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ABSTRACT: The vigorous promotion of DSM is of great significance in improving energy conser-
vation and power system reliability. At present, DSM technology of China has been developed,
meanwhile, related projects will be carried out extensively. Therefore, investment risk evaluation for
DSM projects of power enterprises is of significant urgency. To begin with we will provide invest-
ment risk evaluation system for DSM projects based on characteristics of power utilization in China.
Secondly, the improved Bayesian risk investment evaluation model will be established. Compared
with traditional Bayesian model, Entropy Weight method will be used to calculate the weight of
every index. At the same time, Normalization method has been introduced to normalize the value of
indices. Last but not least, analysis of examples is preceded to prove the practicality of the model in
this paper and provide a reference for the DSM projects in power enterprises.

Introduction

DSM is able to reduce peak load and ease the tension between power supply and demand. Besides,
the cost of electricity supply and utilization will also be reduced, so that DSM technology has been
widely used around the world during the recent years [1], [2]. With the continuous progress of the
reform, China's power industry and electricity market design is also moving away from the previous
supply side management to the bidirectional management with both supply side management and
demand side management. At the same time, energy planning in China has developed from supply
side planning towards integrated resource planning[3], [4]. Meanwhile, management of China's elec-
tricity utilization is gradually leading towards the demand side management direction which acquires
more characteristics of market [5]. As a result, a large number of demand side management research
and development projects as well as equipment renovation projects have been put into implementa-
tion. Therefore, the research of investment risk of DSM projects is of great importance in promoting
the safe and sustainable development of electric power system in China. This paper has introduced
the Bayesian evaluation model to evaluate the risk during the investment period of DSM projects. In
order to improve the accuracy of this model, Entropy Weight method and Normalization method will
also be introduced as well. Through the example analysis, the rationality of improved model has been
proved.

Evaluation system

According to the characteristics of power utilization in China, this paper has separated the benefits
and costs of DSM projects into four categories: social benefits, power users, power grid enterprises
and power generation enterprises. Based on the four categories, the investment risk evaluation sys-
tem for DSM projects has been established as shown in Tablel.
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Table 1. Investment risk evaluation system for DSM projects

Categories gl%(iige(s)f Indices
Social I Reduction of gas emis-
benefits sion
P Rheduction of electricity
charge
groswer us- o, Reduction of the
cost of restricting
power use
:4 Inc&ease n I%ad rate
5 Reduction of in-
gﬁgg;t or- vestment costs of
prises supply side '
le Reduction of operation
and maintenance costs
I Increase in the rate of
igenqration equipment uti-
1zation
Power Ig The benefits of
generation ostponed power
enterprises Postp P
supply construc-
tion
lo Reduction of fuel costs

Improved Bayesian model

Standardization of indices through Normalization method

In the decision matrix X = (Xij) ~, the number of decision indices is N, meanwhile, the number of
schemes is m. In this model, alf indices are positive indices, besides, the value of indices are greater
than zero. At the same time, the relationship between indices should be reflected in this model, there-
fore Normalization method will be introduced to standardize value of the indices [12]. So the stan-
dardization process is as follows.

Xi (£i£mI1£j£En) 1)
X

Yi =

Qs

As aresult, Y = (yij )m, ] is the index matrix after standardization.
Weight determination through Entropy Weight method

This paper introduces entropy method to calculate the weight of each indicator. We take the input
variables as examples, and the steps of calculation process are as follows.

(1) z, stands for the input value of input variable 1 from decision-making unit k, and the matrix of
raw index dataZ = (Zik )m,t will be generated[13].

(2) The proportion p;, which stands for the proportion of input value J, is able be calculated through
equation (2), m represents the number of indicators.

B = % é. Z; (2
i=1

(3) c stands for the entropy of indicator i, which can be calculated through equation(3), among
those, h=1/Inm[14].

¢ =-ha p,Anp, 3)
i=1

(4) The value ofw , which represents the entropy weight of indicator 1, can be calculated through the
equation (4).
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Bayesian risk investment evaluation model

The Bayesian risk investment evaluation model will be able to be established based on the investment
risk evaluation system for DSM projects.

