of inconsistency
between accounts, cards, and physical assets. Fixed assets possess
two important characteristics (Biryukov et al., 2019):

Dual Attributes of Value and Physicality: Fixed assets are a
concept also
corresponding to tangible objects with physical attributes. In

in accounting with value attributes, while
practice, the management of fixed asset value is typically handled
by the finance department, while the technical management of
physical assets is the responsibility of the production technology
department.

Relative Physical Forms of Fixed Assets: Managing the value
of fixed assets requires categorizing assets into specific objects.
Each fixed asset has a defined scope and content, representing the
absolute nature of fixed asset value (Mykolaitiene et al., 2010).
However, the categorization of physical assets is not as
straightforward as that of fixed assets because a single physical
asset usually consists of multiple components with different
functionalities. Especially for power grid enterprises with
highly all
electrical network assets collectively form a whole, it becomes

integrated and interconnected assets, where
challenging to categorize these assets as independent entities.
Therefore, the physical form of fixed assets not only has an
absolute nature but also exhibits relative characteristics.
Given the aforementioned situations, traditional fixed a
management methods such as fixed asset cards and single fi

asset catalogs are no longer effective for managing

s and equipment,

unication lines and

equipment, 4 fipment, manufacturing and

maintenance management  tools,

and asset functionalities, assets in power grid enterprises can be
simplified into three main categories (Degefa et al., 2021), as shown
in Figure 1:

(1) Primary Assets: Transmission lines, transformer devices, and
distribution lines and equipment. These assets directly
connect power sources to electricity users, playing a crucial
role in electricity transmission and distribution, serving as the
core assets of power grid enterprises.

(2) Intelligent Assets: Equipment assets related to information

processing, including devices with functions such as data

collection, communication, control, and processing.

Examples include automation control systems, electricity

metering and collection systems, communication lines and

equipment, and information processing devices. While these

assets are not directly involved in electrical energy
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Classification method for fi

enterprise ma
) Other Assets:

2.2 Problems in asset management

In the asset management of large power enterprises, fixed assets
account for a large proportion of the total investment, so the
management of fixed assets is of great significance to the
enterprise. However, there are currently some urgent problems
that need to be solved (Rathor and Saxena, 2020). Taking the
power grid enterprise in X Province, China as an example, the
main problems in asset management during the planning and
construction phase include the following aspects:

(1) Lack of systematic cost control management: The main

business of power grid is power grid

construction. However, at different stages of power grid

enterprises

construction, it involves the cooperation of multiple
but these
relatively independent of each other’s work, resulting in

departments, stages and departments are
cost savings in certain stages and overall cost overruns.
The content of fixed asset management is limited: Currently,
X Province’s power grid enterprises only carry out physical
management work after the formation of fixed assets, fail to
consider the overall cost from the entire life cycle of assets,
and lack early planning awareness.

The cost control system during the asset construction phase is
not perfect: In the construction of X Province’s power grid,
engineering management is divided according to specialties,

and there are significant differences between different

frontiersin.org


https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://doi.org/10.3389/fenrg.2024.1430562

Minyue and XiuE

specialties, often making it difficult to connect. Engineering
construction management focuses more on technical
agreements, schedule management, and coordination of

external conditions, resulting in a relatively lagging

of cost work. In terms of financial
there is a lack of

budget

management
management, effective monitoring

methods for execution, often resulting in

budget overruns.

In addition, X Province has the following issues in asset
management during the daily management phase (Jung et al., 2019):

(1) The physical
management management:  Different
departments of X Province’s power grid enterprise are

ineffective  connection between asset

and  value
unable to share asset information in a timely manner,
difficulties  in
correspondence of asset equipment. When production,

resulting  in achieving  one-to-one
infrastructure, materials, and finance departments manage
fixed assets, there is often inconsistency in the management
objects and standards, leading to a disconnect between the
physical and value of assets.

