/| GEN

| (D VINVOINgG 50 OFTENdEY SHL NI

AD¥EANE 4O SN TYNOLLVY THE NO AGNLS FHL

JAPAN INT FRNATIONAL COOPTRATION AGENCY (JICA)
MINISTRY OF INDUSTRY _
THE REPUBLIC OF BULGARIA

THE STUDY
| ON |
‘THE RATIONAL USE OF ENERGY
- IN
THE REPUBLIC OF BULGARIA
S |

'MARCH 1994

THE ENERGY CONSERVATION CENTER, JAPAN







JAPAN INTERNATIONAL COOPERATION AGENCY (JICA)
MINISTRY OF INDUSTRY

THE REPUBLIC OF BULGARIA

THE STUDY
ON
THE RATIONAL USE OF ENERGY
IN
THE REPUBLIC OF BULGARIA
an

MARCH 1994

THE ENERGY CONSERVATION CENTER, JAPAN



B 4 S

e Y4




JU@T\ LIBRAR

ll!fﬂl!‘fﬂllﬂlﬂ“ﬂlﬂlﬂWﬂﬂH

8748“ 1



Contents

Jo—h

10.

11.

12.

_ CHARACTERISTICS OF THE DOCUMENT

DIAGNOSTIC PROCEDURE
ENERGY MANAGEMENT

EN'ERGY CONSERVATION IN THE CHEMICAL
INDUSTRY

. ENERGY CONSERVATION IN THE VEGETABLE OIL

INDUSTRY

_ENERGY CONSERVATION IN PULP AND PAPER

INDUSTRY

. ENERGY CONSERVATION IN TEXTILE INDUSTRY

ENERGY CONSERVATION IN GLASS INDUSTRY

. BNERGY CONSERVATION IN BOILER OPERATION

.ENERGY CONSERVATION IN THE UTILIZATION OF
STEAM

ENERGY CONSERVATION IN ELECTRIC EQUIPMENT
OPERATION

THERMAL INSULATION CALCULATION WITH A
PERSONAL COMPUTER



List of Tables

Table 2.1
Table 2.2
Table 2.3
Table 2.4
Table 2.5
Table 4.1
Table 4.2
Table 4.3
Table 4.4
Table 4.5

Table 4.5

Table 4.6
Table 4.7
Tablec 4.8
Table 4.9
Table 4.10
Table 4.11
Table 4.12
Table 4.13
Table 4.14
Table 5.1
Table 5.2 .
Table 5.3
Table 6.1
Table 6.2
Table 6.3
" Table 6.4
Table 6.5
Table 6.6
Table 6.7
Table 68
Table 6.9
Table 6.10
‘Table 6.11

Standard Air Ratio of Boiler

Standard Air Rﬁtio of Industrial Funace

Standard Ouiside Temperature df Furnace Wall

Standard Exhaust Gas Temperature for Boiler (Unit: °C)

Standard Waste Heat Recovery Rate of Industﬁal Boiler

Standard Air Ratio '

Dimensionless Terins Related to Heat Transfer

Fouling Factor |

Overall Caefficicent of Heat Transfer of Multi-tube Heat Exchangers

Approximate Values of Overall Heat Transfer Cocfficients for Various Heat Exchangers
(172 - |
Approximate Values of Overall Heat Transfer Coefficients for Various Heat Exchangers

(2/2)
List of Dryers . .
Compatibility of Spraying Methods with Material Statuses
Comparison of Spraying Methods
Applidatio_n Examples of Spray Dryers
Refrigerant Properties (for High temperature)
Refrigerant P_rOpeﬁics (for Low temperature)
Energy Savitig Method of Freezer and Heat Pump Equipment
Physical Propert'ies of Thermal Fluids
Thermal Fiuids Heaters
Properties of n—Héxa'ne
Impurities Removed at Refining Process
Vapor Pressure of Fatty Acid
Example of Siepwise Promotion Plans
Chemical Components of White Liquor
H-Factor Relative Velocily |
Comparison of Energy Unit Consumption in Baich Digester and Continuous Digester
Control Fems
Evapofation ratio )
Energy Unit Consumption of Evaporator
Chemical Element of Black Liquor
Kind and Hardness of Rolls .
Flash Tank Capacity Index
_ Flash Tank Height Index




Table 7.1 Encrgy Unit Consumption of Encrgy-Intensive Categories of the Textile Industry
(Average for the thrce years up (0 1990) .

Table 7.2 Outline of Dyeing and Finishing

Table 7.3 St'md'ird Humidity by Fiber Mateuals and Processes ’

Table 7.4 (1) Example of Energy Conservation Mca‘;ures for Indnvxdu’ll Proccsses
Table 7.4 (2) Example of Encrgy (‘onsewatlon Mcasurcs for Indmdual Processes
Table 7.4 (3) Example of Energy Conscrvation Measurcs for Indmdual Ploccsses
Table 7.5 Example of Performance Comparison

‘Table 7;6 Example of Power Consumption Compérisqn _

Table 7.7 Norms for Exit Moisture Percentage (20 “C/65 % RIY) |

Table 7.8 Thermal Energy Consumption State (Intermediate Scale Dyeing ’Fa_btory)
Table 7.9 Energy Conservation Effect '

'l‘able 8.1 Coﬁiposition of Glass for Vessci

Table 8.2 Purpose of Electric Power Consumption

Table 8.3 Relatlonshnp between Low Calorific Value HE and GO, A, (By Rosin}

Table .4 Heat Reqmrcd for Production of Various Kmds of Glass at 1,400 °C and Pull Temperatures
. {Theoretical Value) : . .

Table 8.5 Heat Output Ratic of Electric Melting Fumace
Table 9.1 Classification of Boiler _

Table 9.2 Daily Inspection of Boiler (1/14)

Table 9.2 Daily Inspection of Boiler (2/14)

Table 9.2 Daily Inspection of Boiler (3/14)

Table 9.2 Daily Inspection of Boiler (4/14)

Table 9.2 Daily Inspection of Boiler (5/14)

Table 9.2 Daily Inspection of Boiler (6/14)

Tabie 9.2 Daily Inspection of Boiler (7/14)

Table 9.2 Daily Inspection of Boiler (8/14)

Table 9.2 Daily Inspection of Boiler (5/14)

Table 9.2 Daily Inspection of Boiler (10/14)

Table 9.2 Daily Inspection of Boiler (11/14)

Table 9.2 Daily Inspection of Boiler (12/14)

Table 9.2 Daily Inspection of Boiler (13/14)

Table 9.2 Daily Inspcct'ion of Boiler (14/14)

'I‘_ablé 9.3 Quality of Feed Water and Boiler quér of Circulaling Boilef -
Table 9.4 Quality of Fecd Walter for Once-through Boiler .-
Table 9.5 Standard for Water Quality Measuring Frequency
Table 9.6 Cutline of Equipment

Table 9.7 Results of Mcasurement (1/2)



Table 9.7 Results of Measurcment (2/2)

Table 9.8 Heal Balance Table (1/2)

Table 9.8 Hcat Balance Table (2/2) -

Tablc 9.9 Spcmﬁc Gravity, Sulfur Content and Mean Calorific Value of Pettoleum Fucl

