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ABSTRACT: The engineering project arrangement of a large-scale Power Grid Enterprise Group confronts
optimization problems on how to achieve efficient investment, how to achieve overall balance. This paper pre-
sents a general analytical framework, and establishes appropriate quantitative analysis models from the develop-
ment of general control scale, input and output efficiency evaluation, index optimization of engineering project
input of a single subsidiary, and balance optimization of engineering project arrangement of subordinate units of
the Group, and so on. Simulated calculation examples show that this method is more practical, which can flexibly

solve such problems.
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1 INTRODUCTION

How to scientifically arrange the engineering project
by the Power Grid Enterprise Group has a significant
impact on the implementation of enterprise strategy
and development planning of Power Grid, overall
planning and coordination of the development speed,
quality and structure of subordinate units. Currently,
the academic circle pays closer attention to the as-
sessment of specific projects in the research of engi-
neering project arrangement of Power Grid [1-4].
The engineering project arrangement and optimiza-
tion at the level of the large-scale Power Grid Enter-
prise Group is the lack of systematic quantitative
model method, with fewer practical application cases
and limited lean level of management. For the
large-scale Power Grid Enterprise Group, the Enter-
prise develops and invests a great number of engi-
neering projects with greater funds every year,
throughout the headquarters of the Group and all
levels of grassroots units, involving in the balance
and collaboration among subordinate units, and pro-
posing relatively high requirements on the predicta-
bility, accuracy and overall plan of the management
decisions. Broadly speaking, the scientific optimiza-
tion of the engineering project arrangement is also a
difficult issue commonly confronted by other
large-scale enterprise groups. The approach and tool
to develop the engineering project arrangement of
the large-scale Power Grid Enterprise Group also
have important theoretical and practical value.

Based on the arrangement and optimization prob-
lems on the engineering project of the large-scale
Power Grid Enterprise Group, this paper will estab-
lish a systematic general analytical framework, and
develop appropriate quantitative analysis models
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from the development of general control scale, input
and output efficiency evaluation, index optimization
of engineering project input of a single subsidiary,
and balance optimization of engineering project ar-
rangement of subordinate units of the Group, and so
on, so as to provide an effective method to solve such
problems.

2 ANALYTICAL FRAMEWORK

The Power Grid Enterprise Group scientifically de-
termines which engineering project should be put into
operation by subordinate units, mainly involving in
the following issues: First, there is a need to ensure
efficient implementation of the plan within the enter-
prise competence scope, to satisfy the most important
needs by limited funds, and to scientifically and quan-
titatively determine the general control scale of engi-
neering project input, which is the upper limit of a
total amount of engineering projects putting into pro-
duction by the subordinate units; Second, the limited
funds shall be put into the optimal engineering project
to achieve optimum input and output; Third, there is a
need to strive to ease key index declining in the poor
management and development units, and achieve bal-
anced development of each unit. In general, it is to
research and determine the optimal strategy for overall
distribution of general control scale of engineering
project among subordinate units.

For this reason, this paper establishes a general an-
alytical framework shown in Figure 1, basically cov-
ering all key links in the plan arrangement of engi-
neering projects of the Power Grid Enterprise Group.
Wherein the decision model of general control model
determines the upper limit of the investment of engi-
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Figure 1. Analytical framework of balanced optimization of engineering project arrangement of Power Grid Enterprise

Group

neering projects by subordinate units, and explicitly
states the size of a “total plate”; the subsidiary’s input
and output efficiency evaluation model will explicitly
state an overall strategy for an overall judgment of the
efficiency of engineering projects putting into opera-
tion by subordinate units, and further adjustment of
input scale of subordinate units; different dynamic
analysis models of the key index of a single subsidiary
provide a method for analyzing relatively tight or
loose strategy on the engineering project input by a
specific subsidiary. The above three sub-models de-
termine constraint conditions for balance optimization
of the decision on engineering projects of the Group
headquarters, and provide a more targeted basis for the
overall optimization strategy.

3 MODEL

Four quantitative analysis models are successively
constructed according to the analytical framework
above in Figure 1.

3.1 Dual-factor decision model of general control
scale of engineering project construction input

First, an annual input scale shall be scientifically
judged from the level of Group. The so-called du-
al-factor decision model of general control scale refers
to the realization of effective matching between the
actual input of the enterprise and the construction
development needs of the engineering project through

calculation of engineering construction input required
by the achievement of development goals under con-
sideration of the enterprise development and input
capacity and other constraint conditions based on the
external environment and strategic planning goals of
the enterprise management and development.

(1) Calculation of infrastructure investment de-
mand.