(2) Lack of scientific rationality in fixed asset budgeting work: X
Province’s power grid enterprises lack scientific rationality in
fixed asset budgeting work, lack reference basis for standard
operating cost management, and insufficient input-output
analysis of technical transformation and major repair
projects. Taking the standard for determining d&

operation and maintenance repair costs as an example,

determination method is not rigorous enough

(3) Failure to manage asset scrapping in a *@
manner: X Province’s power grid en en
assets that have been depreciate
the scrapping procedures Sement
process. The actual is often
difficult to determi
they are used beyond 10d or have already
been scra epancies between the
accou

(4) The applic standards is not standardized:

Currently, X Plgvince’s power grid enterprises have not
established a sgWnd data integration mapping relationship
between relevant information systems such as design, bidding,
and procurement, resulting in a lack of corresponding
The

procurement requirements submitted by the construction

foundation for material and equipment ledgers.
department lack change process management compared to
the actual procurement, resulting in inconsistent information.
The management process for retired assets needs further
improvement, and the unified management and allocation of
idle assets throughout the company have not yet been achieved.

The utilization rate of assets needs to be improved.

In the presence of these problems, large power enterprises face a

series of challenges in asset management, which require
optimization and improvement to improve management level
and efficiency, reduce costs, and achieve reasonable management

of the entire life cycle of assets.
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Development of enterprise financial management methods.

2.3 Development of financial management

yusiness and the
ial management
anges (Karadag,

e following three stages:
nt, centralized financial

ralized financial management refers to a model in which
organizations within a corporate group independently make
financial management decisions and operate under the guidance and
supervision of the headquarters (Kutsyk et al., 2020). Each branch
independently maintains accounting books and conducts
accounting calculations, submitting financial statements to the
group management at the end of the accounting period. The
understanding of the group’s overall financial situation is
achieved through consolidated financial statements. Under the
decentralized financial management model, each branch
bank

independently manages cash, liquidity, and small-scale short-term

establishes  independent accounts as needed and
financing activities. Only long-term strategic financing activities are
centrally controlled by the headquarters. Decentralized financial
management has been a prevalent model among international
corporations due to its advantages. These advantages include the
flexibility for branches to handle cash issues according to their
regional and individual conditions and to manage relationships with
banks effectively. Financial personnel at each branch can better
understand the local economic environment and the financial status
of the company, enabling them to provide timely financial services to
the branch and facilitate cooperation with the responsible

departments.

2.3.2 Centralized financial management

As the organizational and managerial development of corporate
groups evolves along with the economic and technological progress
in China since the reform and opening-up, enterprises are striving
for rapid development, market-oriented operations, and customer-
centric objectives. Therefore, in the process of their development,
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groups need to grant branch organizations greater autonomy to
carry out business operations flexibly. In this context, it becomes
of branch
organizations to prevent management crises. The development of

necessary to strengthen financial monitoring
computer technology provides support for transforming the
financial management model (Long and Liu, 2016). Centralized
financial management has replaced the previous decentralized
model and has become an essential component of financial

management.

2.3.3 Financial shared services

Financial shared services centralize resources from different
organizations within a group to provide financial services to
various entities at lower operating costs and with higher service
quality, aiming to enhance corporate value. Another way to
describe financial shared services is to detach decentralized
financial operations from basic financial units and centralize
them in a new financial unit for unified processing, which is
referred to as the financial shared services center. Financial
shared services represent an advanced form of centralized
financial management (Li, 2020). It involves two aspects of
intensification: concentration, which primarily refers to the
centralization of accounting personnel and accounting
different within the

enterprise, and integration, which mainly refers to integrating

information across organizations
business functions. The types of services provided by financial
shared services cover almost all financial accounting and
financial management operations that can be consolidated
streamlined, potentially transcending the functional divisions

traditional responsibility centers.

Office automation is

point in improving Mational productivity (Papagiannidis and
Marikyan, 2020). In
grids, automating financial processes and data sharing between

¢ context of financial sharing for power

different entities in the grid can streamline operations. For

example, using software to automatically reconcile
transactions and share financial data can reduce manual work

and errors.

