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ABSTRACT: The article discusses the problem of the determination of savings on active energy as a result of a reactive power com-

pensation. Statutory guidance on the required energy audit to obtain white certificates in the European Union was followed. The 

paper presents a detailed analytical method and an estimation method taking into account the impact on the line, the transformer and 

the generator. The effect of the reactive power compensation on the environment in accordance with relevant laws was estimated. 

Discussed method is particularly helpful in the calculations for simple network topology generator-network-receiver. The analysis 

was performed using the energy equivalent of reactive power. The effect of the reactive power compensation on the security of the 

power system has been omitted. The presented simplified method for determining the transmission loss is particularly useful in eco-

nomic operations. It is useful when the electricity audit covers many connection points, and it is impossible the implementation of 

accurate calculations. 
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1. INTRODUCTION 

The system that grants and awards white certificates 

is a means to promote energy efficiency in Europe. 

In Poland, its activities began at the end of the year 

2012. These are certificates that confirm energy 

savings as a result of investments in an improved 

energy efficiency. This is a certification of those 

investments that reduce power consumption by 

reducing the negative environmental impact. An 

entity that is required to settle the obligation to 

redeem the required number of white certificates 

may obtain these certifications by implementing 

projects to improve energy efficiency, or it may 

purchase them at the National Energy Exchange or 

the European Energy Exchange (EEX), or at any 

other international stock exchange. An energy audit 

is an element that makes the settlement of the 

actions undertaken possible [1, 2, 3, 4, 5, 19]. 

In the light of the current Polish legal regulations [1, 

2, 3, 4, 5, 6, 22, 23], the activities under a selected 

project may relate to those investments that have 

already been realized, that is only the settlement of 

the previously found savings on primary energy, and 

to future measures to reduce energy consumption. 

However, according to [1 Art.18.2], those projects 

aimed at an improvement of energy efficiency that 

were completed before 1 January 2011 cannot be 

submitted to participate in tenders. 

The numerous measures whose purpose is to 

improve energy efficiency [7, 21, 22, 23, 24, 25] and 

which offer the opportunity to apply for white 

certificates, include a reactive power flow reduction 

[2 p.7 § 5.2]. The Law on the detailed scope and 

method of the preparation of an energy efficiency 

audit [2] indicates that this activity is based on the 

measurements and analyses of the location of the 

compensator. 

The legislature, however, does not specify how to 

perform analyses when determining final energy 

savings for a project whose objective is a reduction 

of the reactive power flow. As clarified by the 

Energy Regulatory Office [6], the subject of energy 

savings is always active electric energy that is saved 

as a result of efforts to reduce reactive energy 

consumption. Support in the form of energy 

efficiency certificates is addressed to projects in the 

area of savings on active energy, and a reduction of 

the reactive power flow constitutes a method to 

reduce losses on active power.  

The relevance and significance of “white 

certificates” mentioned in the title and in the paper 

are energy savings certifications that are not in 

widespread use outside of Europe, but are used in 

some European countries. 

The power factor correction procedure must be 

regarded as an auxiliary method of a reduction of 

transmission losses (lines, transformers) and of 

production losses (the generator). An engineering 

approach in this area will involve a determination of 

savings on primary energy (individually on each grid 

element) being the result of reducing reactive power 
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flows. In this publication, this method will be 

referred to as a thorough audit.  

An analysis in a detailed and simplified audit should 

be prepared by means of the balance method [2, 4]. 

The method presented below affects the most 

important elements in the power distribution system 

by choosing the shortest route which connects the 

generator with the reactive power compensation 

location. 

2. POWER LOSS AT A SECTION OF THE 

TRANSMISSION LINE 

A total compensation of reactive power flows in the 

grid is practically impossible. These flows cause the 

following to occur in a section of the line: 

 an increase of active power losses, 

 a limitation of the active power transfer, 

 an increase of current and voltage drops, 

 an increase of investment outlays, 

 difficulties in the work of grid elements 

(increased overvoltages). 

