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The paper concerns the research on the electrical power market development from the 
point of view of efficiency. As a result of identification a model in the form of th matrix 
and in the form of state equations and input for selected input and output variables were 
obtained. Identification was conducted for IEEE RST testing data obtaining the matrix and 
matrices A, B, C and D. Subsequently, changes both in degrees and the values of 
individual elements of matrices. In order to define the notion development efficiency, 
development efficiency for each development stage was examined both for one aggregated 
model of SEE system development model (Part I) and for the models from each stage of 
development (Part II). 

 
1. BASIC DEVELOPMENT MODELS BASED ON IEEE RST 

TESTING DATA 
 

So far, in order to define the behaviour of an electrical power system (SEE) in 
the future, various methods of forecasting, planning or even programming 
development were used for various time periods [1,5,6,9,13,14,17,21,30,31]. These 
methods prove to be insufficient when it comes to a bigger and more distributed 
electrical power system with various forms of ownership and more and more 
complex electrical power market [13,14,21-26,29]. Present methods used for 
research concerning electrical power systems may be supplemented by 
development design methods, well known for their use in electrical power systems 
design [10,11,13-18,28,29]. A basic action while designing an electrical power 
system understood as a very complex electrical power system is determining a 
predicted load which conditions the number of subsystems as well as the kind, 
quantity and quality of elements used, in short, which conditions the structure and 
the parameters of individual subsystems.  

However, development design is connected with the knowledge of both the so-
far structural and parametric changes as well as the expected behaviour of the 
system following the new designed changes of the SEE system. Therefore,  a 
current problem is, first and foremost, obtaining any development model, which is 
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possible using statistical data. When such a development model has been obtained, 
it is important to examine the SEE system behaviour i.a. from the point of view of 
efficiency and safety (including environment protection). 

The method of examining regularities in the development from the point of 
view of the safety was discussed in the paper [27], in which the notion of 
development safety was defined, and, a method of development safety level 
assessment was shown using numerical example, obtaining, as a final result, 
critical points of development and safe development range.  

This paper draws particular attention to the method of development examination 
from the point of view of development efficiency. It should be mentioned that this 
approach does not aim at defining the criterion of development efficiency as we do 
not deal with optimization problems but we deal with development assessment 
problems for the purpose of the design of future development states.  

 
1.1. Development efficiency 

 
Although there are a lot of definitions of the notion of efficiency [3,9,6,18,20,28] 

the concept of development efficiency has not been unequivocally defined yet as 
regards electrical power. It is convenient to measure the efficiency Λ of the 
development system using generalized characteristics that have the following form 
[25-27]:  

)1(
),(
),(),(

θ
θθ

KR
KFK =Λ  

where: F(K,θ) – usefulness outlay variable (FI) or usefulness income (FD),  
R(K,θ) – protection potential variable (RI) operational potential (RD). 

It is, therefore, possible to talk about two indexes of SEE system efficiency:  
1) income efficiency: 

)2(,
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KRI
KFDKDI =Λ  

2) outlay efficiency (fig. 1): 
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and also about four indexes of dynamic efficiency which is discussed in paper [27].  
 

 



The development process of electrical power system from the point… 
 
 

161

E f e k t y w n o ś ć  n a k ła d c z a

0

0 , 5

1

1 , 5

2

2 , 5

3

3 , 5

0 1 0 2 0 3 0 4 0 5 0 6 0

c z a s  d ł u g i   [ l a t a ]

e
fe

k
ty

w
n

o
ś
ć

 n
a

a
k
ła

d
ó

w

k o s z t y  z m ie n n e k o s z t y  s t a łe

 
Fig. 1. SEE outlay efficiency changes runs  

 
1.2. Development model 

 
Testing data IEEE RST 1996 are assumed, modified for the development 

conditions of SEE development as presented in table 1 [4,12,18,25,26]. Arx model 
was used for the purpose of identification [30]: 

)4()()()()()( θθθ euqByqA +=  
obtaining SEE development model according to IEEE RST of arx365 type for the 
output y1 (generators power, model accuracy 90,75%): 
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and as a final result a model in states space was obtained for the output y1 in the 
form of the following state equations:  

302622181410211 378.4568831.78208.1503591.03073.02419.12684.0 xxxxxxxxx ++−+−−+=
⋅

302622181410312 5974.1679569.23459.3030852.01444.01213.20681.0 xxxxxxxxx −−+++++−=
⋅

302622181410413 6062.1122077.38203.232350.04468.04185.10973.0 xxxxxxxxx +−+−+−+−=
⋅

 

30262218141054 7384.556125.72468.57524.02033.13434.0 xxxxxxxx −−−−−+=
⋅

 

