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PREFACE 

This report was prepared as an input for the 'Workshop on Techuical, Ecouomic and 

Financial Analysis of Energy Saving Pr<Jiects• to be held in METU-Ankara. Turkey, from January 17 

to 22. 1994. 

The first chapter contains industrial energy auditing fu1darnentals. The topics covered can 

be summarized as energy conservation. energy auditing, instrumenlalion and~ electricity 

conservalion, compressed air systems, water systems, steam generators. steam and condensate 

systems. thermal insulation. furnaces, kins, dryers. Checklists are also provided for practical 

purposes. 

Case studies are presented in the second chapter. Two de!ailed on site case studies were 

carried our at SEKA No.4 Paper Mi and Ankara Sugar Factory. The VCM Plart at PETKIM and 

ETiBANK Sey~ Aluminium Plant were evaluated based on previous reports prepared by 

different institutions. 

List of the staff who contributed to the preparation of the above mentiOned chapters is given 

at the back of the report. 

We sincerely acknowledge the suppoft of UNIDO and the fruitful cooperation of an involved 

parties, namely, SEKA, Ankara Sugar Factory, PETKiM, ETIBANK Seydi§ehir Aluminum Plant, METU 

and TOBiTAK 
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CHAPTER 1 

INDUSTRIAL ENERGY AUDITING BASICS 

These notes are prepared to present basic concepts of energy 
auditing in industrial plants. The main aim of auditing is to 
obtain an energy balance of the operation and to fmd and 
evaluate potential energy conservation opportunities. 
(ECO's). Economic analysis that will follow the technical 
preparation will be considered at the second part of the 
course. 

TOPICS: 

1. ENERGYCONSERVATION 
2. ENERGY AUDmNG 
3. INS1RUMENTATION AND MEASUREMENr 
4. ELECTRICrIY CONSERVATION 
5. COMPRE&5ED AIR SYSTEMS 
6. WATERSYSTEMS 
7. STEAM GENERATORS 
8. STEAM AND CONDENSATE SYSTEM 
9. THERMAL INSULATION 
10. FURNACES. DRYERS. KILNS 
11. CHECK usrs 

ACKNOWLEDMENT 

These notes are based substantially, especially on ECO 
lists, to a " Training Manual" prepared oy ENCONET 
INTERNATIONAL for UNIDO. 
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INTRODUCTION TO ENERGY CONSERVATION 

• DEMAND FOR ENERGY INCREASES - because we want : 
- TO PRODUCE MORE PRODUCI'S 

- TO BE MORE CONFORTABLE 

- TO TRA\"EL AND TRANSPORT MORE AND FASTER 

•THERMODYNAMICS : 
- I .LAW : ENERGY IS CONSE':l.VED IN QUANITIY. 

- 2.1.AW: DIFFERENT FORMS OF ENERGY HAVE DIFFERENT QUALITV. 

• ENERGY UTD..IZATION/CONVERSION MEANS : 

---7 OUTPUTS IN DESIRED FORM AND QUALITY 

DEVICE 

.__ __ ___, ---7 OUTPUTS IN UNDESIRED FORM OR QUALITY 

'WAST1: OR "LOSS· 

• EFFICIENCY (1. IAW) : 

DESIRED OUTPUTS LOSSES 
Tl= REQUIRED (COSTLY) INPUTS= l - INPUTS 

• ENERGY (RESOURCES) MUST BE CONSERVED - because : 
- MOST RESOURCES ARE DEPLETABLE. 

- SAVING ENERGY COULD BE MORE ECONOMIC TiiAN: 

. GETTING (BUYING) NEW RESOURCES (person/company) . 

. DEVELOPING NEW RESOURCES (country /world) 
- ENVIRONMENTAL EFFECTS: 

. Air pollution . acid rain/smog . greenhouse effect. 
- EXPECTED TIGIITENING OF ENERGY MARKETS COULD BE 

DELEYED AND ITS IMPACT LESSENED 

- RESULTS CAN BE OBTAINED IN SMALLER INCREMENTS 

AND IN SHORTER TIME<FLE:XJBll.11Y UNDER UNCERrAJN OUTI.OOK) 

- THAT IS THE MODERN ATTITIJDE. 
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ENF.RGY CONSERVATION MEANS : 

- INCREASING ECONOMIC BENEFns - willke curtails I 
- TO DO A SPECIFIED TASK ,,vrm lESS ENERGY 