2.4.2 Process reengineering theory

Process reengineering is an enterprise activity that examines
business processes and involves internal personnel in change. It aims
to establish an efficient and collaborative process oriented
organization, improving operational efficiency by optimizing and
integrating business processes. This could involve redesigning how
costs and revenues are allocated, how payments are processed, or
how financial risk is managed across the shared grid infrastructure.
The goal is to make the financial flows more efficient and
transparent. (Mandych et al., 2021).
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2.4.3 Sharing economy theory

The sharing economy refers to a system of direct exchange of
goods and services between various entities, which utilizes the
Internet to achieve sharing in various aspects of society,
including hitchhiking, renting houses, and exchanging idle items.
In a financially shared power grid, the different stakeholders share
the costs, revenues, risks and benefits of the grid rather than each
managing their own infrastructure. This allows for more efficient
utilization of capital and potentially lower costs for all through
economies of scale. (Wang et al., 2021).

2.4.4 Cognitive surplus theory

Cognitive surplus refers to the use of idle time for content
creation and sharing, which generates value far beyond
consumption. The essence of cognitive surplus is a behavior of
time sharing, which enables multiple users to jointly handle
ated by different

] service center,

transactions and the same account

people at the same time. In th,

the application of cognitive s > users to handle

also

odology of fixed asset
gement in enterprises

3.1 Design ideas and principles

State Grid Corporation of China (hereinafter referred to as
State Grid) is a public utility unit that is strictly regulated by the
state. The scale and quality of power grid assets have a significant
impact on power grid safety, power supply quality, as well as
enterprise income and profitability. Engineering financial
management plays a bridging role between funds and assets,
and has practical significance for leveraging value leadership and
achieving digital transformation. The State Grid System of China
aims to become a world-class enterprise, driven by digital
transformation, and has built a financial management system
for the entire process of smart sharing projects with one center
construction, two sharing concepts, four service principles, and
four smart mechanisms as its core.

Based on the theory of financial sharing, an important concept is
the concentration of information. We use IoT technology to
optimize the fixed asset management of enterprises, so that they
can level, transmit, and process information as much as possible
within a system. This involves asset Life Cycle Management (LCM),
which is a theory that evolves, extends, and enriches from Life Cycle
Costing (LCC). Life Cycle Management is a comprehensive
management approach aimed at optimizing and maximizing the
value and benefits of a product or asset throughout its entire
lifecycle, from design, production, use to disposal. The goal of
LCM is to achieve sustainable development and environmental
protection by comprehensively considering all aspects from
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Formulate
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Execution

management plan management plan
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A (Act) C (Check)

Check
management plan

Improve
management plan

FIGURE 3
PDCA closed-loop management process.

resource collection to waste disposal, and to create greater value at
the economic and social levels.

For local problem-solving and process improvement, we
consider the PDCA closed-loop management process, which is a
management method used for quality management and continuous
improvement (Isniah et al, 2020). PDCA management theory
divides management into four stages: Planning, Do, Check, and
Act, as shown in Figure 3. Its significance lies in the retention of
successful or mature management models or experiences through a
cycle of repetition, and the retention of immature ones for the next
cycle to solve, in a stepwise upward pattern.

During the P (Plan) phase, it is necessary to develop goals and
processes that can achieve expected results in combination
company policies and customer needs. The D (Do) ph
executes specific actions based on plans a
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Analyze and summarize the execution effect in the C (Check)
stage, and verify whether the implementation plan has achieved
the goals. In the A (Act) stage, summarize the results of the
inspection, confirm the results and standardize them, while
addressing any remaining issues. The PDCA management
theory systematizes, systematizes, and scientific work ideas
and steps, and is applicable to multiple levels and links of the
company’s overall project and management.

At the end of each cycle, there will be results or problems
discovered, and continuous cycles will continuously improve
corporate governance or project operations. However, although
PDCA management theory provides a scientific and systematic
thinking and management mode, it may also lead to inertia
thinking and weaken creativity, with certain limitations.

