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Abstract. One of the problems of the Latvian economy is related to the energy sector. In this sector the in-
creasing competition is related to regional market expansion, building new transmission connection; fuels 
and electricity market price conjuncture significant change; energy efficiency requirements increasing, re-
newable energy requirements increasing and new market regulatory mechanisms. The system dynamics 
model can solve sector competitiveness problems. With the help of the developed model, it has been esti-
mated that increase in total electricity consumption (around 10%) can be expected in Latvia during the 
next 10 years. Decline in electricity loss and electricity imports is predicted. Increase of the capacity of 
production means and the amount of the produced energy is being forecasted. 
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1. Introduction 

Many of the optimization methods used for making 

long-term forecasts of the Latvian electricity sup-

ply are based on voluminous data analysis, detailed 

assessment of consumption and delivery structures 

for various scenarios. Updating of complex models 

is time-consuming. Often the obtained results have 

not provided the desired results. They have been 

usable for relatively short periods of time because 

changes in the influencing factors and economic 

situation have overtaken the corrections made 

within evaluations. It creates the need to simulta-

neously apply system dynamics methods, of less 

details and accuracy, however it allows performing 

evaluation of optimization of development scenar-

ios. Especially in cases where decisions on strate-

gic projects must be made within tight deadlines, 

which significantly affects several economic sec-

tors and electricity supply services. 

Modelling of energetic processes and systems 

is a task that has undergone a huge growth process 

during the last years. The total number of available 

energetic models has increased enormously, result-

ing in vastly differing energetic models; thus, a 

question arises concerning which of the models is 

more appropriate for a specific goal or situation. 

The aim of this research is to create system 

dynamic model taking into account interdepend-

ance of cogeneration plants and implementation of 

renewable resources in electricity and heat supply. 

Literature contains a wide classification of 

models (Timilsina 2011), by their type of use 

(Ozoliņa, Počs 2013), methods (Herbst et al. 

2012), application at a geographical scale (region-

al, state) (Kavrakoğlu 1980; Schulz, Stehfest 

1984), regional and state specifics (Groscurth, 

Kümmel 1989). It is possible to group the models 

as ascending or engineering models, and descend-

ing or macroeconomic models (van Beeck 1999; 

Grubb et al. 1993). They are based on various 

groups of methods, including cost-output tables 

(Nathani 2006), models of agents and multi-agents 

(Kremers 2013), stochastic models (Wallace, Flet-

en 2003), determined (Zeng et al. 2011), fuzzy log-

ic models (Kagan, Adams 1994; Sadeghi, Hosseini 

2006), models of interval mathematical program-

ming (Huang et al. 1995; Yeh 1995). Most often 

hybrid systems are applied in forecasts of energy 

demand and offer in 29 European countries (Schade 

et al. 2009). In recently developed models increas-

ing amount of attention is devoted to reducing emis-

sions and use of renewable energy resources (Mar-

tins et al. 1996; Kélouwani et al. 2005). 

Existing engineering models evaluate energy 

supply systems mainly through analysing infor-

mation on costs and prices. Thereby, results of 

such models depend on the market model and 
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regulating structures within each market. A large 

number of these models are described in literature, 

and often the provided insight into their applicabil-

ity is of less volume than that into their solving 

methods. Therefore, efficiency of some of these 

researches for infrastructure investors and policy 

makers is not always obvious. 

Macroeconomic energy models attempt to 

show economy in general – at a state or regional 

level. They contain an overall technological de-

scription and do not provide sufficient indications 

regarding the possibilities of technological pro-

gress. 

Methods of Fuzzy Mathematical Program-

ming (FMP) can be applied for determining fuzzy 

functions of participation, which can be used with-

in a system of optimization (mainly it applies to 

FPP – Fuzzy Parameter Programming). These 

methods have a characteristic certain subjectivity. 

Secondly, both FFP (Fuzzy Flexible Program-

ming), and FPP solution procedure can lead to 

complex processes. Thirdly, majority of FPP 

methods can result in an unsolved result due to 

increased calculation volumes. 

Stochastic mathematical programming meth-

ods have uncertainties that could be easily pro-

cessed and expressed as probability density func-

tions. However they also have several drawbacks. 