- TO USE ENERGY MORE EFFICIENTLY (WISELY) BY 

• llODD'IED BEHAVIOR 

• DIPROVED llANAGEllENT 

• INTRODUCTION OF NEW TECHNOLOGY 

• PUEL DIVERSIF1CATION OR SUBSTIT1JTION --

DECISION-MAKING : FACTORS/INCENTIVES/BARRIERS 

internal vs. external to the plant 

• products demand 

• capital cost 

• fuel cost and availability 

• equipment age 

• distruption dwing installation 

• tax incentives 

• govemn1ent/local rules and regulations 

3 
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REVIEW AND CLASSIFICATION OF 
ENERGY CONSERVATION OPPORTUNITIES - ECO's 

APPLICATION TYPE: 

- INDUSfRY 

ENERGY END-USE : 

- PROCESS HEAT 

- BUILDINGS - SPACE HEATING/COOLING 

- TRANSPORTATION - MECHANICAL ORNE 
- AGRICULTURE -ELECTRICAL PROCESSES 

POTENTIAL AREAS : 

1. HOUSEKEEPING AND IMPROVED OPERATION. 
Little or no cost. short time. routine basis 
Ex.: Tum-off stand-by furnaces. Calibrate instruments. 

2. WAS'IE HF.AT RECOVF.RY AND REUSE. 
Right temperature ? quantity ? time ? 
Ex.: Air or water hPating by refrigeration condensers. 

3. COMBUSTION AND STEAM SYSTEMS. 
Improved combustion and heat recovery: 
Ex.: Adjust excess air. Recuperate heat from blowdown. 

4. EIECTRICAL SYSTEMS. 
Lighting. Motor efficiency. Peak demand. Reactive power 
Ex.: Install capacitors at substations. 

5. PROCESS MODIFICATION. 
Depends on specific cases. 

Ex . : Fluidized-bed drying of sugar 
6. COGENERATION. 

Joint production of the1mal energy and power (electricity) 
Ex . : Topping or bottoming cycles. 

SCOPE I COST : 
1. HOUSEKEEPING OPPOHTUNITIES 

2. ww-cosr 
3. RETI{OFIT 
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ENCONET Intem:uional 

Potcnual Energy Savtngs and Typ1cl Encrgy-Sarn1g Measures 111 Selected 
Energy-lntcns1\'C Industries. All De\-ciopmg Countncs 

1 

r 

l'oten11al E:\amples ,,f 111a1or l"llCf!!'"·'i."'l\111!! rncasull"'.' '.'."'l\11lgS I 

' r:t1t• 1'<·rn·111 

1111,fu~ll' l'h.':" .. .!'-~ ••• \.il\•UJ' .\ lil\'111' .. l il\•111• \ llll"Ui' t: 
I 

product I 
I 

Steel Ra\V steel )-7 .'i-1 y I mpro' -c com bust 1011 Rcco,-cr waste hc;11 . . -, 
limshmg contmls ;md insul;1111m. replace 111e1fo:1cnt 

use iron ore rcllcts cqmpme:n I 

I Alununum Hatt-HC'mutt 2-1 10-15 lmpr1\l: comb11"11011 Install proccs" con1roi~. 

smelting controls m remcl1111~ mcr~.sc \\-;tStc hc:11 I 
furnaces. :,1sula11on. and rccO\-cry and alummmm I 
power factor rending 

Petroleum Refining 7-1 :! l:'·!"i lmprO\"C combustion RCCO\"Cr waste heat. I 

controls. mcrc:isc steam ..iq>bcc 111eflic1em I 
condensate return eqmpmenl I 

Fend ii.er Ammonia 2-.5 20-2.5 lnsulalc pnmary RcCO\"Cr waste heal 111 

(Slc:llll- refom1er. do ,·anous refom1er. rccm-cr I rcfomung housckccpmg measures lwdrogcn and carhnn 
monoxide. hydrogen l 
and replace 
compressors 

Glass Fial and 10-12 1.5-ZO lmprO\"C combusuon Install cllic1e111 

ccntainers controls and i11sula11011 recupcr:llhrs and ''ash: 
heal boilers. 111crc;1~ 

Construct10 Brick 10-15 lmpron~ llue g3s 
booSlmg 

15-20 Increase stack g:is I 
n matcnals rcc1rculat1on. recupcrallon. reb111ld i com bust 1011· controls. krln I and kiln rnsulauon 

Replace burner 
(om-crt from wet 10 dry I Cement Dry and wet 10-20 IO- io lmrrm-c cornbustmn. 

msulauon ct•; process Install lugh-
efficiency l1eat 
exchanger systems and 
process controls 

Pulp and Integrated 12-14 14-1(1 lmpron· !:>oiler and Increase use or wa~IC 

paper chem real steam S\"Slem. fuels. black liquor. 
Other 10-15 10-15 recond1tron 1ns11la11on i:ogeneralron. and 

waste-heal reco1·cn 
from dn·crc; 

food Raw cane I(,. I K up lO X'i lmprO\·c h<'rlcr lncrcac;c 11~ 111" \\;i•li: 

sugar combustion c:licrency. lucls (e g haga!'~l. 
Cane sugar lf1- I K 15-30 steam S\ sterns ;md wa51e-hcat rcco,·cn. 
refin;ng msulat1on. and and add-up errecls on 
Edible oil 11-10 12-15 evaporator management. evaporators. 