Table 9.10 Thermodynamic Propettics of Saturated Water and Saturated Stcam (Temperature
reference)

Table 9.11 Thermodynamic Properties of Saturated Water and Saturated Steam (Pressure reference)
Table 9.12 Radiant Heat Loss |
Table 9.13 Characteristics and Application of Ol Burncr

Table 9.14 Standard Air Ratio of Boiler

Table 9.15 Thermal Cohductivity of Scale and Other Substance

Table 9.16 Slan(hrd Exhaust Gas Temperature of Boilci‘

Table 9,17 Dally Report of Boiler Opcranon

Table 10.1 Difference of Steam Effccuvc Heat by Pressurc

Table 10.2 Heat Insulator Type and Tts Feature

Table 10.3 Classification and Characteristic of Steam Trap

Table 104 Steam Trap Sclection

Table 10.5 Flash Steafn Genemfing’ Rate (wt %)

Table 10.6 Rehtlon between thc Air ang Ratio and Steam Temper'ature

Table 11.1 Calculatlon Examph, of Reducuon Effcc,t of Loss in 3 Phase Distribution Line due to
' Power Faclor Improvemen[ :

- Table 1 1z Calculation Examp]e of Reducnon Effect of T ransformer Loss
Table 11.3 Efficiency of 3 Phase High Voltage Medium Capacxty Transformer
Table 11.4 Effect of Voltage HUétuatiqn on Induction Motor
Table 11.5 Relation between Voltage Fluctuation and Loading State of Induction Motor
Table 11.6 Basic and Practical Expressions Relating to Motor Application
Table 11.7 Conditions for Motor Selection
Table 11.8 Class of Load and ‘Torque Speed Characteristic
Table 11.9 Example of_Thermél Time Constant
Table 11.10 -Franie Number Application Table
Table 11.11 Example of Cooling Coefl ficient Values
Table 11,12 Effect of Voltage Fluctuation on Induction Machme

“Table 11.13 Troubles and Measures Accompanied with Introduction of Inverter
Table 11.14 Aectual Measuremerit Example of Compressor Performance
Table 11.15_ Classification of Air Compressor
Table 11,16 Characteristic Comparison of Blowers
Table 11.17 Value of
Table 11-18 Values of ¢



Table 11.19
Table 11.20
Table 11.21

Table 11,22

Table 11.23
Table 11.24
Table 11.25
Table 11.26
Table 11.27
Table 11.28
Table 11.29
Table 11.30
Table 11.31
Table 11,32
Table 11.33
~Table 11.34
Table 11.35
Tabie 11.36
Table 11.37
Table 11.38
Table 11.39
Tablec 11.40

Comparison of Various Starting Systems

Life of Switch {when not repaired')

Method to Reduce Blow Air Capacity (Fixed type)

Damper, Vane Opening Adjusiment

Method o Control Air Flow (Variable System)

General Classification of Pumps

Tolerance of Pumps

Mumination Standard

Comparison of Loss by Wiring System

Example of Stabilizer Characteristic (for 400W mercury lqmp)
Special Features and Applications of Various Lamps

Sclection of Lamps from Standpoint of TyplC‘ﬂ Apphcatlons
Examplc of Coefficient of Utilization Table

Type and Main Applications of Electric Hgatmg Systems
Performance of Heat Pump -~

Appiimtion and Installation Fields

Tcmperature Level Used by Sector (%)

Heat Pump System Application and Advantages of Energy Conservatxon hffect
Example of Process Air Conditioning _ ‘
Types and Composmon of Air Conditioning Heat Loads and Calculauon Formulas
Number of Times for Natural Ventilation (n)

Quality Standard of Cooling Watcr



List of Figures

Figure 2.1
Figurc'f)'.l
Figure 4.1

Figure 4.2
Figute 4.3

Figure 4.4
Figure 4.5
Figure 4.6
Figure 4.7
Figure 4.8
Figure 4.9
Figure 4.10
- Figure 4.11
Figure 4.12
Figure 4.13
Figure 4.14
Figure 4.15

Figure 4.16

Figure 4.17
Fi_gﬁre 4.18
Figure 4.19
' Figure 4,20
Figure 4.21
Figure 4.22
Figure 4,23
Figure 4.24
Figure 4.25
Figure 4.26
Figure 4.27
Figure 4.28
Figurc 4.29
Figure 4,30
Figure 4.31

Flowchart of Faclory Survey
PDCA Circle

Relation between Low Calorific Value of Solid Fuel and Combustion Gas Amount, and
Theoretical Air Amount

Relation between Low Calorific Value of Liquid Fuel and Combustion Gas Amount, and
Theoretical Air Amount

Relation between Low Calorific Value of Gas Fuel and Combustion Gas Amount, and
Theoretical Air Amount

Relation between Air Ratio and Waste Gas Loss
Relation between Air Ratio and Thermal Efficicncy
New Suspénsion Prcheater System Cement Plant
Fuel Economy due to Air Preheating
Shell/Tube Type Heat Exchanger
Correction Factor FT

Coil Type Heat Exchanger

Trombone Cooler

Double Tube T'ype Heat Exchanger

Multi-tube Type Heal Exchanger

Plate Type Heat Exchanger '

Spiral Type Heat Exchanger

Air Cooling Type Heat Exchanger

Reflux Ratio vs Theoretical Number of Trays

Heat Recovery of Distillate '

Steam Generation by Heat of Distillate

Use of Distillate Heat 1o Reboiler

Examples of Evaporators

Classification of Evapdration Systems

Distribution Diagram of Flash Dryer (Direct feed system)
Distribution Diagram of Spray Drying

External Fir¢ Type Rotary Dryer

Multiple-stage Disc Hot Air Dryer

Hot Air Groove Type Agitation Dryer

One Stage Continuous Flow Dryer

Band Type Continuous Through-¢irculation Dryer
Rotary Typé Continﬁous Through-circulation Dryer
Vérlica] Type Contihuous Moving Bed Through-circluation Drying Systein




Figuie 4.32
Figure 4.33

Figure 4.34

Figure 4.35
Figure 4.36
| Figure 4.37
Figure 4,38
Figurc 4.39
Figure 4,40
Figure 4.41

Figure 442

Figure 4.43
Figure 4.44
Figure 4.45
Figure 4.46
‘Figurc 4.47
Figurc 4,48

Figure 4.49

Figure 4.50
Figure 4.51
‘Figure 5.1
Figure 5.2
Figure 5.3
Figure 5.4
Figure 5.5
Figure 5.6
Figure 5.7
Figure 5.8
Figure 5.9
Figure 5.10
Figure 5.11
Figure 5.12
Figure 5.13
Figure 5.14
Figure 5.15
Figure 5.16
Figure 6.1

Box Batch Type Through;circqlation Dryer
Distribntion Diagram of Counter-current Tunnel Dryer '
Vertical Nozzle Jot Dryer -
Rotary D.r.ycr with S.tcam_}!eating Tube

An Example of Spray Dryer

Conﬁgui'alioh Examples of Spray Dryers
Refrigeration Cycle -

P-i Diagram

P-i Diagram of Ammonia

P-i Diagram of R-22

Absorption T.ypc Heat Pump

Diihring Chart for Heat Pump (Type 1)

