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LECTURE 9. SAVING MODES OF WELDING EQUIPMENT OPERATION. ENERGY SAVING IN ELECTROLYSIS PLANTS.
.

SAVING MODES OF WELDING EQUIPMENT OPERATION 
[6, p. 79-]
Efficiency of the welding machine [92, p. 180] 
Electrical efficiency of the welding machine 
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 - usable energy - the energy supplied to the electrodes; 
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- active energy consumed from the network.

The thermal efficiency of the welding machine 
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-  energy spent on heating and melting the metal in bulk core, heating of the metal surrounding the core and  heating of the electrodes;
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- energy heat losses  

Activities to save energy 
OPTIMAL CHOICE OF THE METHOD OF ELECTRIC WELDING 
· • Transmission of welding with direct current to alternating provides lower unit cost of electricity. 
·  Replacement of manual arc welding by mechanized and automated welding methods. 
At the preliminary calculation of the efficiency of the transmission the reduction of specific power consumption for I kg of the weld metal can be as follows: 
for manual arc welding-2, 9 kW-h /kg; 
for automatic and semiautomatic welding submerged-2, 0 kW-h /kg. 
• Replacement of manual arc welding by the spot welding. Requires structural changes in the welded products and installation of special welding machines. The sharp rise in the productivity of welding and a significant reduction in electricity consumption, as a rule, pay back the costs associated with changes in welding technology. Transmission to spot welding results in reduced consumption of electricity in 2-2,5 times. 
• Replacement of manual metal arc welding by the contact seam welding reduces power consumption by 15%. 
• The right choosing of the type of welding machine and welding conditions. According to the theoretical curves the optimal load factor corresponding to the maximum efficiency of welding is determined [92].
ELIMINATION OR REDUCTION OF WELDING UNIT IDLING 
Implementation of various schemes of limitation of idling of welding transformers or converters provides annual savings of electricity of 6--20 thousand kWh per year for each unit. In preliminary calculations, the efficiency of implementing of such measures the saving can be of 15 to 20% depending on the mode of the installation.

IMPROVED TECHNOLOGY OF ELECTRIC WELDING 
· The correct choice of electrodes. 
- Use of electrodes with the coating comprising iron powder. Can significantly increase the strength of the welding current, increase productivity and reduce specific energy consumption. These electrodes provide increased deposition rate of up to 12-20g / (A-h), i.e., reduce the unit cost of electricity of about 8%. 
- Application of rutile electrodes improves the productivity parameter of 12% and improves the quality of welding seams. Estimated saving in this case reaches 10%
· - Replacing of the solid electrode wire by the powder one increases productivity by 10-15% and reduces specific energy consumption by 8-12%.
Mechanization and automation of welding processes. 
- Use of semi-automatic and automatic welding in carbon dioxide environment provides high performance due to deep penetration of the base metal and a small fraction of the welding wire in the welding seam metal. Compared with manual arc welding with direct current installation semiautomatic welding in carbon dioxide environment has  2.5 times greater installed capacity, welding speed is 3 times higher, specific energy consumption is 45% lower. 
- Automatic submerged arc welding is the most common method of welding. To improve productivity and reduce unit costs of electricity additive in flux as the metal powder metal shavings or chopped wire is used. Density increase of welding current is used. All this allows reducing the specific consumption of electricity up to 30-40%.
For preliminary calculations of the efficiency we can use the data on variation of the deposition (Table 13), bearing in mind that the unit cost of electricity varies inversely with changes in these factors. 
Deposition rate for various methods of welding 
	Welding current, А
	Deposition rate, g / A h 

	
	Manual arc welding 
	Flux welding 

	
	
	Direct current 
	Alternating current 

	200
	6
	11
	-

	300
	-
	14
	15

	400
	-
	16,5
	18

	500
	-
	20
	21

	600
	18
	23
	24


· • Application of electro-slag welding.
Electro-slag welding with alternating current is used to connect parts thicker than 30-40 mm. The absence of an open arc during the electro-slag welding process ensures the stability of the process on the alternating current and the fullest use of electricity. Loss on heating of the flux is small; there is no splashing and waste of metal.
Deposition rate during electro-slag welding is 25-30 g / (A-h).
Rational use of electric welding networks [97] 
Extends service life, reduce accidents in the work of welding equipment, reduces the losses of voltage and power networks, and improves the quality of welding.
·  Uniform distribution of single-phase welding machines and apparatus for phase of the mains.
• To connect the individual machines and apparatus two-or four-core cables or pro-water in the overall braid are used. The four cables are connected according to the cross pattern to reduce the inductive reactance of the network .????
• If at the welding machines have ignitrons their features are carefully picked.  Both ignitrons in ignitrons contactor should have close firing angles. In spite of different angles of ignitrons in the primary currents of the welding transformers there is a constant component, which leads to the bias of the transformer core and increase the current consumed by the welding transformer from the network.
Check of the resistance of the secondary circuits of machines of contact electric welding. Since the secondary voltage of these machines is small (within 3-20), the total resistance of the secondary circuit is significantly influenced by the state contacts. In the operation their surface is oxidized and transfer resistance increases sharply, so the periodic check of contact joints is necessary. Increased resistance of the secondary circuit leads to increase in the current consumed by the welding machines from the network, and power losses.
Especially important is the verification of the resistance of the secondary circuit of the overhead welding machines with advanced secondary circuit. Studies show that the greatest influence on the change of impedance of the secondary circuit of the overhead point machines has the change of ohmic resistance of cables, which amounts to 75-85% of the total resistance of the secondary circuit. With the increase of the number of welds the ohmic resistance increases sharply, this leads to the fact that already within 7-10 days the secondary voltage welding must be increased by 20-40%.
Ohmic resistance of the secondary circuit, including the secondary windings of the transformer of the new or withdrawn from the repair machinery, at a temperature of +35 ° C must not exceed 60 mkOhm, of the point-stationary machines -80 mkOhm, point outboard engines 500 mkOhm and suture machines 100 mkOhm.
•The  limit idling voltage for welding must not exceed, as a rule, 70 V. However, this voltage is dangerous when working in the areas with high-risk or especially dangerous. According to the SEP all electric welding with AC and DC power, intended for welding in especially dangerous conditions (such as inside of metal containers, wells, tunnels, on pontoons, in boilers, compartments of ships, outdoor applications, as well as work in areas with increased risk) and having idling current above 36 V should be provided with automatic shutdown of the idling voltage or limiting it to a voltage of 12 V with a delay of no more than 0,5 sec. To automatically reduce the idling voltage of single operator welding transformers with voltages of 380 V the device УСТН-4 can be used.  To automatically reduce the idling voltage of welding DC / DC converters and rectifiers with voltages of 380 V the appliance USNP-1 can be used.  Both devices reduce the idling voltage of power suppliers for stoppage of the arc burning up to 12 V. When the electrode touches at the time of excitation of the arc the voltage is again raised to the working value.
.
ENERGY SAVING IN ELECTROLYSIS INSTALLATIONS 
[15,p. 369-385], [88,p. 340-], 

ЕЩЕ ОБЯЗАТЕЛЬНО ВЗЯТЬ [98, стр.137-167]- отсканировать,    [88, стр. 342-], [92, стр. 176-179] 

 Let's consider the example of aluminum electrolysis.
Evaluation of the effectiveness of the production of aluminum 
Weight of the substance evolved at the cathode 
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- yield of substance on the current-takes into account that the actual mass of released material is less than the theoretical (determined by the Faraday law) in connection with the released hydrogen at the cathode, leakage of the current, short circuit between the electrodes. Current output depends on the current density at the electrode (with increasing current density, it grows);
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 - electrochemical equivalent of the substance, г/Cl, 
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- м mass of a substance in grams, is allocated  by a unit of the passing through the electrolytic bath electricity – coulomb  (1Cl=1А*1с)).

Quantity of electricity consumed 
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- average voltage  on the electrolyzer.

Yield of substance with respect to energy 
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Specific energy consumption 
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The average voltage of the electrolyzer 
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- decomposition vvoltage  (a potential difference of the anodic and cathode reactions); 
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- the sum of anodic and cathode over-voltages ; 
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- voltage drop in the electrolyte (
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electrolyte resistance); 
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- voltage drop in the tires, contacts,  electrodes.

Reduction of electrical losses in the supply network (
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-  makes up 12,3% of the overall balance of voltages on the tank. 
Decrease of the resistance of transition contacts.
Contact sites in the tires of the aluminum tubs are made as bolted contacts. The number of the bolted contacts at the aluminic plant reaches 200 thousand pieces. Tire bolted contacts oxidize and create higher transient resistance and are the cause of additional continuously increasing power losses. To reduce these losses bolt contacts are periodically sanded, which takes a huge amount of manual labor.
Bolted contacts are replaced by the welded ones.
Application of the cotter connection for the contact of the anode trigger-pin in baths with the side shunt to the anode. The contact is performed using clamp and wedge.
• Reduced tire resistance 

Decrease in resistance of transient contacts. 
.

