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Abstract: In the context of China’s electric power reform, issued in May 2019, the “Transmission and
Distribution Pricing Supervision Measures” have changed asset accounting in grid enterprises and
therefore affected cost accounting in grid projects. This paper proposes a dynamic cost calculation
model based on system dynamics and takes a power grid company as an example. On this basis,
a sensitivity analysis of power grid engineering was conducted to determine the impacts of key
factors of power reform on life cycle cost (LCC). Finally, suggestions for cost accounting and cost
management were proposed.
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1. Introduction

From the perspective of current practical construction in power grid engineering, the study of life
cycle cost (LCC) [1] is the bond in connecting electricity reform and grid engineering cost management
and is the key tool for the accomplishment of a low cost and high efficiency of a grid project’s life
cycle [2]. The study of LCC laid the theoretical foundation for the stable and sustainable development
of grid companies [3]. Life cycle cost (LCC) refers to the total cost consumed during the entire life
cycle of an engineering project from the decision-making design stage to its final retirement, including
initial investment costs, operation and maintenance costs, and decommissioning and disposal costs [4].
Since 2015, the power grid in China has been in the process of reform and the Chinese government has
issued a series of policy documents, the core of which is to lay the foundation for the healthy growth
of the power market by “establishing the pricing model for domestic transmission and distribution
electricity prices and implementing the cost supervision of transmission and distribution electricity
prices”. Among them, electricity price reform is a particularly important part in this round of reform [5],
and external disclosure of transmission and distribution costs is indispensable in the permitted
electricity price reform. However, there are still some problems in China’s power grid projects under
the background of power reform, such as the mismatch between the actual cost of operation and
maintenance and the permitted cost, as well as the mismatch between the project construction period
and the reasonable construction period [6]. Subsequently, the National Development and Reform
Commission (NDRC) and the Energy Bureau implemented “The Power Transmission and Distribution
Pricing Cost Supervision and Examination Method” [7]. It once again emphasized the concept and
essence of the permitted cost, and put forward new provisions for the division of the cost range,
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refining the depreciation of the fixed assets of power transmission and distribution, which have a great
influence on depreciation expenses and operation maintenance expenses.

Traditionally, grid companies have adopted the full-cost method for cost accounting. That is, all
costs and expenses (excluding financial expenses) related to power production operations incurred
by enterprises during the accounting period are incorporated into the current production costs [8].
The current policy promulgated in May 2019 strictly divided the cost structure of transmission and
distribution pricing [9], excluded the expenses unrelated to the transmission and distribution business
of power grid enterprises, and detailed the verification standards for transmission and distribution
pricing costs [10]. In this context, it is increasingly important to study the life cycle cost accounting of
power grid projects and its influencing factors.

Many researchers in the world have conducted in-depth research on transmission and distribution
price policies. In order to cope with a series of challenges [11] arising from the reform of the power
system, the grid engineering abandoned the traditional costing method and proposed a case-based
reasoning method derived from fuzzy mathematics, analytic hierarchy processes (AHP), and rough sets
to calculate the cost of power grid engineering. [8]. For the US electricity market, scholars took the Texas
Transit and Distribution Company as the research object in analyzing the mechanism of transmission
and distribution prices and the verification cost of transmission and distribution prices since the US
electricity reform, and dialectically evaluated the regulation effect of the “permitted income law” [12].
For the electricity market in the UK, the main way to share electricity price is the Wales, England model.
In the process of actual electricity price allocation, four different allocation methods are formulated,
namely wholesale, power transmission, distribution, and retail allocation [13]. In Spain, the formation
of electricity price is mainly implemented by the government to subsidize the cost of power grid
operation, which means that when new users access the power grid, new users bear the cost of power
grid access, and the part exceeding the standard is mainly subsidized by the government, which will
directly supplement the cost of the continuous power grid and return the capital after a certain period
of time, which is controlled within 5-10 years [14]. Among the developed countries, Japan’s electricity
price policy is quite different from those of the western developed countries. Japan does not share the
cost of power grid access, but gradually forms a power grid based on the operation areas of nine major
power companies, and presents the characteristics of "the special electricity price system with legal
support for monopoly operation, a three-stage electricity price system, and power grid operation" [15].
At the same time, in order to effectively solve the problem of information asymmetry in transmission
and distribution cost accounting, the power grid project should establish and improve the third-party
enterprise as the supervisory enforcement mechanism for the sake of effective supervision of the life
cycle cost accounting of power grid engineering under the background of electric power reform [16].
The study found that an important factor in determining the price of electricity sold by terminals is the
transmission and distribution price charged by the grid companies. The important factors determining
the prices of transmission and distribution are the transmission and distribution costs. In order to
guide the reasonable investment of the power grid and meet normal operation and maintenance,
it is necessary to combine the principle of “permitted cost plus reasonable income” and to further
investigate the life cycle cost accounting of power grid engineering and its influence factors, thus
promoting the healthy development of the power grid [17]. Therefore, there is a need for not only a
systematic research method, but also a reflection of the impact of transmission and distribution price
reform on the cost calculation of the various stages of grid engineering, especially for depreciation
expense and operation and maintenance cost calculation in the operation and maintenance phases. At
the same time, a system engineering theory is also required. Considering the overall cost of the system,
the life cycle cost of the grid project is optimized to be the lowest possible, thus taking into account
economic and social benefits.

System dynamics is a practical method for identifying correlations. Its fundamental purpose
is to analyze the feedback of system behavior and develop mathematical models of dynamic
interrelationships [18]. In the electricity market in eastern Australia, some scholars have applied
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system dynamics to study the impact of weather and forward contract conditions on energy supply
and demand fluctuations in order to minimize costs for energy retailers [19]. In the context of the smart
grid, China’s electricity market has effectively used system dynamics for modeling and optimization
of grid engineering project management [20]. With the further study of system dynamics at home and
abroad, it has found broadening application and can bear the management and control of cost as a
reliable tool and technical supervision [21]. Nowadays, despite the growing development of system
dynamics, this method is rarely used in the field of life cycle cost accounting of power grid engineering.
Therefore, this paper focuses on the research of power grid engineering in the context of electrical
reform and establishes a comprehensive life cycle cost accounting model.

In order to respond to the sustainable development strategy, the power market requires adequate
application of the life cycle cost theory to control the cost of power grid engineering to achieve the
best economic and social benefits during the project’s operation period [22]. With the in-depth study
of the life cycle cost theory, comparisons have been made between the different characteristics of the
whole process engineering cost management mode and the current life cycle cost management mode
commonly used in the power industry; meanwhile, the necessity and feasibility of application of the
life cycle cost theory in engineering cost management in the future power grid has been advanced [23].
At the same time, due to aging malfunctions, purchased or leased equipment has failed to function
well with increasing power demand. The life cycle cost theory can be applied in the investigation
of the replacement and selection of power grid engineering equipment, and can thus guide the cost
calculation of equipment and analyze its influencing factors [24]. In addition, according to research
findings [25], power grid engineering often focuses only on the analysis of the initial transformation
investment, but ignores that the operation and maintenance costs of power grid engineering account
for a large proportion of the entire life cycle of the power grid engineering.

