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AIM AND TASKS OF THE COURSE 
Methods and ways of energy saving are the study objects of the discipline. 
The course “Energy Saving” gives knowledge and skills necessary for their qualified application while power supply energy saving systems are designed and measures to save energy at the industrial enterprises are taken.
The aim of the course is to study methods and ways to raise the efficiency of usage of energy resources in industry and housing and communal services.
The task of the discipline is to help students to gain skills and knowledge to take energy saving measures. After the course a student is 
· to know: terms used in energy saving branch of industry, measures aimed at economical  usage of  energy resources, energy characteristics of the equipment  and technological processes, methods of energy resources loss calculation, methods of energy resources saving calculation under the energy saving measures taking, methods of economic reasoning of energy saving measures taking;    
· To be able: to offer methods of energy resources saving, calculate energy resources losses and consumption, product energy capacity, energy resources saving under the measures taking.
The course on energy saving provides studying energy saving methods under the design and operation of the energy supply systems of industrial enterprises ( electric networks, transformer substations), electric drive, metal-working machines, issues of energy saving in such most power consuming electrotechnical plants as arc steel-making furnaces, electrolysis and welding sets and for assistant needs of industrial companies such as lightning, compressed air making water supply, airing, industrial transport. The issues of energy consumption accounting, control and regulation, usage of energy storage, function and contents of the enterprise’s energy passport, methods of calculation of economical efficiency of energy saving measures are examined in the course.   
THE COURSE PROGRAMME AND WORKBOOK  
1 INTRODUCTION. TOPICALITY OF ENERGY SAVING. THE LAW OF UKRAINE ON ENERGY SAVING
Fuel and energy resources (FER) supply, lack of their inventory, energy saving as the most promissory source of the FER supply. 
Crisis of the fuel and energy complex of Ukraine. Cause of the crisis and the ways of its overcoming.
The law of Ukraine “About Energy Saving”. The main principles of the state policy in the field of energy saving. Education in energy saving, energy saving stimulation, economic penalties for the FER waste, state expertise in energy saving. 
References: (2, 3, 4(.

Workbook 
Energy saving is the activity ( organizational, scientific, practical, informational) aimed at rational usage and economical consumption of the primary and dissipated energy , natural energy resources used in national economy with the application of technical, economic and legal methods.
The national economy of Ukraine depends on external energy sources on 50%. The level of energy consumption in the national economy is extremely high. From the point of view of power engineering, the manufacturing low efficiency is caused by unbalanced structure of manufacturing entailed by predominance of the power-consuming branches and low share of the science intensive ones as well as by unreasonable usage of the FER because of technical and technological imperfection, application of the administrative and instructive methods of administration instead of the market ones, etc.
The energy crisis can be overcome with the help of the development of the traditional power engineering, usage of the renewed energy sources, structural reconstruction of the economy, and energy saving. Energy saving is the most promissory method. 

In 1994, a law of Ukraine "On energy saving» was adopted. The purpose of the law is to regulate relations concerning energy saving, provide the interest of enterprises, organizations and citizens paid to energy saving, introduce energy saving  technologies, develop and produce  less energy intensive machines and processing equipment, to fix the liability of legal entities and individuals in energy saving. 
Questions for self -testing 

1. What caused the topicality of energy saving in Ukraine? 
2. Give the description of the state of the fuel and energy complex of Ukraine.
3. Name the causes of fuel and energy crisis and ways out of it. 
4. For what purpose was the Law of Ukraine "On Energy Saving" adopted? What are the principles of state policy on energy saving? 
5. How does the law stimulate energy saving? 
6. What, according to the Law on Energy Saving subject to obligatory state expertise in energy saving?
2 ENERGY SAVING IN TRANSFORMER INSTALLATION. CONSIDERATION OF ENERGY EFFICIENCY REQUIREMENTS IN THE DESIGN OF INDUSTRIAL COMPANIES ENERGY SUPPLY SYSTEMS 
The electric network rational voltage choice, the location of power supply source , power of the transformers of the workshop transformer substations, electrical transmission lines routes with  taking into account the requirements of energy saving. 
Determination of power and energy losses in transformers. The efficiency of the transformer, its dependence on the transformer loading. Influence of voltage deviation on the energy losses in the transformers. 
Methods to reduce energy losses in the transformers: the load factor increasing, limiting of the transformer idling. Ways to use heat that is drained from the transformer
References : (5, 6, 22(.

Guidance

Research conducted at the existing enterprises showed that power transformers at almost all transformer substations work with low load factor, which causes increased energy losses in them. So one of the ways to improve efficiency of electricity supply system is to increase the load factor of power transformers.
To reduce power losses in transformer substations the replacement of the underloaded transformer by the less powered one is recommended. The replacement is performed if the estimated load-of the substation does  not exceed the limited one , which is determined with taking into account the  cost of  power losses and the cost of the new transformer provided that the operating costs of the installed transformer equal to the costs of the replacing of the transformer.
Disconnection of some transformers in times of minimal load is recommended for the substations having several transformers and in which daily or seasonal load changes in a wide range. The load threshold at which it is expedient to perform switching is determined by conditions of equality of active power losses in transformers and power network (caused by the transfer of reactive power consumed by the transformers) in the previous number of transformers take o give one. 
The “day off scheme” is applied to save energy in transformer substations and power supply networks during off hours: the repair jumpers on which light is supplied and consumer repair changes from multiple transformers installed at different points in the network are powered are set at the low voltage side.  Significant capital cost, reliability and safety reduction because of the large probability of false commutations are the weak points of theses schematic solution.  .
Heat energy that is taken from power transformers can be used for space and greenhouses heating, , hot water supply. The following  drainage and heat usage systems are used abroad:  the air which blows the transformer radiators is sent to the heated room with  the help of the take-down box and the forced radiator blow off; the tandem of oil-water and water-air heat exchangers; oil- air heat exchanger.
Questions for self-testing 

1. How to solve energy saving issues in the design of electricity supply system of the industrial company? 
2. How are power losses and energy losses in power transformers defined? 
3. With which value of the load efficiency does the transformer efficiency take the biggest value? 
4. Name the main ways of energy saving at the transformer substations. 
5. How to determine the economic feasibility of replacement of the power transformer? 
6. What are the appropriate circumstances for the power transformers interruption? 
7. How can the heat given by the transformers be used? 
3. ENERGY SAVING IN ELECTRICITY NETWORKS  

Methods of defining of technological energy losses in electric networks. Ways to reduce losses in electricity networks. 
The choice of crossing PTL according to the economic conditions. Feasibility of reducing of the of recommended values of the economic current density. 
Energy saving effect of lubrication for the contact joints. Reducing power losses in the operation of current-limiting reactors. Compensation of reactive power as the energy saving measure.
References: (6, 8, 9, 13, 18, 19, 23-31(.

