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foREcasTing and analysis of EnERgy consumpTion

Prediction – powerful statistical power management tools in the industry. In this article we exam
ined two complementary statistical forecasting models: the corridor for a few months in advance and a 
model for a day ahead. The basis of the energysaving is the systematic implementation of a wide range 
of technical and technological measures to be implemented in the framework of an optimal power con
sumption infrastructure management procedures at the system level. Energy savings can be achieved by 
improving the activity of the administrative apparatus. This article presents the results of the implemen
tation of energy forecasting model, which reduces energy consumption as a whole by more than 20%. 
Prediction may be performed based on a static model that reflects the process of power consumption 
for the year ahead. Dynamic stochastic modeling allows the forecast for the medium term (5  7 years). 
The main advantage of this approach – is the formation of a fair rate of energy expenditure, taking into 
account fuel quality, as well as the current state of energy consumption.

Key words: energy efficiency, energy intensity, energy policy, energy consumption, the decomposi
tion method.

Н.А. Товмa, А.М. Тлеппaев

Энер го ре су рстaрды тұ ты ну ды тaлдaу мен болжaу

Болжaу – өнер кә сіп те гі энер го тұ ты ным ды бaсқaру дың қуaтты стaтис тикaлық құрaлы. 
Мaқaлaдa екі өзaрa то лық ты ру шы болжaудың стaтис тикaлық мо дел ьде рі қaрaсты рылғaн – бір не
ше aйғa aлдын aлa қaрaсты рылғaн ко ри дор лық мо дель жә не бір тәу лік aлды мо дель. Энер гоү нем
деу дің не гі зін инфрaқұ ры лым ның энер го тұ тын уын  жүйе лік дең гейде оңтaйлы бaсқaру про це
дурaлaры ның шең бе рін де жү зе ге aсы рулaры тиіс, тех никaлық жә не тех но ло гиялық шaрaлaрдың 
кең ке ше нін жоспaрлы іс ке aсы ру құрaйды. Энер гоү нем деу ді бaсқaру шы aппaрaттың қыз ме тін 
же тіл ді ру aрқы лы қaмтaмaсыз ету ге болaды. Ұсы ны лып отырғaн мaқaлaдa энер гия шы ғындaрын 
жaлпы 20%дaн aртық мөл шер ге қысқaртaтын, энер го тұ ты ну ды жоспaрлaу үл гі ле рін ен гі зу нә
ти же ле рі көр се тіл ген. Болжaмдaуды элект ро тұ ты ну үр ді сін бір жыл aлдығa көр се те тін, стaтис
тикaлық мо дель не гі зін де орындaуғa болaды. Динaмикaлық стохaстикaлық үл гі леу ортaмер
зім дік болaшaққa (57 жыл) болжaм жaсaуғa мүм кін дік бе ре ді. Мұндaй үл гі нің бaсты қaсиеті 
– жaнaрмaйдың сaпaсын ес ке ре оты рып, энер го ре сурс шы ғындaры ның әді лет ті нормaсын, соны
мен қaтaр энер го тұ ты ну дың aғым дық жaғдa йын  қaлыптaсты ру. 

тү йін  сөз дер: энер гия тиім ді лі гі, энер го сыйым ды лық, энер ге тикaлық сaясaт, энер гия тұ ты ну, 
де ком по зияция әді сі.

Н.А. Товмa, А.М. Тлеппaев

прог но зи ровa ние и aнaлиз пот реб ле ния энер го ре сур сов

Прог но зи ровa ние – мощ ный стaтис ти чес кий инс тру мент упрaвле ния энер го пот реб ле нием нa 
про мыш лен ных предп риятиях. В стaтье рaсс мот ре ны две взaимо до пол няющие стaтис ти чес кие 
мо де ли прог но зи ровa ния: ко ри дорнaя нa нес колько ме ся цев вперёд и мо дель нa сут ки вперёд. 
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Ос но ву энер гос бе ре же ния состaвляет плaно мернaя реaлизaция ши ро ко го комп лексa тех ни чес
ких и тех но ло ги чес ких мер, ко то рые долж ны осу ще ств лять ся в рaмкaх про це дур оп тимaльно
го упрaвле ния элект ро пот реб ле нием инфрaст рук ту ры нa сис тем ном уров не. Энер гос бе ре же ние 
мож но обес пе чивaть зa счет со вер шенст вовa ния дея тель ности упрaвлен чес ко го aппaрaтa. В 
предлaгaемой стaтье предстaвле ны ре зуль тaты внед ре ния мо де ли прог но зи ровa ния энер го пот
реб ле ния, что поз во ляет сни зить зaтрaты энер гии в це лом бо лее чем нa 20%. Прог но зи ровa ние 
мо жет вы пол няться нa ос но ве стaти чес кой мо де ли, отрaжaющей про цесс элект ро пот реб ле ния нa 
год впе ред. Динaми чес кое стохaсти чес кое мо де ли ровa ние поз во ляет осу ще ств лять прог ноз нa 
сред нес роч ную перс пек ти ву (5 – 7 лет). Глaвное дос тоинс тво дaнно го под ходa – это фор ми ровa
ние спрaвед ли вой нор мы рaсхо дов энер го ре сур сов с учётом кaчествa топ ливa, a тaкже те ку ще го 
сос тоя ния энер го пот реб ле ния.

