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Starting in 2017, the carrying out of technological and price audit of investment programs (projects of 
investment programs) and reports on their implementation has been secured as the necessary measures 
for the electric grid companies of Russia in the framework of approval procedures and approval of 
investment programs and oversee their implementation.
Realization of technological and price audit requires to review large set of information in short period 
of time, which is limited by investment program validation procedures. Forming representative sample 
(which describes general population accurately) as an object of analysis could increase audit efficiency. 
The approach shown in the article is based on mathematical methods of analysis.
On the example of the project of the investment program of PJSC "MOESK" the authors made an 
attempt to apply the described technique. This technique made it possible to perform the main task - the 
formation of a sample of investment projects, which allows without loss of quality and complexity of the 
investment program materials to preserve the validity and objectivity of the formed conclusion based on 
the results of technological and price audit
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investment program oF 
poWer grid companies: 
CHECK ALL CAN NOT BE SELECTED

1   Constitution of the supporting materials is generated according to the point 11 ж) of the Standards of information disclosure [Regulation, 2004].

the mAin principles 
of the ip tpA And pecUliArities 
of its cArrying oUt

For realization of the measures, established by the TPA, 
Methodological recommendations upon performance of the TPA 
of the IP (IP projects) and their their implementation reports were 
confirmed [Ordinance, 2016].

Herewith procedure and content differ significantly from 
the large investment projects with public ownership specified in 
terms of the public TPA. The public technological and price audit 
of some specific investment projects was conducted by the pow-
er grid companies as well before making changes in the “Rules 
of confirmation of the electric power engineering entities invest-
ment programs” in 2015. In the meantime in terms of the IP co-
ordination and confirmation procedure the power grid companies 
began to present the first conclusions according to the results of 
the TPA in the framework of materials to the IP projects.

In contrast to conclusions for the specific large investment 
projects in terms of the public TPA of the projects with public 
ownership, in terms of the IP (IP projects) TPA the analysis should 
be performed as well as conclusions should be made for all titles, 
included in the IP (IP project), for the following purposes:

• to check the IP (IP project) compliance with Law require-
ments of the Russian Federation, applicable to the invest-
ment activity of the grid companies;

• to check the necessity and sufficiency of the investment 
projects, which are to be implemented in terms of the IP 
(IP project) for achievement of the target and plan values 
of the IP quantitative indexes;

• to check carrying out of the Russian Federation legisla-
tion requirements to the price and (or) cost indexes of 
the investment projects, including with regard to non-ex-
ceedence of the announced financing in reference to the 
amount of financing, determined in accordance with en-
larged price standards (EPS) of the typical technological 
solutions of the electricity generation facilities capital con-
struction;

• to prepare change proposals to the IP (IP project) accord-
ing to results of conducted audits and completed evalua-
tions.

The conclusion is made generally for the IP (IP project) in 
conjunction with the investment projects, but carrying out of a 
check according to methodological recommendations range of 
points requires a detailed examination of some specific IP titles 
parameters. Indeed, for instance, in terms of the IP (IP project) 
TPA reasonability of the financial needs for investment projects 
implementation is checked within particular objects. Within the 
present check an auditor should evaluate content of the materials, 
supporting the investment projects cost:

• for investment projects with confirmed project documenta-
tion: list of expenses, summary estimate, explanatory note 
to the estimate documentation, developed as a part of the 
confirmed project documentation, a copy of decision of the 
project documentation confirmation;

• for investment projects which are at the design stage: cost-
ing calculation of the investment project implementation 

value and copies of the documents, used as sources of the 
pricing for the costing preparation (excluding enlarged 
costing standards)1.

A detailed examination of the particular IP titles parameters 
within IP (IP project) TPA requires time, but it is limited in view 
of the approval procedure of the power grid companies IP.

According to the Methodological recommendations [Ordi-
nance, 2016], the term for preparation and disposal of conclusion 
upon the results of the IP (IP projects) TPA carrying out by the 
expert organization to the power grid company should be not less 
than 30 calendar days, and herewith provide an opportunity to 
publish information about the performed TPA on open access on 
the appropriate internet resources within a fixed timeframe [Reg-
ulation, 2004; Regulation 2011].