First of all, it is difficult to create a distribution of 

relevant parameters for practical problems. Sec-

ondly, most of these methods are mainly offered 

based on assumptions that distribution of relevant 

parameters is determined. It can lead to system 

non-resolution when parameters are dynamic and 

related to intense variations. Thirdly, requirements 

of stochastic mathematical programming calcula-

tions are relatively high, especially regarding 

large-scale practical tasks. 

Methods based on Interval Mathematical Pro-

graming (IMP) can easily solve uncertainties that 

are impossible to express in the form of intervals. 

However, these methods have drawbacks. Firstly, 

because majority of parameters in IMP program-

ming are expressed in the form of intervals without 

information on distribution, it can lead to dispro-

portionate simplification of real problems if any of 

the parameters could be expressed with the help of 

a probability. If interval ranges are wide, the model 

of optimization could become irresolvable. 

In addition to theoretical literature the follow-

ing practically-applied models have been evaluat-

ed: EFOM-ENV (Energy-Environmental Flow  

Optimisation Model), ENPEP (Energy and Power 

Evaluation Program), LEAP (Long-range Energy 

Alternatives Planning), MARKAL-MACRO, 

TIMES (The Integrated MARKAL-EFOM Sys-

tem), MESAP (Modulare Energiesysemanalyse 

und Planung), MESSAGE-III (Model for Energy 

Supply Strategy Alternatives and their General En-

vironmental), RETscreen (Renewable Energy 

Technology), MERGE (A Model for Evaluating 

the Regional and Global Effects of GHG Reduc-

tion Policies). DIME (Dispatch and Investment 

Model for Electricity markets in Europe), E3ME 

(E3: Energy-Environment-Economy model), 

NEMS (National Energy Modelling System), 

MAED (Model for Analysis of Energy Demand), 

WASP, RESGEN (The Regional Energy Scenario 

Generator), SAGE (System for the Analysis of 

Global Energy Markets). 

Models practically applied in Latvia are the 

following: WASP (Wien Automatic System Plan-

ning Package 2001), MESSAGE (Schrattenholzer 

1981) UPLAN-E (Latvenergo 1999), and 

MARKAL-LV (Reķis 2014). 

WASP allowed planning of the more rational 

development of power plants through applying the 

least-cost method. However, the drawback of such 

model was that it was not designed for the analysis 

of cogeneration plants; therefore operation of com-

bined heat and power plants (CHPs) was described 

in a very simplified manner. By using this pro-

gramme modelling of Latvian electricity demand 

coverage was performed. It provided the possibil-

ity of constructing a new natural gas power plant 

and/or coal power plant in the Kurzeme Region 

(Liepaja), fully reconstructing the existing Riga 

CHPs. 

MESSAGE software was used in the model-

ling of the energy sector and for the analysis of 

scenarios. This software enables: complex model-

ling of processes of primary energy resources gen-

eration, processing and transporting; complex 

modelling of import and export of primary energy 

resources; complex modelling of transmission and 

distribution of electrical energy and thermal ener-

gy; complex modelling of end end-user consump-

tion of energy and energy resources. 

The aim of MESSAGE project was to develop 

possible development scenarios of the energetic 

sector of the Baltic countries for period up to year 

2030. The project included representatives from 

the International Atomic Energy Agency, NATO, 

Estonia, Latvia, and Lithuania.  

The model of each country included the opti-

mization of the most characteristic elements of en-

ergetics infrastructure. In Estonia they were: ex-

traction and export of oil shale and shale oil; 

generation of electrical energy, mainly in the Nar-

va oil shale power plants; centralized heating sup-
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ply systems in Tallinn, Narva and other cities. In 

Latvia they were: import and export of petroleum 

products; generation of electrical energy at Dauga-

va HES cascade and Riga combined heat and pow-

er plants; centralized heating supply systems in 

Riga and other cities. In Lithuania they were: ex-

traction, processing, import, and export of petrole-

um products; generation of electrical energy at the 

Ignalina NPP; condensing of natural gas/fuel oil at 

the electrical power plant and combined heat and 

power plants; import of nuclear fuel; hydro accu-

mulation power plant; centralized heating supply 

systems in Vilnius, Kaunas, Klaipeda, and other 

cities. Besides, import of natural gas and coal, ex-

traction of peat and wood, production of peat bri-

quettes and biogas, transport and distribution of 

fuels, conditions of electricity transmission, end-

user consumption of energy and fuels in industry, 

agriculture, transport, commercial sector, and that 

of population. 