клю че вые словa: энер гоэф фек тив нос ть, энер гоем кос ть, энер ге ти ческaя по ли тикa, энер го
пот реб ле ние, ме тод де ком по зи ции.

introduction

One of the main directions of the energy charter 
of the Republic of Kazakhstan is energy efficiency 
and energy saving. The rational, progressive 
introduction of new energy-saving technologies 
promises to reduce production costs and reduce the 
cost of production and services. Reducing energy 
consumption is one of the tasks the state is setting for 
itself today. Kazakhstan has laws «On Energy Saving 
and Energy Efficiency Improvement» and «On 
Amendments and Additions to Certain Legislative 
Acts of the Republic of Kazakhstan on Energy 
Efficiency and Energy Efficiency Improvement» [1-
2]. In accordance with the program of the President, 
the government is developing the program “Energy 
Saving ‒ 2020” in the field of energy saving [3]. The 
program “Energy balance-2020” is also being devel-
oped.

The state energy register has already been 
formed, which included more than two thousand 
industrial enterprises and 28 thousand state institu-
tions. At the same time, the major 30 large enterpris-
es plan to conduct energy audit; the energy manage-
ment system is being introduced at 50 enterprises.

More than 200 industrial enterprises of the coun-
try are being modernized and are planning to invest 
over 300 billion tenge. From these measures at in-
dustrial enterprises it is planned to obtain an effect 
in saving energy resources in the amount of almost 
3 million tons of oil equivalent.

For today, implementing the state policy in the 
field of energy saving, it has already been possible 
to save 2.434 million kW / h of electric power and 
3199 Gcal of thermal energy in the budget sphere, 
which in monetary terms is 1.73 billion tenge. In 
addition, in energy-producing enterprises, the sav-
ings amounted to 93.36 thousand kW / h of elec-
tric power, 275.04 thousand tons of coal and 2338.5 
tons. heavy fuel. At power transmission plants 
‒ 10,871.41 thousand kW / h of electricity, 68460 

Gcal, or 501 million KZT. The final effect of the 
implemented measures for 2011 at industrial enter-
prises was 5237.16 thousand kW / h of electricity, or 
65.4 million tenge [4].

Within the framework of the program “Energy 
Saving-2020” 78 different activities are planned for 
a total of more than 1.1 trillion tenge [3].

One of the main expense items of any large in-
dustrial enterprise is the cost of energy resources 
aimed at the release of heat. Thus, energy efficiency 
‒ economical consumption of energy resources in a 
crisis is the number one task facing industrial enter-
prises.

Formulation of the problem. There are two 
ways to solve the energy cost reduction:

1. By replacing the power equipment and heat 
communications, which will lead to significant 
financial costs and, ultimately, to the rise in price of 
the final product.

2. An alternative way to improve energy 
efficiency is to predict energy consumption in the 
future. This approach uses the maximum of useful 
statistical information of all parameters of the 
production process ‒ external factors (weather, fuel 
quality) and internal factors are taken into account. 
The main advantage of this method is the issuance 
of an adequate energy expenditure plan for a day 
ahead, which allows for a factor analysis of the 
overestimation / understatement of the norm.

Energy efficiency ‒ economical consumption 
of energy resources in a crisis is the number one 
task that faces industrial enterprises, factories, 
housing and communal services, urban heating 
services

The cost of the latter approach is much lower, 
since it requires neither expensive equipment nor 
the involvement of additional experts, and all the 
necessary data for the model are formed by: power 
consumption sensors, production indicators, energy 
consumption, fuel quality, environmental parameters 
and others [5].
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At the moment, most of the enterprises of 
the RK do not use the standard (plan) of energy 
consumption, as a result of which:

1. There is no control over energy consumption 
in the shortest and average period, which creates the 
potential for manipulation with energy resources, 
and also leads to a significant increase in energy 
costs.