The reform of transmission and distribution prices requires that the designation of transmission
and distribution prices be scientific, rational, and transparent to improve the supervision of transmission
and distribution costs of the power grid, standardize the supervision and examination of transmission
and distribution pricing costs, and promote the strengthening of cost management in power grid
projects. Thereby;, it is necessary to study the life cycle cost accounting of power grid engineering and
its influencing factors. Some scholars have optimized the life cycle cost of power grid engineering,
but have not considered the introduction of system dynamics theory and analysis of the relationship
between costs and costs at all stages of the life cycle, which have nothing to do with China’s transmission
and distribution price reform policies. Therefore, this article is innovative, and its innovations are
mainly reflected in the following aspects:

(1) This article mainly studies the impact of changes in depreciation and the operation and
maintenance cost accounting methods on the current electricity reform policy on the LCC
of China’s power grid projects. Through setting up different scenarios, analysis is made of the
impact of key factors on the LCC in the power reform environment and their impact mechanisms
so as to provide a basis for LCC cost control.

(2) This paper introduces system dynamics into the LCC accounting framework of China’s power
grid engineering to clearly show the influence factors and the mechanisms between the different
cost accounting in each stage of LCC.

(3) Based on the influence relationships and action mechanisms of the various stages of costs
established by system dynamics, this paper takes the LCC of the power grid project as an
integrated system and establishes the LCC dynamic cost accounting model of the Chinese power
grid project under the electricity reform policy.

In this paper, Section 2 describes the impact mechanism of electricity reform on grid engineering
LCC. Section 3 constructs the system dynamics calculation model of LCC calculation. Section 4
conducts an empirical analysis based on data from the power grid company A. Section 5 applies
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sensitivity analysis via a system dynamics model. The final section comes to the conclusion and
policy recommendations.

2. Impact Mechanism of Electricity Reform on LCC of Power Grid Engineering

2.1. The Core of Electricity Reform

At present, various measures for the new power reform are gradually being promoted in provinces
of China. The implementation of the power reform has brought both opportunities for the construction
of power grid projects and increasingly fierce market competitions [26,27]. Therefore, in-depth study
of power system reform policies in such a large environment will be of help in guiding the construction
of power grid projects and in better promoting the sustainable development of the power market,
in which the reform of transmission and distribution prices is the core in power system reform, whose
related policies have an important impact on the process of power reform. This paper lists the relevant
policy documents for electricity reform and the transmission and distribution price reform in the
context of electricity reform, as shown in Table 1 [28-33]:

Table 1. Main transmission and distribution tariff policies in China.

Some Opinions on Further Deepening the Reform of the Electric Power System (NDRC of PRC,
2015a, b)

v The implementation of the transmission and distribution price reform needs to clarify the
composition of electricity costs and clarify the interests of all parties.

2015

Supervision and Examination Method of Transmission and Distribution Tariff Costs (Trial
Implementation) (NDRC of PRC, 2015a, b)

v The Measures stipulate the principles, composition, and verification methods for the cost
supervision and audit of transmission and distribution pricing.

2015

Pricing Method of Power Transmission and Distribution Tariff Costs (Trial Implementation) (NDRC
of PRC, 2016a, b)

v The regulatory permitted income is based on strict cost supervision and examination, and the
permitted income of the grid enterprise is equal to the permitted cost plus reasonable income.

2016

Opinions on Comprehensively Deepening the Reform of the Price Mechanism (NDRC of PRC, 2017)
v The policy stipulates the principle of regional grid transmission price compliance, the
calculation method of permitted income, and the calculation method and adjustment mechanism of
transmission price.

2017

Supervision and Examination Method of Transmission and Distribution Tariff Costs (NDRC,
NEA, 2019)

2019  +/ The policy clearly stipulates that it cannot be included in the transmission and distribution cost
project, and refines the classification, boundary, and audit method of transmission and distribution
pricing costs.

In view of the large investment scales and long construction periods of power grid projects,
the project life cycle costs consist of initial investment, operation period cost, and decommissioning,
considering the preliminary design, equipment purchase, installation, operation, maintenance, and
the scrapping and disposal costs. The construction period cost refers to the cost of the project before
the production, the transportation and miscellaneous fees, the packaging fee, the installation cost,
and the indirect loan interest, which are directly related to the original value of the fixed assets and
can be expressed by the depreciation expense. The operating period cost is composed of running
cost, maintenance cost, and network loss cost, which form the operation and maintenance fee. The
cost of decommissioning and disposal is represented by the residual cost. The following is mainly to
analyze the impact of the depreciation expense and operation and maintenance cost accounting in the
“Supervision and Examination Method of Transmission and Distribution Tariff Costs”.
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2.2. Impact of Electricity Reform on LCC Accounting of Power Grid Engineering

2.2.1. Impact on Depreciation Expense Accounting

It has been pointed out in the “Measures for the Supervision and Examination of Pricing Costs
for Transmission and Distribution” that the depreciation expenses should be included in the pricing
costs and shall be classified by the method of straight-line depreciation according to the original value
of power transmission and distribution fixed assets, which can be calculated for depreciation in the
last year of the supervision and examination period, and the depreciation life of power transmission
and distribution fixed assets as stipulated in the policies, and shall be classified by the method of
straight-line depreciation, as shown in Table 2 [17,34,35].

Table 2. Comparison of depreciation expenses before and after electricity reform.

Before the Electricity

Reform After Electricity Reform

Original value of

Calculation fixed assets X Depreciable original value of fixed assets for transmission and
formula . distribution x pricing depreciation rate
depreciation rate
The scope of depreciable fixed assets that need to be approved in
Depreciable accordance with the planning and construction of decision-making

All fixed assets

fixed assets procedures, including lines, transformer equipment, and other

assets related to power transmission and distribution business.

The depreciation life is determined on 1 January 2015, based on the
actual conditions of the local natural environment and the
development level of the power grid. The rate of residual value of
fixed assets is determined at 5%.

Calculated according
to the experience of
the grid assets

Depreciation
life

2.2.2. Impact on Operation and Maintenance Cost Accounting

Regarding the impact of the “Measures for the Supervision and Examination of Transmission
and Distribution Pricing Costs” and “Pricing Method for Transmission Prices of Regional Power
Grids (Trial)” on the calculation of operation and maintenance costs, it shall be proceeded from four
perspectives: Material costs, repair costs, employee compensation, and other costs [36,37], aiming to
make a comparison before and after the change, among which, for the impact of the operation and
maintenance cost accounting after the electricity reform, the changes in stocks and increments have
been specifically listed, as shown in Table 3.

Table 3. Comparison of operation and maintenance cost calculations before and after power reform.

Charge Details Before Electricity After Electricity Reform
Reform Stock Increment
According to the The original value of

Material fee

actual calculation, it
does not consider the
relevance to the

the fixed assets at the
end of the year before
the audit and

Not higher than 1% of the
original value of new fixed

Operation .. examination X the assets in the forecast year.
transmission and .
and o . average material rate
. distribution business.
maintenance for the three years.
costs

Repair fee

According to the
actual calculation, it
does not consider
whether the relevant
asset is a valid asset.

The original value of
fixed assets at the end
of the year before the
audit X the average
repair rate for

three years

Not higher than 1.5% of
the original value of new
fixed assets in the
forecast year.
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Charge Details

Before Electricity
Reform

After Electricity Reform

Stock

Increment

Employee’s
salary

According to
employee
performance
appraisal methods,
employees’ salaries
and welfare expenses
are calculated.

In accordance with the
Ministry of Enterprise
Human Resources.

Employee’s salary will
fluctuate from the original
employee’s salary to labor
costs, and the original
employee’s salary will be
included in the labor costs
along with the expenses
for agricultural electrical,
labor dispatch, and
temporary employment.
Among them, employee
benefits, housing
provident funds, employee
education funds, and
union funds must not
exceed 14%, 12%, 2.5%,
and 2% of the total wages
included in the

pricing cost.

