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Abstract — This study addresses the issues of assessing 
and factoring in the effect of uncertainty growth on the 
possible performance of projections and their allowable 
errors. Relying on projects of nuclear power plants 
and combined cycle power plants as a case study, we 
assess the dependence of their economic performance 
indicators on possible changes in the conditions of 
their future operation in a given year. To assess the 
effect of the range and nature of input data uncertainty 
on the projections of the development of regional 
energy supply systems, we proposed a methodological 
toolkit that combines optimization with the Monte 
Carlo simulation. Its application to one of the options 
for commissioning new power plants in European 
Russia enabled us to estimate the possible response 
of the average and marginal cost of electricity in this 
aggregated region to the broadening of the uncertainty 
range of the gas price. We note that the assessment and 
comparison of the possible error of projected indicators 
with the requirements for their accuracy in making 
priority investment and other decisions facilitate the 
justification of the acceptable complexity of employed 
models and projection methods.
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I. IntroductIon

As the projection time frame extends into the future, this 
increases the uncertainty of future conditions of the energy 
industry development and compromises the performance 
of long-term projections, i.e., Their reliability, accuracy, 
and value. 

Published projections of energy development in the 
USA and Europe to 2030-2035 compellingly demonstrate 
the nonlinear nature of growth of the uncertainty range as 
the projection time frame extends. For example, in the U.S. 
Energy projections [1], the uncertainty range for primary 
energy consumption volumes for all cases covered by the 
projections grows from the low 5-10% for the 5-year time 
frame to the high 13-23% and 22-38% for the projections 
for 15 and 25 years, respectively. 

In “The energy strategy of Russia to 2030” (es-2030), 
as approved in 2009 (es-2030), the difference between 
the total energy consumption under the worst- and best-
case scenarios amounts to 7% for the first 5 years and 
subsequently grows to 22% and 31% for the projections 
for 15 and 20 years into the future, respectively.

A key performance indicator of the projections is their 
reliability, which can be characterized by an uncertainty 
range, i.e., The percentage difference between the highest 
and lowest values of a projected variable, as well as the 
coefficient of variation and dispersion (spread) of the 
values of projected variables set against their mean values 
or reference case values. The width of the range within 
which the projected system parameters can fluctuate 
determines the accuracy of the projection.

Statistical methods of estimating the projection error 
are well-known and widely used in practice (e.g., [2, 3]). 
However, they are suitable mainly for past projections or 
those of the dynamics of individual indicators based on 
their trends. When projecting the development of such 
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complex systems as the energy sector of a country or its 
regions, it becomes important to assess not only the likely 
and unavoidable error but also the allowable error of the 
projection. As of now, there are no generally accepted and 
universally applicable methods that would facilitate such 
an assessment.

In what follows, relying on the example of a projection 
of the development of power supply systems, we 
consider possible approaches to assessing the acceptable 
requirements for the quality of projections.

II. EstImatIng thE unavoIdablE Error

The inevitable error of projections of the dynamics of 
certain indicators depends to a greater extent on the error 
of the input data used in the calculations. It is possible 
to capture this dependence in the form of a regression 
equation with sufficient confidence only for a specific and 
very simple system. For example, the dependence of the 
average cost of electricity generation by existing power 
plants in the region on the range of uncertainty of the cost 
of gas lends itself to such a description. However, a gross 
error proves inevitable when assessing the projection 
error of the dynamics of this indicator while taking into 
account the effect of gas prices on the mix of new capacity 
additions under changing conditions. 

Optimization models (e.g., [4, 5]) are deemed suitable 
for incorporating this effect, for assessing the sensitivity 
of projections of the development of complex systems 
such as the energy sector to possible changes in individual 
input data. The minimum cash cost of meeting a given 
demand for energy carriers serves as the criterion of 
optimality in such models. Based on their change when 
varying different indicators, we can judge possible and 
allowable error in the projections of these indicators and 
their significance.

In the case that necessitates taking into account the 
effect of the uncertainty of several interrelated input 
data variables on the reliability of the projection of the 
development of the energy sector or the systems of its 
individual industries, the stochastic models [6] combining 
the optimization with the well-known Monte Carlo 

method [7] can be instrumental. Such a model is used, for 
example, in projections of generation costs [8], electricity 
prices [9], and energy markets [10]. 

The Monte Carlo method combined with optimization 
is used in the miss-el model [11]. It was used to assess 
the effect of a range of uncertainty of gas prices and 
other indicators on the electricity cost in European 
Russia including the Urals. The calculations were 
performed given interval-valued input data and the normal 
distribution of their probable values within the specified 
ranges. In this case, only the gas price uncertainty range 
was varied. The calculation results were compared against 
the deterministic case.

The broadening of this range leads to an increase in the 
average gas price and causes a change in the mix of new 
power plant capacity additions, which affected the cost of 
electricity generation. Marginal cost, i.e., The discounted 
cost of electricity generation at the most expensive power 
plants of those to be commissioned, grows particularly 
significantly and nonlinearly. As the table shows, with a 
50 percent increase in gas price uncertainty, the average 
price in the European part of the country could increase 
by 4-5 percent, and the marginal one — by more than 12 
percent (under the assumed projection conditions). At the 
same time, there is a noticeable difference in the response 
of individual federal districts to the uncertainty in gas 
prices.