3026242218141065 8891.1055979.57828.4006681.09924.02448.0 xxxxxxxxx +++−+−−=
⋅

3026221814106 5027.770409.53839.534691.09051.00035.1 xxxxxxx −−+−−=
⋅

,,,,,, 12131112211897817 xxxxuxxxxxux ======
⋅⋅⋅⋅⋅⋅

    (6) 

,,,,,, 4191718161715163151314 uxxxxxxxuxxx ======
⋅⋅⋅⋅⋅⋅

 

,,,,,, 24252324523212220211920 xxxxuxxxxxxx ======
⋅⋅⋅⋅⋅⋅

 

,,,,, 2930282927286272526 xxxxxxuxxx =====
⋅⋅⋅⋅⋅

 
and output equation: 

 
.11 xy =            (7)  

 
The obtained models may be used in predicting SEE development system for 

complex conditions of IEEE RST model, with an assumption of maintaining, or 
even improving the conditions of outlay and income efficiency expressed by the 
formula (2) and (3).  
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Fig. 2 Evans Roots Line – �ossible�ties of parametric and structural changes 

 
2. DYNAMIC DEVELOPMENT MODELS 

 
The model of SEE development obtained in part 1 has a lot of similarities with 

the models used so far in the prediction practice and theory [13,14,21-28]. In may 
well be used for predicting future states of SEE system development a few years 
ahead [25-26]. However, from the point of view of longer time periods this type of 
models, which take into account only parametric changes are not adapted for 
predicting structural changes [20]. 

In the meantime, we fitness structural changes as regards ownership changes and 
the structure of production, transfer, distribution and consumption of electrical 
power and energy. Due to these facts, both theory and practice of electrical power 
systems development wait for new solutions, which may prove developing 
systems.  

In order to obtain a model of SEE system as a developing system it is necessary 
to conduct identification of SEE system development for many (a dozen or so, or 
even several dozen) development periods in order to obtain proper development 
models, and then conduct the identification of the model once again to obtain a 
developing model that reflects the development of the SEE system, where 
information about successive models of SEE development are data for 
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identification [25-26]. For the purpose of such models of SEE development as a 
developing system, efficiency criterion should become a dynamic criterion. 

 
2.1. Dynamic efficiency of development 

 
In a general case, the model of system’s development assessment contains: the 

information about the development system (inputs, outputs, state variables), 
criterion or a group of criteria of quality assessment, as well as an algorithm 
defining the value of development quality assessment criterion [20,22-27].  

The quality of electrical power system development process may be presented as 
a difference between an assumed Δy0(K,θ) and a real output characteristic Δy(K,θ) 
of SEE system, which for the discussed multi-dimensional case formulated in paper 
[20] may be written down as follows: 

yyy Δ−Δ=Δ 0)(θ          (8) 

which leads to four dynamic efficiency indexes, i.e.:  
1) supply efficiency: 

,
),(
),(),(

θ
θθ

KRI
KFIKI =Λ         (9) 

2) operational efficiency: 

,
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θ
θθ

KFD
KRDKD =Λ         (10) 

3) financial efficiency: 

,
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),(),(
θ
θθ

KFD
KFIKF =Λ         (11) 

4) technological efficiency: 

.
),(
),(),(

θ
θθ

KRI
KRDKR =Λ         (12) 

Moreover, it is �ossible to distinguish Rother kinds of developing systems 
efficiency such as technical-economic efficiency, internal efficiency, etc. Which 
his paper does not discuss.  

 
2.2. Dynamic model of development 

 
Testing data IEEE RST 1996 are assumed modified for the conditions of SEE 

development as presented in paper [3] and the measurement period equal 25 years 
with the step of Δθ=1. (1 year). In this case identification for 32 periods of 
development was conducted and 28 th models as well as 28 models in states space 
were obtained (table 2).  
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Table 1. Data based on testing data IEEE RST concerning the see system development 
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Table 2. Example data for identification of the SEE model development 

 

 
Then, ai parameters from th models were used as inputs and bi parameters were 

used as outputs of the models and identification of the development model was 
conducted which resulted in obtaining a dynamic model od SEE system 
development as a developing system, which for the output y1  and for the term 

θ  B1(q) B2(q) A(q) 

1 arx414 0.004574 q^-4 -0.567 q^-4 1 - 0.4204q^-1 - 0.0008252q^-2 + 
0.002647q^-3 + 1.163q^4 

2 arx414 0.004574 q^-4 -0.567 q^-4 1 - 0.4204q^-1 - 0.0008252q^-2 + 
0.002647q^-3 + 1.163q^4 

3 arx114 -0.1268 q^-4 -0.8978 q^-4 1 - 0.707 q^-1 
... ......... ............ .................. ................................................. 
25 arx114 -0.04534 q^-4 0.5382 q^-4 1 - 0.5538 q^-1 
26 arx214 -0.05215 q^-4 0.5396 q^-4 1 - 0.6126 q^-1 + 0.09865 q^-2 
27 arx111 -0.06659 q^-1 -0.03003 q^-1 1 - 0.3661q^-1 

28 arx311 -0.07288 q^-1 -0.02269 q^-1 1 - 0.2558  q^-1 - 0.006983 q^-2    
- 0.1034 q^-3 
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B2(q) of the th model (table 1) and A(q) has the following form in the states space. 
A model obtained in his way is a development model and contains information 
both about parametric and structural changes.  