The modelling results showed that after year 

2015 more attention has to be devoted to CO2, and 

especially NOx emissions. 

With the help of program “Uplan-E” a plant 

that generates the least costs for the Baltic region 

was calculated. Specialists from Eesti Energijas, 

Lietuvos Energijas, DC Baltija, and Latvenergo 

participated in the development of this plan. 

The used Uplan-E program correctly optimiz-

es only condensation power plants. In order to op-

timize TEPs, which play a key role in Latvia, the 

given version of Uplan had to be subjected to vari-

ous artificial assumptions. These assumptions de-

creased the accuracy of calculations.  

A modification of the model was developed 

for prevention. The principle idea of an improved 

cogeneration model was to find a combination of 

generation equipment that would ensure sufficient 

safety and lower costs for the supply of thermal 

energy and electrical energy. The cogeneration 

model had to compare generation of thermal ener-

gy and electrical energy in cogeneration power 

plants through producing them separately (thermal 

energy – at boiler houses, electrical energy – at 

electrical power plants). 

With the use of MARKAL-LV model the 

primary types of Latvian resources consumption 

were determined for the period up to year 2030; 

transformation sector was characterized; cost anal-

ysis was performed in the modelled scenarios. 

An important next step in the development of 

a system dynamics model of the Latvian energy 

sector was made in year 2009 (Skribans 2010). The 

key role of the model was to forecast energy con-

sumption in separate groups by consumers and by 

groups of energy resources, as well as to assess the 

impact of energy sector on the environment. This 

project still affects the Latvian state policy in the 

field of energetics (Tuvikene et al. 2015), as well 

as in others fields (Zeps, Ribickis 2014; Lapiņa 

2015). However, at the same time new circum-

stances appeared which determine the model appli-

cation actuality in Latvia. The system dynamics 

model of the Latvian energy sector is designed for 

flexible and operative checking of scenarios when 

decisions are made on the realization of strategic 

and large-scale projects, for which the long-term 

impact on costs of electricity and thermal energy 

supply are important. It allows evaluating the com-

petitiveness and mutual impact of these energy 

sub-sectors, as well as the impact on regional trad-

ing aspects. The model follows the mutual impact 

of indicators of the implementation of renewable 

energy resources, energy efficiency and national 

self-sufficiency. The systemdunamic method sup-

plements other methods (Hudenko, Počs 2015). 

2. The method 

This section reflects the model developed in the 

research, describes the applied method, as well as 

the assumptions of the research and model. The 

structure of the model is shown in Figure 1. 

The key role in the model (Fig. 1) is given to 

the electricity consumption unit. Primarily, com-

panies of the energy sector have to provide Latvian 

consumers with the required energy and, second-

ary – they have to compete in international mar-

kets. The electricity consumption unit forecasts 

energy consumption taking into consideration sev-

eral development scenarios of the economic sector. 
 

Electricity

consumption unit

Electricity Market

Unit

CHP and boiler heat

production unit
CHP electricity

production unit

Demand Power supply

Export Import

Demand Power supply

 

Fig. 1. Competitiveness system dynamics model of the 
Latvian energy sector companies (Source: Authors) 

Electricity market unit combines electricity 

demand and offer, evaluates the competitiveness of 

energy sub-sectors in the international market. 
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The group of production units consists of the 

CHP and boiler house thermal energy production unit 

and CHP electrical energy production unit.  

2.1. Electricity consumption unit 

Electricity consumption unit performs forecasts of 

electrical energy in the most important groups:  

agriculture, industry, services, transport, and popu-

lation. 

Consumption of electricity in sectors is fore-

casted based on the anticipated output volume (for 

example, for production). Consumption of electric-

ity is forecasted in accordance with the anticipated 

number of consumers (for example, trolleybuses in 

transport). Consumption of electricity of house-

holds is connected with the driving force of eco-

nomics – number of employees. 