Limitations of the bandwidth consumption by power 

equipment are the result of rated current values, 

which causes heating of devices. The ratio of active 

power P transmitted to power factor cosφ is constant 

(when U = const) [8, 9, 18]: 
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This condition means that when the power factor on 

the grid has been reduced, the power equipment 

throughput decreases. 

The transmission line on one phase can be described 

with impedance R + jX [10]. The phenomena for one 

phase are presented below. For a real three-phase 

system, in each phase are similar relationships. 

 

 

 

 

 

Figure 1. Circuit power model 

Active power losses on element R + jX can be 

described with the following equation [20]: 
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where: P, Q – active and reactive power respectively 

that flows through the grid element, R, X – the re-

sistance and reactance respectively of the grid ele-

ment, U – voltage on the grid element. 

In the remainder of this publication, the symbol L is 

a power or energy dissipation. 

 
 

 

 

 

 

 

Figure 2. Circuit power model with compensator 

As a result of a power factor correction, the reactive 

power flow through the line is reduced. With partial 

compensation, the remaining reactive power 

continues to load the flow. The difference between 

the active power loss (2) determined prior and after 

compensation is a profit on active power in the mth 

section of the transmission line: 

,    ,
2

$$2

2

$ pPmPmm

m

KK
Pm TPAR

U

QQQ
P 




 (3) 

where: QK – power of compensator, Tp – work time 

of compensator QK, $AP – profit on active power. 

In the remainder of this publication, the symbol $ is 

the profit which was due to a reduction of power or 

energy dissipation. 

The auditor, when using Formula (3), needs to know 

the network topology, the length of the mth section of 

the line, the conductor cross-section area and the 

conductivity of the conductive material. When 

determining the savings on active energy by reactive 

power compensation, one needs to know the 

operation time Tp of compensator QK. 

3. POWER LOSSES IN A TRANSFORMER 

DUE TO REACTIVE POWER FLOW 

In the physical sense, Equation (2) applies to the 

lines and transformers. Reactive power flows 

through the transformer cause an increase of active 

power losses in the transformer. Load losses LPoT 

are the result of the flow of current I through the 

winding; hence, they can be described as losses in 

lines: 

ToTL RIP 23  (4) 

where: RT – resistance of a single phase of the trans-

former. 

Load losses LPonT at nominal current flow InT will 

be as follows: 

.3 2

TnTonTL RIP   (5) 

By dividing both sides of Equations (4) and (5), 

a dependence is obtained which allows one to 

determine losses at any transformer load with 

nominal power SnT, depending on load losses at 

nominal load LPonT (from the transformer’s 

datasheet). 
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where: LPonT – nominal load power dissipation, SnT 

– nominal power of the transformer. 

As a result of the compensation, reactive power will 

be reduced: 

,1 KK QQQ   (7) 

where: Q1K – reactive power after compensation, Q – 

reactive power before compensation, QK – power of 

the compensator. 

Savings on active power losses in the wth 

transformer using reactive power compensation in 

the receiver are equal to the difference of losses 

before and after compensation: 
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The following value is a profit on active energy 

generated in the transformer under examination that 

is lost as a result of a reactive power compensation: 
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where: Q – the total reactive power of all receivers 

that operate on the secondary winding of the 

transformer. 

4. POWER LOSSES IN THE GENERATOR 

DUE TO THE FLOW OF REACTIVE 

POWER 

A reactive power flow through the windings of a 

generator causes a reduction of the possibility of 

active power generation. Apparent power, which is 

supplied to the network, causes heating of the 

generator windings. The power of the turbine which 

works with the generator is matched to the active 

power of the generator that is to operation at a 

nominal power factor. When the power factor is less 

than nominal, it is impossible to use the full power 

of the turbine due to the thermal load of the 

generator. Moreover, an increased reactive power 

flow causes a demagnetization of the rotor and 

a reduction of the electromotive force of the 

generator. The control system, which controls the 

voltage of the synchronous generator, must increase 

the excitation current. The permissible value of the 

current cannot be exceeded, as when the generator 

returns reactive power that is greater than nominal, 

in order to maintain the nominal voltage and not to 

exceed the thermal load of the rotor, it is necessary 

to reduce the active power generated. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Pie chart that shows the acceptable area of the gener-

ator’s activity, where: UGN – nominal voltage, SN – rated power 

generator, 1, 2, 3 curves correspond to the value of the voltage 

at the generator terminals: 1.1 UGN, UGN, 0.9 UGN 

For large synchronous generators, any additional 

power losses caused by the generation of reactive 

power are negligible. They consist of small losses in 

the winding, which has a low resistance, and of 

additional losses in the coil winding. 