Bolting contacts are replaced by the welded ones.
Application of the cotter connection for the contact the anode trigger-pin in baths with the side shunt to the anode. The contact is performed using clamp and wedge.
• Reduced tire resistance; 
- Increased tire cross-section;
- Elimination of the uneven distribution of current in the tire;
- Contacts here
- Cooling of the cathode tire.
one continuous corrugated plate is replaced by  the plate with holes at every bath in the riser. This will create convection hot air flow through the holes of plates, more enhanced air flow and thus cooling the cathode tire occurs in the tire channel.  The temperature of the cathode tire is reduced by about 10 ° C, the voltage drop to 3-4 mV. 
With the introduction of forced cooling the voltage loss can be reduced considerably.
· Reducing of energy losses to transform alternating current to direct current. 
The maximum efficiency of installations with rectifier units corresponds to the loading of 65-75% of the nominal value. In order to reduce power losses for current transformation it is necessary to evenly distribute the load on the rectifier units within these limits and include all units (working and reserve) into the operation , in every possible way to reduce the duration of their switching off to the repair or revision.
Technological process improvement 
· Maintenance of the bath optimum temperature. The electrical conductivity of the electrolyte increases with increasing in the temperature and the current output decreases. You must select the temperature at which the 
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is minimal (specific energy consumption is minimal).  Long practice shows that the optimal temperature of the electrolyte is in the range 950-965( C. 
• Reduction or complete elimination of anode effects. The ideal thermal balance is established during normal bath operation between the anode effects. The appearance of the anode effect violates this balance (operating voltage of the baths with 4, 0 - 4 .5 W sharply increases up to 30-50W, the electrolyte is overheated) and leads to temporary breakdown of the process. Reduction or even total elimination of the anode effects stabilizes the perfect thermal balance. In addition, periodic appearance of «outbursts" causes difficulties in the work of the rectifier substation. The number of the anode effects is recommended to minimize, not more than 0,4 baths a day. This is achieved by preventing of "outbursts", for which the baths are loaded with argil 1-3 hours before the "outburst". Emerging anode effects are quenched as quickly as possible, reducing the duration of this "outburst". The "outburst" is necessary for control of the bath; it facilitates the heating of the bath, etc. The reduction of the anode effects in the bath at night only on 0.1 allows saving of 2.3 million kilowatt-hours of electricity per year in the electrolysis shop of the average power.
Delay in the quenching of "outburst" of only 1 min causes loss of 35 kilowatt-hours of electricity in the bath, and in the shop - more than 5 million kWh a year. According to the technology instruction, the "outburst" must be extinguished no longer than within 3 minutes. Sometimes it is extinguished during 5-10 minutes.
• [15, p. 378] - Add a reciprocal decrease in the EMF.
· . Reduction of the voltage on the heating parts. The heating areas are: pin, anode, electrolyte and cathode metal, bottom blocks, cathode rods. The reduction of voltage loss in the pins is achieved by the increase of their length to 1050 mm and the weight up to 25 kg (for the current 70-80 kA), while increasing the pin length on 100-110 mm and reducing the current density, the loss of voltage in the contact pin and the anode can be reduced on e 100-115 mV. By the timely transposition of the pins, thorough cleaning and editing, depth and angle of pin driving   the voltage on the bath can be reduced to 200 mV.
Reducing of the voltage loss in the bottom bath unit depends on its design, quality of the bottom mass (blocks on  the graphite base can reduce the specific consumption of electric power technology with a direct current to 300-400 kWh per 1 ton of aluminum), the quality of installation and firing hearth devices, section of the cathode rods, good service of the hearth bath, prevention of formation of precipitation and excessive scab. Precipitation and scab lead to increase in voltage drop in the bottoms and slightly increase the temperature of the electrolyte. Loss of the voltage in the hearth should not exceed 0,35-0,40.  Loss of voltage on the heating bath areas can be reduced by 165 mV (the voltage drop in the pins 110 mV. assimilation section of the cathode rods 35 mV, the maintenance without precipitation and scab20-100 mV).
· Reduction o the voltage loss in the system anode - electrolyte. Reduction of the voltage loss in the anode can be achieved by increase in its cross section and decrease of resistance. To do this, a number of factories is making the broadening of anodes to 100-300-700 mm, which reduces the voltage loss to 10-15% and improves the current to 6-10 kA, and the bath performance to 3,5-6,5%. Resistance of the anode can be reduced by adding of graphite in the amount of 10% of the dry part of the anode mass, thereby reducing the resistivity of the anode mass almost in a factor of 2. On aluminum tubs with prebaked anodes the specific energy consumption is much lower (up to 1000 kW-h / t Al) than in the baths with the self-scalding pots. 
• The resistance of the electrolyte can be reduced by the decrease in distance between the poles, which is 4-5 cm.  
Resistance of the system "anode-electrolyte" can be reduced by the use of optimal electrolyte composition. The best conductivity is observed in the electrolyte with the composition of cryolite equal to 2,6-2,7%, the use of additives of magnesium fluoride 3-3, 5%,  calcium fluoride 5.6%,  sodium chloride, lithium fluoride, etc. (the content of additive is determined experimentally) in the electrolyte,  as well as maintenance of  the electrolyte level within18-24 cm, the metal level (after founding) in baths with accrued casing not less than 30cm, and baths with conventional enclosures - no less than 25 cm. 
· Fast diagonal processing of the bath with overnight TIMELY pouring of aluminum from the bath helps to stabilize the technological bath mode: sharp vibrations of  levels of the metal and the electrolyte, increasing of the operating voltage after pouring and the fluctuations of the temperature of the electrolyte are excluded. Rapid diagonal processing of the baths can increase the bath heat transfer, improve working conditions and reduce some raw materials, as the surface of the electrolyte is opened to a lesser extent, the temperature of the process decreases and is stabilized. 
· Improving of the current efficiency. The formula (4-30) shows that the decrease in specific energy consumption during the intensification of production of aluminum is determined by the decrease in the average voltage on the bath and increase of the current efficiency. The current efficiency depends on: the temperature of the electrolyte, electrolyte composition, and the distance between the poles, the current density, and quality of bath service.
The temperature of the electrolyte - the most important factor affecting the current efficiency. The decrease in the temperature at every 10 ° C increases the current efficiency by 3-4% (Fig. 4-42). However, the in the viscosity of the electrolyte increases, its electrical conductivity, etc. decreases. To prevent this, it is necessary to maintain the optimum temperature of 950-965 ° C. Further lowering of the temperature of the electrolyte can lead to malfunction of the bath.
Electrolyte composition has great influence on the current efficiency. For cryolite and aluminous - melts  the compositions with cryolite ratio  of 2,6-2,8 are optimal.  The solubility of aluminum in the electrolyte is one of the main reasons for the decline of the current efficiency. All additives, reducing the temperature of the electrolyte, are useful because they reduce the solubility of aluminum in the melt.
With increasing of the distance between the poles the current efficiency and voltage loss in the electrolyte increase. But with increasing of the voltage loss specific energy consumption increases. Optimal distance between the poles is 4-5cm. With further increase the energy consumption increases.
Current density. There are three densities: anode- the ratio of the current to the cross sectional area of the anode, the cathode - the ratio of the current to under ¬ surface of the hearth, the average, which is defined as the average geometric value. The current efficiency increases with the current density. But with increasing of the average current density the loss of voltage in the electrolyte increases. To reduce the specific consumption of electrical energy it is more profitable to operate at lower current densities (0,7-0,6 A/sm3)
Bath service quality directly affects the normal operation of baths, and consequently, the current efficiency.
·  Reducing of the current leakage in the electrolizer. The value of leakage of the current due to violations of electrical insulation under short-circuit waves of the cathode metal with the sole of anode (with extinction of anode effect) is: for electrolizers with lateral tubing -0,5% and with the upper supply -0.8% of the electrolizer current. 
More significant values are in-bath leakage associated with scattering ability of electrolizer and the closure of the anode with the cathode  edge lining, particularly at the ends) through coal "scum." 
The main part of the current passes through the electrolyte of the distance between the poles under the sole of the anode. This value is 81-83% of the value of the current passing through the electrolizer, and is called the "anode field." 
The remainder of the current (17-19%) with the lateral surface of the anode immersed in the electrolyte, forms "non-uniform field", and falls on the side lining of the cathode and the peripheral part of the cathode metal. Current which leaks through the side lining makes up 7-8% of the electrolizer current (about 50% of the current "uniform field").  

. 

???

· Increased cross-section of the anodes gives  reduction in unit cost of electricity. 
• Lecture 10. ENERGY SAVING IN LIGHTING INSTALLATIONS.
. 

• Electricity consumption for lighting of industrial companies makes up in average 5-10% of its total consumption, depending on industry (metallurgy - 5%, -10% of engineering, textile industry - up to 30%). 
As far as the working conditions of people, their productivity depend on the quality of lighting, the problem of energy saving in lighting systems (LS) is to ensure optimum illumination of production facilities and job places at the minimum consumption of power through proper design and operation of the LS.  

Optimizing the lighting of the lighting systems 
	?
	What factors does room lighting depend on?

	Illumination for existing lighting systems depends on the value and efficiency of utilization of light flux.
The luminous flux of the lamp 
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depends on the type and power of the lamp, the lamp voltage and its degree of wear.
The coefficient of luminous flux 
[image: image30.wmf]h

varies widely (0,10-0,84) in dependence on the following factors: the efficiency and curve shape of light distribution in lamps, lighting fixtures suspension height, rising from its reduction, floor space and increases with its increase, the ratio of length premises to its width, which decreases with the increase of this ratio, the coefficient of the ceiling, walls and working surface reflection.
The shape of the curve of light distribution and efficiency of the lamp depends on the initial data of a new light, and from wear and contamination of reflecting surfaces in the lamp during operation. 
.


· Analysis of the visual task to determine its complexity and length, taking into account the susceptibility, depending on the age of employees and other factors. To ensure the necessary illuminated surface for the visual task in the design solutions.
· Managing the construction of lighting systems.
· Choosing the lighting system. For visual works of high accuracy the use of combined system of lighting (general lighting + local) is required. For visual works of high and medium accuracy it is allowed to use both systems (selection is made based on techno-economic comparison of options).
· Selection of the most economical sources of light.
	?
	How can we evaluate the effectiveness of the light source? 

	
	The effectiveness of light sources is measured by the light output. The light output - a ratio of luminous flux of the light source to power consumption. lm / watt.


	?
	What the sources of light are most effective? 

	
	The answer to the question can be given by analyzing the light output of various light sources, the average data is presented in Table.


	The type of lamp 
	luminous efficacy, lm 

	Incandescent lamps 
	10—20     

	ДРЛ
	35—55     

	Fluorescent lamps 
	42—62  

	ДРИ
	64—90

	Xenon lamps 
	20—32


The use of incandescent lamps in the industry is gradually declining, but convenience of exploitation and simplicity of design contributes to rather a broad use of incandescent lamps. New, more fuel-efficient incandescent bulbs, such as lamp type NSC - with bispiral glow body, filled with krypton are developed and being used. . These lamps are more expensive than lamps of the NS type which are filled with argon, but are significantly more economical in consumption of electricity. Lamps of the type NSC (krypton) at 220 V are at 11-16% greater light output than incandescent NB. Luminous flux of lamps at a voltage of 127 V is higher than that at 220.
In most lighting systems it is appropriate to apply the gas discharge light sources: fluorescent lamps, discharge lamps of high pressure (GLVD) - a mercury arc DRL- type, metal-halide of the type of DRI, the sodium-type HPS. The requirements, determined by the specific work performed, to the technical parameters of light sources (spectral composition, brightness, pulsation of the light flux, the presence of interference) should be taken into account. If there are no special requirements - the light source that provides the most cost-effective lighting should be chosen. 
When selecting fluorescent lamps it should be borne in mind that the most economical are the luminescent lamp of the type LB. LB lamps are not only more efficient but also more versatile and widely used of lighting installations. These lamps provide much better colour rendering than incandescent bulbs. Lamp of the types LHB, LD, MDC are applied at elevated requirements for color rendering, as the luminous flux of lamps of these types is lower than of the bulb of the type LB (luminous flux for lamps such as LHB is 89-95% of luminous flux of the lamp of the type LB, for the bulb of the type LD - respectively 78-84% and for the bulb of the type MDC 62-72%). 
Luminous flux of new fluorescent lamps is greater than incandescent lamps at a power of 40 watts, 5,8-6 times and at a power of 80-200 watts -3,7-4.2 times.
It is expedient to  use  DRL lamps with a capacity of 250, 400, 700 and 1000 watts, compared with fluorescent lamps in high altitude areas (boundary adjustment between them has not been established), more severe thermal conditions of work, difficulty of access to lamps and no special quality requirements lighting, where the spectral composition of light bulbs DRL is not contraindicated.

The use of lamps such as NLVD instead of lamps such as DRL to illuminate the territory. The replacement of lamps without having to replace lamps and ballast valves is possible. .
It is known that gas discharge lamps have a falling current-voltage characteristic: when the lamp current is increased the voltage on it decreases. In this regard the lamp switching into a network would lead to a rapid unrestricted increase in the current and burn of lamps. Therefore, the discharge lamps should always be switched on in series with the ballast which limits the current. At the alternating current, this resistance may be active (e.g., incandescent lamps), inductive (choke) or capacitive (condenser). To reduce losses in the ballast resistor choke and capacitors are preferred. Chokes having 3-4 times longer life (up to 10 years) than capacitors, have wide application. Ballast resistor with a device to allow the lamp ignition, as well as some other elements, such as noise suppression, power factor, etc., is called the start-and- control apparatus of the amp (PRA).
When comparing the effectiveness of discharge lamps and incandescent lamps the following features of HID lamps should be considered: 
- The power losses in the ballasts of fluorescent lamps make up 5-40% of their rated capacity. Power loss is due to losses in the constantly switched on burning lamp ballast resistor (inductor, capacitor). 
- As to the  consumption of electricity non-starter PRA compared with the starter in most cases are  more economical, although non-starter PRA have heating lamp electrodes, which is not  turned off when the lamp is burning, which leads to increased power losses.
To activate the fluorescent lamp ballasts the ionic bimetallic thermal relays (starters} are available. Starter PRA often fail, there are failures of ignition and flash of bulbs, the average life of the starter is 2000-3000 hours - that's less than the life of fluorescent lamps. Shortcomings of the starter schemes in operation led to the appearance of various schemes of non-starter ignition of fluorescent lamps. 
- Plans PRA of fluorescent lamps with ballasts have low 
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 = (0,5-0,6). 
- The power losses in the PRA for the lamps of DRL are about 10% and power factor of 0.57. DRL lamps have DRA with the throttle or auto-transformer. 
To reduce the losses group PRA (for 30-80 fluorescent lamps) are applied; their loss is 5-10%. 
In the lighting systems with fluorescent lamps or DRL individual compensation of the low power factoris mainly applied.  In the absence of such compensation installation of static capacitors for a group of reactive power compensation should be applied.
· • Selection of  effective lighting, with necessary characteristics of light distribution and design. 
When selecting lamps height of premises, their size, environmental conditions, technical data, their energy efficiency, the required illumination, lighting quality, etc. are taken into account.  For low production areas without overhead cranes incandescent or fluorescent lamps are used, while at the average and high altitude – oscillators with incandescent lamps and DRL. Reflectors are important for efficiency of lamps. The reflectors coated with hot silicate enamel and those with electrochemical polishing have the highest performance characteristics. The reflectors, painted with enamels AC-72 (AS-81) have the lowest performance. 
· Efficient deployment of lamps
Normally, the shop lighting is made in the form of separate lines, placed along the shop. With this method of illumination to keep the lighting standards it is required to have a significant amount of lamps   which leads to the increased consumption of electricity. Three or four lights are placed over the tool at the packet lighting.  . In this case, the same level of illumination is provided with a 2-fold fewer lamps than at the linear method of location. 
· Good natural lighting device manufacturing facilities in the design of the building.
Optimizing of  lighting networks and control systems and lighting control 
· Providing of flexibility in lighting network control, which allows to switch off some parts, or decrease the illumination when necessary..