3.2 Fixed asset manage

Subsidiary Branch
Company Company Others

Asset Servicing Asset Allocation Asset Decision

| | | \
Task
|
Maintenance : : Management : | Usage Plan : : Purchase Plan :
| [ [ [ |
| Exception 1 Alert | 1| Access Control || | Disposal |
| Handling | 1| Management || || Management || || Management ||
| [ [ [ |
| Security [ et Server [ Budget |
: Management || : Asset Valuation | : Management I || Management |l
| | [ |
| Remote [ [ [ |
| Inventory 1A e ] TR ol e |
I Check [ I [ I
— e — = ~ — e — — — = - N — = - — - — — — = ~
. Data Application ;
Service Processing and essage Iﬁ;gzdelzggil Basic Services
Layer Application Management &
Hadoop, HPCC, Storm
Data Business Big Data Processing N
Data center
Layer database Extract, Transform, Load
Infrastructure | Terminal Server Storage Network Security | | ceeee
FIGURE 4
Asset management framework model for financial shared center.
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actual situation of the group enterprise and choose according to the
optimal principle.

The main task of the service layer is to receive, process, utilize,
integrate, classify (portal organization), and transmit (basic services)
data from data centers or data warehouses. It is aimed at decision-
makers and their subsidiaries, branches, and related stakeholders in
the user layer group enterprise. Based on their asset management
and control decision-making needs, it constructs a decision-making
application platform for internal asset allocation decisions, asset
service decisions, and other aspects.

The main task of the data layer is to extract, transform, and load
data from ODS industries such as DBMS, File, HDFS, and NoSQL
associated with downstream business layers, while utilizing big data
Hadoop, HPCC,
and processing. Using asset

technologies  such and Storm for

standardization,

as
programming,
management as the framework system, establish a multi-
dimensional data center or data warehouse that includes fixed
assets, inventory, intangible assets, procurement management,
production management, sales management, and warehousing
management.

The infrastructure layer is mainly supported by software and
hardware environments. Based on cloud accounting technology,
traditional intelligent terminals, servers, storage, networks, and
security devices are connected to the cloud. At the micro level,
management systems can be provided for various links in the
business layer (procurement, sales, production, and assets). At
the macro level, data from related industries can be obtained
from the cloud, providing support for the upstream data 1
The application layer collects the required asset managem
control data.

3.2.2 Fixed asset inventory
X Province Power Enterprise enha

asset data. Relevant departments

and units are orgahized to implement specific tasks for

standardizing asset Jddta, ensuring the completion of the
standardization process according to the schedule. The physical
asset management department is responsible for verifying the
equipment ledger information in the respective asset-use and
storage departments and performing clean-up and improvement
of the equipment ledger in the ERP system. They assist the finance
department in the standardization and governance of asset data,
coordinate the verification and correspondence of physical
equipment ledgers and corresponding software equipment cards
in the storage departments, and assist the finance department in
verifying, splitting, and merging asset cards. They also coordinate
any organizational, personnel, and scheduling issues that arise
during the standardization process. The physical management
department prepares the asset inventory report for their
department and assists the finance department in preparing the
company’s asset inventory report. The equipment operations and
maintenance unit verifies whether the physical assets, equipment
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ledgers, and asset cards correspond to each other, and generates
foundational data tables such as the physical asset inventory list,
inventory gains and losses, and asset information change table to
support the finance department in creating the company’s inventory
report. After approval from company leadership, the corresponding
asset information is modified, increased, or disposed of; the finance
department is primarily responsible for value adjustment, while the
physical management department and user departments are
primarily responsible for equipment ledger adjustments, ensuring
the consistency of asset records, cards, and physical assets. The
specific process is shown in Figure 5.

Unified identity coding is a crucial foundational task. Only by
establishing a solid foundation can technologies such as the Internet
of Things (IoT) and big data truly play their roles. Building a unified
coding standard system and assigning a unique, consistent identity
card to devices is essential for facilitating the transition of asset

management from physical to digital. (@ Province Power
Company is carrying out the cQg
devices. The main processgi 1t management

the production

equipment and two categories of distribution
The

main

ent. 14 categories of main network

include transformers, circuit breakers,
ear, disconnecting switches, current transformers, voltage
transformers, reactors, power capacitors, coupling capacitors,
grounding transformers, station transformers, switchboards, surge
arresters, and arc quenching coils. The two categories of distribution
network equipment refer to distribution transformers and ring

main units.

