CHAPTER 6. ENERGY SAVING
    It is strange, but any of the wide-sread terms: energosberezhenie in Russian, energy saving – in English,  energiesparung - in German, economic de L'energie  - in French contradicts to the main idea of the actions which it means. 

    In realty, energy saving is the complex of measures directed on increase of efficence of electrical and heat energy production and consumption. There is other definition of the term "energy saving", exactly it is a choice between  a raising productivity of labor or energy resource rather than the energy economy [4, 12, 20, 21].

In the law of the Russian Federation about energy saving this concept is interpreted as follows: energy saving is the implementation of legal, organizational, research-and-production, technical, and economic measures aimed at efficient utilization of power resources and  drawing renewable power sources in the economic cycle. The keyword here is the implementation. It implies the use of new technologies that provide more efficient utilization of power resources, application of devices for proper account of power resources, modernization of energy consuming devices, optimization of fuel and energy utilization methods, reduction of direct power losses, creation of new power sources and power resources, and many other things.

In a number of normative-legal documents that are in force in the territory of the Russian Federation, energy saving is taken to mean the activity of the state authorities aimed at creating conditions for actual energy saving. This is already another kind of activity aimed at energy saving; it includes training of personnel, standardization, certification, power inspection, rating, education, etc.

6.1. Problems of Power Efficiency in the Realm of Power Consumption on the Example of the Russian Economy

As demonstrated above, the progress of our civilization is connected with mastering new volumes, types, and quality of power resources. Over the past century the energy consumption had been increased by more than 5 times. This means that further expenses of our society on the extraction, treatment, and consumption of power resources will only grow. Negative effects of power engineering on the environment will also increase. Therefore, efforts and expenses on the reduction of this negative effect will increase as well.

Estimates of the international experts demonstrate that up to 40% of the gross national product of a country are determined in this or that extent by extraction, treatment, and consumption of power resources. It seems likely that in future these expenses will grow, including the portion allocated for the fulfillment of ecological safety requirements.

On the one hand, exhaustion of nonrenewable natural power resources, pollution of the environment, and future climatic changes and other global phenomena caused by the production and treatment of power resources have become of state and public concern.

On the other hand, the world tendencies in the last 2–3 decades clearly demonstrate that the rate of increase of power resource consumption slows down, which provides the basis for optimism. Thus, the world energy consumption increased by 2.6 bln ton of standard fuel in 1963–1973, whereas in the subsequent decade it increased only by 1.7 bln ton. This tendency is especially pronounced for the industrially developed countries. The average annual increment of energy consumption in the world is 1%, for the USA it is 0.4%, and for Western European countries and Japan it is 0.25%. The critical period for changing the rate of increase of energy consumption started in the early 70s, when the price for oil sharply increased and many countries started the implementation of energy saving programs.

Two opposite tendencies are manifested in this process. Technical means and technologies, machines and devices were designed and produced by enterprises in the epoch of a cheap energy. Their energetic and commercial efficiency parameters corresponded to the priorities of that epoch. In the new epoch, the operational rules and technologies are perceived as obsolete and incompatible with a new paradigm. The criteria for technological efficiency must be changed, which entails changes in the priorities of different components of expenses, including salary, energy, raw materials, amortization expenses, materials, taxes, etc. Therefore, the structural reorganization of energy consumption goes slowly all over the world. On the other hand, our civilization is always aimed at efficient utilization of power resources. As a matter of fact, the energy theory itself and many applied sciences (thermodynamics, heat and mass transfer, hydroaerodynamics, electrical engineering, and many others) study efficient methods and seek for more and more efficient solutions in engineering, technology, and power engineering. It should be noted that an increase in the efficiency of the main product of the electric power generation branch – power generation and transmission – rises at higher pace than in most branches belonging to the realm of consumption.

Thus, the energy-saving character of reorganization of the economy is objectively caused by the character of the modern stage in the development of the world economy. However, energy saving before the 70s was the natural effect of the scientific and technical progress and changes in the structure of the productive forces. Under conditions of oil crisis in the 70–90s, energy saving became target-oriented in character in the majority of countries.