It is prohibited to switch off some lights during working hours, use light sources of lower power, the use of regulators that reduce the power, if it results in a violation of norms.
Taking into account the level of natural ambient light.
· Automated lighting control  
Properly constructed scheme of lighting control provides a reduction in the duration of burning of lamps and improved working conditions by switching on and off of the individual lamps , groups of them, lighting facilities, building, all the enterprise.
In moderate and small manufacturing and service areas (with a height of 4-5 m) the use of switches for one or two lamps or a small group of lamps is possible.

  Application of circuit breakers in low ceiling areas. The ceiling switches allow you to leave the minimum number of lamps on. It is used when s a small number of employees works (in the second and third shift). The use of ceiling- switches gives energy savings of 10-15 kWh per month for one switch. 
The use of remote control of lighting of large shops with a limited number of seats - one or two. This facilitates the control of light and allows more economical distribution of electricity. The lighting control unit is placed in the premises of department personnel on duty.

Centralized control of lighting of companies. Centralized control of lighting the whole enterprise is aimed at selecting the most rational time of switching on and off the lights, its combination with the level of natural light, with the beginning and end of the interruptions in the shops of the enterprise.
The control of outdoor lighting, and lighting throughout the enterprise is also centralized. Lighting control across the enterprise usually is focused at the point of the person on duty of the energy facilities of the company. For remote control of lighting telephone and remote control cables are used.
Application of automation lighting control. Automated control of the outdoor lighting is the most common. For automatic control of lighting solar or photocells are used. They serve as sensors for automatic control. The sensors are regulated to a certain minimal level of natural light to turn off the lights at dawn and switch them on in the twilights.
Reduction of losses in the lighting network and motor-starting device. 
Electricity consumption for the LS depends on the number and power of lamps, power losses in motor-starting devices (MSD) and the lighting network.
Rational organization of manual of lighting  

Proper maintenance and preventive maintenance of lighting systems (LS). Service of the chief power engineering specialist should make up plans and timetables for inspections, cleanings, replacement of lamps and preventative maintenance of LS, and monitor their implementation. 

Replacing of the incandescent bulbs in commercial LS by the fluorescent lamps and mercury arc lamp of high pressure with the corrected color DRL type and related lamps. 
Development and implementation of methods and devices for timely cleaning of lamps and replacement of worn lamps, whose significance for the rational consumption of electricity for lighting is extremely large. 
 Reducing of the duration of lamp burning  provides  direct energy saving, the actions  to maximize the natural light, proper lighting control device, application of software and automatic lighting controls are aimed at it. 
Cleaning of the lamps and lighting fittings. Rules of operation of electrical devices (ROED) provide that the cleaning of lamps and lighting fittings is made in terms defined by the person responsible for electric devices block, depending on local conditions. The Regulations for Electrical Installation (REI) and departmental regulations indicate the recommended frequency of cleaning of the lamps. 
Loss of luminous flux increases sharply with the dirty lighting fittings. Depending on the operating conditions in some shops pollution of lighting occurs within 6 - 15 days, and to clean the reflector and lens of fittings from dust and grime on the site of their installation is virtually impossible. 
To ensure the economical operation the used lamps should allow easy removal of all contaminants parts, protective glasses, reflectors, lenses, cartridges for cleaning them in the workshop steady-state conditions. The process of replacing of the movable parts of lighting fittings with clean ones and cleaning of the dirty details with special washing compositions and mechanical means must be worked out in detail. In operation there must be an exchange fund of not less than 5-10% of movable parts that are in the LS. There must be spare lamps (5-10%) in which reflectors are combined with the lamp housing. 
Facilitating of the access to lighting fittings. Most convenient for maintenance are stationary devices, including: technical floors (arranged for various kinds of communications, ventilation, and air conditioning), platforms, special electrical bridges. For example, the electrical bridges located in the intratruss area of the building of the assembly plant KAMAZ are assembled: trunk and lighting busbars, boxes, mounting brackets for lights, cable design, lighting boxes, and current leads of 10 kV.
· Increasing of the reflectivity coefficient of surfaces of premises to increase the utilization efficiency of the lighting installation  ceiling
·  Rational color paint of manufacturing facilities. With light ceilings and walls the reflection coefficient is greater than with the dark ones (8-18%.) 
· Sharing of the systems of natural and artificial lighting.

Provides reduction in the duration of burning of lamps. 
Regular cleaning of glass provides efficiency and prolongs the use of natural lighting. Frequency of cleaning depends on the degree of air pollution in industrial premises and the outdoor air. Rules for the Operation of Electrical Installations (ROEI) require  to produce at least two cleanings of glass a year with minimal dust and no fewer than four in considerable amount of dust, smoke and soot. 
With regular rubbing of glazing the duration of burning of lamps with two-shift operation of workshops is reduced during the winter no less than 15%. and in summer by 90%.
. 

LECTURE 11. ENERGY SAVING IN VENTILATION INSTALLATIONS. ENERGY SAVING TECHNOLOGIES  OF VENTILATION.. 

[44], [15], [55], [56],[ 57], [6], [82], 

Ventilation is necessary to provide air for use in the process, to create the necessary sanitary and hygienic conditions in production facilities, to dispose hazardous substances, prevent the formation of bloom because of the presence of moisture.
Ventilation systems are as follows:  
• exhaust designed for the removal of the shop dust and gases emitted from industrial units; 
• air supply to ensure supply of fresh air to the shops instead of remote ventilation (in the winter this air passes through the radiator and is heated to a certain temperature); 
• heating and circulation, used in relatively clean shops, with a slight emission of harmful substances. In these shops use of forced-air ventilation is small and heaters are installed at various points in the air are removed from the shop runs and passes to the shop (circulation); 
• thermal curtains, widely used in industrial facilities, are installed at the gates to reduce the amount of cold air coming into the shop when you open the gate, and its heating, because the fan blows air through the heaters; 
• production, designed for air, which is essential to carry out the process, they are: fiery furnace blowers, furnaces and other industrial units, fans for supplying heated air to the dryers, fans for blowing drops from products after their washing, etc. 
Electricity consumption of the ventilation systems in selected industries reaches a large value, and sometimes is a major consumer of electricity, such as in foundries where metal is melted  in cupola furnaces, open hearth and other fiery furnace or forge shops, where the product is punched on the steam hammer. The main consumer of electricity is blowers, which feed air into the heating furnaces and forced-air ventilation. 

.

Actions to save energy 
· EXHAUST AIR HEAT RECUPERATION 
· Application field: ventilation of production and administrative premises. Recovered heat is used for:
- preheating of fresh air. This eliminates the additional heating devices;
- to preheat air before it enters the burner
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· HEAT CARRIER SWITCHING OFF AT THE GATE HEAT SCREEN FAN SWITCHING OFF 
Difficulties of switching off of the coolant at a stop of the fan of hot-air screen of the doors or gates cause excessive consumption of thermal and electrical energy. To avoid overheating of recycled water heaters have to be switched on during off-hours.  .

In order to avoid unnecessary loss of energy solenoid valve can be used (Figure 5). Its body is made from a pipe. The diaphragm of 6 mm thick with a hole in which the valve moves is inserted into the pipe.  . Leverage through the compression seal valve rod connected to an electromagnet. When activated, the core through the levers moves the traction and pulls open the valve. When electromagnet is disconnected under the influence of the mass of the core and the coolant pressure the valve closes. 
When the electromagnet is connected to the device switching on the fan of the heating system, heat curtain door or ventilation the valve switches on a coolant when you turn the fan on and switches it off when the fan stops. To prevent freezing of heaters in the air handling systems, heaters when they stop in the aperture are provided with the calibrated hole.
· VENTILATION SYSTEM AUTOMATION 
Automation of the ventilation system can save up to 20% of electricity consumption for these purposes.

Automatic fan control is provided in the following cases:

· Switching off of the fan systems during off-hours:
( switching off of the  fans at night, when not working;
( switching off of some fans at lunch breaks and at shift change;
· Lock of the fans of heat shields with devices which open and close the shop doors. When the gate opens automatically the heat shield is switched on, after the gate closing the shield is switched off. 
· Air curtains at today's industrial enterprises are used very widely and are large consumers of electricity, as power of electric engines on the  heat shields comes up to 15-20 kW, the railway gate motor power can reach up to 30-35 kW. Heat shields are intended to limit the flow of cold air in the shops when you open the gate for entrance of the rail transport and heat the incoming air from the street. For this purpose, the fan continually picks the air up from the shop, runs it through the heaters and supplies in boxes with narrow slots located on the perimeter of the gate, and the air ducts through the slots with a very high velocity and is directed perpendicular to the flow of air entering the shop through the gate. 
To reduce power consumption for heat shield drive sometimes the heat shield is blocked with the opening and closing of the gate. When the gates are opened the heat screen is automatically switched on and at closing the gate it is off. To apply such automation is possible only in cases where working places are located far from the gate and the workers will not feel the draft. When the working places are close to the gate two-speed motors, which are automatically switched on the maximum speed at the opening of the gate and on  the minimum speed when closing the gate, are installed on the heat shields. Consumed electric power when operating at minimum speed is 2 times less than power during its operation at maximum speed and performance of the fan is sufficient to heat the air coming into the plant through leaks of the gate. Electricity consumption in this case will be reduced by approximately 10,000 kWh per year.
.
· The automatic regulation and control of ventilation systems, depending on the outdoor temperature gives the energy savings of 10-15%. 
• Blocking of the production unit and its system of ventilation. In order to save electricity timely switching off of the exhaust fan when you stop the production of the unit, releasing "hazard" is to take place.  When the individual air vent is applied, its switching off can be easily automated. It is necessary to mount the electrical power supply circuit of electric motors so that they are shut down by one button; with it unproductive work of the fan and pump is eliminated. 
For example, on the washing machine products are transported inside the cell by the carrier, and at  this time hot soda solution is pumped on them, and the moist air and steam are sucked off by the fan. At the end of leaching of the batch of products the conveyor motor is switched off by a worker and the pump and fan, as a rule, are not turned off as he does not see them.
Control of the blowers operation to maintain constant pressure in the air ducts.
 
Electricity consumed by the industrial ventilation, mainly blowers with a pressure of 600-800 mm of water .head in some cases is misused. 
Appointment of blowers is to supply the air required for complete combustion of fuel (gas, oil, coal) in the furnace. For burning of 1 m 3 of natural gas 10.12 m3 of air is required, and if the furnace must burn, for example, 50 m3 of gas per hour, the blower must submit to the furnace 500-600 m3 of air per hour. The amount of fuel supplied to the furnace depends on the load (the amount of heated metal in the furnace), this value varies and depends on the mass of billets are loaded into the oven (if the piece is of lightweight, the feeding of the gas to the furnace is less for the blanks not to be overheated above the allowable temperature and not melted, and consequently less air must be submitted to the oven). If the furnace will be supplied with the air more than it is necessary, the excess air will be warmed by the heat from combustible gas and remove this heat from the furnace into the environment, therefore, this work will cause the kiln wastage of electricity.
.