Guidance 

To determine the technological power loss the method of the full simulation network mode has been developed. According to it the consumer modes are simulated, network flux-distribution and energy losses calculation is performed. In case of absence of electrical load schedule, energy loss can be determined according to the time of the largest losses.
 The method of calculation of technological losses in the electricity supply networks takes into account the daily graphs of change of the average value and dispersion of the load current of typical consumer groups. We calculate the effective daily current graph with these characteristics. Its integrating with the given values of network resistance gives the daily energy loss in the network. It should be noted that the calculation of losses according to the average daily or monthly loadings leads to the error of 15-45%.
To reduce losses in electricity networks it is recommended to decrease the uniformity of electrical load schedule, to transact the PTLs into the higher voltage, to line up the backup PTL, to reconstruct the network  (replace the wire by the  wire of the larger  intersection, reduce the length of the PTL).

The correct choice of intersections is of particular importance for reducing losses in the PTL. Calculations indicate the need to reduce the recommended values of economical current density, which leads to the reduction of electricity losses.
Application of lubricants for electrical contacts provides increasing of reliability of contact joints, reducing of explosions and fires, increasing the operation time of the contact joints, reducing of the energy losses.

To reduce power losses in current-limiting reactors and to reduce their consumption of reactive power the schemes of bridging of reactors in the normal mode with the de-bridging under the short circuit with the usage of such special switches as explosive are offered. 

The compensation of the reactive power provides the reduction of the installed capacity of transformers, transmission line crossings, electric power loss making in the networks.  networks. To compensate the reactive power at the industrial enterprise synchronous motors and capacitor batteries are generally used.  
Questions for self-testing 

1. Name the methods of calculating of the power losses in electric networks. How are the calculations performed according to these methods? 
2. How to reduce the electricity losses in the network? 
3. What are the advantages of current-limiting circuit bridging schemes usage? 
4. What does the usage of lubricants for the contact connections give? 
5. How is the reactive power compensation made at an industrial enterprise? What are the advantages and disadvantages of the methods of reactive power compensation? 
3. EFFECT OF ELECTRIC POWER QUALITY MADE AT ITS LOSS

Impact of power quality (deviation, oscillation, asymmetry, voltage in-harmonicity voltage reduction rate) on electricity losses in induction motors, electrothermal equipment, distribution networks. Methods of improving of the quality of voltage.
References:  (6, 19, 37, 38, 44, 54(.

Guidance

Reducing of the energy quality leads to higher losses of energy. The biggest losses are caused by the voltage deviation. When the asynchronous motor with the nominal load operates, because of the voltage reducing in the power supply network the motor maximum reverse moment is decreased in proportion to the voltage square, which may breach the stability of the engine. Current and energy loss in the motor windings are increased, the efficiency is decreased. When the voltage is reduced, the power factor is increased because of the magnetized current reduction. Reducing of the power supply voltage for the under-loaded motor leads to the efficiency growth.  With the voltage increase the magnetic flux, current idling and magnetic losses in steel are increased, the efficiency and power factor are decreased. 
Voltage reduction at the electrothermal plants causes reduction of their productivity and efficiency, increasing costs of electricity due to increased cycle time and, as a result, heat losses.
In electrical networks, loading energy loss is inversely proportional, and idling losses are proportional to the voltage square.
Fluctuations in voltage increase the dispersion of load current and effective value of the current. Thus, energy losses in the network grow. Voltage oscillation impact via energy losses in the electro-thermal equipment is analogous to the voltage reduction. 
Additional energy loss in the network under the asymmetry voltage is caused by the reverse sequence currents.
Under the asymmetric voltage, the asynchronous motor moment is reduced relative to the moment under the symmetric voltage through the opposite moment of the reverse sequence field. Resistance of the asynchronous motors to the reverse sequence currents is 5-7 times smaller than that to the direct sequence currents. So even small reverse sequence voltage component causes significant reverse sequence current and, as a result, additional heating of the rotor and stator. In addition, because of the surface effect, active resistance of the rotor to the reverse sequence current is significantly greater than to the direct sequence current (frequency of the reverse sequence current in the rotor is much higher than direct, because the rotor rotates in the direction opposite to the reverse of the reversed sequence current field). 
Because of the voltage asymmetry the complete loading of electrical equipment such as condenser units, a multiphase rectifier is impossible. The asymmetry in synchronous motors leads to additional heat that provides the necessity to reduce the current and the reactive power generated by the synchronous motor. . 
Unsynusoidality of the tension leads to the increased losses in the active power due to the surface effect, additional heating of higher harmonic by the currents, limits the use of the bank of capacitors. 
Reducing of the frequency leads to mechanisms lower productivity, increasing the time of their operation, and, as a result, to   the increasing of power losses. 

Questions for self -testing 

1. How does lowering of the quality of electric energy influence its loss? 
2. What causes the increasing of electricity losses while network frequency is reduced?

3. How does the voltage deviation influence the power losses in the asynchronous-motor, electric network, electrothermal installations? 
4. Why do the voltage fluctuations lead to the increased losses in electrical networks? 
5. What are the implications, in terms of loss of electricity, of the asymmetry and unsynusoidality of the voltage?
3 ENERGY SAVING IN ELECTRIC DRIVE 
Methods of energy saving in electric drive systems:  increasing of the motor load factor, reducing of the number of mechanical transmissions, usage of the energy efficient motors, limitation of the usage of the closed-type electric motors and the application of the engine idling, usage of the vary drive, improvement of the quality of the motor repairing, usage of the asynchronous motor slip energy, energy recuperation during braking. 

References:  (6, 7, 8,  20, 23, 36, 39, 51, 54(.

Guidance

Efficiency of the electric drive system is 0.72 - 0.85, and in mechanical transmissions the energy losses make up 7-10%, so one of the trends of electric-drive development is  maximum reduction of mechanical transmissions number.
The industry operates with a large number of underloaded asynchronous motors. Thus, the nominal capacity of the compressor drives, pumps, and fans are 2-3 times overrated. The efficiency of the asynchronous motor is the largest under the equality of motor permanent and changeable losses with the factor loading of 0.5--0.73. Therefore, the underloaded motor operation leads to the increase of the engine power loss, in addition the motor power factor is reduced. . When the average motor load is less than 45% its replacement by the motor of less power is feasible; if the motor load exceeds 70%, its replacement is irrelevant. When the motor is loaded in the range of 45 to 70% the replacement is recommended if it leads to the reduced losses in the motor and network. When the motor downloading is less than 40-50% the stator, switching from the triangle to the star position is recommended. In this case, due to the phase voltage reduction, the motor consumption reactive power is reduced. 
When the motor is chosen, it should be taken into account that the short-closed rotor asynchronous motors have greater efficiency than those with the phase rotor. The efficiency of the synchronous motors is 1-3% higher than that of the asynchronous. In addition, they are less sensitive to voltage oscillation in the network and more reliable. Energy efficient motors have efficiency of 2-8% greater than normal ones. . This is achieved by significant increase of the mass of copper, aluminum, and steel. These costs are not always compensated at the expense of the power saving.
Replacement of rotating transformers by the semiconductor ones increases the efficiency of the electric drive. Under the motors repairing the deterioration of their energy indicators caused by the rotors grinding, reducing of the number of conductors in the slot, groove boring is unacceptable.
Replacement of the uncontrolled motor by the controlled one provides energy savings in the process that utilizes the drive and raises the eclectic drive efficiency.