Texulc Finishing 12-1.~ 15-17 lmprc,·e borler Install waste-heal 
combustion and steam rc;co\-cry de,1ccs. 
d1smb1111on emcrency replace old. 111ellic1c111 

tiorlcrs. 1111ruo,·e ·' :itcr 
and liquor syst.:ms 

Other Metalworking, • 5-10 I 0-1.5 lmprO\e comhustron. Increase waste-heal 

mining. rnsularion. operation rccmt:r\'. replace 

che1mcal scheduling. 111arn1c11ancc cncrgy·111cflic1en1 

products. CC'"(111pmcn1. lower 
wood products 1cmpcra1ure. corrct:t 

po'' er foctors 
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C'I 

ENCONET lntcnmtional Introduction To lnduslrinl Energy Conscr\'ation 

A Housekeeping Needs Checklist for Industrial Plants 

Fuel, gas, or oil leaks 
Steam Leaks 
Compressed air icaks 
Condensate leaks 
\Vatcr leaks 
Damaged or missing insu1alion 
Excessive hed\lng or coo)>ng 
~<;) ~f (~t c:.xc;.~ss \\\} (\~'\\\\\g, \'~\\\\{a.\\Wi\, 'M\U a.\-. ~\)\'\u\\\<;)\\\\\g ':>)~\~\\\ 
Burners oul of adjustment 
Faulty steam trap operation (each trap is lo be lagged with dale of inspection) 
Dirty heating surfaces such as coolers, exchangers. and so forth 
Dirty motors 
\l/orn belts 

--- ~-·-·----

I 

lmproper \'iscosity of lubricating oils for large electric dri\'es and hydraulic pumps 
(proper viscosity minimizes pump drive slippage) 
Dirty Jamps 
Excess or accumulated additives in fuel 
lmpropcr operating pressure and temperature 

I 



ENERGY AUDITING 
Energy audits do not save energy by themselves. But they are 
important initial steps of energy conservation and management. 
Such a systematic procedure gained impetus after oil embargos 
and with greater awareness about : 

. Energy conservation 

. Economic compatltion 

. Environmental protection. 

• scope and aim of an energy audit : 
1. To determine where and how energy is used or converted. 
2. To determine efficiencies of parts or whole of a plant. 
3. To compare above results with quide values or standards. 
4. To identify opportunities to reduce energy usage. 
5. To evaluate the economics and techical feasibility of above. 
6. To determine prtorilie$ of implementation. 

row materials ) PLANT ) 
energy ) OR ) 

labor ) EQUIPMENT 

waste energies waste materials 

••fB 1 desirable energy outputs 
~ c ency-

requlred energy Inputs 

•Figure of Merit= desirable products 
required( energy) Input 

desirable products 

desirable energies 

• Savings are expected, especially if there is a lack of: 
. skilled personnel 
. adequate instruments 
. maintanence programs 
. preventive maintanence measures. 

7 
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ENCONET lnlcmalional 

1. Awareness of potential savings 

I 
2. Top Management Committment 

- cslabli~ conservation responsblily within managmenl structure 
- Appoinl energy manager 
- lniliale energy accounling procedures 
- lniliale lranng programs 

I 
3. PreliminaJY Energy Audit 

I --

4. Detailed Energy Audit 

- ldenlify and characterize no/low cost savings oppoflunilies 
- Identify capilal-nensive proieds 

I 
5. Establish Operating and Maintenance Measures 

• Establish energy conserving operation and maintenance 
proc:eOOres 

- Establish reporting procedures 

I 
6. Cof'duct Prefeasibility Studies of Capital-Intensive 

Projects 

I 
7. Acquire Financing 

I 
8. Equipment procurement 

I 
9. Project construction 

I 
10. Monitoring, Follow-up 

Figure~ The O\.Ullll Energy ManagCr:lcnt Process 

8 



ENCONET International Enr~rgy Management 

Table~ Key objectives for the energy manager 

l.Devclop and mi\intain an energy accounting or audit system. 

2. Co ordinate the efforts of all energy users in the organisation helping them from a source of 
sound infonnation to set tough but realistic targets. 

3. Provide sound technical and specialist advice to all departments within the organisation on 
energy-saving equipment and techniques to promote the efficient use of energy. 

4. Liaise with committees and working groups within the industry/sector and maintain contact 
with appropriate research organisations, professional bodies and government organisal ions to 

co 1 monitor, assess and apply all significant developments in the field of energy conservation. 