To ensure normal operation of furnaces and efficient consumption of energy blowers must have constant pressure in the air ducts in this case the furnace and the blower will work fine. Let us consider a concrete example: the forging shop (Fig. 4-8) has five furnaces indicated in the drawing by the figure 10. All furnaces receive air from a common air duct 9, which employs three blowers (/, 2, and. 3) constantly, and 4 blower is turned on and off depending on the air pressure in air lines, which is controlled by two bellows relays (5 and 6). These relays operate as follows: if the amount of air consumed by the furnace is reduced (for example, one oven is turned off), then the air pressure in air lines increases, the relay 5 opens the contacts and magnetic station 7 switches off the blower 4, the pressure in the blower is reduced to the set and the furnace works fine, but if the air flow increases as a result of heating of heavy parts in the furnaces , or connecting of additional furnace, the blower pressure is reduced, and the relay 6 is activated and gives a command to activate the blower 4. Observations showed that such an automatic system for ensuring of the normal operation of furnaces reduces the length of the blower 4 operation to 3-4 hours per shift.
.
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· REPLACEMENT OF  UNDERLOADED ENGINES OF THE  FAN DRIVE FOR LESS POWERFUL ENGINES  
· REPLACEMENT OF THE FANS BY THE MODERN ONES HAVING HIGHER EFFICIENCY 
· Replacing of old fans with low efficiency with the modern ventilators without mechanical transmissions with the best aerodynamic properties saves electricity. The old fan efficiency does not exceed 0, 6-0, 6. Characteristics of various types of modern ventilators are given in [44, p. 127, PI. 3.2], their efficiency is in the range 0, 65-0, 9.
Replacing of the fan with the efficiency of
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when operating the air handling unit with a capacity 
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Replacement off the fans can reduce energy consumption 
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· REDUCTION OF EXCHANGE RATIO OF THE VENTILATED AAIR IN ACCORDANCE WITH THE REQUIREMENTS TO THIS TYPE OF PREMISES 
This event, in some cases reduces the amount of fresh air into the room, which leads to a reduction in the consumption of heat and electricity. Keep in mind that the reduction of air flow by 20% reduces power consumption by half.
· THE RIGHT CHOICE PERFORMANCE OF VENTILATION SYSTEMS
Often the ventilation systems are designed with unduly inflated performance. Therefore, they work in suboptimal conditions, causing overspending of electricity
· ENERGY EFFICIENT METHOD FOR CONTROLLING OF PRODUCTIVITY OF FANS 
The most economical performance of the fan varies due to changes in rotation frequency. This change can be carried out stepwise with two-speed asynchronous motor or slowly if the engine is powered by the drive. In determining the energy savings in this case deterioration of the efficiency of two-speed motor is taken into account (or the presence of energy losses in the inverter). Energy savings, kW h [44, p. 126]
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,проверить формулу(1)
я думаю правильная формула должна иметь вид:
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 where де 
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- fan pressure before and after the mode change , Па;
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-fan feed before and after the mode change  , м3/s;
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 - Efficiency of a single-speed fan and a two speed one  in the first and second rotation speed; 
 - 
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 the time of the fan operation  in the first and second speed (with large and small productivity), 
In the formula (1) the first term evaluates how much the energy consumption will be changed during the transition from single-speed motor with the efficiency 
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on a two-speed in first speed with the efficiency 
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at the same feed of the fan and pressure (
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). The second term equals to the change of energy consumption in transition from single-speed during the engine (with efficiency of 
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In the case of power supply of the fan motor from the frequency converter  in the expression (1) instead of values 
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 a product of efficiency of the fan on the efficiency of the converter, 
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 which does not exceed the value 0,95 is put. 
Fan output can also be controled by : 
• changing of the angle of the impeller blades of axial fans (changing the angle of the blade of centrifugal fans, changing of impeller blades of centrifugal fans) 
• Removal of blades with one wheel of the two-stage fan 
• The use of controlled on the move fans (by turning the impeller blades) 

· PROPER DESIGN OF THE VENTILATION SYSTEMS 

· Ventilation systems should be designed for the required air flow, low resistance of the airways. 
When selecting the fan and its drive their operation is to strive for maximal efficiency. For this the type of the fan is selected strictly on the required air flow and pressure determined by the resistance of the duct system. 

• AIR FEED REGULATION 
Provides energy savings of up to 15%. Regulation of the exhaust ventilation by gates gives energy savings of up to 10%. 

• REGULATION OF THE EXHAUST EXTRACT VENTILATION BY GATES 
· In addition to the individual exhaust systems exhaust ventilation systems which serve for several production units are often used. 
Proper use of the common exhaust systems involves the installation of the gate at each suction with  which is a worker should overlap the air suction from the bath during discontinuation of  its work, while the exhaust from all the others working baths is  improved, therefore, the sanitary state shop in this case does not get worse, and power consumption is reduced.

.

· APPLICATION OF THE TECHNOLOGIES REDUCING THE CONSUMPTION AND ABANDONING THE USE OF AIR 

- Substantial reduction of air flow is achieved by using a Laval nozzle to blast, which create supercritical flow rate of the air and reduce the cost of blasting a 3-fold. 
- Application of injection burners for heating of stoves by gas. In this case the air supply to the furnace is carried out by injection of its gas, thus there is no need for a blower. 

• ELIMINATION OF THE DEFECTS APPEARED DURING THE VENTILATION UNIT INSTALLATION 

leading to reduced efficiency of the plant. (The work of an axial fan with reversed impeller, the mismatch in the corners of the installation of the blades of the guide wheel). [6], [82]). 
• ELIMINATION OF THE LOOSE IN THE AIR DUCTS, reducing of aerodynamic resistivity of the ducts (vents) 
- Leaks in flanges, leaks connecting ducts to fans and other sources of suckers cause increase in power consumption. 
--Timely cleaning of ventilation ducts. 


LECTURE 12. SAVING MODES OF PUMPING UNTIS OPERATION  
At the industrial enterprises water is used:
- for domestic uses (showers, sinks, cutlery, etc.) from the city's water-wire;
· For industrial purposes (cooling of machines and devices that produce heat during operation, washing of products, training of products during heat treatment, etc.) from natural sources (rivers, lakes, ponds).
ELECTRICITY CONSUMPTION for water supply to consumers in both cases is determined by the pressure and quantity of supplied water. Consequently, the first thing that should be paid attention to is the right choice of water pressure at the consumer by the second - the reduction of water consumption due to the secondary use and automated supply.
SELECTION OF OPTIMUM PRESSURE OF WATER. If at an industrial enterprise the majority of buildings are and on the upper floors there are consumers of water, the water supply plant must maintain the pressure, providing water supply to the upper floors. In this case, consumers of the first floor (e.g., showers) will have increased consumption due to excessive pressure; to reduce wastage of water it is recommended to limit the supply through setting the diaphragm at a group of consumers, so the pressure after the diaphragm is reduced and, consequently, it is reduced water consumption. 
If at an industrial plant the buildings are mainly single-storied, the low pressure sufficient to provide water users first floors is to be. For water users, located on the upper floors, it is necessary to install pumping up pumps, which maintain the required pressure of water on the upper floors or attics of multi-storied buildings to install storage tanks in which water is pumped by booster pumps, in the reservoirs water is supplied to the consumers by gravity. In this case, pumping up pumps are automatically switched on from the level relay set in the tank. 

REDUCTION OF WATER FLOW 
The introduction of water recycling. 
Large amounts of water at industrial enterprises are used for cooling of the various process units. Water for these purposes can be reused in a closed cycle. The introduction of water recycling can reduce the consumption of primary water 2 times and ensure saving of electricity by 15-20%. 

Reducing of water consumption by improving the cooling systems. 

 To reduce water consumption the following actions are recommended: 
- The system of evaporative cooling of metallurgical furnaces and heat treatment furnaces; 
- Circulation ms welding machines and installation cooling systems. 
- Compliance with the established optimal water temperature, cooling the various technological aggregates. The temperature difference of direct and inverse cooling water must be at least 10-15 ° C; 
- The sequential cooling system of separate processing units, or parts thereof, 
- Schemes for automatic control of water supply for cooling. 
- Blocking of the water supply system with a production unit 
At high frequency settings with a constant mode of operation, e.g. for heating of forging billets, the water supply to the heating elements should be interconnected with the work of the motor press by installing a solenoid valve, which through the pneumatic device switches the water supply to induction installation on at the operation of the press and turns it off when the press stops.  

· Repeated use of water for cooling of various industrial equipment and products.
Examples. For most industrial consumers water for cooling of individual elements, such as smelting electric furnaces is used: three economizer, a set of loading doors, tap-hole and the tool of steel makers. At the advanced enterprises cooling of three consecutive economizers is used; arch boot of windows and tap-hole are also included in the sequence of cooling, after which the entire water is discharged into the tank to cool the tool of smelters, 
 In the thermal shops water is used for cooling of quenching oil and for hardening of certain grades of steel in water. Water, after cooling the oil must be fed to quench tanks. In thermal shops "hard chrome" to fix the defects(weak items) is used, and in this case, the waste water of oil coolers can be used for flushing of chromed products. 
 In methodical furnaces of the rolling mills heated ingots are moved on skids pipes, water-cooled, the waste water is usually used in boiler-utilizers of open-hearth furnaces. 
· Use of circulating cooling system.
Cooling of electrical components of high-frequency welding equipment is made by water obtained from water mains or from artesian wells. The peculiarity of operation of the welding equipment for spot welding is that the duration of an electric current is measured by fractions of a second and at this time in the current-carrying elements the large amount of heat is issued and followed by a more or less long delay associated with moving of the work piece (if the product is stationary, the welding machine is moved, when the heat in the installation is not issued and the water is consumed). 

. 

When conductors and the secondary winding of the welding equipment are cooled directly from the water supply network in the operational practices the following deficiencies are observed: 
a) in the autumn-winter cooling water has a temperature below ambient temperature, so moisture from the air is condensed on the cooled surfaces, and insulation of current-carrying parts is deteriorated, resulting in machines out of order '; 
b) the pressure in water mains during the day varies and at times of the pressure increase the productivity impermeable water flow increases, 
At  industrial enterprises high-frequency setting of two types are applied – operating periodically (hardening) and continuously (heating of blanks in the forging industry). 

Surface hardening of products by high frequency currents is made  by brief (3-6 s) switching off of  the inductor under voltage, the product  is heated to the temperature for the determined depth, followed by water cooling of products and installation of the following detail into the  inducer instead of the hardened one. In order to avoid defects of hardened products it is needed to deliver the water for quenching always in a certain amount, with a constant temperature of 20 - 25 ° C. The cooled generators, transformers, inductors and capacitors must meet the same requirements as for cooling of the row of devices, i.e., the temperature of the cooling water must be above the ambient temperature. To create the optimum conditions of the equipment and economical water use circulating cooling system in the operation proved to be good. The essence of this method is that the tank is installed, which receives water from the refrigerated items; this water is continuously pumped under constant pressure and served to consumers. Using of the pump keeps constant pressure for consumers, and hence t stabilizes cooling.
To make water coming to the cooling elements and hardening have a temperature above the ambient, the temperature sensor in the tank which pulses on the executive valve installed on the pipe feeding cold water into the tank is stopped. 
Fig. 4-9 shows a diagram of the cooling of welding machines. A tank capacity of 9 m3is installed at the bottom , water from the welding apparatus 6 goes into the tank (dashed line), from there it is pumped (2) back to the apparatus (solid line). In the tank constant t of 25 ° C is kept by the temperature controller S, which regulates the amount of cold water entering the tank from the network through a pipeline 7 through valve 3. Due to possible violations of pipes leak water level in the tank may fall below normal. To this end, the level switch, acting on the valve 4 of pipeline is installed in the tank. It supplies water to the tank, regardless of its temperature in the tank and switches on an emergency signal lamp. 
At the high hardening setup is used the same automation scheme, as it is for melting facilities, only a collecting tank is divided into two compartments, one compartment receives clean water from the cooling elements, and in another - polluted water, after quenching of  products;  in a compartment the water settles, pop-up on the surface oil is discharged into the drain through the drain pipe, and the purified water is mixed with water from the cooling elements and is fed to  hardening units and generators. 
Circulating cooling system has been successfully working in the factories of automotive industry and can be recommended for large-scale introduction. 
 
.

[image: image63.png]Puc. 49. Cxema oxnamnenus CBAPOUHOIl yCTaHOBKH.




WATER LOSS REUCTION 


Leakage through leaks of pipe connections and fittings leads to direct losses of electric power. The significance of these losses is determined in the following ways: 
1) in the presence of flow meters at the beginning and end of the section of distribution network the  losses are determined by the difference between the measured flow rates during the period at the beginning and end of the site. With an extensive network losses in some areas are summarized; 
2) with an extensive network with a large internal volume the water loss can be determined by an accurate flow meter when the network to all consumers is disconnected. 
The measured water losses must be multiplied by the actual specific energy consumption for water supply of the pump, the resulting value equals to the loss of electricity caused by a bad state of the water network.
IMPROVING OF EFFICIENCY OF PUMPS
Improving of the efficiency of pumps up to nameplate values can be achieved by:
- quality repairs of pumps,
- a careful balancing of impellers
- replacement  of the pump seal.
IMPROVING OF THE DOWNLOAD OF PUMPS AND IMPROVEMENT OF MANAGEMENT OF THEIR WORK 
• Improved loading of pumps. 
The lowest specific energy consumption on the supply of water is observed at the maximum flow of the pump. Maximum pump flow depends on the characteristics of the water supply system. To ensure maximum delivery the passport data of the pump must be compared with the resistance of pipelines of water supply system. In the case of sharp differences it is necessary to replace the pump. 
• Regulation of the pumps. 
In practice, constant modes of water supply do not happen. Pumps operate in the transition mode depending on the mode of consumption of water. Correct change of the mode of the pump, i.e., sound management, provides significant power savings. 
Change (control) of the mode of the pump is carried out by the pressure or receiving valve, change of the number of working pumps, change of the speed of the motor. 
Analysis of these control methods shows the following: 
 under the regulation by the valve with a decrease in water flow the pump efficiency decreases, while the values of the pressure increase.( Consequently, with the decrease in water flow specific energy consumption is increasing rapidly;
. 