Other fee

Actually counted

The original value of
the fixed assets at the
end of the year before
the audit and audit X
the average three-year
rate of other expenses.

Other fee shall not be
higher than 70% of the
historical rate level of the
three years before the
beginning of the
supervision period of the
grid operation enterprise,
and shall not be higher
than 2.5% of the original

value of new fixed assets
during the
supervision period.

3. Life Cycle Cost Calculation Model of Power Grid Engineering Considering Power
System Reform

3.1. Model Construction Ideas and Variable Selection

The “Measures for Supervision and Examination of Transmission and Distribution Pricing Cost”
not only improve the scientificity, rationality, and transparency of transmission and distribution price
formulation and promote the strengthening of cost management for power grid companies, but also
provide insight into building LCC accounting models for power grid projects [38]. In order to clearly
illustrate the influencing factors and effect mechanisms of different cost accounting at various stages of
LCC, this paper introduces system dynamics into the LCC accounting framework of China’s power
grid infrastructure construction projects and establishes an LCC cost accounting model based on
system dynamics under the electricity reform policy.

The model proposed in this paper can simulate the long-term behavior and change of cost at
all stages of the life cycle of a power grid project. Aiming to achieve this goal more accurately, the
dynamic causality of LCC was first analyzed. Then, the cost accounting model of each stage of the
whole life cycle was studied, including modeling ideas and variable selection. The LCC cost accounting
is classified into three modules, namely the initial investment module, the operation and maintenance
module, and the decommissioning and disposal module [39], as shown in Figure 1.
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Figure 1. System dynamics model program for LCC accounting.
3.2. LCC-CLD Module

This paper is also an attempt to simulate the long-term cost of grid engineering life cycle
behavior, mainly from three major aspects: The cost of initial investment (CI) module (including
the pre-preparation phase and construction phase), operation and maintenance (O&M) module, and
decommissioning and disposal (D&D) module.

The cost variables in the model are derived from the “Baseline for the Preparation of Power
Generation Engineering Costs” issued by the Chinese government in 2013 (NDRC of PRC, 2013). The
LCC of the grid project can be expressed as:

LCC = CI+OC +CD 1)

where CI (cost of initial investment) is the initial investment cost, that is, the input cost in the preliminary
preparation stage and the construction stage; OC (operation and maintenance cost) is the cost in the
operation and maintenance stage; CD (cost of disposal) is the cost in the decommissioning stage.

The operation and maintenance cost mainly constitutes three parts: Operation cost, maintenance
cost, and failure cost [40], which can be expressed as:

OC = OC, + OCp + OCr @)

where OC, is the operating cost, OC is the maintenance cost, and OCF is the failure cost.

On this basis, in order to establish the grid engineering LCC simulation calculation model by using
system dynamics, it is necessary to use the causal loop diagram (CLD) to display the important stocks
and flows in the model. The CLD is the causal loop diagram, which is a quantitative model to enable
simulating and running the model easily [5]. Given that the power grid project’s whole life cycle cost
is a complex, mutual-constraint, mutually influenced, and mutually connected cost system, simple
superposition of the cost variables of the three phases is far from enough. There is great necessity for a
systematic analysis of the life cycle cost of the project. The LCC should be accounted for based on the
mechanism of action among the three phases, so that the accounting is more in line with engineering
practice and more accurate. The expense names and cost components in Figures 2 and 3 take the
“Budget Compilation and Calculation Standards of Grid Construction” issued in 2013 by the National
Energy Administration as reference. Because the research content of the life cycle cost is based on time
series, the cost of the project’s life cycle is decomposed and estimated, and then the results of each
stage are analyzed [41]. Therefore, this paper divides and models the life cycle cost according to its
chronological order of costs and expenses to reflect the changes and connections among the various
stages of the project’s life cycle. The specific relationships among the three stages (CI module, O&M
module, and D&D module) are shown in Figure 2. There are five feedback loops in the preparation
stage, which indicates that the cost of the preparation is restricted by the design scale of the power grid
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project, and the self-regulation mechanism is generated. It can also be seen that the feasibility study fee
is at the intersection of the positive and negative feedback loops and is affected by both loops. In the
construction stage, the main factors, such as construction and installation costs and equipment fees,
are coupled with other systems, and there are nine feedback loops. The maintenance fees and financial
costs are related to the CI module. The fixed assets are connected with the O&M module through the
initial investment, so it can be seen that the operation and maintenance costs are closely related to
each subsystem and interact with each other. In the decommissioning stage, the cost factors include
residual value, demolition cost, and other costs such as waste disposal, and there are six feedback
loops. However, in the actual project cost prediction, the net residual value is generally reflected in
the form of net residual value, which is calculated from the net residual value rate and the fixed asset
value of the power grid project.
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Figure 2. Power system life cycle causal relationship feedback diagram.

3.3. LCC Model Formulation

With the life cycle system of power grid engineering factors and their internal connections
determined through the causal loop diagram (CLD), a system flow diagram (Figure 3) is constructed to
run the model represented by the casual loop diagram on a computer, which can more vividly show the
formation process of the power grid LCC and its dynamic changes. In fact, the cause—effect diagram
and the system flow diagram are different ways of expressing the same problem: The cause-effect
diagram uses arrows and words to describe the model and is a qualitative description of the internal
cause—effect relationships between various factors, thereby speeding up the understanding of the
research problem; the system flow diagram is an illustration of the model from the perspectives of
flow, stock, and auxiliary variables, and cleverly uses coding procedures and equations to describe the
inherent quantitative relationships between factors [42]. The cost of each stage in the model in Figure 3
is considered from two perspectives: Static cost and dynamic cost. Dynamic cost is the cost that
considers the time value of funds. Due to some possible factors, such as price increases and inflation,
the value of funds will change over time, that is, the value of paying or getting the same amount of
money at different times is not the same [43]. At the same time, the annual life cycle cost (LCCA) is
introduced to better judge the project cost of two or more projects with different life spans. Observing
the LCCA can predict the future project cost of a power grid project more intuitively. According to the
analysis of the causal loop diagram (CLD) in Section 3.2, the model structure of the LCC accounting
module is shown in Figure 3.