5. Appraise and advise upon government funding and otl1er sct.cmcs applicable to the 
organisation. 

6. Examine, appraise and advise upon any political, legislative and regulatory measures relating 
to energy and assess the possible impact on the organisation's products and aclivHics. 

I 

7. Remain up-to-date on the changing world and national developments on energy matters and 
advise senior management of the possible effects on the organisation. 



ENERGY MANAGEMENT PROGRAM 

1. 1Nl11A'I10N PllME : 
. Commitment by top management 
. Forming an "Energy Management Committee" 
• Naming an "Energy Management Coordinator" 

2. AUDrr (AND ANALYSIS ) PHASE: 
• Review energy use pattern . 
• Walle-through survey . 
. Preliminary analyses using drawings, data sheets. name 

plates, specifications. energy bills . 
• Plan the energy audit . 
. Conduct the audit( of process. facility or equipment) . 
. Analysis and simulation 
• Identification and evaluation of ECO's 
. Determining priorities and procedures for implementation. 

AUDrl' ttt>m;: 
. SIMPLE WALK-THROUGH AUDIT 
. MINI AUDIT 
. DETAILED AUDIT 

NUMBER AND VALUE 
OF ECO'S FOUND ~ 

3. IMPLEMENTATION : 

SCOPE OF 
AUDIT AND 
ANALYSIS 

TIME AND COST 
~ ALLOCATED 

. Finalizing the required engineering project for each ECO 

. Financing the projects 

. Doing actual engineering 

4. FALLOW· UP : 
• Promote continuing awareness, if needed 
• Establish monitortng. recording. reporting procedures 
. Determine and evaluate the energy saving realised 

10 
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•DATA COILECTION: 

SOURCES: - Equipment name plates 
- Bills for fuel. electricity. water 
- Readings of meters within the plant 
- Production information 

ANALYSIS: - Energy use quantities 
-Total cost 
- Where. how much energy is used 
- Peak electricity demand 
-Trends 
- Effects of weather. etc. 

•MEASUREMENTS : 

Additional metering may be needed to get: 
- Energy use per department or production line 
- Improved energy accounting 
- Data for comparison with standards 

More frequent metering may show: 
- Meter misreadings. errors 
- Load changes due to production changes 
- Efficiency of different shifts 
- Need for maintanence 

• FINAL REPORT: 

- Breakdown of entrgy use 
- Trends 
- Energy balance: tables. charts, sankey diagram 
- Specific energy per unit production 
- ECO's 
- Economic analysis and priority list 

11 
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INSTRUMENTATION AND MEASUREMENT 

Measurement is a basic !'rocess of obtaining required 
information. Data gathering could be done manually. 
automatically or semiautomatically. 

•INSTRUMENT nPES : 

-DIRECT 

-INDIRECT 

- INDICATING 

: Result obtained by direct observation 
Ex . : temperature by o ihemrometer. 

: Result is deduced from measurement by 
using some known functional relationships. 
Ex .: jlowrate by an anemometer. 

: Ex.: presswe gage 
- CONTROLLING : Ex.: thennostat 
-RECORDING 
-ANALOGUE 
-DIGrl'AL 
-STATIONARY 
-PORTABLE 

: Ex.: chart-recorder 
: Deflection of a pointer . Ex.: ooltrneter 
: Series of digits Ex.: digital nudtimeter 
: Ex.: boiler presswe gage. 
: Ex.: Orsat apparatus. 

• PARTS OF AN INSTRUMENT: 
-SENSING ELEMENT (TRANSDUCER) Ex: themwmeter bulb 

Generates an output signal proportional to the input value. 
Output could be motion. pressure. electrical signal.etc. 

-TRANSMITI1NG ELEMENT Ex: themwmeter stem 
Modifies, controls. amplifies the output signal. 
Mechanical linkage. tubes, wiring. etc. 

-OUTPUT ELEMENT (DISPLAY) Ex: divisions on the stem 
Allows accurate reading or recording of the output. 

• SELECTING AN INSTRUMENT 

perf onnance 
cost 
enviro,ment 

: range. accuracy. precision. sensitivity, size 
: initial cost. operational (maintenance) cost. 
: corrosive. vibrating 

12 

' 
II I II I Ill I I I II 111 I II I 11 II I 11 I I 11 11 I I I 111 I I II II 



ERROR Of llEASUREllENTS 

-TERIUNOLOGY: 

ERROR : Difference between measurement and "true value". 
In% : error- ((measured value-true value)/true value I xl00% 

TYPES: • RANDOM (corrected by statistical analysis) 

• SYSTEMATIC ( " calibration ) 
• MISTAKES (., being careful) 

ACCURACY : Ability to gtve close results to the true value __ 

Sometimes gtven as based on full-scale deflection 
[(measured value-true value) I maximum scale value) x 100% 

PRECISION (REPEATABILITY): Ability to reproduce the same reading. 