At the same time, even in industrially developed countries with the market economy sensitive to any changes in the total economic conjuncture, an increase in the power efficiency required large expenses of time and means. Only after repeated economic shocks, the power consumption for the internal gross product started to decrease in industrially developed countries [12]. 

The  energy  crisis in the USSR started  much later, when the remaining world had already overcome its consequences. The energy of primary power resources spent for the production of the gross domestic product (GDP) in the USSR and now in Russia 3–4 times exceeded that in the USA, main Western European countries, and Japan. 

Nearly the same situation is observed in many developing countries, primarily in the countries that possess large power resources. The depraving effect of natural resources in the USSR was complicated by the state system of control of the economy, and the transient period started in 1991 intensified the negative events in power engineering by the crisis of payments for energy carriers. In this regard, it seems expedient to examine all the problems of increasing energy efficiency of the national economy on the example of present-day Russia where they are expressed in an explicit form.

Retaintion of reduced prices on energy, as one of the main elements of the state policy in the USSR and Russia, has led to the insufficient investments into power engineering in general, especially in stages following the extraction ones in the energy production chain. Therefore, problems arising in the development of the power complex were accumulated and even aggravated rather than solved. Even the retention of the reached potential of power engineering under conditions of surplus energy demand (because of a low efficiency of power consumption) required increasingly more and more efforts and resources. Outside of the realm of the state regulation, the sole efficient method of solving energy problems was an increase in the power efficiency of social production, reduction of power losses, and energy saving. The energy needs of the country should be mainly satisfied by regulation of energy demands. Today the surplus of energy consumption in Russia is more than one third of the total energy consumption. It is not accompanied by the corresponding increase of the domestic product (Fig. 6.1).
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Fig. 6.1. Dynamics of energy consumption and GDP. Here CER denoted conventional energy recourses.

With annual electric energy production of 1362 mln ton of standard fuel (1997), 408 mln ton are surplus. 

The abundance of cheap power resources for many decades gave rise to the negative tendency of careless energy consumption. The energy component in the production cost of many industrial and agricultural goods was as low as 1–3%, which did not stimulate saving of power resources. Projects of many new large plants were based on the obsolete technology with surplus utilization of power resources. The majority of new Russian products have energy consumption parameters much worse than their foreign analogs. The present-day situation remains unchanged. This hinders actual energy saving, but increases its potential.

An important reason for unfavorable situation in the field of power efficiency, especially in the realm of power consumption, is indifference in the efficient consumption of fuel and energy resources on all levels of management and production, in working places, and in community enterprises of  Russia. The indifference in saving of power resources by the customers is natural in power systems and other power supply institutions, since it decreases the realization volumes and hence incomes and profits.

In turn, the customers do not show enthusiasm in saving of power resources, because this requires additional  finances, efforts, knowledge, and skills. In addition, the careless power consumption in production processes is caused by a considerable share of the obsolete equipment, low-efficient technological systems, and high constant component of energy consumption connected with all-factory expenditures.

Nowadays energy customers and distributing  networks are poorly equipped with registration, control, regulation and automation means. To a lesser degree this is true for electric power, and to a full degree this is true for heat and other power resources.

No less important reason of a low level of energy-saving activity in Russia is the complete lack of economic and other stimuli. The development and production of energy-saving equipment and equipment with improved parameters of energy consumption are not  enough stimulated. Exactly these characteristics of the equipment could become decisive in the market. 

Now the Russian economy has no skilled management and engineering personnel in the realm of energy saving. Training, learning, and retraining of personnel as well as improving their qualification must be oriented on new forces and new intensive educational programs.

Summing up, several factors determining the urgency of a search for new approaches to the development and implementation of actual energy saving can be identified:

· Dynamics of wholesale prices on primary power resources; the global tendencies and experience of industrially developed countries testify to the necessity and capability of a significant reduction in the energy needs of our society

· An analysis of energy consumption in Russia and industrially developed and developing countries and countries with transient economy demonstrates a considerable reserve (potential) of energy saving in industry, municipal services, and transport (Fig. 6.2)

· In Russia the branch principle of energy saving control has already reached its limit in connection with the foundation of joint-stock companies

· Relative economic and legal independence of regions and their territorial integrity create the prerequisites for the construction of an efficient regional energy-saving system; 

· The most efficient method of implementation of energy-saving policy – an increase in the energy price – can be introduced only after realization of measures on social protection of population with insufficient livelihood.
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Fig. 6.2. Energy saving potential in different branches of the Russian economy.