Calculations of electricity consumption of 

sectors are based on regression coefficients that 

connect output (number of elements of impact) and 

consumption of energy. Thereby, the developed 

model includes not only system dynamics, but also 

elements of other methods. Accordingly, a model 

of mixed type was developed that is one the novel-

ty elements of the research. 

By adding together consumption by sector and 

electricity consumption of the population, end-user 

consumption of electricity is calculated. 

2.2. CHP electricity production unit 

The total simplified schematics of the CHP elec-

tricity production unit is shown in Figure 2. 

It can be seen in Figure 2 that volume of de-

mand and price of energy is at the core of CHP 

electricity production. Volume of demand can be 

limited by technical capabilities, i.e., with produc-

tion capacity etc. 

 
<CHP electricity

demand volume>

CHP Electricity

production

CHP electricity

power

CHP electricity

producing costs

<Electricity

Market Price>

 

Fig. 2. Total simplified schematics of the CHP  
electricity production unit (Source: Authors) 

Production of electricity is equal to the value 

resulting from the CHP capacity and volume of 

demand. 

Production costs, interacting with electricity 

market price throughout the process of production, 

determine the development of companies (i.e., in-

crease of capacity), as well as loss of competitive-

ness in conditions of a crisis. 

The complex algorithm applied for the calcu-

lation of CHP electricity production costs is show 

in Figure 3. 

 

CHP Electricity

production
CHP primary

resources use

CHP emissions
CHP electricity

producing costs

<Emission

price>

<CHP primary resources uses
initial factor for electricity

production>

<CHP emission factor for

electricity production>

<Efficiency and renewable
energy policy cost in electricity

production>

<Natural gas

price>

<CHP electricity

demand volume>

Changes in

production costs

CHP
depreciation Changes in

depreciation

<Initial production

costs>

 

Fig. 3. Summary schematics of the algorithm applied for 
the calculation of CHP electricity production costs 

(Source: Authors) 

The elements shown in Figure 3 (CHP elec-

tricity volume of demand and CHP electricity pro-

duction) serve as a starting point of the algorithm. 

The algorithm reflects many factors outside the 

model, such as, price of emissions, price of natural 

gas, technical and technological coefficients.  

Production process is connected with con-

sumption of resources, creation of emissions and 

certain costs.  

Consumption of primary resources of CHP for 

a short and temporary period can be calculated by 

dividing the output volume by the coefficient of 

consumption of technologic energy resources nec-

essary for production output. In its turn, consump-

tion of primary resources for a medium and long-

term period could decrease. It can be shown as an 

increase of efficiency. 

Both the CHP emissions volume and the CHP 

consumption of primary resource affect the CHP 

production costs. 

All production costs are summed up in calcu-

lating costs: emission and natural gas costs; depre-

ciation and NPP policy costs for electricity produc-

tion. The summary costs are divided by CHP 

electricity production volume, thus obtaining costs 

per unit of production. 

The algorithm shown in Figure 4 was applied 

for calculating CHP electrical capacity. 

Potential profit of CHP electricity is calculat-

ed from electricity market price and potential CHP 

electricity price.  
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CHP electricity capacity
reduction based on equipment

depreciation

CHP electricity

capacity forecast

CHP electricity

capacity increase

CHP Electricity

production

CHP electricity

power
Changes in

electricity power

<Initial electricity

power>

<Amortization

norm>

<CHP electricity

demand volume>

CHP
depreciationChanges in

depreciation

<Electricity

Market Price>
<CHP electricity

potential price>

CHP potential

profit

 

Fig. 4. Summary schematics of the CHP electrical 
capacity calculation algorithm (Source: Authors) 

The model follows a pattern: potential profit 

is always positive. It shows that no one will pro-

duce energy with losses over a long period of time.  

Potential CHP profit is a determining factor in 

CHP development and its capacity increase.  

Electrical energy capacity increase is deter-

mined by two factors – CHP profit and the need for 

means of production (capacity). If the profit of the 

companies of the sector is higher than the deprecia-

tion of the means of production, then the whole 

profit is reinvested. In circumstances when compa-

nies operate without profit or with losses, means of 

production need to be renewed. In such cases elec-

tricity capacity increase is calculated as the posi-

tive (higher than zero) difference between the de-

manded volume and forecasted electrical energy 

capacity. 

