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ABSTRACT

Based on the theory of system dynamics, this pppdiminarily builds simple numerical simulation o of
economic value added ( referred to as EVA) in tlanmower plants. This model simulates EVA in thémpuaver
enterprises after considering many factors. Atdame time, it analyzes the main factors which aE&A in order
to provide some help for management in thermal p@haants.
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INTRODUCTION

Power generation industry is the backbone of o@rggnindustry and it plays an important role inmpating the
development of our national economy. The phenomesfoignoring cost of equity capital in power gertema
plants is serious on basis of which State-ownea#&sSupervision and Administration Commission (S&3Aegan

to exert EVA in the performance appraisal systen2005 and they made an all-round implementatio20f@0.
SASAC then issuedsuidance on Strengthening Value Administration Base the Core of EVA in Central
Enterprisesin 2014. Therefore, the philosophy of EVA valuenagement is becoming prevalent among central
enterprises including thermal power plants.

EVA was put forward by Stern Steward company in1188d it compensates the lack of distinction betwiée cost
of debt capital and equity capital [10]. At presdéhte domestic research about EVA primarily coneaas on the
following two aspects: Firstly, people introduce ttheory of EVA. Shengli Du discussed the conceglgulation
and adjustments related to accounting reports villéh was applied [1]. As a tool of management colntEvA

descends from residual income and has been applisthny fields, such as setting target, performaameraisal,
and so on [7]. Secondly, people have done muchrerapresearch containing correlative analysiseaétionship
between EVA, incentive systems and enterprise yalgether with the compare between EVA and trail

performance appraisal indexes. This gives furthédemce that EVA will play an important role in pnoting

enterprises'value [8]. However, the research oedrdtion of EVA and the theory of system dynamicselatively
little.

This text preliminarily builds the numerical simtidan of EVA in a thermal power plant based on systiynamics.

This simulation is composed of many parts, sucktat® variables, rate variables, auxiliary varigpt®mnstants and
so on and | try my best to take factors influend®\A into consideration as much as possible. Thasleh can help
marketing managers intuitively see the feedbackimiship between variables so as to make bettasides.

THE THEORETICAL ANALYSISOF SYSTEM DYNAMICSMODEL

J.W Forrester, professor of Massachusetts instithiieechnology , established system dynamics(SCLR®B6. SD is
the course of studying and analyzing the dynanendrof relevant complicated information feedbacktay. The
theory emphasizes the internal structure and feddiveechanism [3] and plays important roles in bérapatterns
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and features of the system, which leads to the wiainlation of structures and functions. The rdi@mtimization

in SD studies is not to replace experience-basedvlatige, but instead to viewpoints, facilitatesd &xpand the
heuristic exploration of a model [6].At the sammadi combining with computer technology is an impottmeans
of modeling[5] and computer-aided modeling[4] araseompanied by the the appearance of SD.Curr&iilyhas
gained extensive application in many fields andwghgreat advantages especially in dealing withahmsmplex
system problems, which have characteristics ofineat, feedback and dynamics [3]. EVA simulationdelofor

thermal power plants is suitable for SD to studgawse of its dynamics and complexity of its street 8D is
basically modeled according to the conceptual mdtiel structural model and the simulation modemely causal
loop diagram, flow diagram and simulation carried @] and this paper builds EVA model in this arde

Feedback is really very important in SD. Many dimoes of complicated systems are described by téosp
diagrams which are powerful tools and the basisysftem dynamics. With the software of Vensim Pltis paper
discusses the causal loop diagrams of numericaillation of EVA, as is shown in Figure 1.
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Fig. 1: The causal loop diagram of EVA simulation

Causal loop diagram is mainly composed of the falhy three parts: causality, causal key and feekib@ap [2].
With the overall understanding of the system, clitysia the foundation for modeling. Feedback is ttore of SD
and the complex systems in SD are expressed bwlcknep diagrams. Causal loop diagram is formedviny or
more causal keys end to end.

As is shown in Figure 1, the causal relationshifwben TC and cost of capital is connected by liwihk arrows.
And the positive sign besides the arrow which idedapositive causal chain together with the limel dhe arrow
indicates positive causal relationship, and vicesad2]. At the same time, there is a negative ljaeld loop in
Figure 1. It illustrates that if the amount of Ti€lieases, the cash in enterprises will then ineraad liabilities will
fall, interest expenses will decrease, EBIT wiltlkilee, NOPAT will drop. At the end, TC will come do.