In decision-making space D :{d],dz,...,dn} , d represents decision scheme, D is the state space.
Among those,S,,S, and S, separately reflect that the situation of the market is poor, general and
preferable[7], [8]. Therefore, P(s,),P(s,),P(s;) demonstrates the probability ofs,,s, ands;.
According to the authoritative analysis report, this paper sets P(s,)=0.2, P(s,) =04,
P(s;)=0.4. Obviously, there is a risk in this prediction, so the risk factors should be added into the
prediction of market situation. In this model, 7,z andz, means the prediction accuracy is poor,
general, preferable[9], [10].

Besides, weight vector isU =(u,u,...,u,) , U,U,..,U, represents the weight of every in-
dex, l,,1,...,1,,. Therefore the benefit function can be obtained, as shown in Equation (5) [11].

V=ul +ul, +L+u,ly, (5)

This paper will analyze investment risk of DSM projects in power enterprises. The risk decision table
is shown in Table 2.

Table 2 Risk decision table

Market S, S, S,
Situa-
tion
P(s,) P(s,) P(s;)
Scheme

Scheme 1 a, a, a.
Scheme 2 a, a, a,
Scheme 3 a,, a,, .

Benefit of every scheme is shown in Equation (6).
EM) =P )3, +P(s,)a, +P(s;)a, (6)

The goal of decision-making process is to achieve maximum benefit. Therefore the basis of selection
is demonstrated in Equation (7).

EV,),p = max EV,) T [1,17]) ©)

Besides, the risk factor of prediction will be introduced into the modeling, the table of relevance be-

tween the prediction of market situation and the prediction accuracy are shown in Table 3.
Table 3 Relevance between the prediction of market situation and the prediction accuracy

Market
ituation

Prediction S 52 S
Accuracy
z b, b, b,
Z’) b’)l b?’) b?’{
Z b, b,, b.,

The Bayesian formula can be used to calculate the investment efficiency under the consideration of
risk factors. Besides, Bayesian formula is shown in Equation (8).

P(s.z) _ PE)P@Es) (3
P(z) é:P(sk)P(zj|sk)

P(si|zi)=
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Practical application of improved Bayesian model

The data in this paper was derived from a series of projects which were conducted by a provincial
power grid enterprise in China. After the implementation of projects, analysis and prediction of these
projects has been preceded, the data of schemes was collected in table 4.

Table 4. Data of schemes

The

Market sit- Market sit- Market sit-

?mo(ﬂg e(;f Schemes uations uations , uations ,
I, (ten A 412.04 453.19 488.20
thousand B 422.17 465.58 490.54
tons) C 487.09 517.08 520.18
I, (ten A 411.45 464.51 470.52
thousand B 590.11 649.23 689.10
Yuan) C 402.16 432.66 440.77
|, (ten A 799.14 821.33 833.78
thousand B 968.23 1069.25 1120.30
Yuan) C 902.28 986.48 1090.52

A 0.0013 0.0113 0.0178
1, (%) B 0.0614 0.0996 0.1296

C 0.0725 0.0945 0.1400
I (ten A 418.12 456.32 473.24
thousand B 205.58 223.46 250.02
Yuan) C 411.23 455.26 467.93
| (ten A 101.55 135.85 190.35
thousand B 103.17 128.98 150.01
Yuan) C 111.44 135.13 144.29

A 12.57 17.66 18.16
I, (%) B 13.19 15.89 18.39

C 12.26 16.36 18.25

A 122.36 131.45 158.79
l,(kWh) B 101.19 124.88 149.71

C 132.07 143.67 161.61
l,(ten A 566.79 590.32 602.65
thousand B 603.18 655.39 672.90
Yuan) C 629.99 674.23 690.77

The standardization of the value of data will be conducted through Normalization method. The re-

sults are shown in the following tables.