Throughout the development of the model par-

ticular attention was paid to determining the volume 

of reinvestments because the volume of reinvest-

ments does not always coincide with profit – it could 

be both lower, and higher. A lower volume could be 

due to extraction of profit from the sector, whereas a 

higher volume could be due to the specifics of the 

sector - huge capital investments in fixed assets. It 

could be that investments do not pay off within 10, 

15 or even more years. It could significantly affect 

the development of the sector within a short, medium 

and prolonged period of time. Series of simulations 

were carried out with various algorithms of profit 

reinvestment, thus it was practically determined that 

the mentioned algorithm better simulates develop-

ment of the sector. 

Simultaneously with the increase in capacity it 

is possible for capacity to decrease due to equip-

ment depreciation. CHP decrease in electricity ca-

pacity due to depreciation of equipment depends 

on the existing capacity and depreciation (or amor-

tization) norm. 

Figure 4 shows changes in capacity happening 

simultaneously with changes in the volume of de-

preciation. 

The depreciation indicator was applied in the 

algorithm for calculating electrical energy produc-

tion costs.  

By combining the calculation algorithm of 

electrical energy production costs with the calcula-

tion algorithm of electrical energy capacity, the 

electrical energy production unit was formed. Its 

summary schematics are shown in Figure 5. 

After introducing the CHP electrical energy 

production unit we will move on to the electrical en-

ergy market unit. 

 

 

 

Fig. 5. CHP production unit (Source: Authors) 
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2.3. Electrical energy market unit 

The essence of the electrical energy market unit is 

described in a simply way in Figure 6. 
 

<The total electricity

consumption>

Electricity market

share

CHP electricity

demand
Import of

electricity

 

Fig. 6. Summary schematics of the electrical energy 
market unit (Source: Authors) 

The electrical energy market unit is based on 

the total consumption of electricity, which is calcu-

lated within the electricity consumption unit. Pro-

duction of electrical energy that is not connected 

with the market share (mandatory procurement 

components) is subtracted from the total consump-

tion. The actual market situation is such that in 

Latvia electrical energy is produced only if its pro-

duction costs are lower than the market prices. The 

rest of the electrical energy is imported. Thereby, 

the volume of electrical energy generated in Latvia 

and the volume difference of import between the 

production and demand is calculated. 

It is important to note that in Latvia, with the 

exception of the previously mentioned mandatory 

procurement components, one more relevant type of 

electrical energy production exists that affects the 

market – production of electrical energy in CHPs. 

The modelling of their operation can be guided by 

the highest level of abstraction – production of elec-

trical energy in CHPs does not depend on the model 

data or the economic situation. In fact, it depends 

only on weather conditions, which cannot be fore-

casted within the model. Accordingly, it is assumed 

in the model that production of electrical energy in 

CHPs is a constant indicator and that its volume 

does not affect the volumes of CHP electrical ener-

gy demand or import regarding competitiveness. 

Thereby, production of electrical energy in CHPs 

remains outside market competition in the model. 

Such an assumption is justified because CHP elec-

trical energy prices are always lower than those of 

CHP or prices of import electrical energy. 

Accordingly, the electrical energy market unit 

shows the interaction between CHP production 

volume and import volume. 

Generation of CHP electrical energy depends 

on electrical energy demand (electrical energy 

market share) and the market price at a specific 

moment (reflected by the price difference impact 

coefficient). 

Import of

electricity

CHP electricity

demand

<CHP Electricity

production>

CHP electricity

market share Technical limitations of

the CHP market share

Changes in CHP

market share

<Initial CHP electricity

market share>

Electricity market

share

The new CHP

market share

<CHP electricity

power>

<Electricity

Market Price>

CHP electricity

potential price

<Overheads and profit
income ratio for electricity

production>

<CHP electricity

producing costs>

Price difference

impact coefficient
 

Fig. 7. Electrical energy market unit (Source: Authors) 

Two principles are followed when calculating 

the price difference impact coefficient. This coeffi-

cient is always higher than one. It means that, de-

spite adverse market conditions, low prices, the 

market share of electrical energy produced in Lat-

via will not decrease. This justification is connect-

ed with the application of the effective mode in the 

operative management of Latvian CHPs. The high-

er the market price and the CHP potential price 

difference, the higher the coefficient becomes, and, 

accordingly, demand for CHP electrical energy 

will also be higher. 