In the case of asynchronous generators, reactive 

power must be supplied from the network or from 

the compensator with an individual compensation. 

Apart from limitations associated with the thermal 

conditions of the operation point, the synchronous 

generator is additionally subject to restrictions that 

result from the following: permissible currents of the 

stator and the rotor, the shaft power available and 

the limit balance conditions of cooperation between 

the generator and the power system. These 

restrictions are presented in a pie chart of the 

generator in Figure 3 [13]. The work area  for the 

nominal voltage is marked with the “a-b-c-d-e-f-a” 

outline. The change area of the reactive power ratio 

in the power system is limited with the “a-b” section 

of the permissible operation of the generator, which 

represents the limit of the maximum excitation 

current of the generator. 

It is difficult to recount the impact of reactive power 

generated in the receiver to the balance of active 

power in the generator. 

A simplification of this task is based on similarities 

in the electrical properties between the transformer 

and the generator. Equations (4), (5) and (6) are used 

and a formula is substituted in accordance with 

Equation (9), in order to determine savings on active 

power in the generator as a result of reactive power 

compensation in the receiver: 
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where: LPonG – load losses at a nominal current 

flow through the generator, SnG – nominal power of 

the generator. 

The production costs of reactive power in generators 

are substantially smaller than in receivers. However, 

the production of reactive power in the generator 
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increases the transmission costs of reactive power in 

the network. Therefore, from an economic point of 

view, the production of reactive power in the 

generator and its transmission to customers is 

unprofitable. 

5. CUMULATIVE IMPACT ON THE ENTIRE 

NETWORK 

Energy saving that results from the reduction of 

active power losses in all the parts of the network by 

using the reactive power compensation of the 

receiver requires knowledge of the network topology 

and the determination of Relationships (3), (9) and 

(10). 
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where: $AbTw – active energy saved in the wth trans-

former, $AbLm – active energy saved in the mth sec-

tion of the line. 

Apart from the knowledge of the network topology, 

the determination of value (11) requires the 

measurement of power Q at each point in the 

network. This information is not available for every 

point in the network.  

Moreover, in those cases where the reactive power 

in Z recipient (fig. 1) is not equal of the total reactive 

power which flow through w and m network element 

(considered in eq.11), formulas (3, 9, 10) are not 

real.  

A solution to this problem might be the use of the 

ratio which was determined in the mid twentieth 

century: the energy equivalent of reactive power 

[17]. This ratio is defined as the differential of the 

active power losses in relation to reactive power. 

When counting it in relation to equation (2), the 

following is obtained: 
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The value of coefficient ke strongly depends on 

reactive power, and it varies with changes to this 

power. This quantity permits one to calculate the 

change of active power losses caused by changes to 

reactive power that is collected at a given point in 

the network. The value of this factor depends on the 

value of reactive power and the distance of the point 

analyzed to source, whose measure is resistance R. 

According to the literature [11, 12], the value of this 

coefficient is determined for the minimum and 

maximum reactive power loads. 

Table 1. Example Values of  ke 

Type of grid ke min ke max 

220 kV, 400 kV 0.04 0.08 

110 kV 0.06 0.1 

1  60 kV 0.08  0.1 0.12  0.15 

to 1 kV 0.12  0.14 0.18  0.22 

In order to estimate how much power losses are 

reduced in the grid that supplies a given network 

point as a result of the installation of a battery of 

condensers, it is enough to multiply the value of the 

reactive power energy equivalent for this point by 

the power of the battery installed. Due to the 

variability of the load, the average value of the 

reactive power energy equivalent in a given network 

node is accepted in calculations. The reduction 

amount of losses is calculated from the following 

formula: 
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The reduction amount of the energy loss is 

calculated by multiplying the value of the power loss 

reduction by the operating time of capacitor battery 

Tp: 
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Figure 4. The values of the energy equivalent of reactive power estimated in 2007 [10]

The value of the energy equivalent of reactive power 

ke depends on the following: 

 the load of the network - an adoption of the 
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values is only a partial correction of an error in 

estimation; 

 the distance of the point analyzed in the network 

(the resistance path from the generator to the point 

analyzed in the network); 

 ke coefficient varies greatly in different areas. In 

some 110 kV stations, in certain load conditions, it 

may accept negative values. 