RANGE : Lowest and hetghest values of calibrated reading. 
SENSIUvl Ii: Ratio of change in output to the change in input. 
DISCRilllNAUON {RESOLUTION) : Ability to react to small changes in 

input. 
CALIBRATION : Comparison of the output with a standard value. 

("inaccurate) 
• • • • ••••• 

• :· + + + 
- - - -*-> T c-1.&e "'a\ue 
++++ + 

~· + 
fnnprecise) 

repeated readings 

-DYNAMIC RESPONSE: 

LAG: Delay In response to changes in input (dead time) 

llODELS: 

ZERO-ORDER : No effect 
FIRST - ORDER :Time constant. (t) 

For a step change. response reaches 63% of final change In t="t, 

and 99 % In t=5t. (Ex.: t =I sec. for thermometers} 

SECOND-ORDER: Natural frequency. 
Damping ratio (coefficient or factor) 

13 



ECO'S RELATED TO MEASUREMENT 

A) HOUSEKEEPING : 
1. CALIBRATION:Peliodically: More often for portable devices. 
2. RECORDS : To determine a shift in calibration or change in 

a process. Both require corrective actions. 

BJ LOW COST: 
1. INsm ~ENI' SELECTION : Insufficient as well as excess 

accuracy is undesirable and affects operation. 
2. INSTALLATION : Improper installation should be corrected. 

This could increase accuracy and in tum affect operation. 
3. FILTERS : Add differential pressure gages to determine time for 

filter cleaning in air or fluid supply lines. 
4. GAS ANALYSIS: Combustion efficiency must be monitored by 

using gas analyzers. 
5. MONITORING St'ACE HEATING/COOLING: Space temperature 

ventilation and equipment operation should be controlled. 
8. WARNING: Various modes of warning devices are available. 

C) RETROFIT : 
Opportunities depend on specific plants. In general: 

1. METERING: Sufficient metering could be installed to check 
the operation and energy utilization. 

14 



ELECTRICITY 

*POWER: 

Power= Voltage • Total curren~ • Cos 9 

9 =phase angle between voltage and current --
9 = 0 in a purely resistive circuit 
9 > 0 in inductive circuit. current lags voltage 

-Usuful Power. Real Power. Active Power 
-Total Power. Apparent Power 
-Reactive Power. Magnetizing Power 

For 3-phase circuit : 

Usuful Power (W)= {3 V I cos 0 

Total Power (VA)= f3 V I 

useful power W 
Power factor= cos 0 = = -total power VA 

*BILLING: 

- Maximum demand charges (per kW ) 
- Over peak charge (per kW) 
- Power (per kWh) 
- Reactive power ( per kV Arh) 
- Miscellaneous charges 

"DEMAND MANAGEMENT : 

(inW) 
(in VA) 
(in VAr) 

Manual or automatic control of operation of devices such as: 

- water heaters - battery chargers 
- air conditioners 
- furnaces or ovens 

- grinders 
- pumps (to storage) 

15 
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REACTIVE POWER C"MPENSATION 

. Motors. transformers use reactive power for magnetization 

. Less reactive power is consumed. i.e higher cos ~ better it is . 

. Capacitors are used to supply reactive power. 

kV Ar (required) = (Load in kW) (tan 01 - tan 02) 

01 = existing phase angle 
92= desired phase angle 

. Equipment causing poor power factor : 

%80 or more : Air conditioners. pumps. fans. blowers 
OJb6Q-O/o80 : induction furnaces. stamping and weaving 

machines 
0/060 or less : presses. grinders. welders 

-INDIVIDUAL COMPENSATION 

. Large loads with constant power requirement and high 
duty factor 

-GROUP COMPENSATION 

-CENTRALIZED COMPENSATION 

• large number of small loads with varying power 
requirements and different duty factors are connected. 

• HARMONIC SUPPRESSiON 

Use filters on 3- phase systems with converters. 