Asynchronous valve cascade schemes are used for the large capacity drives with the continuous operation mode and and a low speed regulation range. . They provide the energy recuperation, but have low power factor.
Questions for self -testing 

1. What are the methods of savings of electricity used in electric drive systems? 
2. How do the asynchronous motor efficiency and power factor depend on motor load factor? 
3. Under what conditions is the replacement of the underloaded motor by the less power motor feasible? 
4. Compare synchronous and asynchronous motor according to their energy efficiency.   
5. What causes worsening of the asynchronous motors characteristics during their repairing? 
3. ENERGY SAVING IN TECHNICAL INSTALLATIONS FOR MACHINING 
Methods for saving electricity on tools for machining: allowances reduction, approaching of the workpiece to the form of the finished parts,  making of metal powdered parts, usage  of effective methods of processing, choosing of appropriate modes and methods of cutting, usage of multiple-spindle machines, simultaneous processing of several parts, replacement of the machine underloaded engines by the less powered ones,  mechanization of auxiliary operations, usage of  the improved sharp instrument, timely lubrication of machines.
References: (8, 9, 38(.

Guidance 
Cutting machine is the most numerous of working machines. These include metal-cutting, stamping, grinding machines etc.Metal processing is characterized by a large variety of manufacturing processes and modes, uneven loading of the working machine, interoperation breaks. 

Basic operation in metal processing plants is billet edge-cutting machining with the volume of the removed chip making up  50-70% of the billet mass. Therefore, the reduction of allowances on the billets provides substantial energy savings (up to 50%), metal saving, and that used on scrap remelting. To produce accurate and high quality billets the electroslag casting technique, methods of powder metallurgy, manufacturing of precision billets for forging on metal forming equipment are used. 
The replacement of unproductive, non-economic ways of metalworking by those of energy saving provides significant power saving: forging is replaced by blanking, s as threading – by knurl or upset forging, edge cutting machining  –by cold pressing, chipping – by  high-speed milling. For example, the replacement of turning by the upset forging in the manufacturing of bolts provides the  13 times power saving, increases labor productivity in 43 times, saves  about 40%  of metal.
When choosing the method of cutting, you should keep in mind that the less the specific electrical consumption-is, the higher the speed of chip removal is. For example, the consumption of electricity in relation to the turning lathe is 2 times higher on the drilling machine, 3 times higher on the milling machine, 20 - 30 times higher on the   , grinding machine.  -. 
The performance of several technological operations simultaneously, and simultaneous one cutting tool processing of several pieces provides significant power saving up to 20-50% and up to 30-50% correspondingly.  To increase the productivity of cold stamping presses the combined stamps for several simultaneous stamping operations are used. 
The rational tool downloading provides increase of the mechanism and its drive efficiency, reducing of energy expenditure. The smaller capacity engines should replace continuously underloaded drives or machines.

The process of chip withdrawal is characterized by the following parameters:  feed, cutting speed and depth of cut. The product of these parameters is the amount of chip, which was withdrawn from the workpiece during the time unit and characterizes the cutting intensity.  The increased intensity of cutting reduces the specific electricity consumption and the increase of the supply provides the greatest energy saving, and the cutting speed has the least impact on the efficiency of the process.
Mechanization and automation of nonproductive operations (installation and removal of the components, replacement of the cutting tool, performance of measurements) reduces the duration of the machine idling. Using of the advanced cutting and sharp tools provides the raise in processing quality, performance and productivity of technical operations, saving of electricity. The replacement of friction bearings by the frictionless bearings reduces the electricity consumption up to 12%; timely and high quality industrial machinery lubrication provides energy saving up to 10%.

Questions for self -testing

1. Name the methods of saving for the metal machining tools. 
2. How is the reducing of the allowances under the production of billets provided?
3. Which progressive methods of metalworking should be used? 
4. What should be taken into account when choosing the method of cutting? 
5. How is and the joint implementation of several technological operations provided and what effect has it? 
6. What characteristics of the chip removal process have the greatest impact on improving its energy efficiency?
3 ENERGY SAVING MODES OF OPERATION OF ARC STEELMAKING FURNACES 

Energy balance of the arc steelmaking furnaces (ASF), its efficiency. The methods of electricity savings during the ASF operation:   the rational choice of melting mode, reducing of power losses,  better use of chemical reactions heat, reducing of heat losses, improve  performance of  the ASF, using of extra fuel and oxygen
References: (15, 41, 42, 16(.

Guidance 

The receipt  part of the energy balance of ASF consists of: 
- Electric power consumed  from the electrical network, which is 60-100% of the receipt part; 
- charge thermal energy, which under the application of its previous heat made by the gas heat coming from the ASF working area, is 10-12%; 
- Thermal energy of chemical reactions makes up 30-35% if the fuel and oxygen burners  and oxygen are used; 
- Heat energy released during combustion of fuel in the fuel and oxygen burners. The value of this component can reach the values comparable with the consumption of electricity. 
The energy coming to the furnace is spent on: 
- Metal heating - the useful heat, which depends on the temperature of the metal, slag quantity which is  within the 55-65% of the total energy expenditure; 
- Electrical losses (6-13%) which depend on the design of the secondary current distributor and the parameters of the electric mode; 
- Heat losses (30-35%) consist of losses related to  the lining, cooling water, radiation and convection by the working open space,  gases coming away with slags; 
- Furnace lining heating (or cooling, then this component is negative). 
Evaluation of the energy efficiency of the ASF is made by the efficiency factor and specific consumption of electricity. 
To reduce the cost of electricity the complex of measures on the following directions is taken: the rational choice of melting mode, the reducing of power and heat losses, working mass pre-heating, a better use of the chemical reactions heat, increase of the share of efficient use of fuel, which is burnt in the fuel and oxygen burners.
Power losses can be reduced by: 
- Reducing of the length of the secondary current distributor at the expense of the rational relative position of the furnace and transformer; 
- Reduction in metal losses caused by eddy currents and back magnetization. To do this, metal structures are located at a distance of not less than 0.4 m from the conductors of the short network. To eliminate the eddy currents dielectric inserts that break the circuit are used;