Sustainability 2020, 12, 3297 9 of 28

Construction ausifiary InstaTtion cost of Tnaalltion cost of
) G oy EMOCTRg Costs trunsmiEsion equipment other equipment
Constroction budget / <IPre
i : ) Commnmication and —
P el amies oD Installution cost of e foo 1 equi ) Dynamic cost of dynamic co Constraction
enginecring ye interv anginccring oo . ; 2 [es
sy trmsformer equipment instalbtion foe (] imitial investment Buonel fioe
Constroction cost : : on and ; g
) sz Spread o Discounted period constraction dysmi: e / TonderEe
Spread reserve reserve foe / “<Discomt mte y>= cost change rate \‘
pram— Traffe: Cons truetion and proparstim shtis /
engincerng ke installation cost - 4:@‘ ‘ewsl e ate
Al od - )
Constroction year \ ¥ ity stndy
bk \ ) Static cost of imitial cost
Amnamil codt . Comstraction investment
increase index period terest i reverve and & = <
cost= — measwe foe fo: e Dyneunic change rade off
- costchanperate . E 3 P n
—_—
= - <Time— ° T Desgn document i A
g 01'5“: tion Static life cycle evalutnn Power construction
Project construction jreestiment ban amomst cost of power grid Equipment and tools Land ’“‘l“‘ffe:’;;r"d M Lii e /
investment engineering purehase costs m"gm o managemct Preparig o .
\ 0 = plem ﬁe Constmct:nn pmjec't discomt " <Discomnt re =
Power systom Iife technical service foe
. cycle ;mi cost year mipment PRt foe Prjectenl Tingincork D engincering
<Constraction e dspoﬂl st m oosts> mmﬂﬂ fioe <*supavxmn e Eovers uots
i Rp— mnspo:mnn fee rale compilition mamagement foe
<Static cost of inifal managenicot ﬁe Intelioctual property oo Sureay and )
<Operation and ivestment> and rescarch and desipn fixcs Useful b t
mainfcnance static costs> gl e
“Dcowdt rate y= lnnsporhtnn costs Equipment  inswrance Ftﬂnms
) - sapervision foe P Pro-projoct work
<Bquipment and took i 5 costs Fized resitual
purchase costs> cost of power grid CDiscount rate v perod> ;/—\
meord ] Operation and “a Resiual aate vae rate
> intenance dynamic cost . |
————— Do comt b B e e Dsomiod alec of Resifual valic =
dynamic cost year valne Dy cost f ~e———operation and maitcnance \_Bleciﬁm Ben
“<Constraction and 7 mlfee —]
e <Dynamic costs of < ; o aet ot
) . decommisioning <Labor cost> Opemtion and Operation and maintenance static costs S
<Pre-preparation \ '/ disposal T maintenance static costs it rate
static costs= n Dicomt rate y
Basic rosorve cost <M change mte
Rate Domeats Mainenamcs |~ -—
“\;/ lomx peieat fo  —— o ‘ Decommissioning disposal static costs otz of Other expenses such
-— : / Post evalnation fee <Time> daposel as waste disposal
Intangible assets Other expenses of
- Sub-system operation and = 1
i commisioning and il * maintenance =

/erd assetsk <Caonstroction and. e
installetion cost= shipment v <Residual mte> <Ting>} Disconted valse for
decommisioning disposal
- <C nstnxtlnn P
<C_o:s_‘mcmn . o __, Longom ban amomt |Djmamic costs ‘ < S
period iterest> during operation peripd ———S-Finance fo e <ilerestrie>  growth rate Ming disposal | Dynami cost change rate
of
- \ Taposal
Maistenance fees Maintenance e <Constrution Phnncd repayment Labor quantity
" N ivestment b amomt> period Responding to
Responding to " Liguidity boan ratio___| T ; 8 s
electrical reforms Responding to T W;ﬂms capital ,  Wodkigoapiale ————Laborcost electrical reforms
electrical reforms an amomt

Figure 3. Power system life cycle cost calculation model.
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3.3.1. CI Module

According to the provisions of the Document No. 9 of the Electric Power Reform and the
Document No. 8 of the Supervision and Audit Measures, the operating costs of businesses that are
irrelevant to power transmission and distribution are not included in the permitted costs of power
grid enterprises [44—46]. We refer to the “Budget Compilation and Calculation Standards of Grid
Construction” issued by the National Energy Administration (2013 edition) to establish an initial
investment model. Specifically, the cost of initial investment is composed of the preparation cost and
construction cost, as shown in Formula (3), the meanings of variables in Equations (3)—(20) are as
shown in Table 4.

CI=PC+CC (©)]

This paper assumes that the project preparation time is one year and the construction period is
two years. The construction cost consists of construction land cost, basic preparation cost, bidding fee,
management fee for quota preparation of power transmission and transformation project, feasibility
study cost, survey and design cost, and management expenses. The change rate of construction cost
can be expressed as:

Re = { 0,(1,t)4,t € @
Fo+DC+ BRF+LTM + CAIC,2 <t <3

The initial preparation cost starts at 0, and the preparation cost is the value of the preparation cost
change rate, which changes with time. The preparation cost can be expressed as:

PCs = INTEG(PCR, 0) (5)

The dynamic cost of preparation can be expressed as:
° (1 y)tl ( )

The technical service fee for construction projects is divided into three parts: Survey and design
cost, design document review fee, and pre-project work cost.

Fcprs = Fsp + Fpr + Fpw (7)

The purchase cost of equipment and tools only occurs during the construction period. Assuming
that the preparation period is one year and the construction period is two years, the equipment fee can
be expressed as:

®)

S 0, K1, 14, t €
EP ™\ Fo+DC+BRF+LTM+ CAIC,2<t<3

The construction starts at 0; the construction cost is the value of the construction cost change rate,
which changes with time. The construction cost can be expressed as:

CCs = INTEG(Rc, 0) ©)

The dynamic cost of construction can be expressed as:

CCp = CCs (10)

1
(1+ y)(“m)]

The construction and installation cost, which includes the installation cost and the construction
and implementation cost, can be expressed as:



Sustainability 2020, 12, 3297 11 of 28

CAIC = IEF + CC (11)

The installation cost and construction and implementation cost can be expressed as:
IEF = Fogr + Fspr + Frer + Fece (12)

CC = Frg + Fpe + Fap + Fpc (13)

The basic preparation cost can be expressed as:
Fpr = (FA+ CAIC+1A)*R (14)
The fixed assets can be expressed as:
FA = CAIC + Fgp +Fo (15)

The purchase cost of equipment and tools consists of the equipment fee and the freight and
miscellaneous expenses of equipment, which can be expressed as:

Fep = Fg + Fgy (16)

where the freight and miscellaneous expenses of equipment are the product of the equipment fee and
the freight rate of equipment.

Fpp = Fpxrg (17)

The initial value of the spread reserve fee is 0, and the value of the spread reserve fee change rate
changes with time. The reserve for price difference can be expressed as:

Fs, = INTEG(Rg,, 0) (18)

The change rate of reserve for price difference is affected by the project construction investment,
the annual cost-rising index, the year of construction, and the time interval.

0, 1Nty
Sr = (1 + IAC)(YC+YC 1=1)+CIp (19)

The project construction management fee can be expressed as:

Fem = Fer + Fs + Fyr + Fes (20)

Table 4. Meanings of variables in Equations (3)—(20).

Variables Meanings Variables Meanings
BRF Basic preparation cost Fgr Project insurance
CAIC Construction and installation cost FrE Traffic engineering cost
cC Construction and implementation cost FgE Basic engineering cost
CCp Dynamic cost of construction Fap Construction auxiliary engineering cost
CCg Static cost of construction Fpe Building construction cost
CI Initial investment Fpr Basic preparation cost
Clp Project construction investment FA Fixed assets
CLF Construction land cost Fep Purchase cost of equipment and tools
DC Dynamic cost Fg Equipment fee
Lic Annual cost-rising index Fpy Freight and misceillaneous expenses of
equipment
IA Intangible assets Fs, Reserve for price difference

IEF Installation cost Fem Project construction management fee
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Table 4. Cont.