· Consequently, with the decrease in water flow the specific energy consumption is increasing rapidly; 
 at the regulation by changes in the number of operating pumps pump and motor efficiency remains non-modified.( Pressure because of reduced consumption of losses in the network decreases, the unit cost of electricity also decreases; 
( at regulating by change in frequency of rotation of the pump the efficiency of the pump and motor with a decrease in consumption has slowed, the pressure is also reduced. Specific costs of power changes are small. 
The most economical way of regulation is to change the number of working pumps, then the regulation of the pump rotation frequency. The most wasteful is the regulation by the valve. In this case, in systems with sharply changing flow it is rational to regulate the pump operation through the change speed of the motor. In systems with constant flow it will be more rational to make regulations by changes in the number of operating pumps. 
The use of valves to regulate is permitted only for small pumps, as well as the regulation is made within a few hours a year
PIPELINES DRAG REDUCTION 
 
The reasons for rise in unit cost of electricity for water supply are: incorrectly configured pipeline when the flow undergoes sharp bends, faulty valves, bad and debris suction devices, etc. The elimination of these reasons leads to decrease in the resistance of the pipelines and reducing energy consumption. 
As a result of the elimination of redundant pipe fittings and unnecessary turns or reducing of their resistance to the smoothing of sharp corners the reducing of specific energy consumption for water supply occurs.
INSTALLATION OF WATER STORAGE 

Pumping units, designed for maximum consumption of water at maximum head are installed in water supply systems. In practice, the need to work in this mode is short-lived, and the rest of the pumping unit operates with high specific power consumption. Therefore, in water systems the water tank at the height of the desired pressure with a corresponding automatic shutdown of pump unit when filling with water storage is expedient (Formula for calculating energy savings, is on [44, p. 129]). 
CREATING OF A JOINT SYSTEM OF WATER RECYCLING OF THE GROUP OR WORKSHOPS OR ENTREPRISE AS A WHOLE [75, p. 79 -] 

At an industrial plant, as a rule, each shop has its own water supply system (water supply systems are as follows: direct-flow, with successive water usage, with recycling of water, mixed). It is advisable to join shop water systems into a single system of water recycling plants. 
+ The total water consumption of plants is less than the sum of the cost of water round the shops (similar to the electrical load).
Lecture 13. ENERGY SAVING TECHNOLOGYIES OF PRODUCTION, TRANSFER AND USE OF COMPRESSED AIR 
[73], [44], [15], [75], [6] 

Compressed air as energy carrier  is widely used in industry (to supply the following  customers: pneumatic tools, pneumatic automation, various kinds of hammers, blowing down and cleaning of  the parts of equipment, etc.). Particularly high consumption of compressed air is in coal, oil and engineering industries, as well as in the steel industry. However, the compressed air of roads and its production requires large amounts of electricity and cooling water. 
In general balance of electricity consumption by enterprises its consumption on the development of compressed air reaches 30%, therefore reducing of the consumption of electricity in the compressor stations is an important task. Energy savings can be achieved both through the application of the compressor stations with the most modern equipment and circuits supplying businesses with compressed air, and through the rational exploitation of these systems. 

The scheme of supply of the enterprise with compressed air, except for the distribution of injection piping, valves, contains the compressor installation (station) that regardless of the size and destination consists of the compressors drive motors and auxiliary equipment (Fig. 3.2). All these elements of the system should be chosen so that the power losses in them were minimal. 

Air-blowing machines according to the generated pressure are divided into:
	Machine type
	Made pressure 

	Fans 
	up to  9900 Pa

	Blowers
	up to 0,3 Мpa

	Compressors
	more than 0,3 Мpa


Compressor unit consists of a series-connected: the receiver of air, piping, air filter, suction piping, compressor discharge line, an intermediate cooler, water-and-oil separator, air collector, the main pipeline. 
Operation of the compressor. When you compress air in the cylinder of the compressor, its temperature increases with increasing of the pressure. Temperature limit of compression is limited to the temperature of the  flash of the  lubricating oil. This limits the degree of compression in a single stage of compressor with a size of 0.49 MPa. To have the compressed air of high pressure it is not compressed in one cylinder, but gradually, in several stages or cylinders. Before the air is supplied into the next stage (cylinder) it is cooled in the intermediate fridge.
IMPROVING OF THE PERFORMANCE OF COMPRESSOR 

• Increased pressure on the suction of air. Achieved by: 
( reduced resistance to the suction path (increase in diameter, reducing the length of the suction pipe, the increase in surface of the air filter). 
- supercharge with specially installed high-pressure fan or blower.
Drag reduction of the suction channel increases the efficiency of the compressor, the application of the supercharge- not (as the electricity is consumed by an additional fan or blower).
· Use of direct flow valves instead of ring ones (in reciprocating compressors). Construction of the direct flow and ring valves, see [101, p. 373 -]. 
Low resistance of direct flow valves increases the compressor feed at 8-17% and reduces specific energy consumption by 4-20% compared to the ring valves.
Disadvantages of ring and disc valves: 
a) Create insufficient flow areas, causing significant resistance to the passage of air, resulting in reduced feed of the compressor and increases the specific energy consumption; 
b) the durability of these valves does not exceed 3000 hours of work, while the lifetime of the direct flow valves is 8000 hours. 

The design of self-interacting plate valve is shown in Fig. 13.28. A saddle 1 of the valve is placed into the slot turned in the lid of the cylinder. It has two concentric ring gaps, 2, lockable by the steel ring plate 3. The latter are pressed into the saddle, closing the gaps, by the springs 4, located in the grooves on the restrictive disc 5, which is connected to the valve saddle by the central bolt 6. 
In some designs, the ring gaps replace a number of parallel rectilinear slits, and then the valve is called the ribbon. 
Poppet design with a small inertial mass of the poppet is shown in Fig. 13.29. 
In recent years the valves direct flow are used. Compared to conventional plate and poppet valves, the direct-flow valve has many advantages. The main of them - a small gas resistance caused by a direct low of gas and a large bore, 2-2,5 times greater than normal cross-section of plate valves. A small gas resistance of direct flow valves increases the feed of compressor on 8-17%, reduces power consumption and specific energy consumption respectively at 4-7 and 8-20% in comparison with the compressors, having a conventional valve types.
The advantage of direct-flow valve is quietness of their performance. Low inertia of   light-locking plates causes a rapid opening and closing of them, and therefore prevents the occurrence of shock waves in pipelines and vibration. 
Fig. 13.30 shows the structural scheme of the direct-flow valve, illustrating the way of its operation. The valve consists of a set of plates-saddles 1, in which the milled channels 2 with rectangular cross sections of recess with a depth h. Channels are separated by ribs 3, fitted with a thin steel plate 4 which  is shut-off body. This plate is clamped by the  edge a and between two adjacent saddles  and under the influence of the difference between gas pressures in the channels 2 to 5 can turn down the cavity, as shown by the dashed line, forming a through-section 6. 
The rear side of the saddle is processed so that the locking steel plate 4, limbed under the influence of gas flow is almost in contact with the curved surface of the saddle. Sets of saddles and plates are combined in packages of round or rectangular shape and accordingly affirm the compression fittings or clamps. Constructive forms of direct-flow valves are convenient and allow for their use not only for newly manufactured compressors, but also to replace conventional plate-operated valves in compressors. Shown in Fig. 13.30, the constructive scheme of multiple cells of the direct flow valve is used for low pressure steps.
.
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· Lowering of  the intake air temperature. 
Ambient air before entering the compressor cylinder is heated: by the sun, heated valve boxes, cylinder walls, compressed air forced through leaks of suction-developing valves, motors. The heated air expands, its density decreases, the productivity of the compressor is reduced, power consumption increases. 
Lowering of the temperature of the intake air increases its density. Performance of the  compressors increases in direct proportion to the change of temperature of the intake air  (reduced temperature for 3(С  increases the  capacity by 1%). 
Suction duct must be placed outside in a shaded place, away from steam pipes and furnaces.
.

· The impact (reducing?) of air humidity. The lower the pressure of intake air and the higher its temperature, the greater the amount of moisture contained in it is. 
The presence of water vapor significantly reduces the performance of air. While water vapor in the compressor does not condense they together with air at its extension may do work and do not affect the compressor capacity and efficiency of compressed air. If within the compression process with the cooling of a part of the vapor can condense, the compressor capacity is reduced by a value equal to the volume of condensable vapors. As a result, specific energy consumption of compressor is increasing, as part of the energy expended in compression of water vapor lost efficiency in the condensation
· Reducing of leakage of compressed air through leaks in the compressor. As a result of the detail wearing out, poor installation and assembly, delayed repair of compressors arise flow of compressed air from high pressure into a space with lower pressure inside the compressor. These overflows reduce compressor capacity and increase the power consumption for air compression.
· Cleaning of the intake air from solids. Fine particles of dust getting into the compressor, contributed its rapid deterioration, lead to clogging of the air-side refrigerator (violations of the cooling of the intake air). This leads to an increase in power consumption for compression. To prevent this, aspirating air is subjected to pre-cleaning in filters.
· Timely cleaning the air filter. Preventing the spread of the atmospheric precipitation into the air filter 

• Suction piping should not pass near the radiant surfaces, its length should not exceed 10 m and diameter must be matched to the capacity of the compressor. 

• The discharge pipe between the compressor and air collectors should be short, as straight as possible, have adequate cross-section. 

• Reduction of energy losses in compressed air from the air flow pulsations in the suction and discharge piping. Increasing of oscillation amplitude contributes to inflated ling, lowered diameter, sharp pipeline turns, and understated volume of air receivers, hard-fastening of air tanks with the pipeline (no compensation). Pulsation of the air flow leads to poor performance of compressors (17%), increased power consumption for air compression (21%).
· Obeying of the mode of the lubrication of the compressor. It helps to prevent accidents (explosions of oil vapors in the compressor cylinders (non-lubrication regime with poor lubrication), the wearing out of the parts of the compressor, an increase in power consumption for air compression (lack of lubrication), deposit formation, reduction of the compressor productivity (too much grease). 

• Maintenance of the normal functioning of the cooling system of compressed air. When the compressed air is cooled it reduces its internal energy, which leads to a decrease in its performance for compression. The more intensive cooling is, the lower the power consumption for the compression is and the higher efficiency of the compressor is. 
Insufficient cooling of the air in the intermediate cooler increases the power consumption (an increase in temperature of compressed air at 6(С   increases consumption of electricity to 1%). On the other hand, excessive consumption of cooling water does not significantly improve the operation of the compressor by increasing power consumption for cooling water.
· Elimination of pollution and humidity of compressed air. 
Saturated with moisture and oil compressed air in workplaces exposed to prolonged purging in order to obtain more drier air, which reduces the air pressure from a network of air ducts, and increases waste of electricity. 

• Elimination of leaks of stop and safety valves. 

· Removal of improper operation and maintenance of air ducts and water-and-oil separators: instead of the periodic purging of the air collectors and water-and-oil separators drain valves are often not fully closed, especially during winter, instead of insulation to prevent freezing.
Requires periodic inspection, testing for density, cleaning and repair of valves. 
To exclude the loss of compressed air through leaks in the relief valves needed  fine-tuning for the working pressure, their periodic inspection, cleaning, grinding the surface to the valves addle , adjusting of  hold-down springs
· Use of automatic steam traps for the dripping from water-and-oil separators (instead of the shutter made manually by opening the valves). 

• Periodic monitoring (at least once every six months) the efficiency of compressors. 

• Replacement of old compressors with new designs with higher efficiency. Reciprocating compressors with the highest efficiency [44, p. 132]. 

