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Abstract. The article describes the structure of the water supply process.
The importance of a value-oriented approach to water supply is
substantiated. The classification of directions for evaluating the efficiency
and productivity of water supply has been developed. A comprehensive
system of indicators of water supply efficiency and productivity is
proposed. It is shown that it is advisable to use a system of indicators of
efficiency and productivity, which is developed taking into account the
specifics of the value chain, to evaluate the company's performance. This
system of indicators reflects different aspects — resource, technological,
financial and economic, consumer, etc. Based on the system of indicators
of efficiency and productivity, it becomes possible to qualitatively analyze
the balance and proportionality, quality, resource sufficiency and security,
the level of manufacturability of the water supply process, as well as the
degree of customer satisfaction.

1 Introduction

Adequate and reliable assessment of water utilities ' performance is put forward in modern
conditions as one of the most important tasks for improving water supply management
[1,2]. The task requires a comprehensive approach. The relevance of this assessment is due
to the system of contradictions faced by Russian water utilities. Here it is worth noting the
following main contradictions:

1. Depreciation and low technical and technological level of fixed assets requires
attracting external investment. But in this case, the investment component in the tariff
increases significantly (with existing restrictions on their growth and the possibility of
compensating for the growth of tariffs at the expense of local budgets). This circumstance
imposes high requirements for evaluating the financial and economic activities of water
utilities.

2. getting an effect at one technological stage may not lead to an increase in the
productivity and efficiency of the entire value chain due to the inefficiency of other stages.
For example, leaks and unrecorded water consumption, which make up 22.7% of all water
supplied to the network. But according to expert estimates, the average water loss is at least
40%. Reconstruction of treatment facilities with such losses in the water supply network is
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necessary. Accordingly, new water treatment costs increase in proportion to losses in the
water supply network. This inflates the cost of providing the service and requires an
increase in tariffs or subsidies.

3. Market requirements to ensure the profitability of current activities and return on
investment costs conflict with social restrictions and the corresponding state social policy.

The above and other factors determine the importance of evaluating productivity and
efficiency. This is necessary from the point of view of optimizing the current activities of
water utilities, as well as the validity of investment projects for development.

2 Materials and methods

The structure of the water supply process. In methodological terms, performance reflects
the key cause-and-effect relationships in the functioning of the object. At the same time, it
is important to rely on the basic principles of the dialectical approach. As Hegel points out,
"of the three points of the process of necessity-the condition, the object, and the activity -

a. Conditions. Are used as material for the subject and, therefore, are included in the
content of the subject.

b. The Object. Through the use of conditions ... obtains its external existence, realizes
its meaningful definitions, which in turn correspond to the conditions, so that it turns out
that the object is produced by the conditions and owes them their definitions.

C. Activities. It is a movement that translates conditions into an object and the latter into
conditions as a sphere of existence, or rather, a movement that deduces an object from the
conditions in which it exists in itself, and gives the object existence by removing the
existence that the conditions possess" [3].

In applied terms, "conditions" are the raw materials and resources of the enterprise.
"Activity" - the technological chain of product creation (from the initial raw material to the
final product for a specific object). The "item" is the actual product at various technological
stages. In this case, the product of the previous technological stage acts as the initial raw
material for the subsequent technological stage. The main technological stages of the water
supply process include water intake from the water supply source (water intake),
preparation of drinking water (water treatment), transportation of water to the consumer
through water supply networks using booster pumping stations, and transfer of treated
water to the consumer for further consumption [4].

Schematically, this relationship of all the "three points" of the water supply enterprise
can be represented as follows:

Movement of the "water" product through the technological stages of the water supply process
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Fig. 1. Interrelation of production components of water supply enterprise functioning.
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Description:

- qualitative state of water when driving across the stages of supply: 1 — raw
materials: water entering the water intake from a water supply source; 2 — finished: water
received for treatment; 3 — finished water entering the water network for transporting; 4 —
prefabricated water after transportation; 5 — the final product: the water supplied to the
consumer for future consumption.

Based on the methodological approach taken as a basis, we will consider the basic
concepts of enterprise performance.