CHP electrical energy potential price is based 

on CHP electrical energy production costs (from 

the electrical energy production unit) and the in-

come ratio. Currently the market situation is such 

that the income ratio is close to zero, i.e., produc-

tion of electrical energy covers only the variable 

costs. 

Based on import volumes and the production 

(actual) of CHP electrical energy, the new market 

share of CHPs is calculated.  

Indicator “CHP electricity market share” 

shows the actual CHP market share of the current 

period, by following both the demand, and produc-

tion volumes. This indicator does not take part in 

determining the CHP demand of the current peri-

od; however it will affect the demand of the next 

period.  

CHP technical limitations decrease the CHP 

market share if unplanned changes in electrical 

energy import take place. As a whole, the model 

assumptions are based on the practical situation in 

Latvia. After model description, the next section 

shows its application. 

3. Research results and discussion 

3.1. Forecasts on market sector modelling 

The first modelling indicator to be analysed is the 

consumption of electrical energy, which is shown 

in Table 1. 
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Table 1. Electrical energy consumption forecast, GWh 
(Source: Author) 

 2017 2019 2021 2023 2025 

Total consumption 7266 7437 7634 7839 8053 

Losses 428 420 432 443 455 

End-user con-

sumption 6837 7016 7202 7396 7598 

.households 1781 1803 1826 1849 1871 

.industry 1631 1662 1695 1730 1768 

.agriculture 172 175 179 183 188 

.transport sector 119 120 122 123 125 

..road transport 59 60 62 63 65 

..piping transport 20 20 20 20 20 

..railway transport 40 40 40 40 40 

.construction 82 84 87 90 93 

other sectors 3053 3171 3293 3420 3552 

 

A slight increase in electrical energy consumption 

is forecasted in all sectors. Energy losses will de-

crease till year 2018 due to increase in efficiency; 

however, later they will increase in accordance 

with the overall tendencies of electrical energy 

consumption. The effect of the energy consump-

tion increase could be more visible than that of the 

efficiency increase after year 2018. 

It is important to know, whether the national 

companies-produces would be competitive in con-

ditions of increased electrical energy demand to 

the same extent as they are currently, compared to 

foreign companies. The data of market sector mod-

elling help to answer this question. They are shown 

in Table 2. 

Table 2. Forecast of electrical energy market in the base 
scenario, GWh (Source: Authors) 

 2017 2019 2021 2023 2025 

Total consumption 7267 7437 7634 7840 8054 

Market share of 

electrical energy 

consumption 

5981 6151 6348 6554 6768 

Market share of 

electrical energy 

consumption ex-

cluding the HPP 

share 

4056 4226 4423 4629 4843 

Electrical energy 

import 
1095 1141 1194 1250 1308 

Total demand of CHP

electrical energy 
2961 3085 3229 3379 3535 

Total production of 

CHP electrical energy
2961 3085 3229 3379 3535 

 

It can be observed in Table 2 that in the base 

scenario both increase in electrical energy import, 

and production is visible. The ratio of import and 

internal production will remain unchanged. It means 

that the increase in demand will benefit both foreign 

and local producers. In this scenario, the internal pro-

duction of electrical energy will always coincide with 

its demand, meaning that the internal producers pos-

sess sufficient capacity for meeting the demand. 

In the base scenario, the market will remain in a 

state of status quo. The aim of the model is to deter-

mine a situation or situations, in which the Latvia 

companies of the energy sector will increase their 

competitiveness. For this purpose several series of 

modelling are carried out. The main of them are: de-

termining the impact of fixed costs (amortization 

norms) on the competitiveness; the impact of primary 

energy resources (natural gas) price and the influence 

of complex factors on competitiveness. Below are 

shown the results of these experiments. 