16 
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LIGHTING 

ADI: - sufficient and suitable lighting, without glare, etc. 
- minimum energ_v 

SOURCES: 

- INCANDESCENT 
- FLUORESCENT 
- MERCURY 
- METAL HALIDE 
- HIGH-P SODIUM 
- WW-P SODIUM 

CONTROL: 

- MANUAL 
- PHOTO ELECTRIC 
-TIME 
- MIXED 

ECONOMIC LIFE ENDS, IF : 

Efficacy C Lm/VI l 

(20) 
(80) 
(63) 

(125) 
{140) 
(183) 

- DOES NOT OPERATE (INCANDESCENT) 
- EFFICIENCY DROPPED ENOUGH TO REPLACE (OTHERS) 

LUMINAIRE 

RECOMMENDED ILLUMINANCE: 

Exterior areas, carparks, stockyards 
Rooms. Stores 
Machine work, assembly rooms 
Fine bench work, critical drawing 
Instrument repair, watch making 

17 
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20 - 50 

100 - 150 
300 - 500 
1000 - 1500 
2000 -
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COMRESSED AIR SYSTEMS 

• Requires about 1 rn1> of all electrical power used in industry. 
• Used in: pneumatic tools. cleaning. combustion ... 
• Air for instruments should be purer and at lower humidity 

than general plant air used by tools. 
• System is consisted of: 

- Compressor 
- distribution network 

• SAVING POTENTIAL: 

- Detect and eliminate leaks ( at joints. valves. hoses •... ) 

• to save compressed air 

• to maintain required pressure 

- Reduce pressure drops. caused by 

• small sire pipes, ( speed < 6 m/ s if 1 > 10 m ) 

• coked ftl ters 

- Reduce pressure to the lowest acceptable level 

- Avoid water in air ( To control corrosion. May use chilled 

driers to separate water. But do not over chill. could cause 

freezing upon expansion. 

*TESTING: 

- Pump-up test 

- Leak test. 

( l mm hole ::::) 3500 kwh/year ) 

18 

' 
I I 11 I I 11 I 11 1111 1111 I 



C\ll11pn:ssors ENCONET 1ntema1iona1 

APPENDIX 8 
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~OMOGRAPHS FOR QUICK ESTIMATION OF :\IR .-\~O ENERGY 
WASTED vs. EOUVALENT llOLE 
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900,000....------------------4- 90.JOO 
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; 1\j___ ----- --:; .. ~ ;o ·: 
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I ,/ 1------------·--;-.

1

-7-+-' -· ------- '50.COO ~ 
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---------- 40.'.:-':') 

--------- ;:-:J, :>:: 
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COMPRESSORS 

-TYPES: 

-POSITIVE DISPI.ACEMENT 
. RECIPROCATING ( Trunk. sliding. diaphram) 
. ROI'ARY (Screw. lobe. sliding vane. liquid ring) 

-DYNAMIC 
. CENTRIFUGAL 
. AXIAL 

• CAPACrI'Y CONTROL METHODS : 

-CONSTANf SPEED WITH UNLOADING SYSTEMS 
. Suction vcl'.'~ unloading 
. Clearance pocket unloading 
. Inlet throttling unloading 
. By-pass unloading 

-ON/OFF 

-DUAL CONTROL 
Combination of the above. 

• ENERGY RECOVERY: 

- INTERCOOLERS 

. Save energy in subsequent compression stages. 

- AITERCOOLERS 

. Reduce moisture 

. Reduce specific volume. 
Thus reduce storage size or pipe size. 
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WATER SYSTEMS 

- pumps - expansion tank 
- distrtbution network - treatment 

* CONSERVATION : 

- DETE2T AND ELIMINATE ALL LEAKS 
- REDUSE PRESSURE WSSES 
- REDUCE HEAT TRANSFER ( HOT /CHILLED-WATER) 

(This implies correct insulation) 
- ADEQUATE TREATMENT 

INPURITIES 

EFFECTS 

METHODS 

WATER TREATMENT 

. . - DISSOLVED GASES. SALTS. ORGANICS 
- SUSPENDED SOLIDS 
- LIVING ORGANISM 

- SCALE FORMATION 
• Reduced flow rate 
• Increased heat transfer resistance 

- CORROSION 
- WEAR ON MOVING PARTS 

-·FILTERS 
- CHEMICAL TREATMENT 
•EXTERNAL 

Ex.: Removal of dissolved 02 in a deaerator 
* INTERK!\L 

Ex.: Removal qf dissolved 02 by adding 
hydrazine . Adding corrosion inhibitors 
that form. a protective film on metals. 
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STEAM GENERATORS 
• FUELS AND COMBUSTION EQUIPMENT (BURNER} TYPES: 

GAS: I.NATURALLY ASPIRATED BURNERS 
2. PREMIX BURNERS 
3. NOZZLE MIX BURNERS 

OIL: 1. STEAM/ AIR ATOMIZATION 
2. MECHANICAL ATOMIZATION 
3. ROTARY-CUP BURNERS 

COAL : I. SIOKERS : Traveling grate stoker 
Reciprocating grate stoker 
Spreader stoker 
Underfeed stoker 

2. CYCLONE Burners 
3. PULVERIZED Burners 
4. FLUIDIZED-BED Burners 

• BOiIER ttPES: 

Many parameters could be used for classificatlon. Main types: 