Difficulties in the supply of customers with power resources in the majority of regions of the Russian Federation in the middle 90s were caused by the total economic crisis in the country, falling-off of commercial production and business activity, intensive privatization of enterprises of the fuel and energy complex, breaking of traditional delivery schemes, mass non-payments, increase of mutual debts, retention of considerable amount of non-compensated privileges, falling-off of production of power resources and reduction of their quality, disparity between prices in internal and external markets of power resources, contradictions among power companies, customers, state authorities, municipalities, and population (Fig. 6.3).
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Fig. 6.3. Scheme of connections and contradictions of regional power supply.

The essence of contradictions lies first of all in the economic area: private property and state regulation of the tariffs, numerous privileges to different categories of customers of power resources and the lack of their budget coverage, different prices of the same product for different customers, debts of customers for already consumed power resources, etc. 

Thus, the problematic situation in the regions of Russia is the following. Under conditions of reforming the national economy in the majority of regions of the Russian Federation, the dependence of the standard and quality of life of our population and the social and political stability in the country on the quantity and quality of the consumed power resources, their prices and accessibility to customers is intensified in connection with deep contradictions and disparity between the traditional management systems and new market economic conditions.

6.2. Specific Features and Mechanisms of Energy Saving

 Regularities and contradictions of the energy saving process allow us to refer it to a specific and to a certain extent new phenomenon of public life. Individual features of this phenomenon, its  regularities, and contradictions form a system of problems and consequences following from them.

Problem 1
Energy saving up to now is a by-product of technological progress.
Over the past decades, technical novelties have solved such problems as raising the labor productivity and improving the life comfort and quality of products and services. However, simultaneously an increase in the efficiency of utilization of power resources was the second effect.

Consequence
Under new conditions, it is necessary to uxtapose more carefully the final goals and expenditures on their achievement. In other words, the efficiency of energy utilization must be on the fist place among a set of parameters characterizing production-economic activities.  

Problem 2
The state power policy is characterized by an inconsistency and contradictions.
· Controllable prices (tariffs) on the consumed energy (electricity and heat) established by regional power commissions which do not reflect in the full measure the dynamics of expenditures of energy supplying organizations; they have been restrained for a long time for the sake of stability of the social situation; in different locales they have different tendencies;

· Prices (tariffs) on the electric energy for different groups of customers do not correspond to their actual participation in the formation of the optimal electrical load charts;

· Prices (tariffs) on the electric energy for the population and industry are deformed under a pressure of the social policy;

· Federal and regional power commissions establish and regulate energy tariffs, inspect reports of energy supplying organizations on power production and transmission expenditures, but do not control items of expenditure;

· Budget subsidies to the population for the consumed thermal energy are proportional to the living space. This means that people with lower incomes living in small flats receive much less subsides; interests of population with insufficient livelihood are restricted;

· Many state budget organizations do not receive enough  finances for payment of the consumed energy resources. 

Consequence
The current relationship between the state regulation and market mechanisms in the field of energy saving in Russia is far from being optimal and show a large reserve for further increase in the efficiency of energy utilization. This calls for the legislative activity of the authorities at all levels and additional expenditures.

Problem 3
The consumption of energy and resources constantly grows. Active energy saving measures can only slow down the rates of their growth.
The statistical data on changes in energy consumption and energy resources in different countries, regions, and enterprises unambiguously testify to the steady growth of consumed power resources. Even periodic falls-off caused by  peculiar  reasons do not disturb this tendency. To illustrate it, Fig. 6.4 shows the electric power generation in the USSR and Russia, and Fig. 6.5 shows the dynamics of fuel production.
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Fig. 6.4. Dynamics of electric power generation in the USSR and Russia.

Electric power, bln kW(h

Years

[image: image5.jpg]sso0Standard fuel, min tons

Total

2000

1500

1000

500

al

1940 1950 1960 1970 1980 1985 1990
Years




Fig. 6.5. Fuel extraction in the USSR.
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Consequence
To provide stable functioning of an object, its power consumption should not be less than a certain threshold level: if the consumption of one energy resource is reduced, it must be compensated, at least partly, by other energy resources, because when the power consumption is reduced to a minimum, a threat arises to the existence of the object itself. 