This means that an estimation of the reduction of 

losses based on the energy equivalent of reactive 

power is burdened with significant errors. In 

addition to this, there are no real values of ke. The 

values (presented in table 1) reported in the literature 

are derived from Soviet literature from before the 

mid-twentieth century. The values of ke has been 

updated in 2007 [10]. This value has been 

determined on the studies of a typical Polish power 

system. The study was performed by analyzing the 

various components of a typical transmission line. 

The final results were determined by the sum of the 

ke coefficients for all elements of the energy system 

between the source and the network endpoint. The 

results are shown in figure 4. 

Collected values are several times lower than those 

of the table 1. The development of the power system 

(i.e.: increase power ratings of generators and 

transformers, increasing the voltage of the 

transmission and the number of connections between 

nodes) causes a decrease in the value of the energy 

equivalent of reactive power. In the medium-voltage 

network increased nominal voltage and cable cross-

sections, and shortened the length of circuits. 

The individual variables in the equation (14) have 

random distribution of errors. 
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where:  
X

f



  - partial derivative equation f with respect 

to variable X,  Xx  - error on variable X. 

For the function shown in equation (14) and (12), 

error limit of energy savings is: 
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In equation (16) error on voltage U has been 

omitted. 

The value of the energy equivalent of reactive power 

is used in the economic calculations when selecting 

the transformer (taking into account the effect of 

reactive power dissipated in the transformer active 

power losses in the power supply), and in assessing 

the effectiveness of reactive power compensation in 

order to determine the profit resulting from the 

reduction of active power losses due to reactive 

power compensation [10]. 

6. POWER ENGINEERING AUDIT WITH 

ESTIMATION METHOD 

Methods for determining power losses, which are 

presented in sections II, III and IV require use of the 

calculation of power values measured at each point 

in the network. In practice, the auditor does not have 

as accurate information. 

In the absence of the required data, the auditor will 

have to use estimation methods. For a network for 

which energy equivalents of reactive power were 

determined, estimation will come close to real 

values. For the remaining networks, the average 

values of coefficient ke (13) need to be accepted as 

shown in Figure 4 and Table 1. 

In fact, the operating time of the bank of capacitor Tp 

(14) is difficult to estimate. However, by using the 

power values averaged over the period (for example, 

taken from the invoices billing), you can tell the 

time T is the number of days in this period. 

The balance is prepared for one calendar year by 

making adequate measurements and calculations [2, 

section 5 § 5.2]. The values of the average power / 

energy determined in billing invoices can be used as 

input data. This can be determined when using 

advanced electronic energy meters, which possess 

separate individual records with a division into 

inductive and capacitive reactive power. For this 

purpose, it is best to accept the entire billing year in 

an analysis, including all the seasons, and which 

consists of n-billing periods. Before the power 

compensation, the average power factor for the 

inductive and capacitive components, respectively, 

is as follows: 
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where: AQ0Ln, AQ0Cn – inductive and capacitive reac-

tive energy respectively, read out from nth invoice, 

AP0n – active energy. 

Index "0" describes the variables that occur before 

compensation, and "1" describes the variables that 

occur after compensation. 

When carrying out an audit for a project that has 

already been realized, in analogy to (17), the values 

of the power factor after compensation tan1L and 

tan1C need to be determined taking readings from 

subsequent invoices. Otherwise, it must be assumed 
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that the compensation will be done correctly when 

tan1 power factor is less than or equal to the 

contractual power factor. 