3.2.3 Fixed asset additions

In accordance with relevant regulations of State Grid
Corporation of China, fixed asset additions primarily come from
engineering projects, sporadic purchases, donations, free transfers,
allocations, and transfers. After the completion of a project, the
construction management unit organizes the project acceptance,
with participation from the implementing unit, physical asset
management department, finance department, and equipment
operations and maintenance unit. The construction management
unit provides a list of equipment for project completion acceptance,
and the project owner department and construction unit count the
physical assets on-site. The finance department reviews the
equipment acceptance list and supplements financial information.
The physical asset management department and equipment
operations and maintenance unit verify the physical assets on-
site. After passing the on-site acceptance, the equipment is put
into operation. The equipment operations and maintenance unit
establishes corresponding equipment ledgers in their respective
management systems and completes the classification and
creation of asset numbers according to the requirements of the
finance department. The finance department conducts temporary
capitalization based on the actual costs incurred in the project and
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Fixed asset inventory process diagram.
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FIGURE 6
Flow chart of new fixed asset management.

finalizes the assets after accurate
operations and maintenance unit
ed by the

for the retirement te
grid to establish the bas
level and department, assessment process, and the content to be

al assessment of physical assets in the power
principles, assessment responsibilities of each

included in the assessment report. The principle of specialized
assessment and graded identification is wused to determine
equipment disposal. The application for asset disposal is initially
submitted by the equipment operations and maintenance unit,
which then

recommendations for the disposal of relevant equipment (reuse or

conducts a technical assessment and provides
disposal). The technical assessment report includes information such as
the equipment manufacturer, factory date, commissioning date,
operating environment, identified defects, equipment evaluation
status, equipment ledger information, and asset card information.
After being reviewed and approved by the physical management
department, it is then submitted to the finance department for
approval. The finance department submits it to company leadership
for further approval, and after approval from the provincial company,
the on-site retirement of equipment is completed. The specialized
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End
correspondence

management system’s ledger is also updated to reflect the
retirement. The equipment operations and maintenance unit
processes the necessary return procedures with the materials
department, which disposes of the obsolete materials. The finance
department handles the relevant accounting procedures, and thus,
the asset disposal process is completed. For equipment identified as
eligible for reuse in the technical assessment, the physical management
department handles its unified management, enabling internal asset
reuse within the company. The departments involved in transfer and
handover complete the equipment ledger updates and the finance
department cooperates in modifying the asset card information and
facilitating the necessary transfers. The specific process is shown
in Figure 7.

You may insert up to five heading levels into your manuscript as
can be seen in “Styles” tab of this template. These formatting styles
are meant as a guide, as long as the heading levels are clear, Frontiers
style will be applied during typesetting.

4 Risk assessment of fixed assets in the
power grid

4.1 Objectives of fixed asset risk assessment

Through the asset management model established based on the
concept of financial sharing, we assess the health status of the

frontiersin.org


https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://doi.org/10.3389/fenrg.2024.1430562

Minyue and XiuE

RETRACTED ON 12 NOVEMBER 2025

10.3389/fenrg.2024.1430562

Company
leadership
Finance Financial
department approval
Reject A
Agree
Asset R
management L.
department RRULLLY
Reject
Asset - - Technical
utilization Submlt- CEPETT R »{ evaluation
department scrapping request and opinions

FIGURE 7
Fixed asset scrapping process diagram.

effective assets in the model. The objective of risk management is to
define the risk management objectives for a specific fixed asset,
namely, the CBRM risk management objectives of the power grid
under the current established service level, as follows:

(1) Categorize the risk management objectives of the
equipment. The assessment of a single equipment
typically consists of two parts: non-status assessment
and status assessment. The goal is to classify the risks of
the equipment based on its unique and specific poten
risks, including risks related to the performance of t
power grid itself, personal safety, financia
environmental factors.

~

Analyze the effectiveness of the pro

3

~

mefit status and assessing the risk of
ain insights into the information, processes,
firements related to asset management,
thereby enhancing the overall level of asset management
for power grid enterprises. Additionally, we provide
specific equipment experiences and information to power
grid enterprises, supplying them with the necessary data and
materials for risk management and control.