Problem 4
Discriminative economic criteria  set a much higher barrier for projects of efficient energy utilization than for projects that envisage extended utilization of power resources:

· The efficiency of power utilization in an investment project is most often provided by an increase in investments or a share of human labor 

· The results of technical and economic comparison demonstrate that projects with a reduced share of energy consumption most often loose to projects with increased consumption of energy resources 

· The payback time, as an efficiency criterion, allows investments to be compared with expenditures, and energy wasteful projects are preferred when the energy is cheap 

· Using the efficiency as a criterion for technical systems, we can conclude that alternative and nonconventional power sources are inefficient; other criteria must be used here, because these systems utilize energy that was not extracted previously. 

Consequence
To stimulate energy-saving behavior, relative contributions of power resources, raw materials, and labor to the cost of a product must be changed to increase the first component. A simple increase in tariffs on energy resources will not change this relationship fast. This process is slow, and special measures are required to accelerate it.

Problem 5
Energy supplying organizations are not interested in reduction of power consumed by customers:
· An increase in energy and power resource sales unambiguously increases incomes from sales, because the price is established beforehand, and measures aimed at energy saving by customers decrease incomes and profits

· A decrease of energy losses in systems and networks is of no interest, because according to the procedure of calculating costs and tariffs paid by customers, the cost of these losses has already been included in these tariffs

· Energy supplying organizations are interested only in the reduction of commercial losses (the difference between the produced and paid energies)

· Rate setting of the balance between the produced and sold energy in energy supplying organizations makes energy saving unnecessary

· The staff of energy supplying organizations is not interested in reduction of power expenditures or losses. The staff wages are in no way connected with energy saving process.


Consequence

The package of documents regulating relationships between the suppliers and customers of energy resources must be radically changed.

Problem 6
Many systems of wages encourage personnel for resource consumption rather then saving.
· The cost of design and hence the wages fund for designers is a fixed percent of investments into the project (an external expertise does not  improve the situation)

· The wages of operational, repair, and power engineering personnel depend only slightly on the efficiency of utilization of energy resources

· The wages of workers and employee in other branches of the economy do not depend on the efficiency of energy utilization or energy saving

· For administrative staff and leaders being, as a rule, on a contract system of wages, the efficiency of utilization of energy resources can be a stimulation factor; at present, however, this is only a hope rather than reality. 

Consequence
One of the most simple directions of energy saving is that the personnel must fulfill their duties in full conformity with the rules and regulations aimed at energy saving, and the system of wages must encourage energy saving and punish energy extravagance.

Problem 7

All natural persons – energy customers  – clearly understand that energy wastefulness (extravagance ) is unreasonable, but the energy-saving behavior cannot transform into the norm without additional stimuli:

· Staircases of dwelling houses, lecture halls, offices, and shops are often lighted by electricity when natural light illumination is sufficient

· A full teapot is boiled even if one cup of water is required

· Windows are opened to decrease the temperature in a room, the equipment remains switched even when it is idling, and many other things are done. 

Consequence
Energy wasteful behavior is a consequence of weak motivation and incompetence.

Clear formulation of any problem, including the problem of increasing the efficiency of utilization of energy resources, allows methods of its solution to be found.

6.3. Energy Saving as a New Power Resource

Our society needs efficient methods of utilizing energy and power resources rather than energy saving. To confirm these words, it is pertinent to refer to the words of E. Waizsekker, A. Lovins, and L. Lovins who stated that «… energy saving has a moralistic context. Wastefulness was always considered and is considered as a sin. This is a simplified concept of energy savings by voluntary self-restriction. However, customers need final services – a hot shower, cooled bear, comfort, and light – rather than kilowatt hours. They want to be served reliably, conveniently, and whenever possible cheaply» [12].

The necessary condition of energy-saving behavior is comprehension of the necessity of efficient utilization of energy resources.