The remaining reactive energy compensation is as 

follows: 
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Therefore, reactive power reduced by the 

compensator in the nth billing period is equal to: 
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where: AkL – reactive inductive energy reduced by 

the bank of capacitors, AkC – reactive capacitive en-

ergy reduced by the bank of coils. 

Taking the energy equivalent of reactive power 

determined for the point being the closest to 

compensation according to Equation (14), the value 

of active power reduction in the network caused by 

compensation AkL and AkC in the nth billing period is 

as follows: 
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Losses should be taken into account on all the 

elements of the network in the area between the 

compensation point and the point of ke factor 

determined. Assuming that in this area there is only 

a line segment, the resistance value of the line is to 

be determined (neglects the skin effect): 
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where: l – length of the line, s – cross-sectional area, 

 - conductivity of the material, and use Equation 

(3); therefore: 
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where: $APL – active energy savings on the section 

of the line through the inductive reactive power 

compensation, $APC – active energy savings on the 

section of line through the capacitive reactive power 

compensation, T – total number of days of the in-

voices analyzed, i.e.: 
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In the formulas (22) and (23), all parameters are 

values averaged throughout the period. Thus, the 

variable T corresponds to the length of the period. 

The measurement of reactive power collected and 

given back is conducted in the energy meter. It 

records these two parameters at different moments 

and in separate registers. This is due to the fact that 

at a given moment of time, reactive energy cannot 

flow in two directions simultaneously. It is permitted 

to totalize active energy savings through the reactive 

power compensation, which has an impact 

throughout the billing period. 

The total final energy savings (within the meaning 

of the Act [1 Art.3, section 5]) constitute the sum of 

active energy savings resulting from compensation: 
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In accordance with the guidelines of the 

International Energy Agency (IEA) and the 

Organisation for Economic Co-operation and 

Development (OECD), the value of (24) expressed 

in the tons of oil equivalent (toe) is: 
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The average annual primary energy savings referred 

to in [1 Art.3, section 3] in accordance with [2, 

Annex 2, eq.29] are equal to: 
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where: $Ap – the amount of primary energy sav-

ings expressed in primary fuel [kWh / year] or [GJ / 

year], $A – final energy savings, expressed in 

[kWh / year] or [GJ / year], wi – effort ratio of non-

renewable primary energy which depends from the 

final energy carrier (Table 2). 

Table 2. Effort Ratio of Non-Renewable Primary Energy for 

the Production and Supply of Electric Energy 

Source of electric energy wi 

mixed-mode production 3.0 

production of electricity from solar energy 0.7 

The wi factor is defined according to the fuel or 

energy source used in a given country, which 

according to [14, Appendix 5, Table 1] should be 

one of the values (for example, in Poland): 

Table 3. Example WECO2 Reference CO2 Emission Factors for 

Fuels [16] in Accordance with the Guidelines of the Intergov-

ernmental Panel on Climate Change (IPCC) from the Year 

2006 

Fuel type 

CO2 emission 

factor 
[MgCO2/TJ] 

petroleum 73.3 

shale oil 73.3 

gas / diesel oil 74.0 

ethane 61.6 

solvent naphtha 73.3 
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petroleum coke 97.5 

refinery gas 51.3 

coking coal 94.5 

lignite 101.1 

bituminous coal 94.2 

natural gas 56.1 

industrial waste 142.9 

waste oils 73.3 

peat 105.9 

By analogy to (26), primary energy can be 

represented in toe: 

.$ $ itoetoep wAA   (27) 

For a specified value of $Ap expressed in [kWh / 

year], the reduction of CO2 emissions in a year is 

determined according to [15, Appendix 1, Table 2]: 

 ,/   106.3
2

3

$2$ yearkgweAE COpCO    (28) 

where: weCO2 – CO2 emission factor for fuels. 

The quantity of the reduction of CO2 emissions is 

calculated using CO2 emission factors contained in 

[15] and under the EU Emissions Trading System 

(EU ETS) for a given year. 