• Control and timely replacement of wear parts of the compressor. (Pistons and piston rings for reciprocating compressors for turbo-compressors - turbines and rail vehicles).
· Regulation of the compressor productivity. 
To protect the compressor from increasing pressure beyond normal it is needed to regulate air flow into the network so that the network kept constant air pressure. 
Ways to regulate the performance of compressors: 
 Closing the suction pipe; (1)( 
 Opening intake valves, (2)( 
On/off of compressors, (3)( 
 Release of excess air through the line of idling in the atmosphere, (4)( 
 Opening the safety valve, (5)(
· Change of the value of the harmful space (the volume of air remaining in the cylinder after the displacements of the piston in the extreme position) by acceding of additional cameras to the cylinder. (6) 
• Ways (4), (5) are uneconomical and lead to excessive consumption of electricity. 
• When the compressors are connected in the overall network it should be established a procedure under which all the compressors operate at full capacity except for one which performance supported by controller of manufacturing within the limits that ensure the normal working pressure in the network of the air-ducts. 
• When you set the order of activating or deactivating of compressors it is needed: first to switch off the least-efficient cars and cars that do not have pressure regulators. The remaining in the work compressors must operate at full load (in the most economic mode). 
• If the compressors of the same type are used, they should be turned off according to the cyclic pattern. In this case they will be uniformly loaded, i.e., both, the compressors, and their engines will be uniformly heated. This reduces power consumption by improving the efficiency of electric motors and compressors themselves and this also slightly reduces the cooling water flow. 
• Work under reduced pressure at weekends and night shifts
· The use of resonance boost on reciprocating compressors. One way to improve the performance of reciprocating compressors is to increase the pressure in the suction pipe at the final stage of absorption. 
When piston compressor operates in the intake manifold there are pressure losses, which are responsible for reducing the overall pressure on the suction side and, as a result, decreasing the density of incoming air, which reduces the mass productivity of the compressor. For productivity growth it is required to increase the air density and pressure in the intake manifold. Since the movement of air in the intake manifold is an oscillatory process, the highest amplitude of these fluctuations is achieved, and this is possible when the natural frequency of the air column oscillations is equal or multiple of the frequency of the perturbing pulse. In this case the frequency resonance takes place. 
· The use of the phenomenon of resonance in the intake manifold of the piston compressor to improve its performance is called a resonance supercharging. Resonant boost compared to other techniques to improve performance of reciprocating compressors has advantages because it does not require any significant adaptations. 
The resonance is achieved by adjusting the length of the suction pipe or connection of the tank to the suction line. 
Application of the resonant supercharging delivers the growth of performance of the compressors by 8-10%, reduction in specific power consumption by 4-5%. 
. 
Methods of determination:
- the actual performance of the compressor,
- unnecessary loss of compressed air from the air lines of low and high pressure
- rationing of electricity consumption in compressor stations
presented in [73]. It is possible to apply for energy audit, or for practical exercises
RISE OF EFFICIENCY OF THE COMPRESSED AIR TRANSPORTATION 
Tests of the air show that the losses of the compressed air make up 30% or more. 
• Reducing of the leakage of compressed air through leaks in flanges, stuffing of the valves, hoses and connections with valves of the air ducts. 

•Thermal insulation of air ducts. It is usually made in air ducts, fittings, flange joints, compensators, and bearings, reduces heat loss into the environment during transportation of compressed air. Therefore, its temperature remains sufficiently high, which reduces its cost, increases reliability and safety of consumers of compressed air and the entire system of air supply. The insulating coatings often act as corrosion protection of the outer surface of air ducts and fittings, which also increases their durability and reliability. 
• Installation of air ducts in one channel with a steam pipeline and hot-water system reduces heat loss of the air duct. 
• Reduced resistance of air ducts, increase in diameter of air ducts, their timely cleaning. 
• Use self-locking pneumatic valves instead of the plug valves and valves. 
• Prevention of pressure rise in the compressed air network in excess of nominal (at higher pressure air flow is increased due to increase of leakage in air ducts and air motors).
RATIONAL CONSUMPTION OF COMPRESSED AIR 
· Troubleshooting in pneumatic collector: removal of enlarged gaps between the pistons and cylinders in slides, valves, gland bushings of air hammers, molding machines, pneumatic collectors, and pneumatic hammers. 
Preventing of the use of compressed air for other purposes. To eliminate the use of compressed air instead of the use of fans or blowers, to increase the chimney draft, cooling of the parts, drying, blowing of clothes. 
• Use of efficient nozzles (conical Laval nozzle) in the sandblasters (clear casting), bead-blasting (surface machining for hardening), blowing apparatus instead of cylindrical nozzles. 

· Application of conical Laval nozzles in sandblasters and other blowing devices instead of cylindrical does not affect the quality and speed of products and provides significant savings in compressed air. More efficient operation of conical Laval nozzle is due to the fact that they allow to increase the output pressure of compressed air to a medium pressure of the environment into which the flowing comes, while the expansion of air in the cylindrical nozzle is only up to the critical pressure equal to 0.528 of the initial pressure, and does not depend on the environment where the air follows. This means that when Laval nozzles work, large part of the energy of compressed air is converted into kinetic energy and the consumption of air in them is much smaller than in the cylindrical nozzles with equal diameters. 
• Production of nozzles of sandblasters of wear-resistant material, pre-drying of the sand to prevent clogging of nozzles, improves productivity, reduces compressed air consumption
· Selection of the optimal nozzle diameter of sandblasters, bead blasters and blowing machines. 
When operating blowing machines nozzles with a diameter greater than the norm are often installed, that not only affects the cleaning of the products due to the lack of output speed and low concentrations of sand by weight, but also leads to excessive consumption of compressed air. If we take the air flow by the nozzle with a diameter of 4 mm at a pressure of 0.490 MT aas100%, then with increasing of nozzle diameter up to 10 mm the air flow increases 6-fold (Table 19). Diameter of the nozzles must not exceed 8-10 mm for large sand blasters, and - 4-5 mm. for small. 

• Prevention of feeding of compressed air with higher pressure in sandblasters. Feeding of a higher pressure leads to the destruction of the sand particles, reduces the quality of treatment, worsens the terms of service of sand blasters, and significantly increases the consumption of sand and air. 
Compressed air pressure at the blowing of nonferrous castings in sand blasters should not exceed 0,294-0,392 MPa of cast iron, rolled steel and forgings - 0,490-0,588 MPa, and in bead blasters-0, 588 MPa. 

• Use of bead blasting of casting instead of sand blasting reduces air flow and power consumption by 3 times compared with the clearing in sand blasters. 

• Reducing of loss of compressed air in forging hammers. 
Particularly large number of compressed air is consumed in forging hammers; at some enterprises it is about 30-50% of the total production of compressed air. Loss of compressed air in air forging hammers often exceeds 40% of total consumption.
. 
· Heating of the compressed air before feeding it into the pneumatic machine. 
Performance of pneumatic machines and tools depends on the volume of entering into the cylinder air and does not depend on its temperature. Therefore, preheating of the compressed air supplied to the pneumatic machine increases its volume and reduces the consumption by weight. 
To warm the compressed air secondary energy resources, such as heat of end-gases should be used, and in their absence - the special heaters, if it proves to be economically profitable. 
The degree of air heating should be determined by working conditions. If consumers of the compressed air are joined to the main highway with rubber hoses, and handles of air tools in the hands of workers, the heated air cannot be above 35 - 40 ° C. However, this heating should be carried out because it saves the compressed air to 6%. 
When heating the compressed air it must be considered that there is a fire hazard, and even the explosion of oil vapors caught in the heater with compressed air. When heating the air coming to the centrifugal compressor, this danger is eliminated. 
For large consumers of compressed air located in the hot shops, compressed air consumption can be reduced to 10% by warming it before starting a pneumatic machine, using for this purpose heat of the exhaust gases.
· Drying of compressed air and control of the freezing of water in the air ducts. When the compressed air is transported to the places of consumption, its temperature gradually decreases and the continuous loss of moisture occurs in the air ducts. 
Loss of moisture in the air ducts brings difficulties to consumers and to work of pneumatic mechanisms, necessitating frequent purging associated with the unnecessary loss of compressed air. Moisture entering the pneumatic tools impairs their work, and a significant decrease in the temperature of compressed air at the expansion coming as a spray to the injectors, reduces the temperature of oil, increases its viscosity and impairs the processes of atomization and combustion. Especially large is the negative effect of moisture in compressed air coming to the sandblasters, as their effective operation depends on the degree of dryness of the sand and air. With insufficient water separation the sand is moistened, the nozzles are clogged with sand, the performance of the device decreases, downtime and loss of air increase. When blowing, drops of moisture can get on these machines and parts where they are completely unacceptable. During the winter accumulation of moisture in the low points of duct leads to freezing, reduction or blockage of its 
· Sections and flow of compressed air to consumers is partially or completely terminated.
Replacement of the pneumatic drive by electric one. 
Pneumatic drive is less economical than an electric motor (efficiency of pneumatic devices and networks is 8-10 times lower than that of electrical networks and systems, the efficiency of air shafts is equal to 8-9% [82, p. 119]), so it is advisable only when it is impossible to utilize the electric motors (in terms of technology and safety equipment). The average savings of electrical power when replacing an electric pneumatic actuator is 7-10%. Implementation of electric pick hammers instead of pneumatic hammers reduces power consumption by 10 times, replacing of pneumatic oscillators by electric ones - in 2-3 times. 

• Use of low-pressure air. Use of low air pressure for blowers in the foundry, small sand blasters, etc. gives significant saving of electricity which is needed to process the compressed air. Applying of the air pressure of 0.294 MT instead of the usual 0.588 MPa for this purpose can reduce the consumption of electricity by 30%. If the company has only one compressed air system, it should apply the reduction of pressure for individual shops, which may, without prejudice work on reduced pressure. This method is less efficient than a system of two pressures, as the air has to be compressed to a high pressure, and then lowered, but it still saves. 

• Replacement of the compressed air by forced draught
. 

Lecture 14. ENERGY SAVING LIFTING AND SHIFTING FACILITIES 
[57], [15], [44], [86], [82] 

Vehicles are intended for the timely supply of blanks, materials, finished products and components of machines to job places and stores; delay in supply can cause downtime of shops and factories in general. Transportation is divided into intrashop and intershop. Intrashop: conveyors, belt conveyors, roller conveyors, cranes and electrical cars. Interdepartmental: motor vehicles, electric vehicles, conveyors of the pusher type with automatic giving direction of movement of goods. 
DC electrified rail transport at a voltage 1500 and 3000 in (traction networks are made and the voltage 275, 600, 750) is used at most enterprises. 
Lifting equipment 

• Maximum load of cranes according to their lifting capacity. Packaging of the goods, for example, for the grabs and electromagnets of stockyard cranes. It depends largely on the quality of the metallic charge (packaging of scrap of iron and other small metal ¬ metallic waste). 
• Installing of an additional crane of lower capacity at a systematic under-loading of existing crane. For example, in pressing shops consumption of energy by cranes comes to 10-15% of the total consumption made by the shop. One reason for wastage of electricity lies in the fact that the carne lifting capacity is several times higher than the mass of goods which are transported. This is because the cranes are used for mounting of the equipment - presses, the weight of individual units is measured in tens of tons. For example, one shop of the plant has a crane of the lifting capacity of 75 tons with an installed capacity of electric motors of 90 kW, maximum consignment does not exceed 7 'i, hence, the shop must install the second crane with a capacity of 10 tons for daily operations, and the crane of 75 tons must be used only in the repair of large presses. 
· . Reducing of idling crane runs: by installing a jib cranes instead of bridges. 
• Rational organization of storage facilities. 
• Systematic control of crane ways. Because the crane ways are worn, have bumps, moves and jamming of the running wheels can occur when the crane is moving. 
• Use of regenerative devices on the lifts for energy recovery in the movement of the lift’s going down. 
• Balancing of the lifting mechanisms. The method of balancing is based on the principle of energy accumulating. Batteries or energy storage devices - devices that can stock up and then give energy in some form. By the type of stored energy we distinguish electrical, mechanical, potential, kinetic and thermal energy storages -hybrids. The most simple in operation are the potential energy storages. Their advantages: indefinite preservation time without loss of stored energy. However, this method requires large mass and height. The greatest efficiency of balancing of lifting mechanisms can be obtained in grab and container re-loaders cranes.  The main limitation of using of the lifting mechanism with the counterbalance is the lifting height of the counterweight, which can be reduced using a pulley or gear with low gear ratio. This leads to an increase in actual weight of the counterweight. [86]
· . One way to recover energy during lowering. Recovery system includes a hydraulic power cylinder and pumping unit with an electric motor. With lowering of the load flow of oil from the cylinder goes into the pump and rotates the latter. In this case connected to the pump motor running in the generating mode in this case revolves. Generated electricity is converted I the charger and used to charge the battery. Maximum return power from the cost of the recovery is 29%. (Germany) [86, № 2, p. 33] 
• Use of special truck magnets for lifting of ferromagnetic materials. Magnet-is hung on the hook of lifting devices. Feature of the magnet is that when lifting and lowering it works like a permanent magnet and thus does not require a power supply, which ensures a high degree of safety of its use, because eliminates the probability of falling of the cargo during sudden power outages. Electricity is supplied only at the time of capture and relief of the cargo when re-magnetization of permanent magnets is carried out, which determines the high economy of the magnets. (Germany) [86, № 2, p. 33] 
• Replacement of various ways of feeding of tools, material and chips by the gravitational method. This will give a sufficiently large energy saving, but requires a significant reorganization and elimination of unnecessary lifting and lowering of materials and products. 
• Use of overhead conveyors. At large industrial facilities for the transportation of products outboard belts are widely used. Power consumed by overhead conveyor is 5-6 times less than by the overhead cranes. In addition, the overhead conveyors are in close proximity to working places, so the suspension of products and their removal from the conveyor is simple. It is very important that the conveyors can move in horizontal and vertical planes, and if products are stain, then the conveyor passes through a washer, dryer to spray chamber. Overhead conveyors are electrically connected, electric power is 10.6 kW.
INTRASHOP TRANSPORT 
• Save of energy when using battery vehicles. 
( In the shops of industrial enterprises battery-dipole transportation (electric, electric-powered, electric, etc.) is widely applied. It has a low efficiency which is mainly determined by charge-discharge characteristics of electro-chemical batteries. Battery efficiency can be improved if we apply the accelerated charge by the alternating current. In this case, power losses are reduced due to a decrease in the internal resistance of battery to the charging current due to better mixing of the electrolyte and the lack of polarization at the electrodes. 
In this case, loss of electricity when the battery charge is reduced to 2-3 times, its heating is reduced, which allows for faster recharge. The efficiency of the battery increases to 10%, respectively, which allows you to save energy spent on the work floor battery vehicles at the same value. The charger consists of a controlled rectifier, inverter and a switch, i.e., its scheme is complicated. 
( Introduction of management systems by floor vehicles, which provides optimization of the mode of motion and energy expenditure. [86] 
 The use of industrial trucks with induction motors compared to the same with DC motors can save up to 30%.( [86, № 1, p.29].