· -Choice of the crossing distributor according to the current economical density; 
- Reduction of active resistance connectors of the contact connections at the expense of  the usage of the  conductive lubricants, , removal of the heat  from the contact joints, protection of the contacts  from the ASF surface radiation, application of elastic washers to create constant pressure; 
- Replacement of the detached contacts by the permanent ones (where possible); 
- Lowering of the  resistance of the contact of the electrode-electrode adaptor (losses of this contact are  2-6% of the ASF power). This is achieved by replacing of the steel contact jaws with the copper ones, increasing of the  efforts to clamp the electrode; 
- Reducing of the growth of resistance of the low voltage lead because of the surface effect due to the usage of the lead with the great ratio of the perimeter to the crossing; 
- The usage  of graphite electrodes; 
- Reduction of the inductive resistance of the secondary current distributor (by reconstruction of the furnace transformers, usage of the  laminated tire package); 
- Improvement of  the stability of arc burning (unstable arc burning is the reason for unharmonicity, voltage asymmetry) by the usage of fuel and oxygen burners, and preliminary working mass heating. 
Heat losses in the ASF can be reduced by the  reliable system of electrodes injection into the furnace,  decrease of the cold air inflow into the ASF, the usage of oxygen instead of air for afterburning of combustible gases, implementation of the  heat of the gases coming for the working mass preheating, application of the automatic regulation of the cooling water expenditure, utilization of its heat, improving of the furnace thermal insulation (reduction of the thermal conduction and stability increase), cooling surface area, reducing of the duration of melting, painting of exterior surfaces of the oven cover with the aluminum paint, mechanization of loading of the furnace. 
Application of the fuel and oxygen burners at the tank slant helps to smooth the speed of metal melting. Oxygen blow intensifies the process of oxidation, increases the furnace productivity, and reduces energy consumption. 
Questions for self –testing 

1. Name the components of the input and output of the ASF energy balance. What part of the thermal balance do they make up? 
2. How to evaluate the energy performance of the ASF? 
3. How can electrical losses be reduced during the ASF operation? 
4. What are the ways to reduce heat losses in the ASF? 
5. Why does the usage fuel-oxygen burners help to save energy resources? 
6. What part of the energy balance of the ASF is changed when the oxygen blow is used? How does this measure affect the consumption of electric powering the ASF?
4 INCREASE OF THE EFFICIENCY OF RESISTANCE
FURNACES 

The equation of the resistance furnace heat balance, its efficiency, specific consumption of electric energy. Methods of energy saving during the operation of resistance furnaces.
References: (8, 9, 41, 42, 44, 46, 47(.

Guidance 

Electric resistance furnaces are the most popular electric furnaces. Their capacity reaches hundreds and thousands of kilowatts and the efficiency is 15-70%. Therefore, these electro-receivers are the essential source of energy saving. 
For the resistance furnaces, the heat that is emitted in the heating elements is spent on heating of products, assistive devices, heat losses because of radiation through the open holes and cracks, walls of the ovens. The furnace periodic efficiency is the ratio of useful heat spent on product heating emitted in the heating elements per cycle for the continuous furnace – the ratio of net power to the power of the furnace. In addition to efficiency, the effectiveness of the resistance furnace is characterized by the specific expenditure of electric power: for the periodic operation furnace, it is the ratio of electricity consumed per cycle to the charging mass; for the continuous furnace – of furnace capacity to its hour performance. 
To save power while using resistance furnaces the following measures: 
are used: 

- The raise of the furnace productivity (leads to the reduction of the part of heat- losses in the furnace heat balance); 
- Increase of the furnace loading (resistance furnace is not recommended for the operation under the loading less than 70% of their productivity) is achieved by the more compact packing of the products that are processed, the correct distribution of parts between the furnaces according to their shape and size, rhythmic feeding of the products for heat treatment. With the furnace, loading increasing we should be aware that this is will bring the positive effect when the surface of the heated products is increased. Simply increasing of the products layer thickness will lead to the corresponding increase in heat duration , and the furnace productivity will decrease and specific energy consumption will increase; 
- Heaters capacity increase, installation of additional heaters, provided that it meets the requirements of the process (provides the heating duration reduction); 
- Introduction of forced heating in the early stages of processing in furnaces of periodic action and in the input areas of continuous furnaces (cold products in the initial stages of heating able to absorb more heat); 
- Regular monitoring of the  temperature of external surfaces of the furnace walls, the timely removal of  the thermal insulation defects; 
- Painting of the oven casing with the aluminum paint;
-Reducing of the duration of loading and unloading of he oven, mechanization of these operations, provision of compliances of the  sizes of loading and unloading  boots to the  processed products decreases  the losses of the radiation through them; 
- Increasing of the tightness of the furnace; 
- Application of the materials with low density and thermal conduction for the furnace laying;  
- In furnaces operating with the controlled atmospheres (hydrogen, carbon), dressing of the inside of the furnace is recommended to reduce its gasing, replacement of laying materials by the gas-tight ones; 
- Organization of around the clock work of the  continuous furnaces, for example, for periodic operation furnaces working in two shifts the furnace  switching off during the non-working shift is not recommended. This ensures the reduction of the losses of the heat  accumulated by the furnace laying; 
- For the furnace of periodic operation the application of insulating materials with low heat capacity is recommended, because these ovens are fully cooled between the heating cycles; 
- Using of the heat of heated products for the pre-heating of the next amount of products (in special chambers or wells); 
- The use of furnaces with the variable volume (with the  moving vault); 
- Improving of the power quality (voltage decreased when the oven has lower efficiency due to increased heating period, a relatively nominal increase of the voltage compared with the nominal one reduces the life of heaters); 
- Reduce of the weight and size of the loading container.
Questions for self -testing

1. Write down the equation of thermal balance of the resistance furnace. 
2. What characterizes the resistance furnace work? How these characteristics are determined? 
3. Name the methods of improving of the efficiency of electric energy in the resistance furnaces. 
4. How to reduce the heat losses in resistance furnaces? 
5. What causes the energy saving effect under the operation of resistance furnaces with the variable volume? 
6. Why is the switching off the resistance furnaces during the non-operating shift inappropriate? 
7. How is the heated products heat used? 

4 WELDING EQUIPMENT OPERATION ENERGY SAVING MODES. ENERGY SAVIING IN ELECTROLYSIS PLANTS 


Methods of energy saving in operation of the welding equipment (selecting of the appropriate ways of welding, reducing of losses in electric network, impact of the electrode material on the electricity costs).
General information about the aluminum extraction process. The electricity consumption for electrolysis, the balance of tension on the electrolytic cell. Ways to reduce the cost of electricity for electrolysis (methods of reducing of the voltage on the electrolytic cell, power losses in the network, increase of the output on the current).
References : (9, 8, 16, 54, 42, 49(.