Diihring Chart for Heat Pump (Type 2)

Specific Heat of Brine o

Freezing Temperature and Specific Gravity of Brine
Heat Transfer Surface Staining and Condcnsation T emperature
Effect of Scale on Refrigerating Capacity

Effcct of Scale on Evaporation Temperature
Various Furnace Typcs of Pipé-_Sti]l

Energy Conservation Measures for Pipe Stecl
Process Flowchart of Sunflower Oil
Relation between Water Content and Acid Value
Cooker and Press
Flowchart of Extraction
Extractor

Desolventizer
Kestner Evaporator

Continuous Neutralization Process

Centrifugal Separator

Contimuous Vaccuum Decolorization Process
Filter Press

Leaf Filter

Balch 'l‘ypé Deodorization Process

Continuous Deodorization Process

Infhuence of Cooking Température

Inﬂ'uence of Water Content of Flake

Production Process



Figure 6.2
Figure 6,3
Figure 6.4
Figure 6.5
Figure 6.6
Figure 6.7
Figure 6.8
Figure 6.9
Figue 6.9
Figure 6.10
Figure 6.11
Figure 6.12
Figure 6,13
Figure 0.14
Figure 6.15
Figure 6,16
Figure 6.17
Figure 6.18
Figure 6.19
' Figﬁre 6.20
Figure 6.21
Figure 6.22

Figure 6.23
“Trend of Energy Consumption in Dyeing Industry

Figure 7.1
Figure 7.2
Figurc 73
Figure 74
Figure 7.5
Figure 7.6
Figure 7.7
Figure 7.8
Figure 7.9
Figure 7.10
Figure 7.11
Figure 7 i2
Figure 7.13

Batch Type Cooking Instruments

Continuous Type Cooking Instruments

Heater _ _
Relative Reaction Velocity, Cooking Time or Temperature

Relation of H-Factor, Pulp Yicld and Lignin Content

Continuous Washer
Diffysion Washer
Falling Film Type Evaporator
Cmﬁparison with Forced Circulation Evaporator and Falling Film Evaporator
Recovery Boiler

Water Movement in Press Nip

Chart for Characteristic Factors

Nip Pressure and Width

Nip Width and Rubber Hardness

Crown and Nip Width

Drying Curve of Paper

Thc Relationship between Air Condmons and Drymg Speed

Leadmg Dryer

Typical Third Group Drainage System (Blow Through System)

Desngn of Open Hood

Unit Steam Consumptlon'Raté for Open Hood and Closed Hood

An Example of “Closed Hood Ventilation System”

Waste He_al; Re(_:'()very Flow for.Closed Hood Ventilation System and Control System

Process Flowchart of Polyester Fiber

Process Flowchart of Cotton Spinriing

Process Flowchart of Worsted Spmmng

Wcavmg Proccss '

Dyemg and Flnlshmg Process (Short-Fiber Textlles)

Continuous Dyeing Machine

Batch Type Dyeing Machine

Dyeing Process for Long-fiber Fabric (Example of Polyester)
Worsted Finishing Process S '
Check Points in First Step _
Characterstic Comparison of Capacity Adjustment

Examplé of Energy. Conservation Measures under Constant Process Conditions
{Power consumption for direct production: 520 kwh/400 1bs) -



Figure 7.14
Figure 7.15
Figure 7.16
Figure 7.17
Figure 7.18
Figure 7.19
Figure 7.20
Figure 8.1
Figure 8.2
Figure 8.3
Figure 8.4
Figure 8.5
Figure 8.6
Figure 8.7
Figure 8.8
Figure 89
Figure 8.10
Figure 8.11
Figure 8.12
Figure 8.13
Figure 8.14
Figure 8.15
Figure 8.16
Figure 8.17

Figure 8.18
Figure 9.1
Figure 9.2
Figure 9.3
Figure 9.4
Figure 9.5
Figure 9.6
Figure 9.7
Figure 9.8
Figure 9.9
Figure 9.10
Figurc 9.11

Required Power per Bale

Parcto’s Diagram of Required Power (%)

Items of Study for Energy Conscrvation in Individual Processes
Finishing of Knit '
Agent Concentration Control

Dyeing Waste Liquor Recovery Equipment

Flow Sheet b_f Heat Pump System

Manufacturing Process _

Outline Sketch for Middle-Size Tank Furnace (End Port Type)
Share of Total Encrgy Consumption

Share of Electricity Consumption

Héat_ Balance Chart for Glass Melting Tank

Bafﬂe Btdck in the Porl

“Heat Insulation of Mclting Furnace Crown

Heat Insulation of Working Hearih Crown
Heat Ine'uiation of chencrétor Crown
Heat Insulation of Port Crown
Heat Insulation of Regcnemmr Sidewalls (Uppt,r Pdl't)
Heat Insulation of Melting Tank Block
Heat Insulation of Working Hcarth Tank Block
Heat Insulation of Melting Tank Bottom
Heat Insulation of Workmg Hearth Bottom o
Relauonshlp between Height of Checker and Air Prchc’ttmg Temperature -

Relationship between Amount of Fxhaust Gas/Checker Volume and Sensﬁ)le Heatof
Exhaust Gas :

Consumption Rate for Cullet qnd Fuel Savmg Rate
Vertical Boiler (Multitubular type) :
Extemnally Fired Horizontal Smoke Tube Boiler
Flu_e.:Smo'ke.Tub_é: Boiler |
Bending Water Tube Boiler
Forced Circulation Boiler
Schematic Flow Diagram of B'ens'on Boiler - .
Standard Range of Boiler Heat Balance , :
Relation between Calorific Value (Low) and Spec:ﬁc Grawty of Petroleum Fuel
Absolute Humidity of Air '
Heal Loss Chait (From ABMA chart in power fest code of ASME)

Correction Multiple of Teimperature Difference and Alr Veloc:ny
to Figure 9,10



Figure 9.12
Figure 9.13
Figure 9.14
Figure 9.15
Figure 9.16
Figure 9.17
Figure 9.18
Figure 9.19
Figure 9.20
Figure 9.21
Figure 9.22
Figure 9.23
Figurc 9.24
Figure 9.26
Figure 9.25
Figure 9.27
~ Figure 9.28
Figure 9.29
Figure 10.1
Figure 10.2
Figure 10.3
Figure 104
Figure 10.5
Figure 10.6
Figure 10.7
Figuze 10.8
Figure 10.9
Figure 10.10
Figure 10_.11
Figure 10.12
Figure 10.13
Figure 10.14
Figure 10.15
‘Figure 10.16
Figure 10.17
Figuré, 10,18
Figure 10.19

An Example of Cogeneralion System

Effect of Stcam Accumulator

Operation Number Control

Boilc.r Efﬁcidncy Improvement by Operation Number Control

Encrgy Conservation ltems of Boiler

Example of 20 T/H Boiler Heat Balance

Viscosity of Fuel Oil

Boiler Air Ratio Controller (1) -

Boilcf Air Ratio Controller (2)