The infrastructure of Power Grid is affected by
many factors, involving regional economic level, pop-
ulation, area, scale of Power Grid, electricity con-
sumption level in the society and other types of in-
dexes. The infrastructure demand of Power Grid can
be basically reflected from the following three aspects:
social economic level (population of power supply,
GDP), scale of Power Grid (power transformation
capacity of Power Grid under different voltage clas-
ses), and load power level (total electricity consump-
tion, regional maximum load). The development trend
of indexes can be predicted via the Grey Theory GM
(1, 1) model and GM (1, N) model to obtain the de-
velopment target value of indexes by the end of plan-
ning year; the relationship between the index and in-
vestment can be analyzed via Analytic Hierarchy Pro-
cess (AHP) to obtain index influence coefficient; in-
frastructure investment calculation model of Power
Grid is established based on both combination to ob-
tain an infrastructure investment scale value of Power
Grid that meeting the development needs of Power
Grid in the planning year. The specific calculation
model can refer to the Reference [5]. Combined with a
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Figure 2. Input capacity calculation model of provincial company

key method of special structure analysis, a total de-
mand on the infrastructure input of Power Grid can be
calculated according to the proportion of infrastructure
of Power Grid in the general control target by the use
of historical data.

(2) Calculation of engineering construction input
capacity.

The implementation of engineering construction
plan needs to be safeguarded by the input capacity.
The maximum limit of input capacity for integral de-
velopment of the Group can be obtained through cal-
culation of input capacities of each subsidiary. On the
basis of a balance sheet, an income statement and a
cash flow statement, the input capacity of subsidiaries
constructs an input capacity calculation model shown
in Figure 2 through articulation among three report
indexes. Combined with development planning of a
subsidiary, from the perspective of the cash flow of
the subsidiary, according to historical financial data,
with total profits and asset-liability ratio as boundary
conditions, net cash flow from operating activities, net
cash flow from investing activities, net cash flow from
financing activities, and minimum safety provision
quota can be measured to determine the maximum
annual investment quota of provincial company.

(3) Calculation of general control scale.

The general control scale shall be adjusted in com-
bination of development needs and input capacity.
When the construction development need exceeds the

input capacity, the input capacity is an upper limit to
guarantee the general control scale, thus requiring to
determining the general control scale based on the
input capacity; when the development need is less
than the input capacity, the need is guaranteed, thus
developing a reference base of general control scale
based on the development need.

3.2 Subsidiary’s engineering construction input and
output efficiency evaluation model

An index system covering the subsidiary’s engineer-
ing construction development input and output effi-
ciency can be constructed based on the viewpoint of
input and output analysis. On this basis, the subsidi-
ary’s input and output efficiency can be calculated
through key indexes selected from the index system
by the further use of envelopment analysis model, and
then the subsidiary’s efficiency calculation value shall
be classified and ranked. The data envelopment analy-
sis model is a method to research efficiency evaluation
of the “production department” with multiple inputs
and multiple outputs, which can calculate and com-
pare with the relative efficiency values of multiple
decision-making units in given samples. On the whole,
the data envelopment analysis is applicable for multi-
ple inputs and multiple outputs, which can avoid hu-
man interference in setting up the index weight, and
conduct comparison with various types of input and
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output efficiency.

(1) Selection of input and output indexes.

The engineering project construction development
input index aims at reflecting input conditions, while
the output efficiency index is used to measure the
output results, including not only electricity sales
amount, total profit and other efficiency indexes, reli-
ability of Power Grid and other safety indexes, but
also including the indexed related to social responsi-
bility. The following three indexes, that is, total in-
vestment in fixed assets, total investment proportion
of infrastructure of Power Grid in the total investment
of fixed assets, and total investment proportion of
distribution network in the total investment of infra-
structure of Power Grid, can be selected as input anal-
ysis indexes of the subsidiary’s efficiency evaluation;
the following two indexes, that is, the investment in-
creased electricity sales amount of unit grid in recent
three years and the property electricity sales amount of
unit grid in 2014 can be selected as output analysis
indexes of the subsidiary’s efficiency evaluation.

(2) Evaluation model.

The input and output efficiency of 27 subsidiaries is
analyzed by the use of data envelopment analysis
C?R model. Wherein, the decision-making units are
27 subsidiaries, and then n = 27; each subsidiary has m
(m = 3) kinds of input (s) x, =(x, xzj,L,xmj)T an(} s
(s = 3) kinds of output (s) y, =(y,,,5,;,L,»,) >
j=12,L,n:
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respectively indicate the weight coefficient of m kinds
of input (s) and s kinds of output (s). An equivalent
linear programming model can be converted from the
conversion of Charnes-Cooper via the formula (1):
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Where, ¢” = (1,1, L,])7, if it meets 6 =1 s —o,
S* =0, then the envelopment analysis of the deci-
sion-making unit is effective.

Assuming that the optimal solution of the model
is@°, A%, S, S, if @° =1, and S* =0,
S% =0, then the envelopment analysis of input and
output efficiency of the provincial company is effec-
tive; if ° =1, and S* %20, S™ %0 , then the
weak envelopment analysis is effective; if 6° <1,
then the non-envelope analysis is effective.