Table 5. The value of |, after standardization

The code of

Market situation

Market situation

Market situation

index Scheme S, s, S,
A 0.311 0.316 0.326
I B 0.320 0.324 0.327
C 0.369 0.360 0.347
Table 6. The value of |, after standardization
The code of Scheme Market situation Market situation Market situation
index S, S, S,
A 0.294 0.300 0.294
l, B 0.420 0.420 0.431
C 0.286 0.280 0.275
Table 7. The value of |, after standardization
The code of Scheme Market situation Market situation Market situation
index S, S, S,
A 0.299 0.285 0.274
l, B 0.363 0.372 0.368
C 0.338 0.343 0.358
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Table 8. The value of |, after standardization

The code of

Market situation

Market situation

Market situation

index Scheme S, s, S,
A 0.010 0.055 0.062
I, B 0.454 0.485 0.451
C 0.536 0.460 0.487
Table 9. The value of |. after standardization
The code of Scheme Market situation Market situation Market situation
index S, S, S,
A 0.404 0.402 0.397
. B 0.199 0.197 0.210
C 0.397 0.401 0.393
Table 10. The value of |, after standardization
The code of Scheme Market situation Market situation Market situation
index S, S, S,
A 0.322 0.340 0.392
I B 0.326 0.322 0.310
C 0.352 0.338 0.298
Table 11. The value of |, after standardization
The code of Scheme Market situation Market situation Market situation
index S, S, S,
A 0.331 0.354 0.331
l, B 0.347 0.318 0.336
C 0.322 0.328 0.333
Table 12. The value of |, after standardization
The code of Scheme Market situation Market situation Market situation
index S, S, S,
A 0.344 0.329 0.338
lq B 0.285 0.312 0.318
C 0.371 0.359 0.344
Table 13. The value of |, after standardization
The code of Scheme Market situation Market situation Market situation
index S, S, S,
A 0.315 0.307 0.306
l, B 0.335 0.341 0.343
C 0.350 0.352 0.351

Weight vector of indices is able to be calculated through the Entropy Weight method. The result is
shown as follows.

U =(0.1437,0.1508,0.2721,0.0856,
0.1132,0.0414,0.0049,0.0422,0.1461)

Based on the model established in the former section, the benefit of all schemes is shown in table 14.
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Table 14. The results of benefit calculations
Mar-

Expec-
S S» Ss tations
Ps, P(s. PGs.
=0.2 =0.4 =0.4

0.2 0.2 0.2

Scheme A 925 930 978 0.2928
0.3 0.3 0.3

Scheme B 456 578 575 0.3513

0.3 0.3 0.3
Scheme C 619 547 547 0.3559

Through the statistical analysis of the data and the collection of comprehensive information from all
aspects, the relationship between prediction accuracy and market situation is shown in table 15.

Table 15. Relationship between prediction accuracy and market situation
Market
ituation

S] S 2 S3
Schemes
Z 0.78 0.12 0.10
yA 0.12 0.81 0.07
Z 0.10 0.07 0.83

The prediction accuracy will be introduced into the Bayesian model, so the investment risk-benefit
values can be calculated, the results are shown in Table 16.

Table 16. Investment risk-benefit values

Expec-

S S» S tations

w

Scheme

Ps, P(s. P(s.
~02 =04 =04
07 01 00
460 150 958 0.2335

0.1 0.9 0.0
Scheme B 356 346 307 0.4332

0.1 0.0 0.9
Scheme C 183 ’11 627 0.4412

Scheme A

According to the results, the scheme C has the highest expectations. Therefore the scheme C has
higher investment incomes and lower risk, so the scheme C is a better option. This result is in accor-
dance with the practical implementation of the projects.

Conclusions

The promotion of DSM helps to meet the growing demand for electricity in all aspects and improve
the economic efficiency of power system operation. At the same time, the resource consumption will
be reduced. Meanwhile, the goal of energy conservation and emission reduction will be achieved.
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According to the situation that DSM projects have gradually developed during the recent years, re-
search about investment risk evaluation mechanism for DSM projects is of great significance.

In this paper, we improved the Bayesian model to analyze the investment risk of DSM projects of
power grid enterprises. As proved in this paper, the introduction of Entropy Weight method and
Normalization method helps to calculate the weight of indices and standardize the value of indices.
As shown in the analysis, the improved Bayesian model is able to evaluate the investment risk of
DSM projects accurately. In conclusion, the model and the theory in this paper have great impor-
tance in realizing the optimization of resource distribution in demand side.
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