2. There is no possibility to conduct a factor 
analysis to identify the most energy-intensive nodes 
in order to reduce energy costs.

3. There is no possibility to carry out a plan-
factor analysis and to identify reasons for overstating 
/ understating the standard.

4. The presence of “flat” norms (taken from last 
year as a constant) does not reflect the influence of 
external (weather, fuel quality) and internal factors, 
which leads to a conflict between the operator that 
controls energy consumption and management.

5. There is no possibility to optimize the setting 
of energy consumption to improve energy efficiency.

The forecasting of energy consumption by 
individual market participants is important not only 
for the whole energy system as a whole, but also 
for an individual enterprise, and even for its shops 
and plots. The formation of a universal apparatus for 
modeling and forecasting power consumption and 
power for various levels of the hierarchy of industrial 
enterprises would allow reducing energy costs 
when buying it in the wholesale and retail energy 
and capacity markets, qualitatively determining 
the influence of various technological conditions 
and factors of production on energy consumption 
or load power, Choose the most effective energy 
saving strategies and the direction of measures to 
save electricity.

When solving the long-term forecasting problem, 
it is necessary to take into account a large number of 
factors affecting the change in the power consumption 
of enterprises. It should take into account the level 
of electrification of production processes, the pace 
of development and implementation of energy-
saving technologies, the growth of industrial labor, 
the impact of meteorological and other factors.

The variety of influencing factors, the complexity 
of the forecast of these factors themselves, does not 
allow to uniquely determining the optimal forecasting 
method for solving this problem. The very process 
of changing consumption is a time series. To date, 
many methods for predicting time series have been 
developed, such as extrapolation methods, econometric 
and regression methods, Box-Jenkins methods 
(ARIMA, ARMA), expert methods, and others. 
Statistical models of forecasting ‒ for several months 

and a day ahead. The first is intended for the formation 
of long-term planning of probable energy consumption 
scenarios, which will also take into account the effect 
of planned repairs in the future. The second model 
serves to monitor and account for energy consumption 
for the next day.

For industrial enterprises, the cost of paying for 
energy resources is a significant part of the budget. The 
corridor model was developed that allows forming two 
scenarios of energy consumption to solve this problem: 
minimum and maximum based on historical data and 
due to expected environmental conditions.

After the introduction of models in the 
industry, the operators were given clear fair energy 
consumption rates, taking into account internal and 
external factors. In addition, every time the operator 
significantly overstated the norm, a working 
group was initiated to identify the reasons for the 
overstatement. With the use of factor analysis, those 
factors (causes) were distinguished, due to which 
the norm was overstated. As a result, orders were 
issued aimed at reducing the energy consumption 
of production. The introduction of the model 
made it possible to make timely adjustments to the 
production process and reduce energy consumption 
by 20% ‒ from 41.3 to 33.3 unit fuel.

The planning period is the period of a smooth 
reduction of energy costs to the initial level 
of fluctuations. Thus, the corridor model is a 
flexible tool for planning, accounting, control and 
management of energy efficiency.

The model for the day ahead is a working tool 
for the daily forecast of the norm for the next day 
and for monitoring energy costs in the production. 
The daily forecast allows carrying out the plan-
factual analysis, “encouraging” the operators 
involved in the reduction of energy resources, and 
also responding in a timely manner to extraordinary 
situations. Below are the main advantages of the 
model for a day ahead:

1. The model takes into account external 
(weather, fuel quality) and internal factors of the 
process of heat energy release.

2. The model chooses the best combination of 
factors, some factors may lose significance for the 
forecast over time, for example, the sensor fails.

3. The model is dynamic ‒ it is constantly adapting 
(adjusted according to the newly introduced data) to 
the new conditions of the energy consumption mode 
(wear of communications is taken into account; 
accidents in some areas are taken into account, etc.).

4. The model takes into account the forecast 
error for the last few days and corrects the forecast 
for a more accurate rate.
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5. Robust methods for estimating model 
parameters ‒ model predictions are resistant to the 
presence of emissions in the initial data [1-3].

6. The model gives recommendations for 
optimizing the circuit of power consumption.

7. The model warns about extraordinary 
situations ‒ sharp fluctuations of both factors and 
energy resources.

8. The model allows you to do a factor analysis ‒ 
the reasons for rejecting the fact from the plan.

High quality of the forecast is achieved due to 
flexible adaptation to the constant change in the 
production process.