Guidance 

To reduce the cost of electric energy during the welding process, to raise the productivity of work the transition from the continuous current to the alternating one, replacement of the manual arc welding by the automatic and mechanized (usage of the  spot or seam welding, automated hidden arc welding or that in the carbon dioxide area) is recommended. Specific electricity costs are reduced under the application of the electrodes coated with metal powders, electrodes made of rutile, powder electrode wire instead of the solid one.
Single-phase welding machine should be evenly distributed between the phases of the network with the restriction of the idling of the welding transformers and converters. Since the resistance of the secondary circuit of the contact-welding machine is small, the contact connection masts the oxidation of which causes the increase of the total resistance and the increase of the electric power losses affect its value. To prevent this, the systematic verification of contact connections is necessary.

Aluminum is obtained by the molten salt electrolysis which is the power consuming process (electricity costs for one ton of metal are  14-16 megawatts * hours). Specific electricity costs for the aluminum electrolysis are proportionate to the electrolytic cell voltage and inversely to the current output.
The ways to reduce power consumption for the aluminum electrolysis: 
- Reducing of  the electrical losses in the supplying network (reducing of the resistance of the transient contacts by the application of the t lubrication for the contacts, their stripping, replacement of the  bolted connections by the welded ones, increase of the cross lead, creation of  better conditions for cooling of the cathode lead); 
- Lowering of the  voltage drop at transient contact of anode pin - anode (usage of  big length pins, timely pins transposition, thorough pins cleaning and straightening, sufficient depth pinning up); 
- Reduction of the voltage  losses of tension on the tank bottom (usage of the graphite based  blocks, high quality bottom assembly, the application of the cathode rods having sufficient section, sediment forming and  decking prevention);
· To reduce the voltage losses in the anode- electrolyte system the increasing of the anode crossing, adding  of graphite in the anode, the use of fired anodes is recommended); 
- Maintenance of the optimal inter-pole distance of 4-5 cm (lowering of the  inter-pole distance reduces the voltage losses and the current output); 
- Loading of the  rectifier units for 65-75% of the nominal loading, the uniform load distribution for the transforming of the alterating current into the continuous one; 
-- Supporting the electrolyte temperature of   about 950-965 ° C provides the optimal mode:  temperature rise  reduces the electrolyte resistance and the electrolytic cell voltage (reduces electricity costs), but reduces the current output because the solubility of aluminum in the electrolyte is increased (this increases the  costs of electricity); 
- The use of chemical additives to the electrolyte, which reduce its temperature results  in higher current output; 
- Reducing of the  incidence frequency and duration of the  anode effects, because 35 kilowatt* year losses of electricity in the tank correspond to the every minute losses during the anode effect; 
- Work with reduced current density (increasing of the current density increases the current output, but increases the tank voltage. It is stated that electrolysis energy efficiency is higher under the reduced values of the current density); 
- Reduction of the current leakage in the electrolytic cell increases the current output.
Questions for self-testing 

1. What are the ways to reduce power consumption of welding units?
2. What types of welding are less energy intensive? 
3. What electrodes should be used during welding operations in terms of reducing of power consumption? 
4. From factors do the specific costs of electricity for the electrolysis depend on? 
5. Make up the voltage balance in the electrolytic cell? 
6. Name the methods of the voltage reducing on the electrolytic cell. 
7. How can the power losses in electrolysis bath power supply network be reduced? 
8. How to increase the current output?
4 ENERGY SAVING UNDER THE OPERATION OF THE LIGHTING SYSTEMS 

Methods of reducing of the power consumption for lighting: optimizing of the lighting part, improvement of the lighting control system, methods to reduce losses of electricity in the lighting network, rational organization of operating of lighting systems.
References: ( 9, 12, 55, 56, 50(.

Guidance 

Methods of reducing of power consumption for lighting: 
- Rational arrangement of natural lighting; 
- Selection of  cost-effective artificial light systems (according to the results of technical and economic comparison of different lighting systems: general or combined, general and local); 
- Economical choice of light sources, with taking into account the features of the place of installation of lighting devices, requirements for the spectral composition, pulsation of the light flow, lighting conditions. The efficiency of the light source is measured at the light impact. If you place the lamp types according to the in increasing of the light output, the list will look like this:  incandescent electric lamps: arc mercury luminescent lamps, luminescent lamps, metal-halide lamps, sodium lamps;

increase of the  l amps single power as the lamps of more power have greater light impact; 
- Choice of  effective lighting with taking into account the operation conditions and rational placement of lamps; 
- Improving of the lighting control system (application of the ceiling switches for the group of lamps in low places, presence and movement sensors, photo sensors to control external lighting systems, remote control lighting and enterprise lighting system centralization); 
- Reduction of electricity losses in lighting network (voltage stabilization, rational choice of the s lighting network schemes); 
- Rational organization of the operating of the lighting equipment (replacement of the of inefficient light sources by energy conserving ones, full usage of the natural light, regular cleaning of glassing, lamps and lighting units, replacement of worn lamps, increase of the coefficient of reflection of walls and ceiling of production premises).
Questions for self-testing 

1. Compare light sources according their energy efficiency. 
2. What are the factors to consider when designing the lighting part of lighting installations to conserve the energy?
3. How should the energy saving control system be built? 
4. How to reduce the loss of electricity in the lighting units power supply network? 
5. How to reduce power consumption of the lighting system during its operation? 
11ENERGY SAVING IN VENTILATION UNITS 


Types of ventilation units used at industrial enterprises. Methods for heat saving during the operation of ventilation systems. Automation of ventilation units, use of economic methods of regulation of fans performance. Methods of increasing of efficiency of fans and ventilation system electric drive. 
References: ( 6-9, 36, 40, 57(.

Guidance

Ventilation is necessary for air supply used in technological process, creating the necessary sanitary and hygienic conditions in manufacturing premises, removal of harmful substances, moisture. Ventilation units are divided into aspiration, blowing, heating circulating, heat curtain and, production units.
Methods of reducing of energy consumption for ventilation: 
- Recovery of the used air heat for preheating of fresh air in the plenum ventilation air system before the air feeding into the burners; 
- Fan thermal curtains blocking by the device of  the gate opening, turning off the heat carrier under turning off the  heat curtain fan; 
- Automation of the  ventilation units (for their full or partial switching off during the non-working period,  operating control depending on the outside air temperature, blocking of  the production unit with its exhaust ventilation system, regulation of blowers to support the  constant pressure in the airways, control of the amount of the air, fed into the ardent furnace, depending on its loading); 
- Application of the methods  of regulating of the efficiency of the ventilation units (dual-speed motors, feed of the motor from the frequency converter, change of  the angle of setting of impeller blades of axial fans or the blades of directing centrifugal fans, removing blades from one wheel of the two- stage fan,  regulating of the exhaust ventilation that serves a group of production units in the workplace); 
- Replacement of the underloaded engine of the fan drive by the engines with less capacity; 

- Replacement of the old structure fans by those of higher efficiency; 
- The correct definition of productivity of the ventilation unit; 
- High technical level of operation of ventilation units (correction of the assembly defects which reduce the units efficiency reducing of the leaks in air ducts, reducing of their  aerodynamic resistance, timely cleaning of the ventilation ducts).  