Variables Meanings Variables Meanings
Fgr Basic preparation cost Fs Project supervision cost
Fr Bidding fee Fs Equipment supervision cost
Management fee for quota preparation
Fprrem of power transmission and PCp Dynamic cost of pre-preparation

transformation project
Management fee for preparation of

F . . P Pre- ti tati t
sM electric power construction standards Cs re-preparation static cos
Fsc Feasibility study cost PC Preparation cost
Forr Installation cost of other equipment R Rate
Fspr Installation CQSt of substation Rc Change rate of construction cost
equipment
Frer Installation of transmission equipment Rpc Change rate of pre-preparation cost
Fecr Installation cost of corpmumcahon and PCR Change rate of pre-preparation cost
control equipment
Frrm Cost of large transport measures rE Freight rate of equipment
Change rate of reserve for price
Fo Other expenses Rs, difference
Feprs Technical service fee of construction SADE Survey and design cost
project
. Di iod in th
Fep Survey and design cost f iscount period in the preparatory
stage
Fpr Design document review fee tr Discount period of construction
Fpw Pre-project work cost y Discount rate
Fum Management expense Yc Year of construction

Time interval from construction budget

Y, . .
= preparation level to project year

3.3.2. O&M Module

The cost of the grid enterprises in the operation and maintenance stage is affected by the original
value of the accrued fixed assets that can be calculated [47]. For example, the equipment purchase cost
is transferred to the product cost in the form of depreciation, which is an important part of the fixed
assets of the product.

The definition of operation and maintenance fees is also repeatedly clarified in the policy, making
the cost verification more accurate and practical. For example, the operation and maintenance fee
stipulated in the Document No. 8 of the Electric Power Reform refers to the expenses for the power
grid enterprise to maintain the normal operation of the power grid, including material costs, repair
costs, labor costs, and other operating costs. No. 9 of Electric Power Reform stipulates that expenses
irrelevant to the transmission and distribution business of power grid enterprises shall not be included
in the transmission and distribution pricing costs [48,49].

Therefore, the operation and maintenance module in this paper is mainly composed of material
costs, repair costs, labor costs, and other operating costs. The equation is as follows, and the meanings
of variables in Equations (21)—(32) are shown in Table 5:

R . 0,T< TECP
OMETN\ Tomp+ (4R)+ Fo + FL+Fy + P, T > Tecp (21)

and Fo < 20% OMC
OMCs = INTEG(Rouc, 0) (22)

1
OMCp = OMC| — (23)
(1 +y)(t1+f2+f3)

FM =FA= RM (24)

and new(Fy + Fy) < 2.5% = newFA
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Romc = { LOAOM*(1+3’"?LZOEE§A5 (25)
; ,T>TEcp

WOAoum = LC* Ry (26)

LOAoy = CPI+ LAg 27)

LA¢; = Clp — PC (28)

Ic = LAcr* (1 +1)" = LA (29)

FL=Frp*Q (30)

Swc = PCS* Rawe (31)

PCS = INTEHG(Swc, 0) (32)

Table 5. Meanings of variables in Equations (21)—(32).

Variables Meanings Variables Meanings
Clp Project construction investment or Number of major repairs
CPI Interest during construction PC Own funds
Fo Other charges Q Artificial quantity
Growth rate of operation and
F Lab t R .
L abor cos OMC maintenance costs
Fm Maintenance cost Rm Maintenance rate
Fr Financial charges Ry, Proportion of working capital loans
Frp Per capita wage Rawe Annual wage growth rate
FA Fixed assets PCS The average wage
i Interest rate in construction period Swa Wage growth rate
LA Loan amgunt of construction T Time
investment
LC Working capital Tecp End year of construction period
L t 1 ti ti Lo .
LOAoum ong term foan amount i operation Tpmp Duration in multi-pulse
period
MR Overhaul cost t Service life
n Repayment period t Discount period of construction
. . Di i f i
OMCp Dynamic cost of pre-preparation t3 iscount perlod of operation and
maintenance stage
OMCs Operation and maintenance static cost WOAoMm Working capital loan amount
y Discount rate

3.3.3. D&D Module

Factors influencing costs during the decommissioning phase comprise residual value, demolition
costs, and other costs, such as waste disposal. The longer the system is in use, the smaller the residual
value will be; the fixed asset value is formed by the preliminary preparation costs and construction
costs, so that the system is organically linked with other subsystems. According to Article 31 of the
"Interim Regulations and Implementation Rules of the Enterprise Income Tax of the People’s Republic
of China", the proportion of residual value is within 5% of the original price, which shall be determined
by the enterprise [50,51]. The equation for the decommissioning and disposal cost module is as follows,
and meanings of variables in Equations (33)—(36) are shown in Table 6:

Rpc = Fope 4+ DC + FRV (33)

DCg = INTEG(Rpc, 0) (34)
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1
DCp = (DC—-FRV +F 35
p=( + ODC)[(1 +y)(t1+t2+t3+t3)] (35)
1-R
Rzl—(%)*t (36)
Table 6. Meanings of variables in Equations (33)—(36).
Variables Meanings Variables Meanings
DC Demolition cost Rg Fixed residual value rate
Fopc Other expenses such as waste disposal Rpc Change rate of demolition cost
FRV Residual value of fixed assets t Discount period of decommissioning
4 and disposal stage
n Useful life of fixed assets t Service life
OFA Original value of fixed assets y Discount rate
R Salvage rate DCg Static demolition cost
DCp Dynamic demolition cost

4. Case Application

Based on the above-mentioned cost analysis and calculation model, this study introduces a 110 kV
transmission and transformation project of A Power Grid Company as an empirical analysis, measures
its life cycle cost, and makes an in-depth discussion on issues such as power grid engineering cost
changes after power reform.

4.1. Basic Data

The data of this study mainly include three parts: Related report data of a 110 kV transmission
and transformation project of A Power Grid Company, the policies and regulations concerned, and
calculation data of self-built models. The main input data sources and sizes of each module are shown
in Table 7 below. The data derived from the life cycle cost calculation module show the cost changes of
a certain transmission and transformation project in the next 23 years.

According to the analysis of the cause—effect diagram of the previous life cycle cost, the preparatory
phase is set to be one year, the construction phase to be two years, the operation and maintenance
phase to be 20 years, and the full life cycle life of the 110 kV transmission and transformation project to
be 23 years.

4.2. Analysis of Simulation Results

In the context of the current transmission and distribution price reform, there has been a change
in the cost and effective asset reconciliation of power grid enterprises. In order to meet the policy
requirements, grid LCC accounting is extremely important. Based on the methods for approving
transmission and distribution prices issued by the National Development and Reform Commission and
the “Supervision and Inspection Measures”, with the relevant experience of reforming pilot cities and
integrating the actual situation of 110 kV transmission and transformation projects of A Power Grid
Company, a simulation model of the cost and rate of change in the life cycle is established, including
the “initial investment module, operation and maintenance cost module, and decommissioning cost
module”. Simultaneously, the static costs with no allowance for time value and the dynamic costs with
regards to the time value of capital are analyzed. The simulation results of CI module, O&M module
and D&D module are shown in Figures 4-6 respectively.
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Table 7. Data inputs and sources.
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Data Name Numerical Data Sources Data Name Numerical Data Sources
Value Value
Provisions of the National
s 0.1838 million Develqp ment and. Reform . Building 15.007796 Relevant report data of a 110 kV power transmission
Feasibility study fee Commission Interim Provisions on . 11 . . ;
yuan construction cost ~ million yuan  and transformation project of grid company A

consulting fees for preliminary
work of construction projects

Design document

0.124 million

Guo Guan Fang Di [2006] No. 37
charging standard for preliminary

Installation fee

11.933005

Relevant report data of a 110 kV power transmission

evaluation fee yuan design review million yuan and transformation project of grid company A
. o The basic reserve fee rate of the . 22.2245 Relevant report data of a 110 kV power transmission
Basic reserve rate 10% power transmission and Equipment fee 7 . . -
. . million yuan  and transformation project of grid company A
transformation project
1.978514 Charging standard for engineering  Basic engineering 4.525385 Relevant report data of a 110 kV power transmission