3 Approach developed

Classification of directions for evaluating water supply efficiency and productivity
indicators. In economic theory, efficiency is defined as:

- the ratio of the result to the effort expended;

- relationship between the result achieved and the resources used;

- the ratio between the achieved result and the resources used.

It is proposed to distinguish the following types of water supply efficiency: General,
resource and technological efficiency [5],

Overall efficiency

The overall efficiency of water supply is determined by the ratio of the final product and
the total cost of obtaining it, usually in cost terms. Unfortunately, the scientific literature
allows for a mix of performance and efficiency. In relation to the current activity of the
enterprise, it is primarily a question of comparing revenue and total costs, as a result, the
overall economic efficiency is most fully reflected by the indicators of profit (absolute
indicator) and profitability (relative indicator):

- the ratio of results and costs in absolute terms is, in fact, the resulting economic effect
(the difference between the result and costs in terms of value);

- profitability in relative terms can be considered as the ratio of profit (effect) to costs
(ROI) or to the result "revenue" (ROI).

In the field of investment activity of an enterprise, when justifying investments, such
estimated performance indicators as net cash flow, payback period, and marginal rate of
return are used, for example. At the same time, the result is a positive cash flow.

Technological efficiency

Technological efficiency is determined for a specific technological stage by comparing
the intermediate or final result with the total cost (the cost of all resources) at this
technological stage. In the first case, we are talking about local technological efficiency, in
the second-about the overall technological efficiency.

Resource efficiency

The next level of evaluation of water supply efficiency is resource efficiency as a
comparison of the intermediate or final result with the costs of a specific resource at the
appropriate technological stage. This efficiency is calculated for specific types of resources
(personnel, fixed assets and equipment, materials and reagents, electricity, water networks,
etc.). for Example, energy efficiency indicators are calculated for energy, specific resource
consumption for materials and reagents, etc.

When measuring resource efficiency, there are two ways to evaluate it:

a) Local resource efficiency at a specific technological stage of water supply
(comparison of the intermediate result of the technological stage with the costs of a specific
resource at this stage). For example, the cost of electricity for the treatment of 1 m3 of
water, the labor productivity of personnel engaged in water treatment, etc.
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b) Resource efficiency throughout the value chain (comparing the final product with the
costs of a specific resource at all technological stages).

Table 1. Technological efficiency of water supply.

semiproduct 1 semiproduct 2 semiproduct 3 final product
Water entering the
Cost Water coming in water supply Water after Water supplied to
for treatment network transportation the consumer
ratio of semi-
The cost of finished product
water intake parameters 1 and
water intake costs
ratio of semi-
The cost of finished product
cleaning the parameters 2 and
water water treatment
costs
ratio of semi-
The cost of finished product
transporting parameters 3 and
water water transportation
costs
the ratio of
Water parameters of the
transfer costs final product and
to the the cost of
consumer transferring water
to the consumer
Total costs
fgg}iﬂ)logical Total technological efficiency of water supply: _the ratio of parameters of the final
stages of product and total costs for all technological stages of water supply

water supply

For example, the specific electrical capacity of the final product (electricity costs per
1,000 m3 of water supplied to the consumer), the productivity of the company's personnel,
and so on.

At the same time, the cost of resources and the intermediate/final product can be
estimated in natural (number of personnel, kWh of electricity, m3 of water, etc.) and cost
(staff payroll, electricity costs, revenue from water sales, etc.) indicators. Depending on the
type of resource, resource efficiency can acquire an "independent sound". For example,
energy efficiency is highlighted (table 2).

Resource efficiency is associated with a reduction in resource consumption per result
unit. The downside of this is reduced resource requirements (resource savings). For
example, increasing labor productivity reduces the labor intensity of production and
reduces the need for personnel and allows you to produce more product with the same
number of employees. Therefore, we can talk about the cost-effective use of resources. If
productivity is the amount of output produced per unit of time a resource is used, then cost-
effectiveness is determined by simply comparing the resources that were intended to be
used to achieve certain goals and perform work with the resources that were actually
consumed.