I.FIRE TUBE BOILERS: 
- Horizantal Return Tubular 
- Scotch 

2.WATER TIJBE BOILERS: 
- Straight tube 
- Bent - tube : - natural circulation ( 2 or more drums) 

- forced circulation 
- once through 
- supercritical 
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•THERMAL EFFICIENCY 
LOSSES BY HEAT TRANSFER t LOSt IN FLUE GAS 

R.E... ..._ -
AIR ~ STEAM , STEAM 
FEED WATER__, GENERATOR t---~-, LOSS WITH BLOW DOWN 

EFFICIENCY = 11 = Useful heating of water 
Ener~ of fuel 

• LOSSES 

. 
~ m ~h 

IifHHVf 

=l- Looses 
fuel input 

[ lndhect method ) 
[PREFERRED) 

1. Sensible en<..gy lost by dry portion of exhaust gas. 
2. Sensible and latent loss by moisture in the exhaust gas. 
3. Incomplete combustion loss due to CO in exhaust gas, and 

unbwned fuel in ash. 
4. Heat loss (radiation) through walls and other misc. 

losses. 
5. Blowndown loss. 

• FACTORS AFFECTING EFFICIENCY 

1. Excess air 
2. Stack gas temperature 
3. Burners and fuel type 
4. Filing rate 
5. Fouling on heat transfer surfaces 
6. Steam Pressure 
7. Blowdown 
8. Feedwater and combustion air temperatures 
9. Condensate recovety 
10. Extertor surfaces 
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RECOMMENDED EXCESS AIR lEVELS 

~ 
5-10 NATURAL GAS 
5-7 BLACK LIQUOR 

10-20 FUEL OIL 
20-25 WOOD 

15-20 PULVERIZED COAL 
15-50 TRA VELUNG GRATE 
20-50 UNDERFEED STOKER 
30-60 SPREADER STOKER 

STACK GAS ANALYSIS 

MEASURE/MONITOR: 

1. GAS TEMPERATURE 

---..........__ 

- \ 

OPTIMUM 

2. GAS COMPOSITION: -0AJCO, 0AJC02. 0!002 
0;0 co2 or 0;0 o2 give 0/o excess air. 

TOTAL LOSS 

LOSSWITH 
ST PO< GASES 

~OUETOC&CO 

o/o EXCESS AIR 

0;0co2 is more dependent on fuel, %02 is preferred. 
( Typical values: 4 °;0co2 ~ 20 % EXCESS AIR) 
0!oCO, if high indicates incomplete combustion (<100- 400ppm) 

If both 0;002 and 0/oCO is high: defective burner or operation 

Measuring devices: 

- ORSAT APPARATUS 
- PORTABLE ANALYZERS 
- STATIONARY METERS 
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llEASUR.EllENTS NEEDED FOR DE'l'ERlllNING BOILER U'ftCIENCY: 

• BY DIRECT llETHOD: 

- FLOWRATE OF FEEDWATER AND ALSO STF.AM TIIROUGH REHEATER 

- P AND T OF : FEEDWATER 

: STEAM THROUGH REHEATER (S) 

: MAIN STEAM OurPUT 

- FLOWRATE OF FUEL (Sl 

- HEATING VALUE OF FUEUSl 

• BY INDIRECT METHOD: 

- T AND COMPOSmON OF Sf ACK GAS 
- T AND co OF COMBUSflON AIR 

- HEATING VALUE AND ULTIMATE ANALYSIS OF FUEL 

- QUANITIY AND HEATING VALUE OF SOLID REFUSE 

• OIHER MEASUREMENTS AND ACCESSORIES 

- WATER LEVEL GAGES 

- FEEDWATER REGULATORS 

- SLOWDOWN VALVES 

- SOOf BLOWERS 

- SAFE1Y VALVES 

METHODS FOR AIR/FUEL RATIO CONTROL 

- FIXED POSITIONING 

Responds to steam pressure. A cam and linkage mech•nlem adjuat 

the fuel valve setting and air damper. C&anot compansate ftrlatlone In 

fuel or air conditions or wear and other mulfunctiom 
.,mm. 

-PARALLEL POSITIONING WITH OPERATOR TRIM 

of mechanical 

Separate control of air fuel Bow rates, using pneumatic or elect:ronlc 
dmcea. Allowll manual blu by the operator. 