Flow diagram is an important component of SD. Oa Iiasis of causal loop diagram, it carries moreoitamt
information and aids in a fuller and deeper undeding of the structure of SD. The diagram is coseploof many
parts, such as state variables, rate variablesrshofigure 2 [2], auxiliary variables, constantelao on.
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Fig. 2 Flow diagram of system dynamics

The diagram is essentially first-order differentigjuation with the character of nonlinear autonosndelay. But
some information is expressed by table functianse functions and other functions.

THE COMPOSITION OF EVA SIMULATION MODEL
According toGuidance on Strengthening Value Administration Base the Core of EVA in Central Enterprises,
this paper builds EVA simulation model. The figuadsa thermal power plant establishing in 1994 u$ o use in
this model. The sales revenue in this enterpriselgminantly depends on the sales of electricitycédrse, there
are other sources of income, such as the salesabfamd others. The operation of this plant maielgends on coal
and the cost of coal is the first cost. This enisgphas so far remained financially and operatigsaund.
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Suppose the interrelated social environment and awd regulations remain constant and the plamatipas sound.
The sales of heat and miscellaneous gains areatedlduring the process of constructing this madehccount of
the main sales of electricity. In addition, this dab consists of multiple auxiliary variables andnstants, for
example per-unit cost and revenue of power saléshvwdre considered to be constants.

Some parts of the variable equations in this madekshown as follows:

Table 1: Meaning of the variablesin the system flow chart

Variable Name Formula Unit
EVA NOPAT-Cost of Capital Ten Thousand Yuan
Cost of Capital TC*WACC Ten Thousand Yuan
TC Debt Capital + Equity Capital -Construction in Ress Ten Thousand Yuan
Debt Capital Current Liability + Long-term Loans + Long-term hidities due within one year Ten Thousand Yuan
Equity Capital Capital Stock + Minority Interest + Investment GapAdjustment Ten Thousand Yuan
Investment Capital Adjustment | Depreciation Reserves + Credit Balance of Defefeed Ten Thousand Yuan

Cost of Debt after Tax*(Debt Capital/Total Capitallost of Equity*(Equity

WACC Capital/Total Capital)

NOPAT EBIAT + Minority Interest Income + Depreciation Reges-Debit Balance o Ten Thousand Yuan
Deferred Tax

EBIAT EBIT*(1-Rate of Income Tax) Ten Thousand Yuan

EBIT Net Profit + Interest + Income Tax Ten Thousand Yuan

Revenue from Electricity Sales-Operating Expensest@f Electricity Sales

-Administrative Expenses-Finance Charges-SalesafiaxExtra Charges Ten Thousand Yuan

Gross Operating Profit

Depreciation Reserves in this model includes Fixesbets Depreciation Reserves, Long-term Investments
Depreciation Reserves, Inventory Falling Price Reseand something else. Of course, we can adgustlative
variables accordingly.

The constants are as follows: the rate of Curréability is 0.05022 and the rate of Long-term Loasn®.06156.
Some other variables, such as Current Liabilityng-term Loans and Expenses, are illustrated by fimetions
presenting the changing relationship between vissaland time. Take Current Liability for exampleur@nt
Liability=WITH LOOKUP(Time,
([(2007,0)-(2001,4000)],(2007,21236),(2008,2123%)09,21236),(2010,21236),(2011,11236))).