There are the following dependencies between technological and resource efficiency:

- the sum of costs for all resources for a specific technological stage of water supply
gives the total costs for this technological stage (for calculating local technological
efficiency);

- the sum of costs for all resources for all technological stages of water supply gives the
total costs for all technological stages (for calculating the overall technological efficiency).
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Therefore, resource efficiency affects local and overall technological efficiency
(through resource costs). In turn, technological efficiency affects the final result (through
the ratio of intermediate and final products), respectively-affects the overall efficiency of
the enterprise.

Table 2. Resource efficiency of water.

semiproduct 1

semiproduct 2

semiproduct 3

final product

QOStS ofa Water comin Water entering Water
specific resource - € | the water supply Water after .
in for . supplied to
network transportation
treatment the consumer
ratio of semi-
finished
Resource costs roduct
to the water P
intake parameters 1
and resource
costs
ratio of semi-
Resource costs finished product

for water
treatment

parameters 2
and resource
costs

Resource costs
for water
transportation

ratio of semi-
finished product
parameters 3 and

resource costs

Resource costs
for transferring
water to the
consumer

the ratio of the
final product

and the cost of
the resource

Total resource

costs for all
tset:;hgsoag\lvc:tler Total resource efficiency: the ratio of final product parameters and total
supgply resource costs for all technological stages of water supply

When considering the impact of water supply.

From a methodological point of view, it is advisable to transform the "object" (in the
Hegelian sense) into a "result". The scientific literature correctly emphasizes the fact that
the result expresses causal relationships:

- result-consequence of a chain (sequence) of actions or events expressed qualitatively
or quantitatively;

- result - what is received at the end of some activity, work, result.

For example, the material result of an enterprise's activity should be a product. In this
case, the result of an enterprise's activity can be intermediate (the result of a specific
technological stage) and final (the result transmitted to an external consumer).

Thus, the intermediate results are semi-finished products obtained at different
technological stages of water supply:

- water entering the water intake from the water supply source;

- water received after water intake for treatment;

- water entering the water supply network for transportation after cleaning;

- water delivered to the consumer after transportation.

The end result in our example is the product that is passed to the consumer (water that is
delivered to the consumer for subsequent consumption).
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The derivative of "result" is " performance. The literature on this issue has the following
points of view:

- performance is the achievement of a goal while maintaining the set limits and various
resources, such as time;

- performance - the ratio of the actual result (measured indicator — the so-called
"performance criterion") to the planned.

As can be seen from these definitions, performance is usually reduced to assessing the
dynamics of changes by comparing the actual level with the target, planned, normative, etc.
This approach is particularly clearly reflected in the standards of the GOST R ISO 9000
series. In these documents, for example, performance is defined as "the degree to which
planned activities are implemented and planned results achieved" [6]. In the scientific
literature, it is customary to distinguish between "productivity" and "efficiency". However,
this understanding of the differences between" performance "and" efficiency " has a
significant drawback, which is as follows. To evaluate performance or productivity, you
need to have a clearly defined "reference point": goals, standards, plan, previous data,
competitor data, best practices, and so on. In the above definitions of performance and
efficiency, this " right "is for some reason" assigned " exclusively to performance. But the
dynamics of the result-cost ratio can also be evaluated when comparing the fact with the
plan, previous period, target or normative values, etc. [7].

In our opinion, this is not correct, since in this case we have the same result, only set by
the goal (the so-called target result). And the degree of achievement of the goal only sets
the criteria for evaluating such a result. In addition, with the proposed "target efficiency",
the achievement of the result (goal) is not linked to the costs necessary for this.

Thus, the traditionally understood difference between performance and efficiency is not
a difference at all, but, on the contrary, "General" possible ways to assess dynamics.
Therefore, the task of determining the fundamental difference between performance and
efficiency cannot be considered completed. It is also relevant because performance can
increase against the background of falling efficiency (and Vice versa). We also note that the
result can be either positive or negative. Hence, by the way, the phrase "a negative result is
also a result became widely used.

If we talk about performance, it is also possible to distinguish between technological
and value performance.