A number of recent public speeches and published works devoted to energy saving testify to the use of the term energy saving as a new power resource. This means that energy saving, displacing other energy resources from the fuel and energy balance, becomes a power resource itself. Let us consider that enterprise A needs T1 = 1000 tons of standard power resources for a given time period. As a result of introduction of energy-saving measures, T2 = 850 tons of power resources were consumed with other things remaining the same. If the condition

T1 > T2                                                                                    (6.1)

is satisfied, we can consider that T3 = T1 – T2 is the amount of saved resource. In other words, a part of the required resource T1 is substituted by the resource T3:

T1 = T2 + T3.                                                                            (6.2)

In this case, T3 characterizes energy saving, that is, the energy resource that replaces a part of the resource T1 in the fuel and energy balance of the enterprise. Figure 6.6 depicts schematically such changes in the balance.
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Fig. 6.6. Initial energy balance of an enterprise.
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Let the initial fuel and energy balance of the enterprise be a circle (Fig. 6.6) with sectors showing energy resources whose volumes correspond to sector areas. The total amount of consumed energy resources (in an equivalent measure) corresponds to the area of this circle. If the consumption of some (or all) power resources is reduced as a result of energy-saving measures and the balance structure is retained, the total balance will be illustrated by Fig. 6.7. 

The dashed curve here indicates the diameter of the circle of the initial balance. For better visualization, the total balance can be transformed to the form shown in Fig. 6.8. In this case, smaller diameter of the circle illustrates the reduced consumption of power resources, and changes in sector areas correspond to the modified balance structure.


Figure 6.9 illustrates changes in the initial balance caused by energy-saving measures.


Now the circle area coincides with the area of the initial circle, but its structure is radically changed, namely, a new power resource – energy saving – appears, which fulfils the function of the substituted energy resource.

Calling energy saving as a new power resource, we mean that it possesses some physical, thermodynamic, and economic properties. Since energy saving replaces other resources in the fuel and energy balance, it must have more attractive characteristics than the substituted resources.
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Fig. 6.7. Final balance of power resources.
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Fig. 6.8. Refined balance of the enterprise.
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Fig. 6.9. Balance with allowance for energy saving.

Oil products 15%

Table 3.2  (see chapt.3)compares the physical and economic characteristics of energy saving as a new specific resource with those of other power resources in Russia.

Energy saving more often becomes the main goal of functioning of special enterprises, organizations, and firms. This type of activity is characteristic of the ESKO energy service companies. In many countries, there are firms that consult and conduct energy inspections. Thus, energy-saving activity is simultaneously a business. Apparently, this business can function successively only if there is a definite steady demand for specific goods and services and if it is profitable. Small firms that function in collaboration with and often on the basis of large enterprises are most active in this field. The activity of many organizations aimed at energy saving is highly nonuniform by duration, expenditures, efficiency, and labor intensity. This is illustrated by the example shown in Fig. 6.10.

[image: image10.png]Efficiency,
rublesrubles

5 0 2% 2 4012 2 481
Days Weeks Monihs





Fig. 6.10. Dependence of the economic efficiency of energy-saving measures on the period of their realization.

This figure generalizes more than four thousand pieces of information including published works, advertising sheets, and projects in which the efficiency parameters were given [4]. The nonlinear time scale allows us to reveal three groups of energy-saving measures:

Group I incorporates highly efficient measures including mainly organizational (low-expenditure) measures that ensure primarily technological order and production discipline and remove elementary losses. Examples of such measures are equipping of enterprises with energy counters, rating of specific electric energy consumption for different types of activity, and developing energy-saving electrical load charts for individual units. 

Group II incorporates technological measures providing intermediate efficiency. It involves technological reorganization and rationalization of the production process without large investments. Application of systems compensating for reactive power, reduction of the power of heaters due to making buildings coldproof and their repairing, and setup and optimization of regulation of units are examples of technological energy-saving measures.

Group III incorporates investment measures aimed at radical reconstruction of the production process and replacement of the technology by more energy efficient one. To realize these measures, external investments are required. The payback time of these measures is often long, and their economic efficiency is rather low.