Taking into account the time needed for the IP projects prepa-
ration by the power grid company, by virtue of the received com-
ments and suggestions, within intermediate stages of the approval 
procedure, an auditor has got not so much time left for an audit re-
port preparation – approximately 15–20 days per each of the stages.

Various power grid companies possess various IP (IP project) 
titles quantity (the number of titles may be up to 15 000 and more), 
even less time remains for analysis of the particular investment 
projects, sometimes a detailed checkout of the materials becomes 
impossible. Time limitation presses the auditor to look for the op-
timal ways for meeting the requirements of the Methodological 
recommendations, to collect the data and to carry out the TPA. 
During performing of the technological and price audit of the IP 
(IP project) the auditor should use reliable data and apply scien-
tifically proven methods of their analysis and processing. He / she 
is given a right to independently define the selection methods of 
data which are the subject to checkout for achievement of the 
TPA target results.

At the same time under that logic the auditor cannot reduce 
the quantity of the examined IP forms, he / she should check the 
whole set of the grounding documents, necessary and sufficient 
for achievement of the TPA results, and cannot make conclusions 
only on the basis of its part.

Applying the selection methods of the data, which are the 
subject to checkout for generation of the conclusion on the IP 
(IP project) on the whole, within the TPA it is allowed to change 
only the analyzed list of the IP titles. For the checkout the auditor 
should select the IP in such a way that they introduce a represent-
ative sample, and conclusions on the basis of its analysis can be 
reasonable extended to the whole IP (IP project). For carrying 
out of the power grid companies IP (IP projects) TPA generation 
of the representative sample of the IP titles is suggested as a se-
lection method of the data, which are the subject to checkout for 
achievement of the TPA target results.

representAtive sAmple 
formAtion methods

Representative sample is a finite sample, where all main 
properties of the entire population are introduced approximately 
by the same factor of proportionality or with the same frequency, 
with which the present property is presented within this entire 
population [4]. Representation defines the extent to which it’s 

introdUction

In 2015 the changes in the Rules of confirmation of the electric power 
engineering entities investment programs were made as well as in the Stand-
ards of information disclosure by the entities of the electricity wholesale and 
retail markets [Regulation, 2015]: it was determined necessary to perform a 
technological and price audit of investment programs (IP) and IP projects for 
the power grid companies and their implementation reports. Technological 
and price audit (TPA) is used in order to improve the efficiency of the IP 
formation and to increase the resulting quality of their performance.

In the course of the IP (IP project) TPA carrying out the expert organi-
zation investigates the package of the IP (IP project) materials and the doc-
uments, grounding the materials on an investment project-by-investment 
project basis. The IP of the power grid companies contains a big number of 
titles (it reaches about a few thousand investment projects), consequently, 
a 100 % examination of the set of documents and the grounding materials 
(each IP title may contain up to several dozens of documents, which are sub-
ject to analysis) becomes ineffective from the point of view of the TPA goals 
achievement within accessible time resource.

The authors set a task to find the best method of the data selection and 
analysis, which will on the one hand improve the effectiveness of the TPA 
carrying out and will on the other hand solve the crucial task of the IP (IP 
project) comprehensive checkout and preparing of a reasonable conclusion 
by the expert organization.
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possible to generalize the sample analysis results to the whole 
entire population. 

First of all, one should find out, which quantity of the objects 
of the sample is necessary and sufficient. For that purpose it’s 
possible to build, for instance, a confidential interval of the 
entire population expected mean. The present approach allows 
to define to the specified accuracy the borders within which a 
sample mean differs from the true average (expected mean) of 
the entire population. The method is applicable upon availability 
of a normal distribution of the entire population. If the given 
condition is followed, to find the representative sample scope one 
should take into account an allowable value of the sampling error 
and set a confidence level: A standard deviation from the average 
value of the random variable is also an important factor. 