4.2 Principles of CBRM theory

CBRM (Condition Based Risk Management) was originally
developed by the Electricity Association (EA) of the UK’s
National Power Research Institute, based on years of research on
power grid equipment and analysis of databases from the
United Kingdom National Reliability Center and the North
America Reliability Center (Mehairjan et al, 2015). Over the
years, EA Technology has collaborated extensively with major
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ture condjjons of power grid equipment, providing a reliable

riskgdecision-making and risk control in power grid
. The risk assessment process of CBRM combines the
ormation of individual effective assets, evaluates the status,
performance, safety, and economic aspects of power grid assets
based on relevant engineering knowledge, and monetizes the
assessed risks based on expert experience. The fundamental
characteristic of this process is the ability to combine and
consolidate assets with diverse characteristics under different
operating environments (Zaldivar et al., 2023).

CBRM is a comprehensive risk assessment system. When
applying this system for risk assessment, it is necessary to
systematically analyze and consolidate information such as
technical parameters of power equipment, series of test data,
load environmental factors,
descriptions of equipment, fault situations, and defect levels.

equipment conditions, visual
Then, using predetermined quantitative criteria, this information
is transformed into a series of numerical codes. The system
calculates the overall health index of the equipment based on
technical parameters, environmental conditions, series of test
data, and load conditions. The health index is further adjusted
based on the visual conditions, fault defect levels, and engineering
principles, combined with the practical work experience of on-site
engineers. By systematically identifying factors that may affect the
actual operating status of power grid equipment and formulating a
single quantitative health index (HI, 0-10), the health index
represents the current and future health conditions of each
individual equipment. Using the health index, it is possible to
calculate the remaining service life of the equipment, as well as
the types and probabilities of potential failure. Thus, the changing
trends of failure types and frequencies for the entire equipment
group can be scientifically predicted and understood. The essence of

frontiersin.org
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For a certain year in the future, the overall conversion of ARisk;

$45,000 can already be calculated within ¢ year (i.e., the cumulative risk of
$40,000 zc’R‘?lkCOSt assets within a given t year is represented by the current value). Refer
— 18|
$35,000 o Disconted cost to Eq. 3 for details:
$30,000 , "
ARisk;
$25,000 PV spise = Z—]] A3)
$20,000 o (1+7)
$15,000
$10.000 As mentioned above, the risk of an asset increases year after year
$5.000 until the health index reaches the region of failure rate. The
5 compound conversion increase of ARisk is also very similar to it,
0 5 10 15 20 25 as we can see from the curve in Figure 8.
FIVGURE 8 o )
Financial optimization example. 4.2.3 Evaluation of equipment replacement costs

For a given effective asset, the overall replacement cost within
year t can be considered as the total discount on investment costs
CBRM lies in the effective integration of engineering knowledge, ~ Within yeart and the cumulative discg i

practical experience, detailed equipment information, investment formulas (1) and (3)

bears. The sum of

plans, and implementation processes. The wide range of engineering

knowledge and experience is related to the following equipment 4)
information: quality, faults, condition assessment, performance and

environmental impacts, load, and the initial specification of assets. 4 ; blue Tgure 8. From this, it can
With this information, we can define the current and future states ; gt relationship has a minimum
and performance of these assets, which is crucial for guiding us in ) ; e the inflection point occurs, the
making economically efficient investment plans. : ; : om year -1 to year  exceeds the cost

4.2.1 Evaluation of investment cost for
effective assets
By compounding and discounting the current asset replacemé ‘w‘

s minimum value within the next  years is economically

al. It should be noted that the overall replacement cost curve is
displayed by creating a visual inflection point. This inflection point is

calculated using an equation. This number ¢ ad obtained by the interaction between the current risk value and the
within an effective asset project. Th i i ' investment cost, and by displaying whether the complex relationship
reduction in investment cost and . ) has changed over a relatively long or short period of time. The gray
results of the equation: curve represents the current value of the actual replacement cost of

the asset in time t.

Where,
conversion rate.

4.3 CBRM risk management process

e year in the future.

rsion rate r = 6%, the relationship between The CBRM risk management process, as shown in Figure 9,
t costs and practice can be obtained from  consists  of the following  steps  (Rodkumnerd  and
the results of the equation, as shown in the curve in the financial Hongesombut, 2019):

Assuming the ¢
the reduction of inves

optimization example in Figure 8.