Thus, the economic efficiency of energy saving must be evaluated separately for each of the above-listed groups of energy-saving measures. Moreover, attempt to compare economic effects from measures belonging to different groups are definitely incorrect. There are grounds to believe that these three groups represent three disconnected groups of heterogeneous phenomena or three different phenomena combined only by the final goal – the reduction of nonproductive consumption of energy resources.

In the majority of European countries, Japan, and the USA there is a many-year tradition of economical consumption of energy and energy resources. The tradition has arisen and is strengthen by a number of initial and attendant circumstances:

· High price of fuel and energy;

· High degree of equipping with means of registration and regulation;

· Efficient mechanism of the consumer energy market;

· Legislative and legal protection of customer’s rights;

· High qualification of personnel of energy supplying organizations;

· Active advertising and explanatory campaign among the population;

· Legislative support of energy saving and efficient utilization of energy and energy resources.

This tradition has been transformed into the economic way of life ensuring the energy content of the gross national product lower than in Russia. Moreover, consumption of energy resources per capita in municipal services in these countries is higher than in Russia because of higher life standards. A considerable portion of saved money is spent on realization of modern energy-saving technologies.

All this taken together testifies to a gradual expansion of energy saving to all realms of human activity – production, transport, communication, everyday life, mass media, advertising, etc. Energy saving starts to form a new economical lifestyle. For this reason, energy saving must be considered as a new specific phenomenon of public life.

6.4. Control of Energy Saving

As already indicated above, energy saving by the results obtained is equivalent to waiving a considerable part of extracted resources. However, transition to intensive energy saving will take a long time period and considerable organizational, legislative, industrial, and technological efforts as well as financial investments.

The development of an energy-saving control system involves 4 main stages:

· Creation of a legislative basis of energy saving

· Development and implementation of federal, municipal, and sectoral programs of energy saving

· Establishment of energy-saving funds to consolidate all financial resources to promote energy-saving projects

· Organization of energy-saving centers for scientific-methodical support and coordination of energy-saving policy on the corresponding level [63].

The development of energy-saving system involves the determination of optimal paces, directions, and character of energy saving with allowance for the economic capabilities and administrative resources. Good results in energy saving can be obtained when the above-mentioned stages – components of the energy-saving control system shown in Fig. 6.11 – are properly interacted.
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Fig. 6.11. Interaction of components of the energy-saving control system.

At the regional level, the aims to be formulated and problems to be solved must involve a serious social component. The direct response of population to control decisions is most often addressed to the local administration. This response is stronger exactly on the regional level. Therefore, the regional control level must be socially oriented. For energy saving this means that before the application of the strong but unpopular energy-saving stimulus, namely, an increase in the energy tariffs it is necessary not only to organize a wide explanatory campaign but also to make it feasible for population with low livelihood to pay for this increased tariff. It is expedient to establish the regional control over energy saving based on the program goal-oriented approach schematically shown in Fig.6.12.
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Fig.6.12. Energy-saving problems to be solved.

1. Energy saving as the activity aimed at reducing the dependence on the consumed energy volumes and/or expenditures for energy production 

2. Reduction of energy demands

3. Replacement of some energy resources by others

4. Reduction of expenditures for energy production

5. Legislative support

6. Training of personnel

7. Standardization, certification, and licensing 

8. Modernization of equipment and improvement of technology

9. Utilization of new sources and energy resources

10. Education and training

11. Investments

12. Reduction of losses

13. Improvement of economic mechanisms

14. Increase in the efficiency of the transmission methods

15. Registration, control, and rate setting

16. Tariff policy

The energy-saving activity involves the following three directions:

· Reduction of energy demands

· Decrease of expenditures for energy

· Replacement of some power resources by others.

At the same time, problems arising in each direction are not only mutually intersected but also often complement and repeat one another.

Interrelations of problems arising in different stages of implementation of energy saving can be inferred from Table 6.2.