Technological performance

In our opinion, the comparison of results should initially be carried out not in the plane
of "fact-plan", "fact-previous period", "fact - goal", "fact - standard", but in the context of
the movement (reproduction) of the result itself. In other words, within the product value
chain [8,9]. Thus, performance is based on a comparison of performance results. In other
words, the intermediate and final results are compared:

- input processed resource and semi-finished product 1;

- semi-finished product 1 and semi-finished product 2;

- semi-finished product 2 and semi-finished product N;

- semi-finished product N and final product.

In the proposed approach, performance reflects the development of the result (the
transition of the result from one qualitative state to another) in the process of creating value.
Here it is appropriate to give the following statement of dialectical logic: "every beginning
is an undeveloped result, and the result is a developed beginning". Similarly, first there is
an undeveloped intermediate result, then there is a movement from an undeveloped
intermediate result to a more developed intermediate result, and finally there is an expanded
beginning, that is, the final result [7].
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An illustration of the proposed approach to water performance (using the example of
volumetric parameters of the result) is shown in table 1. here you should provide a few
explanations:

1) the Initial processed raw material (in our example, water from a water supply source)
acts as a kind of initial product (initial semi — finished product), with which the further
intermediate product (semi-finished product 1) is compared.

2) performance Assessment necessarily involves a quantitative assessment. For
example, the level of water losses at each technological stage of water supply can be
determined in absolute terms (by comparing "input" and "output" process steps) or in
relative terms (percentage of the volume of water at the entry process steps).

3) it Is most practical to consistently compare products at the junction of "neighboring"
technological stages when evaluating performance. In this case, the result at the "output" of
the previous technological stage acts as the initial processed raw material for the subsequent
technological stage and is compared with the result of this stage (the so-called "chain"
method). Since there is a technological process (a specific technological stage) between the
products, this actually means evaluating the local performance of the technological process.
Therefore, such performance is properly called technological or functional [10-14].

In this case, performance means "get the maximum result for a given incoming result".

However, you can also compare the results for" non-neighboring " technological stages.
In this case, the overall performance can be evaluated by comparing the initial processed
raw material with the final product (the so-called output of the final product per unit of
incoming raw material processed). For example, water consumption at a water intake per
unit volume of water transferred to the consumer.

4) In the General case, process efficiency is assessed via the loss of water and the
required water parameters at all technological stages of water supply (table 3).

5) Naturally, the results of comparing intermediate and final products can be further
evaluated in the coordinate system "fact-plan", "fact-previous period", "fact-goal", "fact-
standard", etc.

Table 3. Technological efficiency of water supply.

Movement of the "water" product through the technological stages of the water supply process

raw materials to
be processed

raw materials to
be processed 1

raw materials to
be processed 2

raw materials to
be processed 3

product

Technological
stage " water

Technological
stage " water

Technological
stage " water

Technological
stage " water t

Technological
stage " water
transfer to the

intake» intake» treatme ransportation»
consumen»

r from L . .
Water fro la Water coming in | Water entering Water after Water supplied
water supply .

for treatment the water supp transportation to the cons

source

Level of water loss during water

intake

Level of water loss during cleaning

Level of water loss in the water

supply network

Level

of  water

loss  during

transmission to the consumer

Overall performance of water supply-comparison of raw materials and final product: the level of
water loss from water intake to transfer to the consumer.
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The performance of the conformity of the product (service) to the user's values.

The end of the value creation process is the receipt of the final product and its
consumption by the consumer (or the evaluation of the product by the consumer). This is
also the end result of this process. Therefore, performance, in addition to the approach
discussed above, can be considered by comparing the end product transferred to the
consumer with the requirements of the consumer [15].

In this regard, from the point of view of the company's activities, it is of undoubted
practical interest to use elements of a value-based approach to evaluating performance. In
the most General form, the value-oriented approach is understood as the orientation of the
enterprise's activity on the consumer's values - on their identification and effective
production of goods/services in accordance with the consumer's values.

Consumer values act as a kind of "bridge" between the needs and parameters of the
product and service. Therefore, they are the basis for the formation of any market
(commercial) turnover of goods and services.

"Values" characterize the key (significant) requirements of the consumer to meet their
needs when consuming goods and services, and, consequently, - based on the values, the
characteristics (properties and quality) of the product or service that are significant for the
consumer are determined. In other words, "value for the consumer" is what is significant in
meeting the needs of the consumer, based on which parameters he estimates the degree of
satisfaction of his needs [16].