White certificates are purchased as a result of a 

tendering procedure. A project aimed at an 

improvement of energy efficiency, as a result of 

which energy savings in (26) are obtained in an 

amount being an equivalent to at least 10 toe on 

average over the year, can be included in a tender [1, 

Art.18.1]. Several projects of the same type aimed at 

an improvement of energy efficiency, as a 

consequence of which the total energy savings are 

achieved in the amount being an equivalent to at 

least 10 toe on average over a year, may be brought 

together. 

7. CONCLUSION 

The methods proposed for the determination of 

savings on active energy as a result of the reactive 

power compensation carried out (which were 

presented in sections II, III and IV) possess some 

errors and inconvenience. The detailed method 

requires knowledge of the network topology and 

a determination of reactive power Q at each point of 

the network. This method of analysis is easy in 

execution, especially if the consumer of energy is 

the main or the most significant purchaser of 

electricity in the network. 

In other cases, an estimated method (section VI) can 

be used, which requires the knowledge of the values 

of ke factor: the energy equivalent of reactive power. 

The disadvantage of this method is the inaccuracy of 

calculations, which is dependent from the error in 

the determination of ke coefficient. 

This is the only way of making an energy audit, 

particularly in countries where the energy grid is not 

fully measured, although the calculation error is 

large. In the absence of ke coefficient, it may be 

assumed approximate values which are shown in 

Figure 4 - according to the literature [10].  

The presented method for calculating losses is useful 

for economic analysis. In the event that a complex 

audit covers many terminal nodes in the network 

(for a large company with many subsidiaries), the 

resultant error committed in this method will be less 

than for a single consumer. The use of approximate 

methods for the designation of white certificates is 

justified because other audits (non-electric), also 

based on the approximate coefficients. 

8. REFERENCES 

1. Journal of Laws of the Republic of Poland No. 

94 on 15 April 2011, position 551, Ustawa o 

efektywności energetycznej, (2011). 

2. Journal of Laws of the Republic of Poland on 10 

August 2012, position 962, Rozporządzenie 

Ministra Gospodarki w sprawie szczegółowego 

zakresu i sposobu sporządzania audytu 

efektywności energetycznej, wzoru karty audytu 

efektywności energetycznej oraz metod 

obliczania oszczędności energii, (2012). 

3. Journal of Laws of the Republic of Poland on 4 

September 2012, position 1039, Rozporządzenie 

Ministra Gospodarki w sprawie sposobu 

obliczania ilości energii pierwotnej 

odpowiadającej wartości świadectwa 

efektywności energetycznej oraz wysokości 

jednostkowej opłaty zastępczej, (2012). 

4. Journal of Laws of the Republic of Poland on 23 

November 2012, position 1227, Rozporządzenie 

Ministra Gospodarki w sprawie przetargu na 

wybór przedsięwzięć służących poprawie 

efektywności energetycznej, (2012). 

5. Announcement Polish Minister of Economy on 

21 December 2012, Obwieszczenie Ministra 

Gospodarki w sprawie szczegółowego wykazu 

przedsięwzięć służących poprawie efektywności 

energetycznej, (2012). 

6. Public Information Bulletin of the Energy 

Regulatory Office, Zestawienie odpowiedzi na 

najczęściej zadawane pytania dotyczące systemu 

wsparcia efektywności energetycznej. 

7. Kołodziej, K., Implikacje Ustawy o efektywności 

energetycznej dla energetyki zawodowej i 

przemysłu, Elektroenergetyka, Vol. 11-12, No. 

1-2, pp.119-127, (2012). 

8. Duer, S., Zajkowski, K., Training of an artificial 

neural network in the diagnostic system of a 



  

 61 

technical object, Neural Computing and 

Applications, Vol. 22, No. 7-8, (2013). 

9. Zajkowski, K., The method of solution of 

equations with coefficients that contain 

measurement errors, using artificial neural 

network, Neural Computing and Applications, 

Vol. 24, No. 2, pp. 431-439, (2014). 

10. Szpyra, W., Wpływ mocy biernej na straty w 

sieci. Energetyczny równoważnik mocy biernej. 

IV Conference Straty Energii Elektrycznej w 

Sieciach Elektroenergetycznych, Poland, pp. 59-

69, (2008).  