Table 6.2. Control problems and stages of implementation of the energy-saving program


Stages in the development and implementation of the energy-saving program


Creation and development
Organization
Maintenance
Implementation
Control and analysis

Legislative realm
Development of normative and legislative bases
Organization of energy inspections of enterprises
Maintenance of the unity of measurements, certification, and standardization
Struggle against thefts and wasteful consumption of power resources
Program implementation control

Economic basis
Development of economic mechanisms
Organization of registration and control over the power resource consumption
Efficient tariff policy
Implementation of highly efficient energy utilization projects
Estimation and analysis of the efficiency of energy-saving measures

Production basis
Development of the production basis
Production of energy-saving equipment 
Management of energy-saving projects
Analysis of the production efficiency

Information basis
Marketing of energy saving
Training, re-training, and improvement of personnel qualification
Public education and advertising campaigns
Demonstration of examples of efficient energy utilization

Only listing of these problems demonstrates that a plan of organizational and technical measures alone will be insufficient for implementation of actual and efficient energy saving. A regional program of energy saving must be developed based on the above-described system approach. 

One of the necessary conditions for the achievement of purposes and implementation of energy saving programs is establishment of special bodies responsible for implementation of these programs. Relations, connections, interactions, and contradictions among control bodies of different levels typical of the present time impose significant limitations on the structure and functions of energy-saving control bodies. Therefore, when establishing a control system, it is important to balance the authorities and their responsibility and to delimit control functions on different levels.

The scheme of relationships among organizations that implement energy saving and control it is shown in Figs. 6.13 and 6.14.
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Fig. 6.13. Structure of the State power.

1. President of the Russian Federation

2. State Duma

3. Soviet of the Federation

4. Committee on Power Engineering, Transport, and Communication

5. Committee on Problems of Economic Policy

6. Government of the Russian Federation 

7. Ministry of Fuel and Power Engineering

8. Department of State Energy Inspection

9. Territorial Board of State Energy Inspection

10. Regional Board of State Energy Inspection

11. Regional Administration

12. Department of Power Engineering, Transport, and Communication

13. Municipal Administration

14. Department of Municipal Services
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Fig. 6.14. Structure of energy-saving bodies in Joint-Stock Company United Power Grid of Russia (JSC UPGR)

1. JSC UPGR

2. Department of Scientific-Technical Policy and Development

3. JSC UPGR Energy-Saving Center

4. Energo JSC

5. Enterprises, power stations, and power grids

6. Energy-saving service

7. Energy-saving departments and laboratories 

The operating efficiency of the control system is determined by the results achieved in the object being controlled. As applied to the energy-saving control system, this means that its efficiency is determined by the degree to which administrative decisions decrease the energy content of the gross product and consumer goods, consumption of primary power resources, and power losses and provide the achievement of the scheduled efficiency indicators.

An analysis of the structure of the existing energy-saving systems demonstrates that subordination (power distribution), furnishing with powers (responsibility distribution), and communication relations (information distribution) among individual objects have been developed only poorly. This means that each control body has its own purposes, problems, control means, and resources. As a result, the situation of “spread fingers” often arises. For this structure of the existing control system, significant forces and means can be concentrated on the main directions by means of the development and implementation of a regional goal-oriented energy-saving program. To control the program implementation, it is expedient to organize a coordination and control center based on the scheme shown in Fig. 6.15. 
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Fig. 6.15. Organizations that take part in the development of the energy-saving program and their mutual relations.

1. Regional Board of State Energy Inspection

2. Regional Administration Department

3. Interdepartmental group

4. Head organization

5. Scientific-technical group

6. Groups of experts

7. Normative and legislative bases

8. Urgent measures envisaged by the program

9. Investment measures of energy saving

10. Formation of the energy-saving mentality 

To determine economically justified proportions of regional fuel and energy economy, to prepare control decisions to meet demands of the economy and population in power resources, to develop and to implement the regional energy-saving system, and to analyze its efficiency, regional and municipal fuel and energy balances must be prepared. 

The analysis of the fuel and energy balance involving mutual relations and dynamics of power resource consumption and comparison of specific expenditures for the examined object and its analogs provides the detection of off-balances in reports on utilization of power resources and reasons for their occurrence as well as choice of methods for their removal. 

In so doing, an important parameter is the energy-saving potential, which indicates the power (energy resource) losses that can be reduced or usefully reutilized after modernization of production processes. It is defined as a ratio of energy utilization efficiencies for the actual and modernized (perspective) technical processes. Normative, reference, and ideal processes can be used for the latter.

The normative production process is a process in which the equipment and modes have normative, rated, and designed characteristics.