3.2. The impact of depreciation on competitiveness 

In classical SPOT market, e.g. in Nord Pool, the 

market prices of electrical energy cover only the 

variable costs for the producers. In these conditions 

the fixed costs are not covered. 

In the model, the fixed costs are connected 

with the amortization norm. According to the 

amortization norm, depreciation of equipment 

takes place, fixed assets are renewed, as well as 

these costs increase the potential price of the pro-

ducers. In the base scenario, amortization norm of 

4% per year is assumed. In the modelling scenario, 

the norm is reduced twice, and its performance 

results are shown in Figure 8. 

 

 

Fig. 8. Replacement of electrical energy import in the 
analysed scenario (GWh) (Source: Author) 

Fig. 8 shows the comparison of the base sce-

nario with the scenario of a decreased amortization 

norm. In the base scenario, the increase in import 

and production is close to linear increase trend, but 

in the analysed scenario production shall replace 

import. Up to year 2020 development is similar in 

both scenarios, however after year 2020 the pro-

duction volumes will increase, and, accordingly, 

import volumes will decrease, if not renewal of 

fixed assets is carried out.  

It is assumed in the model that the electrical 

energy market price will increase gradually, 

whereas the potential CHP electrical energy pro-
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duction price is the indicator to be modelled. The 

dynamics of changes in production prices are com-

plex. Up to year 2021, while the energy production 

is close to a linear trend, the production costs and 

price decreases gradually. It is connected with the 

gradual decrease in means of production and their 

cost of upkeep. In this scenario, renewal of fixed 

assets will happen slower than their depreciation.  

After year 2021 in the scenario, an increase in 

production is forecasted that will lead to additional 

depreciation of the fixed assets. As a result, the 

upkeep sums of the remaining fixed assets will 

decrease, leading to potential decrease in produc-

tion price. 

It is important to understand what is happen-

ing with the fixed assets of the sector during this 

period of time.  

In the analysed scenario the volume of fixed 

assets decreases linearly up to year 2022. Further, 

up to year 2025, an increase is formed. This situa-

tion might suggest that the currently set capacity in 

the country is excessive (from the point of view of 

the current production), however, later when the 

production volumes increase and a part of the fixed 

assets are outworn, and the volume of the fixed 

assets could become closer to a balanced level. 

With lower amortization norm and lower re-

placement costs, import volumes will replaced by 

internal production. With faster increase in produc-

tion volumes, the volume of fixed assets will de-

crease with a higher intensity. The decrease in 

fixed assets is a fixed minimum. After this mini-

mum is reached, the volume of the fixed assets will 

remain balanced, and further on, if demand for en-

ergy production increases, simultaneous increase in 

the volume of fixed assets will take place. It is im-

portant to note that with a low level of amortiza-

tion the volume of the fixed assets will not de-

crease significantly. Its decrease will be stopped by 

the demand for capacity because, if electricity 

prices are low, the production capacity is loaded, 

and it is beneficial to restore it. 

3.3. Impact of primary resources (natural gas) 

price on competitiveness 

Together with the fixed costs, the competitiveness 

of electrical energy is significantly affected by the 

variable costs. The main component of the variable 

costs is the cost of natural gas. 

The impact of natural gas price on the devel-

opment of the sector is determined.  

The research contains a simulation on the condi-

tion that the initial price of natural gas decreases by 

30–40% (i.e., the price must be 160–190 EUR/t.m³). 

It is concluded that immediate decrease in the 

price of natural gas (and the rest of the primary 

resources) will not immediately increase the com-

petitiveness of the sector, however in a long-term 

period it could result in increase in competitiveness 

and replacement of import with internal produc-

tion. The reasons for it are the following: the price 

decrease of resources at the reflected level will not 

be sufficient enough for making it possible to im-

mediately decrease the potential CHP electrical 

energy production price to the level corresponding 

with that of the market. However, further on the 

market price will gradually increase, and the poten-

tial CHP price will remain more competitive, re-

sulting in the replacement of import (this situation 

is not forecasted in the base scenario). 

3.4. Impact of electrical energy market price on 

competitiveness 

Together with the production factors, competitive-

ness is affected by the market, its conjuncture, and, 

more importantly – price level. In this group of sce-

narios the impact of electrical energy market price 

on the competitiveness of the sector is analysed. 