Basic Combustlon Control System

Block Diagram of Single Cross Limit Combusuon Control System

Example of Fucl Loss due to Soot on Heating Surface

Example of Relation between Scale Thickness and Fuel Loss

Relation between Sulfui' Content in Fuel and Conversion Ratio from S0, to SO,
Relation between Sulfur Content in Fuel and SO, Content in Fuel Gas
Relation bet_wcch"S_Oa Concentration in Exhaust Gas and Dew Point Temperature
Fuel Saving Rate c;Iuc': 1o Air Preheating

Tu rbulétor Insertion Effect

Relation be{weeh the Saturated Stcam Pressure and the Saturated Temperature
Relation botween the Saturated Steam Pressure and the Quantity of Heat

Yard Plpmg, System Diagram

Plant Battery Limit Schgmal:c Flow Diagram

Case of Cylindrical Inisulator

Insulation Work of Valve

Insulation Work of Flange

Installation Work of Hanger

3 Piping

2" Plpmg

1 Plpmg

4" Piping

6 Piping

ﬂ)” Piping

Float with Léver Type Trap
Free Float Type Trap

Open Bucket Type Trap
Inverted Bucket Type Trap
Free Ball Bucket Type Tiap



Figure 10.20
Figure 1021
Figare 10.22
Figure 10.23
Figure 10.24
Figure 10.24
Figure 10.24
Figure 10.24
Figure 10.25
Figure 10.26
Figure 10.27
Figure 10.28
Figure 10.29
Figure 10.30
Figure 10.31

Figure 10.32

Figure 10.33
Figure 10.34
Figure 10,35

Figure 10.36

Figure 13.37
Figure 10.38
Figure 11.1
Figure 11.2
Figure 11.3
Figure 11.4
Figore 11.5
Figure 11.6
Figure 11,7
Figure 11.7
Figure 11.8
Figurc 11.9
Figure 11,10
Figure 11.11
Figure 11.12
Figure 11,13
Figure 11.14

Bimetal Type Trap (Strip Type)

Bellows Type Trap

Impulse Type Trap

Disc Typf* Trap _ & o

Good Example and Worse Example of Insmllatlon (1/4)
Good Example and Worse Example of Installation (2/4)
Good Examplc and Worse Example of ins’t‘ill‘ation (3/4)
‘Good Example and Worse Example of Installation (4/4)
Ratio of Recoverable Heat (Enthdipy of condcnsate/emhalpy of saturated steam)
Direct Utilization to Feed Water Tank

Indirect Utilization through Heat Exchanger

Flash Steam Uiiliz.alibn

Recovery by Steam Trap Only

Rccovcry' by Ccmriﬁ:gal_?u'mp '

Recovery by Condensate Recovery Pump

Example of Flash Steam Use in Air Heater

Chart of Flash Tank Diameter

Thermocompressor

Example of Thermocompressor Use for Stnppmg Tower
Silencer _ '
Steam Blowing Angle from Nozzle

Steam Direct Blowing Heater

:Rcduction Effect of Distribution Loss

Reduction Effect of Transformer Loss
Connection Points of Capacitor
Capacitor Control System
Transformer Efficiency (Example)

Relation hetween Power Factor and Efficicncy

Example of Efficiency of 50 Hz Transformer (1/2) .
Example of Efficiency of 50 Hz Transformer (2/2)
Method to Use Two 50 kVA Transformer
Conversion of Flywheel Effcct '
Temperaturce Rise Curve of Motor
Example of Periodic Load
E.xamp]e of LLoad Curve (1)
Example of Load Curve (2)
Comparative Example of Efficiency for Induction and DC Motor

- 10—



Figure 11.15

Figure 11.16
Figure 11.17
Figure 11.18
Figure 11.19

Figure 1120

Figure 11.21
Figure 11,22
Figure 11.23
Figure 11.24
Figure 11.25
Figure 11.26
-Figure 11.27
Figure 11.28
Figure 11.29
' Figure 11.30

Figure 11.31

Figure 11.32
Figure.11.33
Figure 11.34
Figure 11:35
. Figuré 11.36
Figure 11.37
Figure 11.38
Figure 11.39
Figure 11.40
Figure 11.41
Figure 11,42
Figure 11.43
Figure 11.44
Figure 11.45
Figure 11.46
‘Figure 11.47
: Figure 11.48
Figure 11.49
Figure 11.50

Comparative Example of Ef ficiency and Power Factor between Synchronous and
Induction Motors '

Relation between Number oi Pole, Lfﬁc:cncy and Power F'ICIOI‘ of Induction Motors
Optunum Outpul Range of Motor

Efficicncy Companson of 3 Phdse Squlrrel Cage Type Inducnon Motor
Efficiency Comparison of 3_Phasc_ Squirrel Cage Type Induction Motor
Loss Analysis Exafnplc of'Standard 3 Phase Induction Motor
Tendency of Loss against Applicd Voltage

Example of Efﬁcmm,y during Voltage Huclmuon of Induction Motor
Example of Power Factor during Vollage Fluctuation of Induction Motor
Simple Equivalent Circuit of Induction Motor at Slip = 0

Torque-speed Characleriélics of V/f Constant Control

Characteristics of 37 kW Air Compressor

Compressed Air Pressure and Blow _off Air Amount from Nozzle
Sh‘lpe of Orificc and Valuc of Discharge Coefficient

Pressure - Time Curve

Characteristic Curve for V'mous Blowers

Factors for Blower Elecmc Powcr Conservauon

Pcrformancc Curve during Parallcl Opcratxon

Comparison of Blower Motor's Input

Pump Shapes

Ns and Impelier Shape

Performance Curve of Pump -

Standard Efficiency of General Purpose Pumps

Start Charactemucq of Pumps

A Values by Colebrook

Pump Performance and Resistance Curve

Working on the Qutside Diameter of Impeller

Change of Performance by Working on Impeller Diameter

Changes of Charac[eﬁslics by Change of Rotational Speed

Difference of Axial Power by Actual Head Power

Changé of Pump ﬁ‘eﬂ‘ormance by Rotating Speed

Parallel Operation Characteristics of Pump

Electric Power Conservation Flow of Pumps

Lumen Maintenance Characteristic of Various Light Sources

waered Lumen when Dirt Accumulated on Lamp and Lighting Equipment

Configuration of Heat Pump System

11 -



Figure 11.51
Figure 11.52
Figure 11.53
Fgure 11.54
Figure 11.53
Figure 11.56
Figure 11.57
Figure 11.58
Figure 11.59
Figurc 11.60
Figure 11.61
Figure 12.1
Figure 12.2
Figure 12.3
Figure 12.4
Tigure 12.5
Figure 12.6
Figure 12.7
Figure 12.8
Figure 12.9

Cooling Load Characteristics Curve
Heat-pump-type Local Air Conditioning System
Heat Flow Diagram Using a Heat Puinp System -
Heal Utilization Temperature Distribution by Scctor
Comfort Zone
Composition Example of Large Scale Air Conditioning System (during cooling)
Type of Heat Load and Inflow Sections (éﬂoling)
Example of Air Conditioning Load in Factory Office (during cooling)
Example of Office '
Air Condilioning System when Return Alir is Available
Encrgics Required for Temperature and Humidity Changes
Heat Conduction |
Heat Conduction of a Multilayer Wall
Heat Conduction of a Cylin.(.frica] wall
Heat Conduction of a Multilayer Cylindrical Wall
Heat Transfer by Conveclion
Overall Heat Transfer A
Insulation Thickness and Yearly Expenses
Sctiing Screen for the Economical Insulation Calculation

Heat Unii Price and Economical Insulation Thickness

12 -



1. CharaCtéfiStiCs of the Document



1.