Questions for self -testing

1. How to reduce the heat losses under the operation of the ventilation systems? 
2. Why should the volume of the air supplied to the ardent furnace be coordinated with its loading? 
3. Name the methods of reducing the electricity costs for ventilation. 
4. How can the performance of ventilation systems be regulated? 
5. In which case does the replacement of underloaded engines of the ventilation unit drives by the engines less capacity take place? 
6. What functions of the ventilation unit system control provide energy saving?
12 ENERGY SAVING IN WATER SUPPLY SYSTEMS

Methods for energy saving during water supply: selection of optimal water pressure, reducing its expenditure and losses, increasing of efficiency of pumps, regulation of the pumps operation, reducing of the resistance of the pipeline, installation of water storage unit, creation of the system of water recycling.
References: (6, 8, 9(.

Guidance 

At the industrial enterprise water is used for the household needs (from a city water pipe) and in the production process (from natural reservoirs). 
The cost of electricity for water supply depends on water pressure and volume of its consumption. Optimal water pressure in the water supply system is determined depending on the number of floors of industrial buildings. If the majority of workshops are multi-storied, it is necessary to maintain the pressure, which provides water supply to the upper floors. If the buildings are predominantly single-storied, the chosen water pressure is based on the water supply of consumers of the first floor, and booster pumps are used in the multi-storied workshops. 
To reduce the water expenditure the water recycling systems are used: the water used in cooling technological systems is  used repeatedly in a closed cycle and for the successive cooling of several processing plants, tools. For more efficient use of water and electricity, it is recommended to support thermo cline of direct and reverse cooling water within 10-15 ° C, to use automatic control of feeding of water for its cooling, to block systems for water-cooling with production units. 
Improved efficiency of pumps is achieved by their better repairing them, careful balancing of impellers, pump seal reduction. 
Analysis of the ways of regulating of pump productivity allows making the following conclusions: the most economical is to change the number of working pumps, to regulate the frequency of the drive motor rotation. The regulation with the gate valve leads to a significant increase of the electricity costs. In water systems with the sharply changeable water consumption, it is appropriate to apply the frequency regulation, and if the water consumption is changed slowly – the regulation is done by the change of the number of working pumps. 
The efficiency of water supply pipelines increases the liquidation of leaks, reduces the resistance of pipelines (decreases the sharp turns, removes unnecessary valves, and cleans intakes). 
If the workshops of industrial enterprises have the separate water supply systems, it is appropriate to combine them. Installation of the water storage unit provides water pumps work with the highest efficiency in the mode of filling the tank at the optimum big pressure and pump efficiency, and also promotes alignment of the electric load graphics of  companies,  reduces electricity losses and electricity charges for operating of the pump at night (at the zoned calculation).
Questions for self -control

1. What approaches should be applied when selecting the water pressure in the system of water supply? 
2. Name the methods of reducing of water expenditure. 
3. How the pump efficiency be increased? 
4. Why does the installation of the tank to collect water contribute to the energy saving? 
5. What are the ways to control pump efficiency? Compare them according to the energy efficiency. 

13 ENERGY SAVING PRODUCTION TECHNOLOGIES, THE COMPRESSES AIR FEED AND USAGE 

The system of provision of the enterprise with the compressed air. Methods electricity saving during the production, transportation and consumption of the compressed air. 

References: (14, 8, 9(.

Guidance 

Compressed air is widely used in industry to feed pneumatic tools, pneumatic automation, hammers, purging and cleaning of details. The compressed air is particularly well used in machine building and oil industry. 
The compressor unit consists of concatenated atmospheric pressure head, air filter, air intake line, compressor, delivery pipeline, intermediate refrigerator, water-oil separator, air collector, the main pipeline.
Under the production of compressed air the consumption of electricity can be reduced by: 
- Increasing of pressure for  the air intake by: reducing the resistance of the intake air path (increasing in diameter, reduction of the length of the intake pipeline, increasing of the surface of the  air filter, its timely), pressurization (with a fan or air blower), the resonance pressurization for reciprocating compressors; 
- Usage of the inflow valves instead of the  ring one for the  reciprocating compressors; 
- Lowering of the temperature, humidity and pollution of the intake air; 
- Reducing of the  leaks of the compressed air caused by the compressor leakiness; 
- Reducing of the losses caused by the air pulsation in the intake and delivery pipe-lines (reducing of the airline resistance, increasing of the  volume of the air receiver); 
- Keeping the compressor lubrication mode; 
- Compliance with the normal functioning of the compressed air cooling system; 
- The elimination of leaks of the stop and safety valves; 
- Periodical testing of the compressor efficiency, demolish control,  and replacement of its parts; 
- Economic ways of regulating of the compressor  performance (disconnection of some compressors, in the first place – with the lower efficiency value, for the  similar compressors – disconnection according to the cyclic pattern). 
The following measures are recommended to reduce the energy losses  during the transportation of the compressed air: 
- Reducing of the  leaks of the compressed air; 
- heat insulation of the airways; 
- Airway lining in the  single with steam and heat line channel; 
- Reducing of the resistance of the airway (increasing  in the diameter, timely cleaning); 
- Usage of the self-closing pneumatic valves; 
- Prevention of  the increase of pressure in the pneumatic network over the nominal pressure. 
Methods of reducing of the energy losses under the  compressed air consumption: 
- Troubleshooting in the pneumatic receiver; 
- Preventing of the use of the compressed air not according to its function; 
- Usage  of the economical  conical Laval nozzles instead of the cylindrical ones  in the sanders and soot blowers;  
- Production of the air-resistant material based nozzles of sanders;   
-Sand preliminary drying; 
- Prevention of the usage of the soot blower over-diameter nozzles; 
- Prevention of the input of the over-pressured air into the soot blowers; 

- Replacement of the sand cleaning by the blast cleaning; 
- Heating of the compressed air before feeding it into the pneumatic machines; 
- Drying of the compressed air; 
- The use of compressed air with the low pressure; 
- Replacement of the compressed air by the fan blowing. 

Questions for self-testing 

1. What does a compressor unit consist of? 
2. Name the methods of reducing power consumption for making of the compressed air.  
3. How should the transportation of the compressed air be done to reduce energy losses? 
4. How to reduce energy losses during the compressed air consumption?
14 ENERGY SAVING UNDER THE OPERATION OF THE LIFTING AND SHIFTING MACHINES

The ways to save power under the operation of industrial enterprise lifting machines, interplant and railway transport, mine transport (lifting machines, conveyors, locomotive transportation).