In the process of using the “model for a day 
ahead”, the operator is faced with the task of keeping 
within the set energy consumption rate. In the case 
when the actual costs are significantly lower than 
the norm (lower by 2%), the operator is subject to a 
bonus. When the operator exceeds the norm by more 
than 2%, a working group is initiated to conduct a 
factor analysis of the causes of excess of the norm. 
As a result, a directory of possible causes leading 
to increased energy consumption is generated. 
With the help of optimizing the model for the day 
ahead, the recommended settings for maintaining an 
economical mode of energy consumption are formed, 
which gives an additional 2% energy savings. 
Simulation modeling of energy consumption allows 
you to assess the effect of implementing a model for 
a day ahead in the long term. At the heart of this 
approach is only one assumption that the operator 
will fit into the daily rate of energy expenditure.

For the purposes of analyzing the accuracy of 
a set of forecast values, it is convenient to use the 
following particular case of the above criterion 
(1), based on a certain type of sample of forecast 
years. Namely, it is convenient to use a sample of 
M consecutive years l (i) starting from the year 
following the forecast year k: l (1) = k + 1, l (2) = k + 
2, ..., l (M) = k + M. In this case, we obtain a relative 
standard deviation, depending on two parameters-
the forecasting year k and the forecast horizon M:

  (1)

Note that, often, in the published forecasts, the 
values   of the predicted values   are given with an 
interval of five years. At the same time, they also 
show the average annual growth rates at these 
intervals. In this case, the values   of the forecast 
values   in the interim years can be obtained by 
linear interpolation. This makes it possible to work 

with annual samples l, consisting of a number of 
consecutive years, which is very convenient.

A separate problem of statistical analysis is 
the estimation of the statistical error caused by 
the variation in the sample used in the analysis of 
forecasts.

Forecasting can also be performed by G-methods 
(Gauss-methods based on Gaussian mathematical 
statistics), Z-methods (Zipf methods based on zipf 
mathematical statistics) and synthetic GZ-methods, 
organically combining their advantages. The latter 
suggest the implementation of a preliminary fine 
GZ-analysis (Gauss-Zipf analysis) [4-5].

GZ-analysis can be implemented in two 
versions, the first of which is a simplified heuristic, 
and the second is the main criteria. Heuristic variant 
as the main method of forecasting is applied only 
for estimating calculations, and on rather small 
databases. In addition, with its help at a preliminary 
stage, the so-called GZ-matrix of prediction 
methods, which is necessary for the procedure of 
aligning key parameters of the criteria variant of 
GZ-analysis, is synthesized.

For the prediction of power consumption of 
objects by G-methods, the models of autoregressive 
moving average, time series decomposition, as well 
as various variations of methods are used based on 
the analysis of the singular spectrum of the time-
series trajectory matrix. The heuristic GZ-method 
possesses the highest (in a certain sense, absolute) 
accuracy. The criterion variant of the GZ-prediction 
method is significantly better than any single G‒ 
or Z-method (it seems that this is typical for any 
techno enosis). From G-methods the best method is 
based on the decomposition of time series. The error 
in predicting the power consumption for the year 
ahead using the procedures of criterion GZ-analysis 
for individual objects can be 4-10%. However, the 
forecast error as a whole does not exceed 1.5-2%, 
which meets modern requirements.

conclusions

In this article, methods for predicting energy 
consumption were presented: for a day ahead and a 
quarter ahead. Models are built on historical data ‒ 
it analyzes how much expense was in the past with 
similar internal parameters and external conditions, 
depreciation of equipment and communications is 
taken into account.

At the stage of statistical analysis and 
construction of an empirical model of the process 
of power consumption, deep processing of data on 
the power consumption of objects is carried out, 
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which includes interval estimation, forecasting and 
rationing. Forecasting of power consumption by 
objects is carried out using Gaussian and zipf (G‒ 
and Z-) methods. A more subtle analysis of the rank 
parametric distribution, carried out with the help 
of GZ-analysis procedures, allows to significantly 
improve the forecasting efficiency. The error in 
predicting power consumption using the procedures 
of criterion GZ-analysis for individual objects can 
be 4-10%. In this case, the forecast error as a whole, 
as a rule, does not exceed 1.5-2%.

The main advantage of this approach is the 
formation of a fair rate (plan) for energy resources, 
taking into account weather conditions, fuel quality, 
and the current state of the energy consumption loop. 
Models are built on historical data ‒ it analyzes how 
much expense was in the past with similar internal 
parameters and external conditions, and also takes 
into account the wear and tear of equipment and 
communications. Models are constantly adapting to 
new conditions, which guarantees the adequacy of 
standards in the future in all possible scenarios.
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