CHARACTERISTICS OF THE DOCUMENT

The Ministry of Indusiry or an cnergy conservation center soon to be established in future is
expected to play a leading role in promoting factory diagnosis and education of the factory
engincers required to promote energy conservation in Bulgarian factories. To go ahead with
these aclivitics, it is necessary to set up a guideline which will provide a basis for the aclivitics
of stallf members.

The document contained in this report describes the technical items which will be helpful in
working out the guideline, with particular attention paid 1o the following:

ey

(2)

3

The document shall provide the description which is useful to the engineers of the Ministry
of Industry or the Energy Conservation Cenlter as (D manual for diagnostic instruction, (2)
textbook for the seminar, or (3) data to determine the progress of factory rationalization or
streamlining.

The document shall be described in such a way that it can be understood by the engineers

_ four or five years after graduating from universities or colleges, even if they are not

currently engaged in the relevant ficld of the industry.

In order to ensure that the range of the description items conforms to the current situation
of the industry in the Republic of Bulgaria, the description shall be restricted to the items
related to the process in the factories under the current study, and shall include basic items,
numerical values for reference, and the technique and cases for energy conservation.

It is expected that this document will be used as a reference when the guideline is worked out by
the Ministry of Industry or the Energy Conservation Center, and will be improved by adding the
information which will be collected through unique factory diagnosis.

-1-1



2. Diagnostic Procedure






2. DIAGNOSTIC PROCEDURE
.(1) | Factory diagnosis procedure

Figure 2.1 shows the general procedure for factory survey:

Figure 2.1 Flowchart of Factory Survey

Praliminary
survey list

Interview Observation Slip Inspection

Equipment Operation | Energy consumption

+ Factory overview :
« Energy contral situation « Energy unit consumption rate-Transition

« Improveament history ) » Record preparation status

» Energy flow

Problem pick-up

Diagnosis schedule

Talking with the factory side/confirmation

[ l

. L . On-sight survey Measurement
= Drawing inspection - [ _ . | Measurement points
* Observation of operation Determination of
situation _ Measuremaent items

* Talk with engineers
- Judgement of measured results

Datermination of themes | p; ; ; ;
for improvement Discussion with the factory side

+ Heat balance calculation
. Anaiysis of measured results

“» Examination of improvernent plans
» Engineering calculation

s Forecast of effects

= Examination from economical viewpoinf

Drafting of
counlermeasures

(D Factory overview .

It is necessary to get correct information on the understanding and enthusiasm of the
management people for energy conservation, the efforts made in the past and the
points considered as problems by the factory.
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10.

11

12.

Factory overview (factory name, type of industry, capital, number of employ-
ees, organization, history, share and position in the industry)

Trend of the production volume of major products for the last five years
Trend of the energy consumption for the last five years
Production process chart of major products

Type, capacity and operating conditions of energy consuming equipment such
as boilers '

En_ergy flow

Electric power one line diagrain and powcr'rcceiving' equipment
inctory layout |

Itéms which the factory considcrs as problems and wishes to be studied
Ttems for energy conservation actions taken in the past

Items for cﬁergy conservation actions to be taken in future

Economic environment for the industry and the fa'ctory, and the factors inhibit-
ing the promotion of energy conservation measures

Working out the dihgnoslic’ program

(a) General observation of the factory should be cdhduétcd ‘while listening to the

explanation of the factory people, and the outline of the following points should
be grasped by checking the preliminary questionnaire, energy consumption and -
production record:

Problems of the équipmcnt and operation

Points which should take priority in diagnosis

Technical level of the factory

Deterioration and maintenance of the equipment

Trend of utilization rates

Energy unit consumption rate and its transition
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(b) Determining the diagnost_ic program
Equipment or proccssés which should take diagnostic priority
Measuring poi.nt, meas.uring items and measuring time
Sharing the works

(c) Explaining the diagnostic program to the factory to get understanding and
cooperation as follows:

Adjustment with the production p.ro'gram
Preparing the holes for installation of measuring instruments or taking samples
Preparagion of power supply
Measurcment and study to be imp'l.emented according o the di'agnos.tic-program
Selection and }ayout of the measuring instruments
Entering the set coiiditions in the measuring instruments
Monitoriﬁg to-see if the ;ddcquate data have beén gained or not .

Detailed structure and dimensions of the equipment according to equipment drawings
or actual measurcment '

Determining the problems by observation of the operation
Hearing from engineers

Data required to evaluate the economic effect of the improvement plan
(Study of the energy price, fund and cost)

When the measurements have been obtained, items should be described in the report

to proposc improvement measures after the analysis, be picked up and explained to
the factory people to confirm such items.
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Study of improvement proposal.

Bascd on the data entered-in the check list, measurement: record chart, data floppy.
and drawings, heat management as well as electric management including calculation
of heat balance, heat transfer and fluid conveyance power should be analyzed, and
Study should be made to scek ways for energy conservation by modification or
addition of the equipment, thereby working out the plan best suited to the current
situation of the factory.

On the basis of this plan, the approximatc cost and expected effect required for
improvement should be calculated, and economic evaluation of various improvement
proposals should be raade according to the common indices or techniques, thereby
determining feasibility and priority. :

A 'study should be made of the impact accompanying these improvement measures,
showing the points to be noted for implementation.

(2) Points to be noted for diagnosis

In Japan, the Ministry of International Trade and Industry (MITI) provides the items to be
standard for judgment when the factory manager of the factory planis rationalization or
streamlining in the use of encrgy within the technically and economically feasible range.

According to this provision, the energy conservalion technique is classified into seven
categories as given below, showmg the conformance criteria and target level for major

‘items:

I
1
v
\'%
VI

ViI

Rationalization of fuel combustion

Rationéiization of heating, coéling aﬁd heat transfer
Prevention of heat loss due to heat radiatioh and transfer
Waste h;aat rcéovery and reuse

Rationalizatioﬁ in conversion of heat into power
Preventfon of eiéctric heat loss duc to resisfaﬁces

Rationalization in conversion of electricity into power

Thus, these items provide a guideline for diagnosis of energy conservation. The following
gives the conformation criteria in the Japanese standards by way of reference,

The following also introduces examples of rationalization and improvement measures for
cach item: '
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I. Rationalization of fuel combustion

. Table-2.1 Standard Air Ratlo of Boiler

onIaesvﬁgf;?gn  Fixed besiio-hd ;ﬁidized beq Liduidfuel - Gasfuel  Byproduct gas
il e e
Other boilers
30 t/h or more 13-145 12-145 1.1-1.25 11-12 12-13
10 to 30 t/h 13-145 1.2-1.45 12-1.3 12-13 —
5to 10 t/h — | _ 13 1.3 —
<10t/h | — - 1.3 13 S

~Table 2.2 Standard Air Ratio of Industrial Furnace
(Except for solid fuel furnace or the furnace of below 500 Mcal/h)