3.3 Arrangement and optimization decision vector
model of a single subsidiary’s engineering pro-
Jject input

The model constructed in Section 3.2 is an overall
principle with definite distribution of general control
scale. On this basis, the current management situation
can be further considered for the arrangement of the
single subsidiary’s engineering project input. Special
focus shall be given to key variables that affect the
specific input scale, such as the subsidiary’s as-
set-liability ratio, total profit, depreciation rate and
other indexes. For this reason, this paper constructs an
optimization decision vector model of the subsidiary’s
development input with linkage analysis of key varia-
bles as a core, also constructs a typical situation of
different dynamic articulations related to asset-liability
ratio, total profit, depreciation rate and other key in-
dexes, and proposes corresponding optimization
strategies.

(1) Different dynamic analysis is carried out on the
key variables that affect the scale of the subsidiary’s
engineering project construction input, to specify spe-
cial subsidiaries required with special focus. The key
variables that affect the scale of the subsidiary’s pro-
ject input mainly include asset-liability ratio, profit,
electricity price, electricity sales amount, depreciation
rate and other indexes. Wherein, the asset-liability
ratio and profit target are the most critical indexes, the
asset-liability ratio reflects the company’s debt level,
and the profit reflects the company’s profit and loss
situation, which are key indexes that directly affect the
scale of project construction input in the next year. In
addition, the electricity price, electricity sales amount,
depreciation rate, controllable costs and other indexes
also affect the scale of future development input of the
provincial company.
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(2) The decision vector matrix is established. The
decision vector matrix is established based on the
asset-liability ratio, profit, electricity price, property
electricity sales amount of the unit, investment in-
creased electricity sales amount of the unit, deprecia-
tion rate and other key indexes. Combined with three
kinds of scenario assignments of each variable, each
key variable is divided into different partitions (for
example, the asset-liability ratio has three partitions:
“low, medium, high”; the profit has three partitions:
“accumulated losses, expectation to reverse losses,
general level”); around the typical situation con-
structed based on the different dynamic articulations
of key variables, an in-depth analysis is given to the
provincial company, and the optimization strategy of
the provincial Company’s development input is pro-
posed to form a decision vector matrix.

3.4 Balance optimization model of engineering pro-
ject construction arrangement among subsidiar-
ies

Many domestic scholars have researched the enter-
prise input problems by the use of data mining, mul-

ti-objective fuzzy evaluation and other methods [6-10].

The Paper [10] constructs a balance optimization
model based on the comprehensive planning of du-
al-objective programming. The balance optimization
model of engineering project construction arrange-
ment among subsidiaries is constructed based on the
Reference [10].

Where, assuming that the total investment scale of
the Power Grid Enterprise Group in the next year is /,
the funds are allocated to n subordinate units, and then
the input of j (serial number) unit is expressed as X,
According to the characteristics of the Power Grid
Enterprise Group, there are two optimization goals.
First, it’s to achieve the maximization of enterprise
profit of each subordinate unit under certain condi-
tions. Assuming that the profit of each unit is a func-
tion of input, f/(X j) , then the company’s total prof-
it is z;l':lf €4 j). Second, it’s to achieve the maximi-
zation of asset scale of each subordinate unit under
certain conditions. Therefore, the first objective func-

tion is:
n
max > /,(X,) @
Jj=1
The second objective function is:

max Y x, )
i=1

Constraint conditions are as follows:

Constraint 1: Zx_,. < Iindicates that the sum of
cost input of all subordinate units should be less than

or equal to the total cost input scale of the enterprise.

Constraint 2: X; <1;,j=12..n indicates that
the sum of special project input of all subordinate
units should be less than the upper limit of the input of
all units, [ ;.

Constraint 3: x. =c,, 1<j<pn indicates
that input amount of some Special projects is a speci-
fied amount, which must be guaranteed beyond the
adjustment range. For example: the public welfare
input must be guaranteed.

In addition to common constraints above, the fol-
lowing constraint conditions are established based on
the results of input and output efficiency evaluation
model and decision vecté)r model:

Constraint 4: Y =X; 1 indicates that the en-
gineering project input in ¢ year (s) shall be less than
than that of the previous year, in the event of the sub-
sidiary with low input and output efficiency based on
the input and output efficiency evaluation model, or
strict control of the input based on the decision vector
model.

Constraint 5: Y. 2 X1 indicates that the en-
gineering project input in # year (s) shall be more than
that of the previous year, in the event of the subsidiary
with high input and output efficiency based on the
input and output efficiency evaluation model, or trend
to input based on the decision vector model.

4 CALCULATION EXAMPLES

This paper adopts simulated calculation examples to
research a certain Power Grid Enterprise Group, to
represent the feasibility of related methods.