For calculation of the representative sample scope a formula 
of finding the confidential interval for the expected mean is used 
(average value of the random variable) [Borovkov А. А., 1984; 
Levin D. M., 2004]:
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where x  – sample average; Z – quantile of a standard 
normal distribution; σ – standard deviation from the entire 
population; n – sample scope; μ – true expected mean (average 
of the entire population). Addend and subtrahend with respect to 
x  correspond to a half of the confidential interval length. The 

present value identifies measure of inaccuracy of the estimate, 
occurring as a result of a sampling error е:
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Knowing the constituents of the present congruence, one can 
define the sample scope n:

n e
Z 2) v= b l  .           (3)

Taking into account the initial random variable irregularity 
in the distribution within the entire population division into 
districts and clustering are used. The given approaches allow to 
distinguish uniform groups according to the specified criteria. 
Hereafter in light of the necessary and sufficient scope of 
the representative sample in conjunction with all clusters by 
random drawing (for instance, applying special algorithms sort 
of Random) particular elements inside of the uniform groups 
are selected, which introduce a representative sample of the 
entire population (district/cluster). Within distinguished clusters 
an analyzed property may be distributed not according to the 
normal law of distribution, that will require using of some other 
representative sample formation methods.

An exAmple of the representAtive 
sAmple formAtion for the tpA 
cArrying oUt

Let’s consider application of the methodology with definition 
of the needed parameters for the representative sample formation 
using the example of the PJSC "MOESK" IP project. Let’s take 
the information about the PJSC "MOESK" IP project of 2015-
2022 yrs. as basic data [PJSC "MOESK" », [s.a.]]. 

The PJSC "MOESK" IP project contains 13 532 separate 
titles, their total construction cost is 442,5 RUB bn according 
to the target prices of the relevant years. Investment projects of 
the PJSC "MOESK" are implemented on the territory of two 
constituents of the Russian Federation (Moscow and Moscow 
Region), consequently, IP of the power grid companies is 
divided into two parts, equal in structure.

For representative sample formation form 2 «Financing plan 
of the capital investments on investment projects» will function 
as a source [Ordinance, 2016, supplement 2]. It comprises a full 
structure and a list of IP titles, a necessary set of parameters, 
characterizing investment projects.

The crucial parameter of investment projects selection 
for the representative sample formation, which in this case is 
considered as a random variable, is an estimate of the total cost 
of the investment projects according to the target prices of the 
relevant years (column 18 of the form 2) (hereafter – a total cost 
of the investment project).  

For formation of the investment projects uniform according 
to the random variable groups the titles are separated out of the 
general PJSC "MOESK" IP project structure within division 
into districts process, which refer to Moscow and Moscow 
Region. Segregated by districts titles are divided into clusters 
in accordance with investment projects groups based on their 
implementation directions. 

The list of clusters consists of seven investment projects 
groups, corresponding to their implementation directions: 

• technological connection of power receivers with power 
capacity exceeding 150 kW;

• reconstruction of the existing electricity supply network 
facilities for strengthening of the electrical network for the 
purpose of technological connection performing;

• reconstruction, modernization, technical upgrading of 
transforming and other sub-stations, distribution points;

• reconstruction of power lines;
• other new construction of the power supply network 

facilities;
• «other investment projects» group;
• projects, which are not included into the mentioned groups. 
 Considering availability of the IP titles referred to Moscow 

Region and implementing measures concerning modernization, 
technical upgrading of the power lines, an appropriate separate 
cluster is provided for the region. 

Taking into account a great spread in values of the total 
investment projects cost, clusters distribution is not enough for 
the representative sample formation. Inside of the listed clusters 
of the investment projects additional clusters (subgroups) are 
generated. During an additional clustering carrying out the 
meaning of the random distribution formed in subgroups was 
taken into account.

Let’s consider a cluster of the «Reconstruction of the existing 
electricity supply network facilities for strengthening of the 
electrical network for the purpose of technological connection 
performing» investment projects, which refers to Moscow.

The examined cluster comprises 683 investment projects 
with the total cost starting from 0,01 mln. RUB to 4 295,47 mln. 
RUB. On the basis of the total investment projects cost range, 
three subgroups are distinguished within the cluster (see the 
table below).

Subgroups of the cluster «Reconstruction of the existing electricity 
supply network facilities for strengthening of the electrical network 

for the purpose of technological connection performing» 

Parameter
Subgroup

1 2 3

Total cost, mln. RUB Less 
than 6

from 6  
to 17

More 
than 17

Quantity of the facilities in a 
subgroup, pcs. 370 255 58

Random variable average 
value within a subgroup, 
mln. RUB.

1,58 10,82 480,99

Random distribution in the subgroups 1 and 2 is close to a 
normal one (to define a distribution law diagrams of the empirical 
function of the random variable density were analyzed). Standard 
deviation of the random variable from the average value for a 
subgroup 1 was 1,49 mln. RUB, for a subgroup 2–2,48 mln. 
RUB.