Classiﬁcatioh Continuous type Intermittent type

Metal melting }u_rnacé for casting ' 1;.80 140
Continuous biilet_ heéting furniace 1.25
Other metal heating furnace 1.25 1.35
Metal heat treating furnace 1.25 1.3
Petroleum heating furnace . 1.25
Thermal cracking furnace and reforming furnace 1.25 '
Cement kiln 1.30

" Lime baking furnace 1.30 1.35
Dryiﬁg oven (.o'niy the burner éectidn) 1.30 1.50

I-1  Selection of burners

1-2  Improvement in atomization

-2-5-

Type, capacity, turndown ratio
Maintenance, tip worn

Fuel temperature, viscosity

- Volume of atomizing air and sieam
Fuel pressure
Dispersion reagent, emulsion



-3 Prevention of air entry

1-4  Fuel-air ratio control improvement

1-5

Load stability

-6 Combustion temperature rise

I-7 Complete combustion at a low femperature

 Furnace pressure control,

Narrowing of the aperture, master/slave
door, seal improvement, '

Reduced opening time

- Q2 control, CO conirol,

{ascade control,
Cross limit control

Load distribution improvement and

: control'_of the nur_hber of uniis,

Steam accumulator

Combustion by oxygen enrichment,
Gas atomization, '

Combustion by catalyst
Fluidized bed combustion

It Rationalization of.he'ating, cooling and heat transfer

1I-1 Heating by industrial fummace

II-1-1

1I-1-2

I-1-3

1I-1-4
II-1-5

I-1-6

i-1-7

"Optimization of heating temperature

Heat patiern improvement

Load optimization

Material loading method improvement
Furnace shape improvement

Reduction in calorific heat of furnace
body and transfer tool

Flame emissivity improvement

-2-6:

Setting the work standards, .

Temperature distribution, temperature
rise speed, ' o :
In-furnace gas flow ..

Furnace floor load,

Load distribution to more than two
equipfﬁem;

Load leveling

Reduced weight



11-1-8  Direct heating

H-2 Heating by steam
11-2-1 Optimiza_tion of stcam pressure
1I-2-2  Air purging

11-2-3  Direct stcam blow-in method
improvement

II-3 Heat transfer

I1-3-1°  Reduction in resistance for heat
transfer

iI-3-2 Improvement of heat transfer
coefficient - -

. II-3-3° Heal éxchange system

11-3-4  Heat exchanger

1-2-7

Improvement by modification into di-
rect heating furnace,

Submerged combustion,

Direct resistance healing

Far infrared heating,

Microwave heating,

Induction heating

Dielectric heating

Prevention of scale, sludge and frost
from growing on heat transfer surface,
Boiler water quality control, chemi-
cals supply, blowing optimization,’
Removing condensed film, defrosting,
Cleaning, soot blowing, filter clean-

ing

Air flow rate increase, heating by jet
flow, high-speed burner,

" Fluidized heat transfer,

Atomized mist cooling

Optimization,
Increase in unif numbers

Usc of material with high heat con-
ductivity

Heat transfer tube shape

Heat transfer tube arrangement
Expanded heat transfer surface, fin plate,
Buffer plate, turbulence accelerator



li-4 Operation
I-4-1  Optimization of start and stop time Use of remained pressure of boiler .

II-4-2  Reduction in load Air conditioning temperature, rate of
air circulation optimization,
Use of potential heat in the preceding
process,
Reduction in process wait time
Reiduction in empty fumnace time, lot
concentration : _
Optimization of distillation column reflux
ratio, sclection of feed/extraction tray

-5 Process
11-5-1 Improvement of Control method Reduction of margin
II-5-2  Introduction of Automated system

11-5-3 Cascade use of heat Multi effect evaporator, steam re-
compression '
‘Increase in the number of distillation
tower (rays
Plant integration _
Pooling of encrgy among plants

I1-5-4  Change of separation method Mechanical separation
Separation by membrane
Adsorption.
Extraction and super-critical extrac-
tion '

II-5-5 Layout change: Reduction in transport distance
' ' Avoiding the complicated transports
~ Reduction in idle operation time by
reduced transport distance

I1-5-6  Mitigation of reaction conditions ‘Catalyst improvement
Chemicals improvement .
Bio reactor

1I-5-7  Change of product standards Avoiding the cxcessively high
quality product ©
Materials requiring no heat treatment
in the next process
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I1-5-8

11-5-9

1I-5-10
I1-5-11
II-5-12

II-5-13

Change of materials

Scale up

Introduction of continuous operation

Introduction ol higher speed

Omission of some processes

Use of highly efficient equipment

Recycling

Reduction of operating time by
increased electric power

Hot charging

TIX. Prevention of heat loss due to heat radiation and transfer

Table 2.3 Standard Outside Temperature of Furnace Wall
(except for the rotary furnace and the furnace with the capacity of
500 Mcal/h or less, outer air temperature 20 *C)

.. Temperature outside the furnace wall (unit: “C)

Botltom in contact

Temperature inside the furnace Ceiling Side wall with the outer air
1,300 140 120 180
1,100 125 110 145
900 1 iO 95 120
700 9.0 80 100

1II-1 Prevention of leakage

III-2 Reduction in heat release area

H-2-9

Inspecli_dn, repair al earlier stage,
Selection and maintenance of steam
trap _

Impfoved seal for the rotary section
and joint

Improvement of piping route
Removal of unnecessary piping
Closing of the master vatve for unnec-
essary piping and putting blind plate



Ii1-3 Hceat insuiation

IiI-4 Prevention of gas flowing inio the
furnace and radiation loss

Ii-5 Opiimization of boiler blow volume

1V. Waste heat recovery and reuse

Improved heat insulation for flange
and valve, _ '

Use of heat insulation material with
low heat conductivity '
Reduced thermal cmissivity of the cover
Installation of covers or lid
Maintenance of heat insulations
Reduced weight of heat insulation
material for batch fumace

(Specific bulk. weight should be less
than 1.3.) :

Reduced aperture size, closing, instal-
lation of the door

‘Reduced door open/close time

Table 2.4 Standard Exhaust Gas Temperature for Boiler (unit: °C)
(Load factor: 100% at the outer temperature of 20 *C)

Solid. fuel

ffiisigﬁfﬁi‘fél Fixed bed  Fluidized beq  iduid fuel - Gasfuel  By-product gas
Pt - 145 110 200
Other boilers

30 t/h or more : 200 200 200 170 200

10to30t/h 250 200 200 170 .

5 t0 10 t/h — — 220 200 _

<10t/h — — 250 220 .
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Table 2.5 Standard Exhaust Heat Recovery Rate of Industrial Furnace

Waste heat recovery rate (%)

Gas temperature at furnace outlet O
: > 20Gcal/h 5- 20Gcal/h 1-5Gcal/h

< 600 25 25 —
600 - 800 35 30 25
800 - 900 40 30 25
> 900 45 35 30
IV-1 Waste energy Exhaust gas, cxhaust air
Waste water, waste liquid
Condensate

High-temperature solids (red hot cokes)
Mechanical energy (water head)
Wasle pressure {blast furnace, fluid
coker)

By-product gas (steel converier)
Coldnees (liguefied natural gas)
Natural energy (solar light, heat and
outer air temperature)

IV-2 Purpose of use Heating of material and raw materials
Preheating of combustion air or feed
air _

Preheating the boiler feed water
Preheating the fuel (oil)

Stcam generation

Power generation, electric power
generation

Air conditioning

District heat supplj{
Refrigeration

Fish cuolture

Heating of green house

Snow melting
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iV-3 Means

Heat exchanger and fluidized bed
Heat pipe '

Heat pump

Use. of heat medium .