Additional calculations with the MISS-EL model were 
performed assuming the uniform probability distribution 
of the gas price within the same ranges as under its normal 
distribution. The calculation results did not affect the 
conclusion claiming a noticeable and growing unavoidable 
projection error as the uncertainty range of the key input 
data increases. 

III. thE allowablE projEctIon Error

The allowable projection error depends on the aims of the 
projection and its importance for making strategic decisions 
by investors, the state, and society. Its numerical value is 
primarily determined by the probable damage (economic, 
environmental, or social) due to the projection error. 

Federal district Cost 
Uncertainty range 

15% 30% 50% 
 
Central 

Average 2.4 3.7 4.8 
Marginal 3.9 7.5 13.1 

Northwestern 
Average 2.5 4.1 5.1 
Marginal 3.8 7.5 12.6 

Southern 
Average 3.1 5.9 9.1 
Marginal 3.3 7.8 13.0 

Ural 
Average 0.9 1.5 2.5 
Marginal 3.5 7.1 12.1 

The aggregated region as a 
whole 

Average 1.1 3.1 4.6 
Marginal 3.5 7.4 12.4 

Note. Calculations for one of the development options of regional energy supply systems in european russia in 2030-2035.  

 

Table 1. Deviation of the electricity cost from its value in the deterministic case  
of the projection when the uncertainty range increases for the gas price, %
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For the investor (company), the damage is usually 
measured by a decrease in expected profits. The damage 
for the state can be characterized by a possible decline 
in budget revenues, living standards of the population, 
and economic growth rates. In this case, one has to set an 
allowable change in the value of the employed optimality 
criterion by relying on expert judgment. When projecting 
the development of the energy sector under the considered 
scenarios, such a criterion is, as a rule, the minimum cost 
of meeting a given demand for energy carriers.

It is difficult to judge the error of the system development 
projection with no estimate of the allowable error of the 
expected dynamics of the key projected indicators. Such 
indicators in the energy sector projections are energy 
demand and prices, the development of regional energy 
supply systems and new technologies, and the extent to 
which energy security requirements are met.

As the time frame in question increases, the 
requirements for reliability and accuracy of projections 
decrease, which is due to an exponential rise in the 
uncertainty of conditions, a decrease in the importance 
of the projection results for making priority decisions, an 
increase in the opportunities (time margin) to prevent the 
anticipated threats.

When making investment decisions in the energy 
sector, one of the primary objectives is to assess the 
efficiency and risks of large-scale capacity addition 
projects in the electric power industry or the fuel industry. 
The investor values the revenues of a more distant future 
less than those of an immediate one, which is reflected in 
the discounting of indicators that measure the financial 
performance of projects: net present value (npv), internal 
rate of return, payback period, and others.

By varying the values of key input data variables for 
any of the periods within the projection time frame and 
by tracing the effect of such variations on the project 
value, we can get an idea of an acceptable decrease in 

the projection accuracy as these periods gradually extend 
further into the future.

This approach was applied in the analysis of the 
sensitivity of the performance of nuclear power plant 
project to a possible variation in electricity demand 
(electricity production) over time and sensitivity of the 
performance of combined cycle power plant project to a 
change in gas prices. 

The calculation results shown in the figure indicate a 
marked nonlinear decrease in this sensitivity as the time of 
these changes gets more remote from the present. 

Given the assumed input data, fluctuations in electricity 
demand as low as those within the range of 15-20% have 
a noticeable impact on the net present value only in the 
first 15 years of the projection period under consideration. 
Consequently, the requirements for the accuracy of 
projecting the utilized capacity of the nuclear power plant 
at the end of its service life also get less stringent. The 
required reliability of gas price projections for valuation 
of the ccgt project in the third five-year period is two times 
lower than in the first one. The increase in the discount 
rate (in the calculations it was taken to be equal to 10%) 
further reduces the requirements for the accuracy of long-
term projections of the indicators that affect the valuation 
of projects. 

IV. conclusIon

The estimation and comparison of the likely error for 
the projected variables against the requirements of their 
accuracy (reliability), when making investment and other 
decisions, facilitate a more well-grounded choice of the 
acceptable level of complexity of employed economic 
and mathematical models. Should an elaboration of these 
models, when compared against the currently employed 
models, lead to a change in the solution (i.e., The 
projection) by a magnitude less than the allowable error, the 
appropriateness of such innovation is anything but obvious.
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Fig. 1. Effect of changes (error) in previously projected conditions on the decrease in the economic 
performance of power plant projects. In one of the five-year periods. Note. We considered a range of 
change in electricity demand by 10-20% and that in gas prices by 25-100% (the lower and upper boundaries 
in the figure, respectively).
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The methods to assess the quality and value of the input 
data, the requirements set for such data, and the reliability 
of energy projections for various time frames need further 
development. To this end, one should consider the specific 
features of problems to be solved within a given projection.

The study was carried out under a state 
assignment project (no. FWEU-2021-0003 reg. No. 
АААА-А21-121012090014-5) of the program for basic 
research of the russian federation for 2021-2030.
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