To prove that a random variable within a distinguished 
subgroup is normally distributed, apart from the analysis of the 
diagram of the density empirical function, testing of statistical 
hypothesis is recommended, for example, by means of chi-
squared test.

Within a scope of the statistical investigations during the 
random variable confidential interval formation, confidence 
levels from 90 to 99 % are applied. We recommend a confidence 
level, which is not less than 95 %, that is equivalent to the value 
of the quantile of a standard normal distribution: Z = 1,96.

In practice a sampling error of the entire population is defined 
by expertise. Considering the values of the random variable 
expected mean in the subgroups as well as the random variable 
standard deviations for record in the formula of the representative 
sample scope determination, applying of a sampling error not 
exceeding 1 mln. RUB is recommended for the groups with 
relatively low total investment project cost. The less the value 
of the expected mean is, the less the sampling error value should 
be. For a subgroup 1 we’ll take a tolerable error equal to 0,6 mln. 
RUB, for a subgroup 2–1,0 mln. RUB. Representative sample 
scope for the subgroup 1 equaled 24 investment projects, for the 
subgroup 2–22 investment projects (pic. 1).

Pic. 1. Representative sample for the cluster  
«Reconstruction of the existing electricity supply network facilities 

for strengthening of the electrical network for the purpose  
of technological connection performing»

Random distribution in the subgroups 1 and 2 is close to a 
normal one, so the representative sample scope is calculated 
by formula (3). For such subgroups within a cluster particular 
investment projects, included into the representative sample and 
being subject to inspection under TPA, are defined by random 
sampling. 

 After distinguishing of the subgroups, for which a normal 
random distribution is typical, in most cases a large package of 
IP titles remains, for which such a distribution is not typical. For 
the latter it is suggested that additional subgroups with a random 
distribution close to the equal one should be provided, as well as 
the subgroups with the investment projects, for which a high total 
investment projects cost is typical (a far different value relatively 
to the biggest part (more than 90%) of the IP titles). 

Within the examined cluster a subgroup 3 is distinguished 
with the investment projects, for which a high total investment 
projects cost is typical – more than 17 mln. RUB. Selection of 
the titles within such subgroups is recommended to be made 
by expertise. To define the quantity of the titles, included into 
the representative sample, it is recommended to focus on the 
percentage, formed on the basis of empirical analysis. Such a 
value is suggested by the authors within the present methodology. 
During determination of particular IP titles, which are subject to 
inspection under TPA, it is recommended to select the titles with 
the highest total and remaining investment projects financing 
value from the subgroups, for which a total investment projects 
cost is typical.  

For the subgroups, where random distribution is close to an 
equal one, it is recommended to perform definition of the quantity 
of the investment projects, included into the representative 
sample, empirically (5–10 investment projects). For such 
subgroups selection of particular investment projects is fulfilled 
by random sampling. Within the present distribution a random 
sampling will allow to generate a sample average close to the true 
value of the whole subgroup average. 

Formation results of the representative sample for the PJSC 
"MOESK" IP project are displayed on the pic. 2. 

Pic. 2. Reduction of the scope of titles sample  
for examination within TPA through the example of PJSC "MOESK" 

investment program project 

As a result of applying of the suggested approach towards 
investment projects selection for IP (IP projects) TPA fulfillment, 
the volume of analyzed investment projects was reduced more 
than by a factor of 20, that gives an opportunity to improve 
the efficiency and the quality of TPA procedures carrying out. 
Conclusions, generated concerning received sample, are well 
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grounded for the entire population (of the investment program 
on the whole).

conclUsions

Through the example of the PJSC "MOESK" IP project it is 
displayed that the suggested methodology allows to significantly 
reduce time expenditure for the power grid companies IP (IP 
projects) TPA, to improve results rating, effectiveness of the 
inspection and to  optimize it on the whole. Such an approach 
doesn’t break the methodological recommendations provisions 
on TPA carrying out. To follow representativeness during 
applying of the suggested methodology one should be scrupulous 
about investment projects division into districts and clustering 
while distinguishing of the uniform according to their features 
groups (clusters) of the investment projects, corresponding to the 
random distribution.
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