With the higher the market prices, the higher 

the difference between the production costs and 

market price, competitiveness is higher. In the base 

scenario, the increase in the price of electrical en-

ergy is 3% per year, but this group of experiments 

reflects the market reaction on the condition that 

prices increase by 4% per year. The results indicate 

that, over a long-term period, up to year 2024, the 

increase in price will not affect the competitiveness 

of the sector. The results will remain unchanged 

compared to the base scenario. After year 2024 the 

import of electrical energy will decrease.  

It is justifiable with included relationships and 

actual data of the sector. Market prices increase in 

the analysed experiment, and up to year 2024 they 

are on the same level with the production costs. 

Further on, based on the increase in market price, 

the production costs will be lower than the market 

price. As a result, internal production could replace 

import; the sector will become more competitive. 

3.5. Complex facilitation of the competitiveness 

of the sector 

The previously conducted experiments show the 

impact of individual factors on the competitiveness 

of the sector. In the real world individual impact of 

factors almost does not occur. The factors make up 

the final result through interaction. In this group of 

experiments it is assumed that the amortization 

norm is reduced to 2% per year, and simultaneously 
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the initial price of natural gas will decrease by 30–

40%, and the market price of electrical energy will 

increase each year by 4%. The results of the exper-

iments are shown in Figure 9. 

Having analysed the results, it can be ob-

served in Figure 9 that with the conditions reflect-

ed above and in particularly favourable conditions 

the sector could become competitive in a very 

short period of time. The impact of all three factors 

could start to become visible in year 2016, by re-

ducing the import to zero by year 2019. 
 

 

Fig. 9. Complex impact of factors on the import of elec-
trical energy (Source: Authors) 

4. Conclusions 

By developing models through simulations, it is 

forecasted that consumption of electrical energy 

will slightly increase in all sectors. Energy losses 

will decrease up to year 2018 due to increase in 

efficiency, but further on they will increase in ac-

cordance with the overall tendencies of energy 

consumption. Both foreign and local producers 

will benefit from the increase in consumption. 

Having evaluated the impact of factors on the 

competitiveness of the sector, it has been conclud-

ed that: 

− Only the fixed costs must be taken into 

consideration when determining prices in 

the production of electrical energy in order 

to replace import and develop export. 

They will result in both negative and positive 

consequences. One of the negative consequences 

would be decrease in fixed assets over a short peri-

od of time and consequent decrease in energetic 

safety. Renewal of fixed assets requires the use of 

financing outside the electrical energy market – 

payments for energetic safety (for the installed ca-

pacity), as well as for the possible operation of 

CHPs in the heating energy market. With increas-

ing demand for electrical energy, production of 

electrical energy will become more efficient due to 

the increasing scale, and it will make it possible to 

cover also the depreciation of the fixed assets. 

Hence, short-term determination of prices at the 

level of variable costs will develop the electrical 

energy sector. As a result, it could become compet-

itive in the international market. 

With a significant decrease in variable costs 

(costs of natural gas and other resources, or de-

crease in consumption), it is possible to increase 

the competitiveness of the sector in a long-term 

perspective. It could be achieved in several ways, 

starting from external (decrease in the price of re-

sources), but, more importantly – internal (increase 

in efficiency). 

The results of electrical energy market price 

simulation could lead to extensive discussions; 

how justified is the assumption of a 4% price in-

crease per year, and is it possible at all? The aspect 

of price forecasting is one of the most complex 

aspects in the sector. Price deviations are exten-

sive, for example, in January 2016 the market price 

ranged from 30 to 200 EUR/MWh (Nord Pool 

2016). However, it confirms that there are condi-

tions, in which increase in prices could enhance the 

competitiveness of the sector. The developed mod-

el reflects such conditions. 

The complex impact reflects and intensifies 

the impact of individual factors. Decrease in amor-

tization norm and decrease in natural gas price re-

sults in a decrease of production self-cost that, to-

gether with an accelerated increase in price, will 

significantly improve the competitiveness of the 

sector. 

The developed model makes it possible to 

quickly and efficiently determine the possible ways 

of increasing the competitiveness of the sector. 
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