References:  (6, 8, 36, 40(.

  
Guidance

 
Industrial vehicles are designed for feeding of blanks, materials, parts and finished products to stores and workplaces. The transportation is divided into the intrashop (conveyors, roller, cranes, and electric carts) and interplant (road and rail, electric carts, pushing type conveyors). 
Under the operation of the lifting machines, the following measures provide the energy saving:

 
- Maximum loading of the cranes according to their lifting capacity (load packing, installation of the additional cranes with less lifting capacity); 
- Rational warehouses arrangement; 
- Systematic verification and repair of the crane tracks; 
- The use of devices to recover energy during the load -lowering; 
- Accumulation of the load potential energy during load- lowering it its back balance; 
- Use of the gravity load feeding; 
- The use of the suspension conveyors. 
.
Accumulator floor transportation (electric carts, electric loaders,   stackers) is characterized by low efficiency, due to the use of batteries. To increase its efficiency the accelerated battery charging with the alternating current is recommended. The usage of the floor-transport control systems provides the optimization of its movement and energy saving. 
Most companies operate on DC electrified railway transport. Energy savings in this case is  achieved by: 
- The use rolling bearings at the rolling stock; 
- Small speed traffic; 
- The use of regenerative braking; 
- Reduction of the voltage losses in the pulling  network, support of the nominal voltage value in the pulling network;  
 - Selection of the  sections of wires of the pulling network according to the economical current density; 
- The use of the pulling network bilateral feeding; 
- Reducing of  the resistance of rails joints (welding of the copper electrical connectors): 
- Regulating of the  number of rectifier units working in parallel (analogous to the selecting of the number of power transformers operating  in parallel). 
Methods for saving electricity during the operation of the mine lifting machines: 
- Reducing of  the length of periods  of starting  and stoppages at the expense  of the increase of  acceleration and braking; 
- Reducing  of the operation of  lifting machines on idling(double skipped and double caged lifting machines with one skip or cage);  
- Full load operating of the lifting machines vessels; 
- If the machine lifting capacity permits- replacing of the skip by the one of  greater capacity; 
- Periodic skip cleaning. 
Accumulator and trolley locomotives, belt conveyors and scrapers are used as the coalmine underground transport. The trolley locomotives have the lowest energy losses, the belt conveyors, accumulator locomotives, and scrapers follow them. That is why it is reasonable to change underground transport structure to enhance (where possible) the use of the trolley locomotives and belt conveyors. 
Increasing of the energy efficiency of the belt conveyors is achieved by the following:

- Workload rising (regulation of the of tape speed, depending on the loading,  lock of the sensors of lower and upper levels of the bunker according to the scheme of the conveyor control );
- Replacement of the belts of the underloaded conveyors by the less width  belts;  
-
-Maintenance of the high coefficient of friction between the belt and the driving drum; 
- Timely lubrication of mechanical conveyor units, change of the rollers which do not rotate or do it badly;   
- Keeping to the operation instructions as to the distribution of load between the driving drums; 
- Maintenance of the normal functioning of the devices for cleaning the belt and drum; 
- Timely repair of the conveyor, replacement of the worn parts. 


When the locomotives operate, to save the energy  the special attention should be paid to : 
- Regular lubrication of the locomotive units,  timely washing of bearings and  replacement of oil, preventing of the friction of  brake pads on wheel tread,  reducing of the transition resistance of electrical contacts; 
- The elimination of inequalities of the  rail joints, timely cleaning of the rails from dirt, eliminating of the track distortion; 
- Replacement of the tub rolling bearings by the  frictionless bearings , timely cleaning of the tubs, their full load, forming of the trains with the  estimated number of tubs; 
- Reduction of losses in the contact network due to: systematic test of the transition resistances at the cord connecting points,  application of the connecting plates  on the  joints of rails, welding of rail joints, connecting of all tracks by jumpers (approximately every 50 m), the use of the two-way feeding scheme of the contact network, replacement of the wire worn contact by the initial cross- section wire; 
- Under the  operation of the accumulator locomotive the  destruction of the concentration  of the electrolyte in the battery should not be below the admissible level; regular cleaning  and wiping of  the battery; replacement of  the contaminated electrolyte; updating of the  technical conditions of the batteries not being used for a long time by several re-charging.
. 
Questions for self-testing

1. Name the methods of energy saving under the operation of lifting machines.
2. How to improve the performance of the accumulator floor-level transport?
3. What are the ways to reduce electricity losses of the railway transport?
4. How to reduce the cost of electricity used by the coalmine transportation?
15. ENTERPRISE ENERGY PASSPORT 

Appointment of the energy passport, which businesses have to have energy-passport, order of its filling in, registration, change making. Contents of the energy passport.
 
References: [58].
Guidance 

the enterprise’s energy passport is designed to display the equipment that generates, consumes energy, the equipment for the energy supply, its characteristics, use of energy resources in production, involving of the secondary energy resources, renewable and alternative energy sources. 
The data in the energy passport provides an opportunity to analyze the state of energy consumption, efficiency of energy resources, developing of energy-efficient measures. 
The passport is mandatory for all companies that make up a report on the use of fuel, heat and electricity and if of the following requirements is met: 
- Annual consumption of energy resources is over 1000 tons of fuel per year; 
- The amount of heat energy is more than 3000 Gcal; 
- The capacity of the electric collectors exceeds 100 kW. 
The responsibility for making up and amending the passport is born by the company’s director or other person appointed by the Order of the enterprise. After the making up it must be registered in the State Inspectorate for Energy Saving.  
Energy passport contains the following sections: 
- Brief description of the company; 
- Fuel supply; 
- Heat supply; 
- Electricity supply; 
- Secondary, renewable energy resources, alternative energy sources; 
- The supply of compressed air; 
- Gas supply; 
- Production of cold; 
- Water supply and sanitation; 
- Ventilation and air conditioning; 
- Information on sub-consumers consuming fuel and energy resources.

Questions for self-testing 

1. What is the purpose of the enterprise’s energy passport?
2. In which case should the company have the energy passport?
3. What is the order of making up, amending, registration of the energy passport?
4. What information is to be included into the energy passport? What are its main sections? 
TASKS FOR THE TEST

PROBLEM 1 
Typical annual schedules of electric-active and reactive electrical loads of the enterprise of some specific industry [1] is the initial data. 
An industrial enterprise is powered by overhead transmission line (OTL) of 110 kV with the active
[image: image1.wmf]R

 and reactive X resistance. The calculated active
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 of the industrial enterprise loading are given in the table 1.1. 
 Define: 
- Annual consumption of active and reactive electric power of the industrial enterprise; 
- The number of times of the usage of the maximum of the active and reactive loading; 

- Annual losses of active and reactive electrical energy in the OTL; 
- The time of maximum losses, compare the obtained value with the results of calculations according to the empirical formula; 
- Average and effective values of active and reactive loading, form ratios of both schedules; 
- Annual electricity losses in the OTL provided that the graphs of electrical loadings would be uniform and the enterprise loading –average. Compare the result with the losses at under the actual loading according to the typical schedule. 
· .