In relation to water supply, the main values of the consumer and their corresponding water
supply parameters are shown in table 4.

Table 4. Consumer values and value parameters of water supply.

No Values
consumer Value parameters of water supply

1 | Providing water in the required Volume of water
2 | Providing water with the necessary pressure Water pressure
3 | Water supply 24 hours a day Continuity/water supply mode
4 | Providing water of the requi Water quality

Proqum_g_ water at affordable rates Cost of water supply (tariffs for
5 | (availability of tariffs) and transparency of .

water and services)
payments

Value performance (the level of customer value assurance, service quality, and customer
satisfaction) is evaluated in terms of value. In this case, the indicators that characterize the
consumer's values are taken as evaluation indicators.

4 Results

Formation of a system of indicators of water supply efficiency and productivity.
Classification of areas for evaluating efficiency and productivity allows you to develop a
system of appropriate indicators for water supply [17].
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Table 5. Indicators of water supply efficiency and productivity.
Ne Areas of activity
assessment Subgroups Indicators
| Result of Natural-real resul }\{/o\llur;le of supplied water, m3
activity Financial and econ evenue
2 Productivity
21 Technological Percentage of unrecorded water expenses and losses during
""" | performance transportation
Customer satisfaction (based on survey results):
- cold water quality;
- uninterrupted water supply;
- the pressure of the incoming water;
- the smell of incoming water;
Conformity of the - cold water color;
. - water transparency;,
service to the g
consumer's values - taste of cold water;
- operation of the " Hotline»;
- tariffs for cold water supply;
- providing notification information about repair work
schedules and the resumption of water supply
. Average waiting time for a connection with «a Hotline
Productivity in
matching the Operator
. - the number of registered and justified complaints about
product (service)
2.2. to the reduced cold water pressure
, Water pressure and - the number of interruptions in the water supply that occurred
consumer's S . .
values continuity of water as a result of accidents, damages and other technological
supply violations;
- maximum duration of disconnecting consumers from
providing water supply services
- compliance of drinking water quality at the outlet of water
supply stations with regulatory requirements, %;
- compliance of drinking water quality in the distribution
Compliance with Wz;fer Eetwo;k w1t]£1 regulatory reqllnremen;?; .
water supply - the share of drinking water samples supplied from water
sources that do not meet the established requirements in the
standards
total volume of samples, %;
- the percentage of drinking water samples in the distribution
water network that do not meet the established requirements
in the total volume of samples, %
3 Result of | Natural-real resul Volume of supplied water, m3
activity Financial and econ Revenue
4 Efficiency
Overall Absolute figure Profit
41 efficienc, Relative indicator Value for money
Y Profitability of sales
The ratio of the volume of water supplied to the consumer to
. General .
49 Technological the costs at all technological stages of water supply
™| efficiency Local The ratio of the volume of processed water at a specific
technological stage of water supply to the cost of this stage
Staff Labour productivity
Capital productivity
. Productivity of equipment
Fixed assets Indicator of the use of production facilities (by volume of
pumping) in relation to the peak day of the reporting year
Resource - - - =
43. . Materials and Consumption per 1,000 m3 of supplied water or 1 million
efficiency
reagents rubles of revenue
Electricity an‘sumptlon (kWh) per 1,000 m3 of water supplied or 1
million rubles of revenue
Water supply
network The number of damages per 10 km. water supply network
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5 Conclusions

Based on the above classification of indicators of water supply efficiency and productivity,
primary information is collected, dynamics of changes in indicators are evaluated,
dependencies between different indicators are identified, and the main cause-and-effect
relationships are analyzed for further development of neutralizing, corrective or preventive
measures.

Thus, it is advisable to use a system of indicators of efficiency and productivity,
developed taking into account the specifics of the value chain, to evaluate the company's
performance. This system of indicators reflects different aspects — resource, technological,
financial and economic, consumer, etc. In General, based on the system of performance
indicators, it becomes possible to qualitatively analyze the balance and proportionality,
quality, resource sufficiency and security, the level of manufacturability of the water supply
process, as well as the degree of customer satisfaction.
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