(1) Define the basic condition of effective fixed assets in the

4.2.2 Risk accumulation assessment of power grid enterprise. Evaluate the condition of each
effective assets individual asset in different asset groups, which is typically
We use the concept of cumulative discounts ARisk to define the referred to as the indicator of asset condition risk, known as
optimal replacement period for a given grid’s effective assets. the Health Index (HI). The HI ranges from 0 to 10, with
ARisk represents the difference between the risk of an aging asset 10 indicating the best condition and 0 indicating the
and the risk of a new asset, that is, the net risk between an aging asset worst condition.
that bears the same function and a new asset. Its quantification (2) Establish the relationship between the HI and the failure rate
formula is represented as follows: by linking the current condition of an effective fixed asset in
ARisk, = Risk, — Risk,p,, @) the power grid enterprise with its operational reliability and
safety performance indicators. The health index is calibrated
Where, ARisk; is the net risk of a given aging asset in the next based on the Probability of Fault (POF). The HI table is
tyears. Risk, is the overall risk of aging assets in the next ¢ years. matched with the current POF, and the relationship between
Riskyey, is the overall risk of a given new asset. the HI and POF is determined.
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FIGURE 9
Analysis of CBRM fixed asset management process.

(3) Estimate the future health status and performance of assets by
utilizing knowledge related to the aging process for asset age
computation. The aging rate of an individual asset depends on
its initial health index and operational condition. The future
failure probability can be calculated based on the relationship
between aging health index data and the previously

index and

determined relationship between health

failure rate.

—
N
=

Evaluate potential control measures based on the fail

equipment condition. By modeli
degree of influence from di
determined. The future he

Establish a ris
equipment. By multiplying the severity of failure and the

(6) odel to quantify the risk of an individual
probability of failure, the risk can be quantified. Therefore, the
total risk of an asset group is the sum of risks of each
individual asset it contains.

(7) Assess potential control measures based on the risk. The

impacts of potential actions such as replacement,
refurbishment, or maintenance plan changes can be
quantified through modeling, enabling the adoption of
different strategies to mitigate potential risks. Review and
improve information and processes. Building and managing a
risk-based process based on specific asset information is not a
one-time process. The initial application is based on existing
equipment information and provides a foundation and
operational framework for future applications. Continuous
improvement is especially important in establishing an

evolving asset information framework.
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In summary, the CBRM risk management process aims to
determine the condition and performance of assets and provide a
systematic process to determine and predict asset life. Future
expenditure plans can be linked to the probability of failure and
failure levels. Additionally, risks are defined and quantified based on
the consequences of failure and the importance level of equipment,
integrated with the failure rate (POF). By separating these two
process steps, the output of the system and its connection with
relevant engineering knowledge and experience can be clearly
demonstrated. It emphasizes that establishing and implementing
a condition-based risk management system is not a one-time
process. Based on existing equipment information, an initial
application can be established, providing a foundation and
future asset

framework for updates

Importantly, the accumulated experience during operation will

and development.

continue to be updated and incorporated into this system.

5 Conclusion

ent and the Plan-Do-Check-Act (PDCA)
nagement process, a model for fixed asset

system in power enterprises is designed,
zingaccounting information. In addition, the processes of
inventory, addition, and scrapping of fixed assets, based on the
concept of financial sharing, are integrated to streamline financial
management operations as much as possible. Lastly, based on this
system and the CBRM theory, the risks of fixed assets are assessed to
maximize their benefits. The research findings have significant
implications for the policies and practices within the power
industry. By adopting a method based on financial sharing
concepts for asset risk assessment and management, power
enterprises can achieve more centralized and streamlined
financial operations. This approach enhances the accuracy and
efficiency of fixed asset management, which is essential for
sustainability

infrastructure. The integration of asset lifecycle management and

maintaining the reliability and of power
the Plan-Do-Check-Act (PDCA) closed-loop management process
allows for continuous improvement and better risk mitigation
strategies. This model could influence policy by encouraging the
adoption of more standardized and efficient asset management
frameworks across the industry. Practically, it could lead to
improved financial transparency, reduced operational costs, and
better allocation of resources, ultimately driving innovation and

competitiveness within the power sector.
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