· Using of  a pneumatic container of the pipeline [86] for intra and inter-shop movement of goods in the mining industry, mining and construction industries. 
Advantages: no need for alienation of large areas under roads, low labor costs, eliminates access to the goods, personal injury during transport, improves the ecological situation in the enterprise, and is well integrated into automated production lines. The pipeline can be constructed without the exclusion of production space, outside the zone of production equipment and personnel. 
Disadvantage: high specific energy. Energy consumption in transportation by air conveyers is 4 times higher than during the transportation of any other mode of transportation. 
• Conveying. [86] 
 Coordination of conveyor speed to the actual freight traffic through the use of system of automatic control modes. 
INTERSHOP TRANSPORT
Is provided by motor vehicles, electric cars, and conveyors with automatic push-type cargo direction. 
• Selection of energy-efficient mode of transportation.  Energy consumption for 1t-km is by the conveyor 6 kW/h and 14 kW/h by the electric car.  It should also be taken into account that trucks and electric cars are controlled by people, and the conveyor is controlled automatically. At one car factory an intershop conveyor of the pusher type freed: Trucks-15 machine-shifts, tractors-88 machine-shifts; electrocar-53 machine- shifts and 388 transport workers.(  Note, however, that the capital costs for construction of the push assembly line are significant.
RAILWAY TRANSPORT
At most enterprises use electrified on  the dc rail transport with the voltage at 1500 and 3000 W
In rail transport, energy is spent on:
- overcoming of the main resistance movement;
- To overcome the biases;
- inhibition;
- own use of rolling stock;
-loss of energy in the ignition systems, traction motors, power converters, rolling stock, power train and traction substations;
Energy consumption for overcoming major resistance to motion is minimal when applied to the rolling stock of roller bearings and low velocities, to overcome the biases - if the profile path is  horizontal and there is no curves of small radius, for braking - if regenerative braking is used on  the rolling stock, in launching devices - if pulse {e-governance) start of traction motors is applied, traction engines - the use of engines with high efficiency (motors run at the optimum for this type of rolling stock voltage, and the rolling stock static (pulse) converters with their own high-efficiency)are set, on its own needs of the rolling stock - if ck motor-compressor and motor fans with high technical specifications and with high efficiency are applied on the rolling stock. The latter can be maximized if to feed motor-compressors and motor-fans by best regulated voltage. For these purposes, special static converters are established on the rolling stock.
• Usage of career locomotives in areas with higher slopes in the traction mode allows saving up to 10% of energy compared with the regime of pushing. 
• Reduction of the empty path, the increase in mass of the train - on the railroads. 
• Using an automated system of electric trains allows at the strict adherence to the timetable to choose energy-rational modes of motion. - On the railroads.
REDUCTION OF LOSSES IN TRACTION NETWORK OF TRAIN ELECTROTRANSPORT 
• Reduced voltage loss in the trolley. 
• Choice of wire sections of the traction network for economic current density. If calculated for the copper cross-sectional area is greater than the standard cross-section of contact wire, it is feasible to increase the cross section through the use of augmentative aluminum wires. 
• Use of two-sided power traction network. One-and two-way powered traction network for industrial vehicles is possible. In the electricity supply system of industrial electric vehicles, a centralized power supply to the contact network from one traction sub-station is typically used. In this case a one-sided power supply (Fig. 3.4, a) is used, as by the protection of the traction network from the current which naturally increases the reliability of its work is facilitated. At the same time, if we use two-way powered traction network (Fig. 3.4, b), power loss id significantly reduced. So, if one train is on the site, the losses are reduced by 2 times if the number of trains in the area (
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· Maintenance of the nominal value of the voltage in the traction network. With deviations of voltage in the traction network from the nominal there are additional power losses in the network. If you assume that the power 
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· Поддержание номинального значения напряжения в тяговой сети. При отклонениях напряжения в тяговой сети от номинального в сети возникают дополнительные потери электроэнергии. Если считать, что мощность 
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, а дополнительные потери мощности при пониженном напряжении 
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. When the voltage drops by 5%, the  loss is 10%. 
Therefore, the traction substations should maintain constant voltage for power supply for transformative units. To do this, the auto-transformers  connected on the input of  transformer operators of converting units, or step down transformer with OLTC are used. 
• Reduced resistance of joints of rails is performed by welding of copper of electric connectors, installation of disk springs on splice  bolts.  
REDUCTION OF LOSSES IN TRACTION SUBSTATIONS OF  ELECTROTRANSPORT 
• Application of six-phase scheme of coupling of valves by Larionov, rather than a star -star scheme with zero reactor. [See 44, p. 136] Rectifier can be connected to a power transformer on the six-phase rectification scheme in two versions: the scheme of star-star with zero reactor or scheme of Larionov. As is known, the use of a transformer in the second scheme is better, i.e., it loses less energy. The ratio of output power Pd to the input power of Si for the star -star scheme the neutral is 1.26, for the six-phase scheme of Larionov -1, 05. In the second scheme the loss energy will fall. Nevertheless, in practice the first scheme is applied, which was “inherited” from the mercury rectifiers.
· Regulation of the number of parallel rectifier of the traction sub-station. At the converter stations of industrial vehicles, as a rule, several concurrent rectifiers are applied. Several units can be simultaneously operating. Their cost is determined by the work under the same conditions as the parallel operation of power transformers as loss of energy directly in silicon rectifiers is directly proportional to the value of the rectified current. Consequently, the maximum efficiency of the unit is determined by the maximum efficiency of the rectifier transformer, i.e., when the load factor
· 0,6—0,7. –WHY not with  
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SAVING OF ELECTRICITY AT COAL MINE TRANSPORT OPERATION

LIFTING INSTALLATIONS [82, p. 135] 

• Maintenance of optimum mode of operation of the lifting t installations. Reducing of start-up and end periods, (reduction of incompleteness of tachogram) by increasing the acceleration of full speed and stopping. 
• Reduction of the lifting machine to idle. Must comply with the schedule of operation, prevent long-term operation of a single cage or skip in plants with two lifting vessels. 
• Provision of operation of lifting machine with a full load of lifting vessels (trolleys). 
• Increasing of loading of skips. The exchange of skips by the skips of larger volume is expedient if the load capacity allows it. 
• Monitoring of the status of skips. Periodic cleaning of them to prevent the reduction of capacity due to the accumulation of the rock mass on the walls 
• Use of improved systems of electric drive.
UNDERGROUND TRANSPORTATION

The following vehicles are used as underground transport: battery locomotives and contact ones (mainly battery) - 60% and conveyors - 40%. Specific power cost units (kW-h/t-km) make up in the average: battery locomotives - 1.3; contact electric locomotives - 0,36; conveyor belts - 0,6; scraper conveyors - 6. Underground transport consumes about 12% of energy consumption made by a mine. 

• Change in load traffic and the structure of the underground transport in order to increase the use of belt conveyors. Replacement of scraper conveyors in horizontal workings by the tape ones.
BELT CONVEYORS 

• Increased loading of conveyors to the nominal (at nominal load the specific consumption of electrical energy is minimal). 
 Replacement of the ribbons of under-loaded conveyors by the  belt of a smaller width.
 Regulation of belt speed depending on the loading conveyor.
• Lock of the sensors of top and bottom level of the bins with the scheme of automation of the conveyors. 
• Maintenance of  a maximum coefficient of friction between the belt and driving drums. Exclude the ingress of water and oil on the surface of the drive drum to avoid lining wear (baring of  metal surface or ebony sublayer of the drum). When replacing the lining materials that provide the maximum coefficient of friction must be used. 
• Maintenance of  high technical level of the pipeline: 
 lubricating of mechanical parts of the conveyor,
 Replacement of non-rotating or badly rotating rollers, 
 Prevention of gumming of the conveyor route and terminal stations,
Test of loading  between the drive drums (on an electric motor load), verifying of  compliance with the guidelines described in the instruction manual. Deviation of the load from the design values indicates the  irrational mode of operation of the electric conveyor and variances of electricity). 
 Checking the status of devices for cleaning of the tape and reel;
 prevention of excessive wear of individual units (gear reducer, brake linings) 

Electric Locomotive Haulage 
• Maintenance of high technical level of electric locomotives
- Regular lubrication- reducing of resistance to movement 
 -Oil change and flushing of bearings - reducing resistance to movement 
- Increase the efficiency of electric locomotive
 -Prevention of friction of pads on tires of the wheels
- Reduction of electrical contact resistance 
• Improving the condition of the track. Elimination of the irregularities of joints, curved track, draining and cleaning of the dirt tracks. 
• More efficient use of trolleys. 
 -Replacement of slider bearings by rolling bearings (reduces power losses, can increase the number of trolleys in the train).
 Cleaning of trolleys 
 Provision of full load of trolleys
 Avoid the formation of trains with the number of trucks, other than the calculated one
· • Reduced power losses in the contact and the rail network. Under the poor state of butt contacts up to 15-20% of the electricity consumed by electric cars can be lost. Therefore, you must: 
 Regularly check the condition of butt contacts to join the ground wires, and suction and supply cables
( To reduce the resistance of the track, by welding straps at the junction and connecting thread ways between them through bridges every 50 m. 
( Application of conductive graphite lubricant to prevent corrosion, contamination, to increase the area of contact of pads and rails, rails 
 The use of electric end welding at the joints
 Use of double-sided power scheme of supply of the contact network
 Monitoring of the state of the contact network. Replacement of worn contact wires by the wire of the original section
· Reduction of electricity losses in batteries at the haul made by rechargeable electric locomotives 
 Do not allow too low decrease of the concentration of electrolyte. By reducing of  the concentration the concentrated solution is added 
( To reduce the magnitude of leakage of current and self-discharge the battery must be cleaned regularly and wiped , the status of the couplings checked 
- Periodically change the contaminated electrolyte
 -To restore the quality of continually  non-acting batteries by several recharges as power loss in these batteries can be 15-20%. 
 Control of the charge on the compliance to the regime established by instruction. Under-charge of the battery or continuation of the process of charge at full charging lead to additional power losses. 
 Application of semiconductor charging units
• Implementation of organizational and technical measures to improve the efficiency of haulage 
 Compliance with the train schedule
 Streamlining of the path scheme 
 Timely identification and troubleshooting of electric locomotive malfunctions
• Replacement of fly-wheel locomotives with charging from the pneumatic network by the fly-wheel locomotives with electric drive while allowing the use of electricity under the terms of safety. 
• Implementation of mine locomotives with batteries instead of the electromechanical battery (efficiency of electromechanical battery is 0,4-0,5, traction power- 0,3). 
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LECTURE 15. Energy Passport of the Enterprise. 