Table  1.1 – Initial data for the problem  1

	Variant number 
	Branch of Industry 
	Calculated loading 
	OTL resistance
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	0
	Chemistry 
	13,6
	3,4
	4,3
	4,4

	1
	Transport machine-building 
	12,6
	3,2
	6,4
	6,7

	2
	Pulp-and paper 
	11,6
	2,9
	7,3
	7,5

	3
	Light industry 
	10,7
	2,7
	8,6
	8,9

	4
	Coal mining 
	14,1
	3,5
	3,9
	4,0

	5
	Ferrous metallurgy 
	21,7
	5,4
	2,0
	3,4

	6
	Non-ferrous metallurgy 
	20,2
	5,0
	4,5
	7,7

	7
	Automobile industry
	18,6
	4,7
	2,7
	4,7

	8
	Machine tool building 
	17,1
	4,3
	3,7
	5,2

	9
	Heavy engineering 
	22,5
	5,6
	3,2
	5,6


Guidance

Annual consumption of active 
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 of the electrical energy is defined according to the following expression: 
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- number of steps of the ordered diagrams of the active and reactive loadings
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 The number of hours of the usage of the maximum of the active the maximum use of active 
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The annual losses of the active and reactive energy in the OTL make up  
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 The period of the maximum losses identified according to the typical electric loading schedule 
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The maximum losses period can be approximately de fined by the empirical formula 
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The average value of the active and reactive loading
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The efficient value of the active and reactive loading 
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The coefficients of the form of the schedules of active and reactive loadings 
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The annual losses of electricity in OTL provided that the loading is constant equal to the average of 
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PROBLEM 2 
Identify the most important efficiency factor of the three-phase transformer of the TM type. Which value of the loading coefficient does the transformer efficiency take the maximum value with? Perform the calculation for the given transformer nominal power taking into account the power coefficient values indicated in the table. 2.1.  
The required transformer passport data should be obtained form a reference book..

Table 2.1 – The initial data for the problem 2 
	Variant number 
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	The transformer nominal capacity 
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	1000
	630
	400
	250
	1600
	1000
	630
	400
	250
	1600
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	0,6
	0,7
	0,8
	0,9
	1
	0,8
	0,9
	1
	0,6
	0,7


Guidance
Efficiency is calculated according to


[image: image35.wmf]100

)

cos

1

(

к

2

з

х

ном

 

т

з

к

2

з

х

P

k

P

S

k

P

k

P

D

+

D

+

j

D

+

D

-

=

h

, %,

Where  
[image: image36.wmf]х

P

D

,  
[image: image37.wmf]к

P

D

 - idling and the transformer short circuit losses, 
[image: image38.wmf]з

k

 - loading coefficient.  .

The efficiency takes the largest value under the loading coefficient of 
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PROBLEM 3 
Two transformers with the nominal capacity 
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 and the coil nominal voltage of  115/10,5 kW are installed at the industrial enterprise. The duration of the loading 
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 is given. 
Calculate the annual active energy losses in the transformers. How will the annual active energy losses reduce if one of the transformers is switched off in the minimal loading mode?
The initial data is given in the table 3.1. All the necessary transformer passport data is in the reference book.
Table 3.1 – Initial data for the problem 3

	Variant number 
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	0
	16
	18
	6
	2000
	6760
	0,87

	1
	16
	19
	6,7
	2100
	6660
	0,82

	2
	10
	11,4
	4,3
	2500
	6260
	0,78

	3
	16
	17
	7
	2700
	6060
	0,75

	4
	16
	18,8
	6,4
	1900
	6860
	0,9

	5
	16
	20,8
	6,7
	2100
	6660
	0,85

	6
	10
	12
	4,4
	2200
	6560
	0,8

	7
	10
	11
	4
	2300
	6460
	0,75

	8
	10
	13
	4,2
	2400
	6360
	0,9

	9
	10
	12
	4,8
	1900
	6860
	0,85


Guidance

The simplified annual electric loading schedule of the industrial enterprise is given in the problem. According to it the annual active energy losses in the 
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 - idling and the transformer short circuit losses;  
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  - number of operating transformers during the minimal and maximal loading; 
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 - transformer loading coefficient during the minimal and maximal loading; 

PROBLEM  4

The plant step-down substation 10/0,4 кW is fed on double-track cable line with the voltage of 10 кW. The line is made up of the cables of the ААШвУ type. The length l and the cross-section F of the cable are given in the table 4.1.  Two transformers of the TM type with the nominal capacity of 
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are installed at the substation.
The complete loading S, the capacity coefficient
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cos

, the period of usage of the active loading maximum 
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 are given. Two banks of capacitors with the capacity of 
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Q

 are installed at the substation 0,4 кW side ( one at each tire sections).  
Calculate the annual electricity losses in the line and transformers under the switched on and switched off banks of the capacitors. 
Table  4.1 – Initial data for the problem  4

	Variant number 
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, hour/year
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, квар

	0
	1000
	120
	2,5
	1575
	0,8
	4200
	300

	1
	1000
	95
	1,5
	1600
	0,85
	3300
	240

	2
	1000
	120
	1,8
	1460
	0,9
	5300
	150

	3
	1000
	95
	3
	1620
	0,75
	4000
	450

	4
	630
	95
	2,5
	1010
	0,8
	4100
	240

	5
	630
	120
	1,5
	1000
	0,85
	4500
	150

	6
	630
	95
	1,8
	920
	0,9
	4700
	100

	7
	1600
	150
	3
	2590
	0,75
	5000
	600

	8
	1600
	120
	1,8
	2630
	0,8
	4200
	480

	9
	1600
	150
	2,5
	2520
	0,85
	3300
	450


The transformer passport data and cable specific resistance are given according to the reference book data.
Guidance 
The annual losses of the active and reactive energy in the OTL if the bank of capacitors with the capacity of 
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 compensates the reactive loading make up 
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Where  
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 - OTL active and reactive loading, KW, quar;  
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 - OTL voltage, KW;
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- OTL active and reactive resistance, ohm; 
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 - maximum losses period, hour/year (calculate according to the empirical formula given in the guidance to the problem 1). 
The annual active and reactive energy losses in n transformers of the workshop substation under the switching on of the bank of the capacitors on the side of 0,4 KW  make up 
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Where  
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 - idling current and short circuit voltage of the transformer of the workshop substation,  %. 
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