Survey and design cost

million yuan

design

cost

million yuan

and transformation project of grid company A

2016-2017 national

average wage 739 According to the salary statistics Traffic engineering 0.5 million = Relevant report data of a 110 kV power transmission
grov\:gth ra ti e of 2016-2018 cost yuan and transformation project of grid company A
Man.agement fee for 0.1347 million No more .than 05 ./0_1'5 o ° f COHStFL‘lCtIOH 1.803328 Relevant report data of a 110 kV power transmission
establishment of power construction and installation auxiliary s . . :
. yuan . . million yuan  and transformation project of grid company A
construction quota workload engineering cost
Basic cost rate of 6 China 2004 list fixed rate Installation costof 0.3 million = Relevant report data of a 110 kV power transmission
civilized construction ’ other equipment yuan and transformation project of grid company A
. Installation cost of - .
Basic cost rate .Of safety 9% China 2004 list fixed rate substation 0.4 million  Relevant report c}ata of a 110kV power transmission
construction equipment yuan and transformation project of grid company A
Basic cost rate of . s Const.r 1.1c.t10n site 0.761689 Relevant report data of a 110 kV power transmission
Ny 9% China 2004 list fixed rate acquisition and - . . .
temporary facilities cleaning fee million yuan and transformation project of grid company A
Salvage rate 50, Document No. 9 of electricity Survey and design 1.978514 Relevant report data of a 110 kV power transmission
o

reform

cost

million yuan

and transformation project of grid company A
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Table 7. Cont.

Data Name Numerical Data Sources Data Name Numerical Data Sources
Value Value
Relevant report data of a 110 kV
Interest rate during o power transmission and . 0.985539 Relevant report data of a 110 kV power transmission
. 7% . . . Supervision fee e . . .
construction transformation project of grid million yuan  and transformation project of grid company A
company A
Relevant report data of a 110 kV
Annual cost-rising 50, power transmission and Production 0.01401 Relevant report data of a 110 kV power transmission

index

transformation project of grid
company A

preparation cost million yuan and transformation project of grid company A

Note: For the civilized construction basic fee rate, safe construction basic fee rate, and temporary facilities basic fee rate, the construction project is based on the fixed labor cost of the

sub-item quantity list item.
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4.2.1. CI Module

It can be seen from Figure 4a that the dynamic initial investment cost, which takes into account the
time value of funds, is lower than the static initial investment cost, which does not take into account
the time value of funds. Through the comparison of the two, this paper fully shows that the equivalent
funds that occur at different times have different values. Therefore, even if inflation is not taken into
consideration, the funds available for investment are more valuable than the equivalent amount of
funds available in the future.

Figure 4b—d analyze the cost changes in the initial investment stage from the perspective of the
preparatory stage and the construction stage. The Figure 4c illustrates drastic increases in the static cost
change rate in the first, second, and third years. This is because the project’s engineering investment is
most intensive in its preparatory stage and construction stage. Therefore, in the context of electricity
reform, strengthening the cost of the two key stages of the initial investment cost is more conducive to
enhancing the supervision and review of costs and the role of incentives.

The model simulation predicts that the static initial investment of the project is 147.5475 million
yuan and that the dynamic initial investment is 115.812 million yuan.

Selected Variables
300 50

Selected Variables

50 I‘.“ |

200

million

100

0 10

20

Time (Year)

million/Year

40

30

20

10
Time (Year)

20

—— Dynamic cost of initial investment : currentl "Pre-preparation static cost change rate” : current1

——  Static cost of initial investment : currentl Construction static cost change rate : current]

million/Year

(a)

"Pre-preparation static cost change rate"

million/Year

60

(b)

Construction static cost change rate

50

40

30

05 “J I‘I 20 / ’\

0 10 20 0 10 20

Time (Year) Time (Year)

——  cumentl ——  curmrentl

(0 (d)

Figure 4. Initial investment cost module output. (a) Initial investment cost; (b) Change of expenses
in initial investment stage; (c) Pre-preparation static cost change rate; (d) Construction static cost
change rate.

4.2.2. O&M Module

It can be seen from Figure 5a that the dynamic cost and static cost are on the rise year by year
during the 23 year operating period. Figure 5b shows a sharp increase in the rate of change in static costs
of operation and maintenance costs in the fourth to fifth years, which is due to the more preparation
work in the initial stage of project operation. Then, over time, the gradual rise in maintenance costs
gives rise to the growth in the total cost of operation and maintenance.
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As shown in Figure 5c, with the growth in long-term loans during the operation period generated
by the interests during the construction period and the amounts of construction investment loans, the
financial expenses gradually come into being, thus realizing the boom from the fourth year to the fifth
year, when the project is put into operation.

As the key object of the cost of the operation and maintenance phase, fixed assets can be seen in
Figure 5d. During the first three years, there was a rapid growth in fixed assets in the initial investment
phase, which was near steady in the third year, i.e., during the construction period. Then, due to the
continuous operation of buildings and equipment, it is affected by depreciation. The fixed assets that

were formed continue to decrease when in use.

Selected Variables Operation and maintenance static costs change rate
50.000 4000

40.000
3000

30.000

million

2000
20.000

10.000 1000

0 10 20
Time (Year)
——  Operation and maintenance dynamic cost : current1 Time (Vear)
———  Operation and maintenance static costs : current1 ——  cumrentl
() (b)
Finance fee Fixed assets
300 60
50
200 40
e £ %
100 20
10
0 0
0 10 20 0 10 20
Time (Year) Time (Year)
——  currentl —— cumentl

(c) (d)

Figure 5. Operation and maintenance (O&M) module output. (a) Operation and maintenance dynamic
cost; (b) Cost changes during operation and maintenance; (¢) Financial charge; (d) Fixed assets.

4.2.3. D&D Module

As shown in Figure 6, the cost of A Power Grid Company’s decommissioning and disposal has a
negative growth trend during the 23 to 24 years of the project due to the higher residual value of the
project than the sum of the demolition costs and other costs. A 24 year drop in the residual value gave
rise to a positive trend of the cost of decommissioning and disposal. Given the fact that the dynamic
cost considers the time value of funds from a social perspective, the dynamic cost of the residual value
is lower than the static cost, which causes the static cost of the decommissioning treatment to start
to rise.

With the background of the transmission and distribution price reform, power grid companies
are facing severe investment risks. Therefore, companies should carefully calculate their costs and
strengthen LCC control.
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Selected Variables Selected Variables
0 N 1
-0.2 \ /
5 | = /
= -0.4 \ = 0 A
E | = VTl
-0.6 \/ ""‘,.“"
V
-0.8 -1
0 10 20 0 10 20
Time (Year) Time (Year)
——  Decommissioning disposal static costs : current] —— Dynamic cost change rate of decommissioning disposal : currentl
——  Dynamic costs of decommissioning disposal : current1 ——  Static cost change rate of decommissioning disposal - current1

Figure 6. Decommissioning and disposal (D&D) module output.

4.3. Model Validation

Before analyzing the simulation results of the developed model, it is needed to verify and validate
the effectiveness of the model. There are diverse validation approaches to ensure that the simulation
results are authentic [26]. In order to verify the developed model, the dimensional consistency needs
to be checked first. Next, the model behavior reproduction test, which is the core validation test and is
commonly used, is adopted in this section as the major validation approach. Through this verification
test, the ability of the model to reproduce the behavior of major variables is examined qualitatively
and quantitatively. The model verification results from 2016 to 2018 are shown in Table 8.