Waste heat boiler

Reduced pressure type recovery boiler
Turbine (organic solvent and steam)
Total enthalpy heat exchanger

V. Rationalization in conversion of heat into power

V-1 Improvement of encrgy cfficiency

V-2 Rationalization in power plant

V-3 Direct power geheration
V-4 Engine efficiency improvement

V-5 Rationalization of steam ejector

Improvement of steam conditions
Combined s'ystem

Cogeneration _
Power recovery of steam pressure re-
duction

Improvemérit of turbine and nozzle shape
Condenser vacuum contro} (cleaning,
water temperaturc and leakage)
Power plant operation

Variable pressure opération

Control of the number of auxiliary
equipment, speed conirol
Optimization of back and extraction
pressure '

Peak shift (use of electric power dur-
ing mid-night hours and on holidays,
heat storage) '

Fuel cell

Optimization of -the number of steps
and steam pressure
Conversion to vacuum puimp

VI. Prevention of electric heat loss due to resistances

VI-1 Power transmission

VI-1-1 Increase in voltage

I1-2-12



VI-1-2  Reduction in temperature
VI-1-3  Conversion into DC power
VI-2 Wiring

VI.2-1.. Minimizing the wiring length

VI-2-2  Wiring system improvement

VI-2-3 Selectioﬁ of wire diameters
VI-2-4 Balancin.g loads between 3-phase

VI-3 Transformer . |

VIS3-1 Optimum ;:apacity

- VI-3-2 - Load distribution, control of the
number of operating vnits

VI-3-3  Wire connection method
V1-3-4 Disconnected when not in use
- VI-4 "Electric equipment

VI-5 Power factor improvemeht

VI-6 Operatidn.

VI-6-1 . Maximum power control

Vi-6-2  Optimization of circuit voltage
VI-7 Use of the equipment with minimum

loss

11-2-13

Power receiving substation equipment
Sub-siation system, load arrangement
improvement,

Wiring route improvement

Reduced contact resistance

Installation of phase advance capaci-
tor, load interlocking ON/OFF
Optimization of load factor of equip-
ment

Use of synchronous generator

Load leveling
Demand control

Superconductivity



YI1I. Rationalization in conversion of electricity inte power

VIil-1 Motor

VII-2 Power transmission
VII-3  Operation

VII-4 Fluid transport

VIiI-4-1 Load reduction

Vil-4-2  Optimization of equipment capacity

VIiI-4-3 Control

VIi-5 Energy recovery
VII-6 Electric heating

VII-6-1 Load reduction

VII-6-2 Highly efficient equipment -

H-2-14

. Use of highly efficient motor

Optimum capacity

“Transmission device improvement,

Lﬁb_ricatio‘n control,

- Belt (material and retaxation adjustment)

Prevention of idle operation, ihtermit-
tent operation,

Maintenance of optimum voltage,
Intermittent charge for clectric
precipitator

Reduction in flow rate (leakage pre-
vention) ' :
Reduction-in pipe resistance (ration-
alization of pipc route and cleaning)
Reduction in suction temperature
Change of _t_'ransport method

Highty efficient equipment, impeller,
variable blade

Impellcf cut

Spced' control (VVVE, chatch, pole
change)

. Control of the number of uhits

Regenerative braking

Hot charge.

Furnace loading method, power input
method improvement - _
Reduction in contact resistance

Higher efficiency of Frequency _coniréﬁer

‘Direct heating (direct electric conduc-
* tion, induction heating, dielectric heating,

microwave heating, plasma-heating)



VII-6-3  Comparison with combustion

heating
VII-7 Air conditioning

VII-7-1  Load reduction

VII-7-2  Ventilation .

VII-7-3  Improved control

VII-7-4  Operation control

V:II—8 Il]uminatiqn

VI-8-1 Optimum illuminance
VII-8-2  Interior

VII-8-3 Im[.)roved__e.quipment layout

VII-8-4  Use of sun light

VII-8-5 Turning off the unnecessary lights

VII-8-6  Illumination control

11-2-15

Building shape, structure, direction,
surroundings, '

Prevention of outer air from entering
(automatically operated door, curtain)
Optimization of volume and frequency
of air circulation

Heat insulation

Separation of heat gencrating bodies,
isolation of illumination heat sources,
Local air conditioning,

Zoning (changeé of air conditioning
requircments according to the loca-
tion)

Room heating by far infrared radia-
tion

Filter cleaning,

Reduced duct resistance

Fan speed control

Increased size of humidifier nozzle

Return water temperature control

Water quality control for cooling tower
Cleaning of hcat exchanger

Wall color



VII-8-7  Fixtures cleaning

VIi-8-8 Lamp replaccment al propcr intervals

VII-8-9  Use of highly efficient cquipment l_;;lmp, stabilizer
VII-9 Electrolysis

VII-9-1 Reduced contact resistance

Vil-9-2 Reduced voltage Reduction of overvollage
Improvement of clectrodes

VII-9-3  Operating condition control Bath témperamre, concentration, dis-
tance between ¢lectrodes
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3. ENERGY MANAGEMENT

With the transfer of the economy to the market economy system, Bulgaria is moving ahead with
privatization of stat_e_—owhed enterprises, and each of the companies is required to strengthen the
international competitiveness more than ever in both product quality and price. In order to
achieve higher efficiency and level in energy consumpiion as well as productivity and quality,
the first requirement is to use the appropriate and well-maintained equipment according to the
pt_zrpos'c and to handle them properly. The most effective way for energy conservation is to
reduce the number of the equipment troubles and to ensure higher product yields.

The second requirement is to consider if therc is any room for improvement in the current
equipment and operation method, and to make constant efforts to reach a higher level through
repeated studies and factory experiments,

To achieve this, the mianagement people of the factory and the engineers as well as all the
operators working in the first front of the site arc required to make an concerted effort. Itis not
too much to say that the success of the campaign depends on the willingness of all the employees

- of the company, and the factory management fo encourage the willingness of these employees is
the key to the success. Energy management can be defined as "an organized effort to achieve
energy conservation. '

(1) Defining the management policy

Because of deeper recognition of the enérgy situation and requirements for improved
factory profit, the factory managémént and _super\?ising people have come to be greatly
interested in energy conservation issues. In order to start the energy conservation activity
as a campaign involving all the members of the factory, it is necessary to demonstrate a
strong determination of the top management to achieve the goal as a company policy. Itis
essential to show a quan’titativé target in terms of percentage of energy to be reduced for
each ton of the product, and the deadline by which this target must be achieved, as well as
such restrictive items as the uppef limit of the annual investment and the investment
recovery period. When the top management has defined a direction in which the faciory is
moving forward, the employees can be convinced that they are working in the direction
desired by the top management of the company.. Since all the factory members are making
- efforts in the same direction, cooperation among them will become very smooth,

- The tafget of the top management is shown as an ovefall goal, so each division in the
factory should set up. concrete, detailed targets regarding the items for which it can take
actions -within the scope- of their responsibility to achieve the goal set up by the top

. management, and should make efforts to reach such targets. Since such targets arc given
in a familiar form which is easily understandable, they will be effectively conveyed to
every member of the factory to get positive cooperation.