(1) A comprehensive evaluation is given to the in-
frastructure input and output efficiency of 27 subsidi-
aries from 2011 to 2013 by the use of Analytical Hi-
erarchy Process (AHP), shown in Figure 3. Wherein,
due to large development input and low output effi-
ciency, six subsidiaries located in the fourth quadrant
should become units controlled over by the Group
construction project input and arrangement. Due to
small development input and high output efficiency,
seven subsidiaries located in the second quadrant
should become units with increasing construction
project input.

The input and output efficiency analysis of con-
struction project and rank is given to 27 subsidiaries
by the further use of envelopment analysis model. The
result shows that the difference of input and output
efficiency of 27 subsidiaries is relatively large. The
former three companies with a maximum input and
output efficiency are I, J and K, which are basically
consistent with the conclusions of the Analytic Hier-
archy Process (AHP).

(2) For the subsidiaries with special situations in
indexes, the optimization strategies shall be further
analyzed by the use of arrangement and optimization
decision vector model of a single subsidiary’s engi-
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Figure 3. Classified evaluation of input and output efficiency of subsidiary’s engineering project

neering project input.

First, for continual declining in the profit, as-
set-liability ratio, depreciation rate, electricity sales
amount and other indexes of A company, there is a
need to strictly control over the investment scale of the
engineering construction.

Second, the assets-liability ratio of B and C compa-
nies is relatively high, the scale of losses is relatively
large, and the electricity sales amount fails to cover
costs, and the increment investment is relatively low
for the border effect of electricity increase, so there is
a need to strictly control over the scale of debt.

Third, D, E, F and G companies are provincial
companies expected to eliminate the accumulated
losses, and have been inclined to the development
input in recent two years, to ensure the achievement of
target to reverse losses.

Fourth, the profit level of H Company is general,
increase in asset-liability ratio is relatively rapid, pur-
chase and sales price difference is relatively low, and
there is a space of investment increased electricity
sales amount of unit, so it is proposed to control ap-
propriate debt scale, and focus on guiding input and
market development.

5 CONCLUSION

In summary, this paper gives a general analytical
framework and establishes a series of quantitative

analysis models for the research of decision optimiza-
tion model of engineering project of the Power Grid
Enterprise Group. During specific application, the
adaptive adjustment shall be given to this set of
methods by complete integration of input and output
characteristics of the engineering project of the indus-
try. In view of the complexity of the actual project
arrangement, there is a need of overall plan, qualita-
tive determination and quantitative analysis. Next,
there is a need to fully consider relevant impact of the
public welfare project input in the input and output
efficiency evaluation model and other models, which
is also a direction of further research.

REFERENCES

[1] Song Lianjun. & Xu Zhiyong. 2009. Power Grid Project
Post Evaluation Research — Based on Improved Fuzzy
Analytic Hierarchy Process. Technologic Economics, 28
(10): 522.

Li Dongwei, Zhao HuiRu. & Wang Xin. 2006. Discus-
sion on the Benefit Post Evaluation Method of Public
Network Transmission and Distribution Project. Electric
Power Technologic Economics, 18(6): 226.

Zheng Yan. 2006. Electric Power Investment Project
Post Evaluation Research and Application. Beijing:
North China Electric Power University.

02030-p.6



ICETA 2015

[4] Gan Deyi, Zhang Yuanmin & Zeng Ming. 2009. Tech-
nology Research on Optimization Method of Power Grid
Construction project Investment. Reformation & Strate-
gy, 25(5): 612.

[5] Chang Yan, Chen Wu. & Zhao Gang. 2012. Quantitative
Analysis Technique and Model of Power Grid Invest-
ment Decision - Empirical Prediction Based on Dynamic
Programming Method; Technologic Economics; Phase
02.

[6] Li Huaizu. 2005. Production Planning and Control
(Revised Edition). Beijing: China Science and Technol-
ogy Press.

[7] Li Youyi. & Chen Xueguang. 2004. Multi-objective
Fuzzy Optimization Decision on the Enterprise Invest-
ment Program. Scientific-technical Progress and Coun-
termeasure, 3: 103-104.

[8] Wei Shixiao. & Zhou Xianzhong.1998. Multi-attribute
Decision-theoretic Approach and Its Application in C31
System. National Defense Industry Press, First Edition,
January: 19-45.

[9] Chen Shizong, Lai Bangchuan. & Chen Xiaohong.
2005. Enterprise Performance Evaluation Method Based
on DEA, Systems Engineering, 23 (6): 99-104.

[10]He Wan, Wang Dan. & Lu Gang. 2012. Balance Opti-
mization Analysis Research of Comprehensive Planning
of Power Grid Enterprise Based on Bi-objective Pro-
gramming. Industrial Technology Economics, (6): 63-67.

02030-p.7