The reference process is a process whose technologies correspond to the best  world scientific and technological achievements.

The ideal production process is a process based on the theoretically possible, but practically unrealizable technology.

A comparison of the actual energy utilization process with reference and ideal processes allows the developer to create a concept and a method of determining the energy-saving potential that can be used in regional enterprises and sectoral complexes as well as in the region as a whole. It is expedient to evaluate the technological energy-saving potential individually for organizational, technological, and investment energy-saving measures.

6.5. Stimulation of Energy Saving

Many-year experience in the implementation of energy-saving policy in many countries and primarily in countries-participants of the International Energy Agency (IEA) testifies to the necessity of coordinated and successive stimulating measures to obtain actual energy-saving effects. Obvious economic benefits from energy-saving measures and projects are often insufficiently strong argument in their favor. This is explained by a number of reasons:

· Not all customers have free means to pay completely for energy-efficient equipment and energy-saving service even under projects that repay the investments potentially fast

· Customers are inclined to limit investments at present despite their higher future expenditures

· Electricity bills are paid from means of the enterprise, and foreign loans are most often used for the investments (loan decisions are always difficult).

To implement the energy saving program, additional stimuli are required, for which a set of informational, financial, economic, and normative and legislative measures can be used (see Fig. 6.16). The integrated character of these stimulating measures provides coverage of all subjects of the energy-saving process and the informative entirety of these measures. 
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Fig. 6.16. Scheme of stimulating energy saving.

Despite the similarity of stimulating measures, their proper orientation on the specific group of effect yields good results. Obviously, measures for stimulating personnel are unsuitable for stimulating population.

Stimulation of rational energy consumption must be based on the following principles:

· Stimulating measures must be specific to take into account different groups of power engineering objects

· Stimulating measures for each group must be integrated; they must combine financial and economic, normative and legislative, and information stimuli.

· Stimulation measures must involve both encouragement and punishment; the energy-saving behavior deserves encouragement, whereas the energy wasteful behavior must be punished

· Stimulating measures must be realized successively using the entire spectrum of acting factors.

6.5.1. Normative and legislative stimulation

Normative and legislative stimulation has no direct influence on the energy consumption or energy saving. The normative stimulation is implemented through economic mechanisms, design and service technologies, and market mechanisms. The normative and legislative stimulation regulates relationships of the subjects participating in extraction, production, transmission, transportation, distribution, and consumption of power resources and in their waste utilization. These subjects are:

· State power

· Manufacturers of power resources

· Customers of power resources

· Transport and service companies

· Population

· Local self-governments

· Manufacturers of the equipment for extraction, production, transmission, and consumption of power resources

· Mass media.

The Normative and legislative stimulation determines:

· Boundaries of the allowed legislative field of activity

· Forbidden methods, mechanisms, technologies, and actions.

In IEA countries, the following forms of normative and legislative regulation are used:

· Introduction and fulfillment of mandatory and voluntary energy efficiency standards

· Certification of products, services, and production processes according to the energy efficiency criterion.

The main role of energy efficiency standards in the maintenance of buildings, household appliances, and equipment is closing of the consumer market for buildings and models of energy equipment and devices that do not satisfy the normative energy efficiency parameters.

In Denmark, for example, standards for maximum building heat losses were established just after the first oil crisis and were then revised in 1977, 1982, and 1993 to make them more stringent. Rates of their decrease can be judged from the fact that the last standards envisage a decrease in the energy consumption to 75% of the energy consumption level in 1982. By 2005, the energy consumption will decrease by a factor of 1.5. The sole problem here is to obtain these results without a sharp increase in costs of building materials, equipment, and labor.

Mandatory standards on electric household equipment and devices are not so widespread as standards on buildings, but in a number of countries this measure already influences the dynamics of power consumption of community enterprises.

Voluntary standards used in many IEA countries are based on the agreement between the authorities and manufacturers about the preset energy efficiency of specific machines and equipment. Collaboration and negotiations in many cases provide better results than the compulsion system. 

In the system increasing the power efficiency, certification only looks for its place in the normative and legislative realm. Its philosophy is simple: to establish using a priori selected procedures that the employed devices and production processes obey the norms and standards of the energy efficiency. 