11. Szpyra, W., Efektywność kompensacji mocy 

biernej stanu jałowego transformatorów SN/nn, 

Przegląd Elektrotechniczny, 2,  (2011). 

12. Marzecki, J., Analiza ekonomiczna 

elektroenergetycznych sieci terenowych, 

Przegląd Elektrotechniczny, 4, (2005). 

13. Sulkowski, M., Kompensacja mocy biernej – cel 

oraz skutki nieprawidłowego doboru urządzeń, 

ELMA ENERGIA, availble: http://www.elma-

energia.pl 

14. Journal of Laws of the Republic of Poland No. 

201 on 6 November 2008, position 1240, 

Rozporządzenie Ministra Infrastruktury w 

sprawie metodologii obliczania charakterystyki 

energetycznej budynku i lokalu mieszkalnego lub 

części budynku stanowiącej samodzielną całość 

techniczno-użytkową oraz sposobu sporządzania 

i wzorów świadectw ich charakterystyki 

energetycznej, (2008). 

15. Journal of Laws of the Republic of Poland No. 

183 on 12 September 2008, position 1142, 

Rozporządzenie Ministra Środowiska w sprawie 

sposobu monitorowania wielkości emisji 

substancji objętych wspólnotowym systemem 

handlu uprawnieniami do emisji, (2008). 

16. Ministry of Environment, Wartości opałowe 

(WO) i wskaźniki emisji CO2 (WE) w roku 

2009 do raportowania w ramach Wspólnotowego 

Systemu Handlu Uprawnieniami do Emisji za 

rok 2012, http://www.mos.gov.pl/, (2009). 

17. Coroama, I., Gavrilas, M., Ovidiu, I., A Genetic 

Algorithm Approach to Voltage-VAR Control in 

Systems with Distributed Generation, Selected 

topics in mathematical methods and 

computational techniques in electrical 

engineering, Politehnica University of 

Timisoara, Romania, (2010). 

18. Smyczek, J., Zajkowski, K., Simulation of 

overvoltages for switching off lagging load from 

mains, ISC'2004, University of Malaga, Spain, 

EUROSIS-ETI, pp. 278-281, (2004). 

19. European Commission, Directive of the 

European Parliament and of the Council on 

energy efficiency and repealing Directives 

2004/8/EC and 2006/32/EC, COM (2011) 370, 

Brussels, (22.6.2011). 

20. Zajkowski, K., Analysis of the transient in the 

resistive-inductive circuits in terms of 

minimization of switching surges, Monography, 

Wydawnictwo Uczelniane Politechniki 

Koszalińskiej, Koszalin (in Polish), (2011). 

21. Hu, Z., Han, X., Wen, Q., The Prospects of 

Demand-Side Management, Integrated Resource 

Strategic Planning and Power Demand-Side 

Management, Power Systems, pp 471-528, 

(2013). 

22. Batlle, C., Electricity Retailing. Regulation of 

the Power Sector, Power Systems, pp 443-499, 

(2013). 

23. Hollo, E.J., Climate Change and the Law, 

General Reports of the XVIIIth Congress of the 

International Academy of Comparative 

Law/Rapports Généraux du XVIIIème Congrès 

de l’Académie Internationale de Droit Comparé, 

pp. 229-272, (2012). 

24. Labanca, N., Perrels, A., Editorial: Tradable 

White Certificates - a promising but tricky policy 

instrument, Energy Efficiency 1, pp. 233–236, 

(2008). 

25. Benedict Blumer, Y., Mühlebach, M., Moser, C., 

Why some electricity utilities actively promote 

energy efficiency while others do not—a Swiss 

case study, Energy Efficiency, (2014). 

 

http://www.elma-energia.pl/
http://www.elma-energia.pl/
http://www.mos.gov.pl/
http://link.springer.com/search?facet-author=%22Zhaoguang+Hu%22
http://link.springer.com/search?facet-author=%22Xinyang+Han%22
http://link.springer.com/search?facet-author=%22Quan+Wen%22
http://link.springer.com/search?facet-author=%22Carlos+Batlle%22
http://link.springer.com/search?facet-author=%22Erkki+J.+Hollo%22