Energy performance certificate is designed to display: 
( actual composition of power generating, energy-consuming equipment for  power supply of technological processes, departments, sites, their characteristics, 
 state of  use of energy resources in production; 
attraction of secondary energy resources, renewable and alternative energy sources. 
The data presented in the energy passport of the enterprise provides an opportunity to: 
 analyze the state power consumption made by the company; 
 analyze the effectiveness of fuel and energy resources; 
 develop energy-saving measures, plans for development and modernization. 
Passport is required for all forms of ownership and subordination, which should  make up "Report on the results of the use of fuel, heat and power (this is a report made up according to Form number 11 ICC), the Ministry of Statistics of Ukraine, and if one of the following conditions are observed: 
 annual consumption of energy resources is more than 1000 tons of fuel equivalent 
 consumption of thermal energy not less than 3000 Gcal (3000 Gcal = 458.6 tce) 
 an installed capacity of power consumers of not less than 100 kW 
 Total consumption of energy resources in conditional terms (tce) is defined by the expression: 
, 
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 the consumption of boiler and furnace fuel and fuel (petrol, gas, diesel fuel), trf: 
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- The consumption or production (for independent boilers and CHP), heat, Gcal; 
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 . (- Power consumption, (thousand kW/h in the passport)  
The relation between the units of energy measurement


 1 кWh =3,6 MJ=859,2(10-6  Gcal=122,74(10-6 т у.т.

1MJ =0,278 kWh=238,67(10- 6  Gcal=34,09(10-6 т у.т.

1 Gcal=1163,87 Kwh=4190 MJ =142,85(10-3 т у.т.

1 т у.т.=8 147,3 kWh=29334,12 MJ=7  Gcal

Recalculation of different fuels in conventional is carried out using the caloric equivalents listed in the instructions for the formation of statistical reports according to the Form number 11 ITA 
Responsibility for the accuracy of the information and the timeliness of changes to the passport rests with the manager or other officer according to the Order of the enterprise.
After filling out, the passport is a document of strict accountability, and is registered with the State Inspectorate for Energy Conservation Changes in the passport are made by responsible executives till  March 1 of the current year. 
All data in the  energy performance certificate of the enterprise is presented in tabular form. 

The passport contains the following sections: 
 A brief description of the enterprise 
 fuel supply 
 Heat supply 
 Electricity supply 
 Secondary, renewable energy resources, alternative energy sources. 
 Compressed air supply 
 Gas supply 
 Production of cold 
 Water and Wastewater 
 Ventilation and Air Conditioning
 Information about subsubscriber - consumers of energy resources.
Brief description of the enterprise include information about: 
- production facilities and their use: the annual volume of production by type and total cost of production per year in the whole enterprise. 
 Summary indices of energy consumption: 
 total consumption of fuel: gas, oil, coal, diesel fuel, gasoline etc; 
 total consumption of thermal energy 
 total electricity consumption 
 total value of FER 
 energy production, kg u.p. / hrn
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· energy capacity of the main production funds, kg/hrn 
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· Energy power, which serves the manufacturing process .- amount of mechanical engine power  (steam engines, turbines, diesel engines,gas-powered engines, internal combustion engines, gas engines), electric motors (metal cutting, stamping, transport, ventilation, etc.) electrical equipment used in the process (electro-melting, drying, heat treatment, welding). 
 Technical and economic efficiency of energy conservation program. Provides totals of annual energy efficiency programs of the company, actual results of their implementation: 
 The volume of fuel and energy resources (by FER). 
· Expenditure on research and design-exploratory work on the economy of various types of energy resources 
 -The costs of implementing measures to conserve energy resources 
-The annual economic effect 
 Cost of  recovery (payback period) 
-Unit costs of funds for savings units of FS (hrn/ tce) - characterize the appropriateness of the work on energy saving. Unit cost savings of energy resources must be below the market value of a unit of FER. 
The structure of the company, information on production areas (heated and unheated area of the  main and auxiliary production, characteristics of buildings - space, walling material, the amount of space, the flow of thermal energy for heating and ventilation, the presence of automatic heating and ventilation systems. The presence of heat recovery ventilation emissions. 
Analysis of the indicators in this table allows evaluating the effectiveness of using of thermal energy for heating of buildings, to find ways to reduce the consumption of thermal energy to determine the structure of thermal energy for heating. 
 Information about the objects of housing and communal areas, which are on the balance of the company- annual energy consumption (thermal and electrical energy). Analysis of the table allows us to estimate rates of energy consumption by the household sector, to bring it to energy conservation. 
 Composition of electromechanical equipment, transportation, number of employees. The data on the total capacity of power-driven motors at the enterprise which are on the balance of vehicles. 

Fuel supply 
-General Characteristics: The total fuel consumption (tce), fuel consumption by type (combustible and natural gas, fuel oil, coal, gasoline, diesel fuel, liquefied petroleum gas, kerosene), the existence of warehouses for storage of the boiler and furnace fuel, the information of the accounting system of fuel, actual fuel consumption for the needs of production as a whole and by type of product or activity. 
 -Potential savings of boiler and furnace fuels: summary and action aimed at saving of fuel. The data on energy reserves, identified during the inspection made by the division of the energy control of the enterprise, as reflected in acts of inspection and energy auditing by external regulatory agencies is given.  Measures to save fuel, scheduled for the enterprise (according to the classifier of measures to conserve energy resources, which is reproduced in the energy passport).
Heat supply 
General Characteristics: The amount of production of thermal energy by own sources, received from other companies, the performance of their own sources of thermal energy, consumption and the released heat energy, information about the accounting system of thermal energy, the actual consumption and consumption rates of thermal energy by type of product and labor. 
 The balance of heat energy consumption by offices. 
- saving potential of thermal energy: the total and on ways to save. 
-Information on thermal equipment: boilers (capacity, fuel type, efficiency, specific fuel consumption), heat recovery equipment: heat recovery boiler, heat recovery flue gas fiery furnaces, heat recovery ventilation emissions, heaters and other equipment used for recycling of heat (efficiency, productivity, secondary energy, which is used in a heat recovery plant). 
- Information about the fiery furnaces and kilns (kilns, cupola furnaces, open hearth furnaces) - brand of equipment, purpose, energy efficiency, the nominal specific fuel consumption are indicated. 

Electric power supply 
 General Characteristics:
 information on the sources of supply (voltage, number and cross of supplying lines) 
 total installed capacity of its own sources of energy, 
 category of enterprise according to supply reliability, 
 daily maximum electric load, the magnitude of technological and emergency armor 
 installed capacity of power transformers, 
 installed capacity of capacitors, including automatic power control,
 average power factor, 
 A valid value of the reactive load in the hours of peak load of power system 
 The maximum limit of power consumption according to the schedule of constraints of power supply company 
 Accounting System of power consumption: total, including multi-tariff, electricity consumption records of individual departments 
 Composition of power generating equipment 
 The total capacity of power generating equipment 
 Total installed capacity of power consuming  equipment 
 Electrical equipment for technological processes (electromelting, drying, preheating, heat treatment, electric welding) 
 Total motor power, including: metal cutting, forging and stamping.
 Generation of compressed air, oxygen, internal transport, cold production, ventilation and air conditioning, pumping of drinking water and industrial water, sewerage and sewage treatment, production and transportation of thermal energy
Power of lighting systems: internal, external, including the implementation of incandescent lamps. 
 The balance of technological power consumption includes the receipt and expenditure. Pay-in consists of the the total electricity production by own sources: thermal power plants, diesel power plants, etc., and received from other companies (power system). 
Expenses - the total energy consumption, including: 
 Released to the subsubscriber, 
 Household use,
 Production consumption: 
( including irregular productive consumption: production of compressed air, water, sewerage, sewage treatment, production of cold, etc. 
( normalized productive consumption - the rate of power consumption and actual consumption of electricity is specified by product type;
-The balance of energy consumption by the units: power consumption in the whole enterprise, the loss in backbone networks, power consumption by offices. 
 -The potential energy savings - specifies measures aimed at saving energy and volume of energy savings 
-ovens and electric dryers, - passport data of equipment (including efficiency, specific energy consumption), the place for the installation, function, mode of operation are given. 
Power stations (containing details of the mobile and stationary power plants, diesel-generator units, their purpose: the main, reserve, emergency) -  the passport data of the generators and their drives, the nominal specific fuel consumption are indicated . 
 systems and devices of TER - automated system of group automated accounting, electric power supply, heat natural gas water, gas and other liquids meters.
Secondary, renewable energy resources, alternative energy sources. These include: the use of wind power, solar power, geothermal, small hydropower, biogas, producer gas (?), methane from coal deposits, a mixture of alcohol, water-fuel emulsion. 
 For each type of secondary and renewable energy resources is a potential for energy savings, actual savings of energy resources, the cost of implementing activities on the use of secondary energy.Data  is given for each type of fuel and energy (boiler and furnace fuel, heat, electricity). 
Compressed air supply 
-General characteristics - the total amount of compressed air production at the plant received from other companies, the performance of their own sources of compressed air consumption and allotted to the side of compressed air, information about the existing accounting system of compressed air, by type of product consumption of compressed air, the specific consumption of compressed air. 
- The balance of consumption of compressed air units of the enterprise 
 Information on compressors - passport data of compressors and their drives 
Gas supply 
 General description of types of gases (oxygen, acetylene, nitrogen, argon) 
Balance of consumption of technological gases as to the departments of the enterprise  
 Gas Equipment - 
 Acetylene Installations 
 Oxygen plants 
 Carbon dioxide installations 
 Installations other gases
Formulation of the cold 
-The total cold production, the performance of own sources of cold, industrial consumption of cold, public consumption of cold,  the actual consumption and consumption rates of cooling per unit of the output 
Water and sewerage 
General characteristics - the sources of water, extraction of water at the plant, the productivity of pumping of drinking and industrial water, the amountof  received water, water consumption, including the needs of production, household use, the social sphere, the number of tempered on the side water, the existing accounting system of production, consumption and release of water, type of water system (direct-flow, with the re-use carts, back). 
 Facilities for water supply and sanitation 
Ventilation and air conditioning 
- Provides information about the driving power of existing ventilation systems (supply, exhaust, general exchange, local exhaust, air curtains, dust cleaning facilities), and air conditioning systems, electricity consumption for the needs of ventilation and air conditioning systems, thermal energy for air heating 

Availability of consumer subscribers Sub FER
For all subscribers it is stated: FER accounting system (boiler and furnace fuel, heat, electricity), the annual consumption of FER.
ELECTRICAL BALANCE OF INDUSTRIAL ENTERPRISES 


Electric balance (EB) form is made up for the enterprise as a whole, its individual departments, units and groups. Tasks of the EB: 
- Determination of power consumption for a clear definition of power consumption for the main products of the enterprise; 
- Determination of the actual standards of energy consumption per unit of production enterprises; 
- Identifying opportunities to reduce wastage of electricity and reducing of energy consumption to produce the main products through activities that improve workflow, mapping by month and year of valid standards of energy consumption per unit of output. 
Types of EB: 
- actual that reflect prevailing in the shop or factory production conditions; 
- Normalized, which take into account the possibility of rationalization and optimization of power consumption and reduction of losses in machinery and power networks; 
- Perspective, compiled from the projected development of production and qualitative changes in the future.
Electric balance consists of incoming and outgoing/expenditure  parts. In-coming part – the amount of electricity coming from power or other sources to the enterprise, and from their own sources of its generation. 
The expenditure part consists of: 
-direct cost of electricity at the main process to separate the useful flow of electricity to the output without losses; 
- indirect costs of electricity to the primary process because of its imperfections or breach of technical regulations; 
- the cost of electricity for auxiliary needs (ventilation, lighting fittings) 
- power losses in the elements of power system and power-consuming equipment (lines, transformers, motors); 
 electricity supply to the subsubscriber. 
Plan for organizational and technical measures for energy savings, rational modes of energy consumption, rationing of energy consumption. 

LECTURE 16. ECONOMIC INDICATORS OF ENERGY SAVING PROJECTS 
[40] 
Method of calculating the economic efficiency of energy-saving measures is outlined in DSTU 2155-93. "Energy conservation. Methods for determining the economic efficiency of energy conservation. " 


Assessing the economic efficiency of energy-saving measures is performed on the largest portion of the profits remaining at the disposal of the enterprise, which resulted from the introduction of energy-saving measures:
:
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Increase of the profit which remains at the enterprise’s disposal in the yar of 
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 at the expense of the energy saving measures is defined according to the formula:
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  - corresponding reduction of the fuel delivery, power and heat supply due to the energy saving measures in the year of году 
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 - corresponding change of payment made by the enterprise for the discharge of harmful substances into the atmosphere, surface, ground  and sea waters, placement of wastes in the environment. 
For example, change of the payment made by the enterprise for the discharge of harmful substances into the atmosphere as a result of implementation of energy saving measures is calculated according to the formula 
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To evaluate the efficiency of the energy saving measure during severa years the profit is reduced to one year (
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 inner efficiency norm or maximal bank interest at which the bank credit can be cancelled during the time of its implementation; 
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