The construction of EVA simulation model is shovaitfallows:
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Fig. 3 EVA simulation model
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RESULTS OF EVA SIMULATION
Combined with software of Vensim PLE, the numerisahulation of EVA in thermal plant based on system
dynamics is as follows:

EVA
6.000
3.000
0
-3.000
-6.000
7 7.60 8.20 8.80 9.40 10 10.60
Time (Year)
EVA : Current Ten Thousand Yuan

Fig. 4 EVA simulation graphs

The error analysis of EVA is shown in Table 2 anduFe 5 by means of comparing the actual value thed

predicted value.
Table 2: Error analysisbetween actual value and predictive value of EVA

EVA (Year) 2007 2008 2009 2010 2011
Actual Value -3948.21]  1575.9% 2739.25 3806.13  3yM42.
Predictive Value| -3663.7 1565.71L 26803 408071 5538
Relative Error | -0.07204 -0.00649 -0.02152 0.07214®.02317

Relative Error

o A
/\

~0.02 L 2007 008 209 2010 5@.11

o o o 9o

‘—Q—Relative Error

-0. 06
s

-0.08

Year

Fig. 5 Relativeerror graphs

From Table 2 and Figure 5 presented above, it pauent that the relative tolerance between predlietdue and
actual value has a margin of error of plus or miBusercentage points on basis of which we concthdé the
predictions are coincided with reality and this glation model is relatively accurate.

ANALYSISOF THE RESUILTSIN THISMODEL

As is shown in Figure 4, EVA is on the increaseoagganied by negative value in 2007 and positiveevah other
years. At the same time, the growth rate beconms ahd the predicted value decreases in 2011. Weacalyze
the causes from causes-tree of EVA, NOPAT and @foSapital simulation graphs and others.
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(1) Causes-tree is a structure chart reflectingality. As is shown in Figure 6, the immediate eaoSEVA is Cost
of Capital and NOPAT which is conversely led toT®, WACC and Debit Balance of Deferred Tax, DepBon
Reserves, EBIAT, Minority Interest Income respeglpv This is just an cursory analysis.

Debit Balance of Deferred Tax
EVA
Depreciation Reserves
NOPAT
EBIAT

Minority Interest Income
Fig. 6 Causes-tree of EVA
(2) Superficially, Cost of Capital and NOPAT are the decrease whereas EVA is in the opposite ¢adact, the

distance between Cost of Capital and NOPAT whicretexperienced an upturn shown in Figure 7 reptedeviA.
This proves the correctness of EVA simulation model
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NOPAT-Coment —1+——1+—1+—1+—1+—1+—1+—1— Ten Thousand Yuan
Costof Capiial - Coment ——2—7—%7—% %7 Ten Thousand Yuan

Fig. 7 NOPAT and Cost of Capital smulation graphs

(3) As is shown in Table 3, neither unit price of elmity sales growth of 10 percent nor unit cosetctricity fall
of 10 percent makes EVA fires on all cylinders ba ground of which we can make a further conclusian both
of this two factors have important influences onAEV

Each generation plant faces great challenges ampetition accompanied by the partition of powernpdaand
power network and they need to devote themselvegaiting generating capacity and reducing costse Th
government exerts much impact on the price of safesthe thermal power plant should concentrateasts of
sales to achieve the best.

Fuel costs consisting of expenses of fuel, coaldfiand coal incidentals are important parts ofscoétsales. Coal
market has had a free hand in setting its coakepbiecause of government liberalizing it since 200i%erefore,
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coordinating costs of coal-fired will plays a sifigaint role in reducing costs. On the other hand,oan’t neglect
other factors such as costs of fuel and coal imtale and so on.

Table 3: Sensitivity analysis of EVA

Predicted Value of EVA Sensitivity Analysis of EVA
(Ten Thousand Yuan (Ten Thousand Yuan)
Year Original Simulated Unit Price Increased by| Unit Cost Decreased by] Unit Price Increased by| Unit Cost Decreased by
Data 10% 10% 10% 10%
2007 -3663.78 3760.95 1488.1 -2.02652 -1.40617
2008 1565.71 8787.99 6577.13 4.612783 3.200733
2009 2680.3 9902.58 7691.72 2.694579 1.869724
2010 4080.71 11464.2 9203.95 1.809364 1.255478
2011 3655.88 110194 8765.32 2.014158 1.397595
CONCLUSION

The numerical simulation of EVA in this article &ses the structure and function of this model Hawe SD and
the result is in well agreement with physical trutinich illustrates the correctness of this mo@ei.the other hand,
we find that determining the variables includedtie model as comprehensively and accurately ashi@smnd

optimizing the sensitivity factors are very impattdor modeling. Af course, there is more work ®done for me
to improve this model because of the limitatiomgyf knowledge and this is where | need to do more .
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