Table 8. Results of model validation.

Variables Items 2016 (Million Yuan) 2017 (Million Yuan) 2018 (Million Yuan)
CI Actual values 33.7243 91.4039 148.2536
Simulation 33.7243 88.7224 144.199
values
Relative errors 0.0000% —0.030223484 —0.028118087

Table 8 shows the model verification results of the 110 kV transmission and transformation project
of A Power Grid Company from 2016 to 2018, which only involved a two-year construction period.
It can be seen from Table 8 that the relative errors of these main variables are less than 5%, indicating that
the proposed System dynamics model can simulate the realistic situations of the analyzed LCC well.

5. Sensitivity Analysis

Since the discount rate is set by the central bank, the formulation of the discount rate has an
impact on the amount of money that takes into account the time value of funds. Meanwhile, due
to the Development and Reform Commission and Energy Bureau’s Development and Reform Price
Regulation [2019] No. 897 “Transmission and Distribution Pricing Cost Monitoring and Examination
Measures” issued by the National Development and Reform Commission and the Energy Bureau in
May 2019, the calculation of fixed residual value rate, depreciation period, and accruable fixed assets
in the new situation has been clearly specified. Therefore, this chapter selects the depreciation rate,
residual value rate, discount rate, and accruable fixed assets as the main influencing factors of the life
cycle cost of the power grid project for sensitivity analysis. In this study, the relevant data of 110 kV
transmission and transformation projects in 2016 were used as a reference object. Using the system
dynamics simulation software VENSIM, the impacts of four key factors on the full life cycle cost of
power grid engineering were tested with a + 2% or + 20% variation.
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5.1. Scenario 1: Discount Rate

The discount rate is changed by + 2% on the basis of 8%. The dynamic life cycle cost and annual
life cycle cost (LCCA) of the grid project considering the time value of funds are shown in Figures 7
and 8 below. Initial investment, changes in operation and maintenance costs, and decommissioning
costs are shown in Figures 9 and 10 below.

Dynamic life cycle cost of power grid engineering Power system life cycle dynamic cost year value

3000

40.000 /
//
30.000 ] /
_ 2000 i
5 ii s
= 20.000 g /,/"
= 5 1000 =
= P
10.000 = o
0 0
0 10 20 0 10 20
Time (Year) Time (Year)

Discount rate is 8% ——  Discount rate is 6% Discount rate is 8%

——  Discount rate is 6%

Figure 7. Changes in LCC and annual life cycle cost (LCCA) (2016-2039) when the discount rate drops
from 8% to 6%.

Dynamic life cycle cost of power grid engineering Power system life cycle dynamic cost year value
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—— Discount rate is 10%
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Time (Year)

—— Discount rate is 8%

1000

——  Discount rate is 10%

Time (Year)

——  Discount rate is 8%

Figure 8. Changes in LCC and LCCA (2016-2039) when the discount rate increases from 8% to 10%.
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/ 10.000
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Time (Year)
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|\

1%

20.000
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million
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[ 10 20 [ 10 20
Time (Year)
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——  Discount rate is 6% ——  Discount rate is 8%

——  Discount rateis 6% ——  Discount rate is 6% Discount rate is 8%

Figure 9. Changes in cost of initial investment (CI), operation and maintenance cost (OMC), and
decommissioning disposal cost (DDC) (2016-2039) when the discount rate drops from 8% to 6%.

As seen from Figures 7-10 above, at the same rate of change, the change in discount rate has the
greatest impact on dynamic LCC and decommissioning and disposal costs. When the discount rate
increases by 2%, the dynamic LCC decreases by about 4.53% to 8.79%, and dynamic decommissioning
and disposal costs are reduced by about 21%. The impact on initial investment, operation and
maintenance costs, and annual costs is in the second position. No matter if static or dynamic, the
discount rate fluctuates by two percentage points, which has a significant impact on the total life
cycle cost and the cost of each stage, which indicates that the discount rate is a sensitive factor and
that the formulation of the future discount rate is one of the important factors affecting the LCC of
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power grid projects. When the discount rate decreases, the LCCA also decreases, but the LCC, initial
investment costs, operation and maintenance costs, and decommissioning and disposal costs increase.
Since the introduction of annual cost value is intended for better judgement of the cost of two or more
projects with different lifespans, in view of the reduction of the discount rate, observation of the annual
cost value can lead to a more intuitive prediction of the future engineering cost of the grid project.
Therefore, a reasonable discount rate based on actual conditions will help reduce costs and increase the
efficiency of power grid projects.

X o Operation and maintenance dynamic cost Dynamic costs of decommissioning disposal
Dynamic cost of initial investment 40.000 0
200
|
30,000 - |\
y 0.05 \
= " |
S H |
£ 20,000 2 |
= 100 H z \
= 01 L
10.000 =
0 015
0 10 20 0 10 20 0 10 20
Time (Year) Time (Year) Time (Year)
——  Discount rateis 10% Discount rate s 8% ——  Discount rateis 10% Discount rate is 8% ——  Discount rateis 10% Discount rateis 8%

Figure 10. Changes in CI, OMC, and DDC (2016-2039) when the discount rate increases from 8%
to 10%.

5.2. Scenario 2: Fixed Residual Value Rate

In this paper, the fixed residual value rate fluctuates by + 2% on the basis of 5%. Considering the
time value of funds from the perspective of the whole society, the dynamic and static costs and annual
values of dynamic and static costs of the entire life cycle of power grid projects are shown in Figures 11
and 12 below. Changes in initial investment, operation and maintenance costs, and decommissioning
and disposal costs are shown in Figures 13 and 14 below.
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Figure 11. Changes in LCC and LCCA (2016-2039) when the fixed residual value rate decreased from

() (9
5% to 3%.
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Figure 12. Changes in LCC and LCCA (2016-2039) when the fixed residual value rate increased from
5% to 7%.
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Selected Variables

Selected Variables 60.000 Selected Variables
300 0 —
40.000 //_

200 2 -
z E / - K] 5 \
B 20,000 - = = \

100 /{/,/

,,/«
0
2 -10
0 0 10 20 0 10 20 0 10 20
Time (Year) Time (Year) Time (Year)

Operation and maintenance dynamic cost : Fixed residual value rate is 3% Decommissioning disposal static costs : Fixed residual value rate is 5%

: ; ; . ) e
Operation and maintenance dynamic cost : Fixed residual valuerateis 3%  —  Decommissioning disposal static costs - Fixed resichual value rate is 3

——  Dynamic cost of initial investment : Fixed residual value rate is 3%
——  Dynamic cost of initial investment : Fixed residual value rate is 5%
———  Static cost of initial investment : Fixed residual value rate is 3%
———  Static cost of initial investment : Fixed residual value rate is 5%

Operation and maintenance static costs : Fixed residual value rate is 5% Dynamic costs of decommissioning disposal : Fixed residual value rate is 5%

Dynamic costs of decommissioning disposal : Fixed residual value rate is 3%

Operation and maintenance static costs : Fixed residual value rate is 3%

Figure 13. Changes in CI, OMC, and DDC (2016-2039) when the fixed residual value rate decreased
from 5% to 3%.
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Figure 14. Changes in CI, OMC, and DDC (2016-2039) when the fixed residual value rate increased
from 5% to 7%.