When the targets broken down for each division are to be sct up, ihey will be studied in the
committee (discussed Iater) to see if such individual targets meet the overall goal or not. it
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(2)

is also im portan't_ to bring up rivalry in a good sense in the factory so that cach division
should sct up higher level to make further cfforts in challenging it.

Setting up the organization to promote the cnergy conscrvation campaign

In the campaign such as energy conservation campaign where a great number of people
pertaining to different classes join, it is necessary to appoint some persons who will take
care of the overall progress of the activities. In the case of a small-sized factory,
individuals may take up this responsibility. However, in the case of a large-sized factory,
a special-purpose section may be organized for this purpose.

In any case, this section, as staf f members of the plant maimgcr, is required to pay attention
10 the progress of energy conservation campaign. If there is any delay in'the progress, it
should check the causes for such delay and should make efforts to remove such causes.

To be concrete, the dutie_s' of this section comprises having a correct information on the

energy consumption situation, comparison with' the original schedule, collection and
checking of improvement proposals, distribution of improvement budgets, progiess control
of the improvement works, cevaluation of the lesults working -out of the educanon and
training program, and prcpar'lnon for the mectmg of the commilttee.

The committeeis ef fcctivc in cnsﬁring a smooth_'communicatioh and deep understanding
among various divisions such as production, sales, material purchase, equipment mainte-
nance, accounting so that'the effective actions will be taken. ‘In this meeting, impact of the
encrgy conservation measures upon cach division should be discussed, and it should be
confirmed that energy conservation measures do not adversely affect the pxoﬁts of the
entire factory.

The committee should be headed by the factory manager having a'uihority- and responsibil-
ity for production, or a person having an equival'f:ht'authofity and responsibility. Other-
wise, the mecting will end up determining nothing and implementing nothing.

No matter how cxcellent an idea for the energy c’o'nse'rv_ation coun_tcnheasui‘es are based on,
it will not lead to good results, unless the operators have a deep understanding of the
meaning and put it into practical use in the daily works. In some cases, the QC circle (a -
small circle for activities) is effectively used for energy conservation with good results.
The QC circle is to improve the human relations at the job site and to provide a joy of
positive works by making use of the positive willingness which is essentially built in
humans. Until.workers recognize that the QC activities are useful and necessary for each
of them, however, it is necessary to take some means as education or incentives which will
facilitate promotion of the activities. It should be noted that the workers in the front line
are always in contact with'the energy- comummg equipment, and ar¢ in a position to feel
most sensitively the phenomena which may occur according to changes of operating
conditions. It will be very effective if it is possible to use information of these people and
to pick up improvement actions from them.
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Scicntific and organized activities . -

- To go ahcad with the ‘encrgy conscrvalion campaign, it is essential to have correct

information on the energy consumption. Tt will be impossible to work out an effective
strategy if there is no data showing the change of the unit consumption rate to production
volume, and the differences according to the equipment, product types and material types.

" Tt is not too much to say that the factory data conlains a huge amount of suggestions for

improvement. If the data are checked with awareness to solve problems , it is possible to
find out ways for improvement. "Install measuring ihstrum_ents at the required positions,
arid record readings. Analyze the information on a periodic basis, and try to find out
mcani'ng in the information. In this case, the data should be processed in a statistical
mcthod, and be carcful to detect significant differences.

When the improvement program is implemented, be sure to follow up the resulis. Efforts
should be made to improve the work quality according to PDCA circle advocated by Dr.
Deming. As shown in Figure 3-1, the PDCA circle comprises the following processes; to

‘determine a method regarding an improvement item (PLAN), to train oneself in that

method and to put itinto practice (DO), to confirm the resull (CHECK), and to evaluate the

result and to slandardlye it'if satisfactory, and to take corrective actions if not satisfactory

(ACTION). If the ,g,oal in one step has been achlevcd PDCA efforts will be made to
achieve the goal in the next step. This method is useful in improving the work quality in

" every aspect including energy conscrvation activities.

Figure 3.1 PDCA Circie
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In the first stage of sclection of the theme in the PLAN phase, the items which should be
improved can be easily found out. The improvement proposal system must be éffectivcly
used. Proposals may be given by any of the individual workers, QC circles, or staff
members, The proposals should not be Ieft unchecked. Immediately they must be brought
to the meeting of the committee for review. Advice may ‘be given to some proposals or may
be partially modified; in this way, they should be taken up for 1mplcmcmat10n if possible.

Some award should be givento the proposals Itis important to give official commendation
to the proposal which has been adopted with excellent results, thereby encouraging the

‘employees to take greater intercst in the energy conservation campaign. For proposals

which could not be adopted, it is necessary 1o exp]am the reason dnd to lead them for better
proposal.

In the DO phase, it is necessary to explain the purpose O_f the improvcﬁlent and concept of
improvement program to all the [actory people and to call for their cooperation to achieve
the goal. Lead them so that they will réport even minor abnormalitics, and fine adjustment
can be made smoothly in order to ensure successful activitics. .

The results should be checked on a periodic basis and reported to .the committee or
superioss, as well as to the workers in order to encourage them to take greater interest in the
activities. In this case, it is important to define the criteria from the beginning, which
should not be changed easily on the way.

in the ACTION phase, if the excellent results can be expected by executing the improve-.
ment plan, it should be incorporated in work standards to make surc. The required
measures should also be taken for the equipment. This proccdure is intended. not to give
much load to the operator in the normal operation, and is essential to ensure continued
improvement activities. '

If the considerable resuits can be obtained on a continued basis, the process should be
described and should be made public to serve as a good exarmple for other groups. At the
same time, official commeéndation should be given to the related persons, thereby encouraging
their further efforts. ' -

Providing education and information

Even if the cmployees are willing to cooperate, the improvement program cannot be
implemented smoothly without information on how (o solve the pfoblem-. “Their interest in
the activities will be incrcascd'if they can make proposal in addition to pointing out
problems. '

For this _purposc, intra-com'pany education is very important. _Scmin'ars arc held and
guideline manuals are distributed. Even if the staff members are sent to seminars sponsored
by external organizations, the results will be much reduced if the information gained from-
such an event is restricied 1o these participants, without bcmg C()nvcycd to the othcr staff
members and general operators.
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The pariicipants in the extemal seminars should convey the knowledge in the intra-
company scminars when they have come back to their own factory. This will raise the
gencral level of the factory, and will also confirm their knowledge.

The improvement movement will also be encouraged by active exchange of information
with the employees of rival companics, material supplicrs and product vendors. Of course,
it is nccessary to compete among companics. Exchange of technical information on the
give-and-take basis 1o some extent will raise the level of the industry and strengthen
international competitivencss, thereby contributing to mutual benetits. For example, to
disclose the unit consumplion rate will motivate competition. Furthermore, problems can
be picked up from different angles by gelting advice and diagnostic comments from public
organizations, consultants and university professors.
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