.
,6434.8332586.0

,223

,7223

,2.1

11

432114

432143

432132

43121

xy
uuuuxx

uuuuxx

uuuuxx

uuuxx

=
++++−=

+−−−=

++++=

−++=

⋅

⋅

⋅

⋅

    (13) 

If we make an attempt at interpreting 4 obtained state variables for the 
continouos linear model it turns out that [2,7,8,10,25-27]: 

x1 – state variable defining the influence of the situation one year ago has the 
value of the term A(q-1) as a term that is connected with y1(K,θ) i.e. forecast power 
of generators,  

x2 – derivative of state variable defining the influence of the situation 1 year ago 
on the value of  the term A(q-1) as a term that is connected with y1(K,θ) i.e. 
forecast power of generators, i.e. specific speed of changes of the term A(q-1) in 
the period of 1 year, 

x3 – second derivative of state variable defining the influence of the situation one 
year ago on the value of the term A(q-1) as a term that is connected with y1(K,θ) 
i.e. forecast power of generators, i.e. specific speed of changes of the term A(q-1) 
in the period of 1 year, 

x4 – integral of the state variable defining the influence of the situation one year 
ago on the value of the term A(q-1) as a term that is connected with y1(K,θ) i.e. 
forecast power of generators, i.e. specific yearly mean value of the term A(q-1). 
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Fig. 3. Flowchart of state variable for equation (13) 
 
Models for the remaining outputs may be obtained in a similar way, i.e. for the 

remaining elements of the term A(q), i.e. in the discussed example A(q-2), A(q-3), 
A(q-4), A(q-5), A(q-6). 

Defining the efficiency of the SEE system as a developing system we obtain the 
efficiency run e.g. one presented in fig. 1 (operational efficiency) i.e. : 

,
),(
),(2

),(
),(

),(
2

1

qKA
qKB

Ku
Ky

KD ==Λ
θ
θ

θ        (14) 

where: y1(K,θ) – forecast Power of generators [kW], u2(K,θ) – forecast demand for 
the increase of active power P [kW], A(K,q) – the term connected with y1(K,θ) 
defining the degree of the influence of situations from previous years on the current 
value of the index, B2(K,q) – the term connected with the input variable u2(θ) 
expressing forecast demand for the increase in the active power P [kW]. 

Thus: 
)6()5()4()3()2()1(),( −Λ+−Λ+−Λ+−Λ+−Λ+−Λ=Λ qqqqqqKD θ   (15) 

where e.g.: 
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Efektywność systemu SEE dla wyjścia y1, wejścia u2 oraz członu A(q-1) oraz B2(q-1)
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Fig. 4. Operational efficiency of the SEE system for the output y1 (forecast power of generators) 
and for the input u2 

 
3. FINAL REMARKS AND DIRECTIONS  

FOR FUTURE RESEARCH 
 
Using testing numerical data IEEE RST [4,12,18,25,26] it is possible to design 

statistical models of electrical power system (SEE) development in the form of th 
matrices or models in the states space [2,7,8,17,20,25,26]. However, such a model 
is still a statistical model, being, on the other hand, possible for making predictions 
concerning development, but not meeting the requirements and conditions of 
dynamic models in the full meaning of this word – developing systems [20]. The 
second part of this paper (Part II) shows a method and research results of obtaining 
the dynamic models of SEE system development and a method of development 
assessment of developing electrical power systems development from the point of 
view of efficiency.   

Obtaining a model of state variables for development processes of huge systems 
like The Electrical Power System (EPS) seen as self-evolving system such as 
deserted factories (without people) is connected with the identification of the 
system using statistical data [19]. In the case considered, arx method was used for 
the purpose of identification and the following: arx654 model, transmittance tf 
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model and finally state variables model: A, B, C, D matrices were obtained 
successively as relation (6) and (13) [25,26].  

Then, it is convenient to present radical lines e.g. Evans’ radical lines, which 
show structural changes and parametric changes in the development (fig. 2). First, 
changes for discrete models were examined; then the same was done for 
continuous models.  Each change in the structure results in a new radical line (or its 
absence), and parametric changes mean selecting new radicals situated on the 
existing lines.  Furthermore, it is possible to conduct research concerning 
regularities in the development for the remaining EPS system outputs, and examine 
the control system for various periods of the EPS system  functioning and in 
greater or smaller detail, which this paper does not include.  
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