According to Figures 11 and 12, Given the slight influence of the cost of decommissioning and
disposal on the total life cycle cost, the fixed residual value rate fluctuation of 2% has little impact
on LCC and LCCA. According to Figures 13 and 14, the fixed residual value rate fluctuates by 2%
and there is no significant change in the initial investment cost, mainly due to the residual values
generated by the fixed assets of previous investment when in use. The fine-tuning of the fixed residual
value rate has an obvious effect on the operation and maintenance phase and the decommissioning
phase. In particular, it has the greatest impact on the decommissioning phase. When the fixed residual
value rate increases by 2%, the dynamic and static decommissioning and disposal costs change by
approximately 56.17%.

China’s power grid engineering cost accounting often fails to take into account the cost accounting
of the decommissioning and disposal stage, but smooth accomplishment of the decommissioning
of the power grid project will help enterprises to obtain the maximum residual value in the final
stage. In the new situation, the change in the fixed residual value rate has a significant impact on the
cost of the decommissioning and disposal stage. Therefore, formulating the principles and specific
implementation methods for the decommissioning of power grid projects under the concept of full life
cycle management is an important step in response to the electricity reform policy.

5.3. Scenario 3: Depreciation Period

In this paper, the depreciation period fluctuates by + 20% on the basis of 26 years. The full life
cycle dynamic cost, static cost, and annual cost of the grid project considering the time value of funds
are shown in Figures 15 and 16 below. Fluctuations in decommissioning and disposal costs are shown
in Figures 17 and 18 below.
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Figure 15. Changes in LCC and LCCA (2016-2039) when depreciation period changed from 26 years to
21 years.
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Figure 16. Changes in LCC and LCCA (2016-2039) when the depreciation period changed from 26 years
to 31 years.
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Figure 17. Changes in CI, OMC, and DDC (2016-2039) when depreciation period changed from 26 to
21 years.
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Figure 18. Changes in CI, OMC, and DDC (2016-2039) when depreciation period changed from 26 to
31 years.

According to the above four figures, the fluctuation in depreciation period of 20% has no significant
impact on the initial investment cost, but rather on the dynamic and static costs, dynamic and static
adult values, operation and maintenance costs, and decommissioning and disposal costs throughout
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the life cycle. Given the impact of the change in depreciation period on the size of the net residual
value, there is a particularly obvious change of about 66.41% in the cost of decommissioning and
disposal. Therefore, grid companies should pay special attention to the depreciable depreciation rate
of fixed assets so that the invested capital can be recovered more quickly, thereby reducing or even
eliminating the company’s losses, and so they can effectively and thoroughly carry out the full life

cycle cost accounting of grid projects.

5.4. Scenario 4: Accrued Fixed Assets

In this article, there is a fluctuation of 20% in the accrued fixed assets from the original value. The
dynamic life cycle cost and annual cost of a power grid project considering the time value of funds are
shown in Figures 19 and 20 below. Changes in initial investment, operation and maintenance costs,
and decommissioning and disposal costs are shown in Figures 21 and 22 below.
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Figure 19. Changes in LCC and LCCA (2016-2039) when accruable fixed assets increased by 20%.
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Figure 20. Changes in LCC and LCCA (2016-2039) when accruable fixed assets decreased by 20%.
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Figure 21. Changes in CI, OMC, and DDC (2016-2039) when accruable fixed assets increased by 20%.

As depicted in Figures 19-22, under the same change rate of fixed assets, there is no significant
change in dynamic full life cycle cost, annual cost, initial investment, or operation and maintenance
costs. However, fluctuation in the change rate has a major impact on decommissioning and disposal
costs. Compared with the discount rate, fixed residual value rate, and depreciation period, the
fluctuation of fixed assets on the overall life cycle cost of the project is not obvious. However, in the life

Dynamic costs of decommissioning disposal : 20% reduction in original value of fixed assets
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cycle cost calculation of power grid projects, there is a necessity to pay attention to the classification
based on the accruable fixed asset categories explicitly proposed in the electricity reform to strictly
control the cost accounting, so as to realize the largest capital transfer for grid companies and further
improve the institutionalization and standardization of cost supervision and examination.
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Figure 22. Changes in CI, OMC, and DDC (2016-2039) when accruable fixed assets decreased by 20%.
6. Conclusion

In the context of China’s electricity reform, after the promulgation of the Electricity Reform
Document No. 8 and Electricity Reform Document No. 9, the accounting methods and scope of assets
of power grid enterprises changed. However, in terms of cost accounting, few studies on the LCC
of power grid engineering have been considered. On this basis, this article considers the impact of
power reform on the life cycle cost accounting methods and accounting scope of the power grid project,
and uses system dynamics to establish the LCC-CLD to clearly show the interrelationship between
the costs of each phase of the life cycle of the grid and the mechanism of action; based on this, an
LCC model was established. At the same time, through the sensitivity analysis of the key factors
of the electricity reform, this paper puts forward suggestions and strategies for power grid project
management. Specifically speaking:

1.  Under the power reform, the depreciation period, deductible fixed assets, operation and
maintenance costs, and residual value rate are the main factors affecting cost accounting,
which may lead to a decrease in the effective assets and an increase in the total cost of grid
business accounting.

2. In cost accounting, operation, maintenance, decommissioning, and disposal cannot be ignored.
In the empirical study, compared with the original billing method, the fixed assets will be relatively
reduced under strict verification of assets, and the residual value will be changed due to the
provision of depreciation period.

3. The discount rate is the key sensitivity factor of the system, and the impact of the total life cycle
cost and the cost in each stage is significant, especially in the decommissioning and disposal stage.
Empirical evidence shows that when the discount rate increases 2%, the LCC decreases by about
4.53%-8.79%, and the decommissioning and disposal cost decreases by about 21%. Furthermore,
when the discount rate decreases, the LCCA decreases, and the initial investment cost of the
LCC increases. Moreover, the change of fixed residual value rate causes no obvious change to
the initial investment cost, but has obvious influence on the operation and maintenance stage
and decommissioning and disposal stage. The depreciation period has little effect on the initial
investment cost, but it has a significant impact on the life cycle cost, annual cost value, operation
and maintenance cost, and decommissioning and disposal cost; at the same time, the impact on
decommissioning and disposal costs is about 66.41%. The impact of accruable fixed assets on the
LCC of the project is generally not obvious, but it is critical to the formation of effective assets for
grid companies.

In line with the above empirical findings, several policy implications can be proposed in this part.
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e A cost accounting system that fits the institutional background needs to be constructed. Grid
companies need to strictly define the cost structure of transmission and distribution pricing and
to try to transform investment into effective assets recognized by the state so as to reduce the
operating costs of power grid companies.

e  Under the situation of power reform, power grid enterprises should pay attention to the discount
rate, flexibly grasp the values of residual value rate and depreciation period according to the
enterprise’s situation, and further divide the range of fixed assets that can be depreciated.

e  Attention should be paid to the reform of the electric power system, attaching importance to the
operation and maintenance stage and the decommissioning and disposal stage. At present, power
grid enterprises generally pay attention to the initial investment cost and neglect the operation,
maintenance, decommissioning, and disposal. However, empirical evidence shows that power
reform has a great impact on operation and decommissioning, so it is necessary to strengthen
the collection and accumulation of data. At the same time, the Chinese government should
further improve the supervision and examination mechanism for transmission and distribution
costs, and continuously improve the institutionalization and standardization of cost supervision
and examination.
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