• OXYGEN TRIM 
Air flow l• controlled to achieve a coutant o2 percenu,e In •tack 

gua. 
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HEAT RECOVERY FROM BOILERS 

1. FROM STACK GASES. ( Umit on Tgas = 150° -180° C ) 

-ECONOMISER: Heats feed water ( upto T sat- 30o C) 
Cross flow heat exchanger. water in tubes. ftns on gas side 
( L\T = 6-7 K =:) ~Tl = 1 'Yo ) 

-AIR (PRE)HEATER: heat combustion air. 
Upto 1500 C for stokers. 30<>° C for pulvarized. 
( .1T = 30 K =:) Mt = 1 % ) 

1YPES: 
l. Regenerative 
2. Recuperative ( plate or tubular) 

2. FROM BOILER BLOWDOWN 
- may preheat boiler make-up water. 

NOTES ON SLOWDOWN 
Excess blowdown =:) waste of water and energy 
Insufficient blowdown =:) Scale formation on boiler tube 

surfaces. Foaming and carry-over to steam. 
Recommended Total dissolved solids in water= 1000-3000 

ppm 

TYPES: 
. Intermittent: Removes settled sludge from the bottom 
. Continuous : Removal near the water level. 
This controls TDS. (better when over 40 kg/h) 

AIM: 
1. DO NOT EXCEED THE MINIMUM AMOUNT 
2. RECOVER HEAT: basic meU1od is to recover steam that forms 

when pressure is reduced through the valve. 

26 

' 
II I I I I I I I 



COGENERATION 
L..:t us .:omparc ;i 1..-nnvc:nuon:il svsrcm pro<luc:mg sc:par:uc:lv hc::ir energy :ind dl.:cmc 

power wnh .1 combined '>\"Stem i'a~ed •>n D1cscl cngmc:. Let us :1lso .issumc rhal .::idt •l 

rhesc two ,~-seems will pro<luc~ .in cqu1v:ih:nt unus •Jt hear 1.·:u:r;;y :ind JO.: cquivalcnc umcs 
,,[ dccmc power l Figure l). tf the ..:ificicnaes or tnd1v1dual energy tr:tnstorm;mon 
technologies corresponding ro che currcnr !1..."Vcl ,)f Jevelopmc:nr uc taken inro .11.:coum. !l 
~=in be c3Stly condudcd that cm:r;y inputs required tor ~hc:sc: rw.1 energy '\-Stems wuh ..:4ual 
11utputs .ire quuc Jiffcrc:nc. i.e. 154.3 c:qu1valc:tt ..::nc:rgy ·mns wtil be .::onsumcd in c:ise •lt 
the convcn:;onal energy system whtle rhe cogcnc~uon ,me would rcqmrc:d ,,nly IOO anirs. 

~-ll;fl'if·~~@il'!~ 7~?i-~ 

(Total Energy Input = 154.J units) (Total Energy Input = 100 units) 

Input Energy . Tl'lenul Etraoency 

= 105.3 unila Power Electric Power " -407. 

Station 
1- 40.0 units 

,. 
POWER 

I 

Thennll E~ I 
I Cogeneration • Jn 
I 
I Plant -

I (Diesel Engine) lnpul Ener; 
I 

qy 

I = 100.0 units 
I 

Boiler ~ 
Heat WASrE HEAT . 

lnpua Energy 
I 40.2 units 811aency o1 wasae 

= •9.0 units . HNI ~ Sysl9m • 67' 

Fi~rt! I: Comparison of conventional .md .:ogenl!ration heat and power l)'Slt!ms 

ENCONET fntem<Jtional '.'Imes on industrial cogener.uion 

Table I: C.Jft.f :md Efficienc\' •Jf Ci~erreration T.:chnolocy 

T11tal s_vstem 

TECHNOLOGY 

Cuge11ttra11011 

o Boiler/steam turbine 

o C>mbustion turbine! 
heat recovery ho1lcr 

o Diesel cngme:heat 
recovery ho1ler 

Convential 

o Central steam power 
plant 

1.500 . 3.000 

.mo. 1.soo 

400. 1.000 

()()() . ~.000 

In :'J~J Jollan per lulowau 

No1 -lpphcJt>le 

E.f!iciencv 
tpercenc I 

f>5 . ~o 

~o. ~5 

n. 35 
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STEAM AND CONDENSATE SYSTEM 

ONE OF THE MOSf REASONABLE AND EFFECTIVE HEAT TRANSFER MEDIA 

• SYSTEM COMPONENTS : 

- BOILER - TIIR01LING VALVES 

- MAINS - CONSUMING UNITS 

- CONfROl VALVES •... - CONDENSATE RETIJRN 

- TRAPS 

• OVERALL SYSTEM EFFICIENCY : 

llsYSTEM =Tl BOILER llMAINS- llcoNDENSATE· llusER = 0.50 

*LOSSES: 

BOILER : STACK GASES, RADIATION, BLOWDOWN 

MAINS : LEAKS, HEAT Ws.5 
hst-hco 

CONDENSATE:IFNORETURN,llcoNn= h =0.75 
st 

USER : LEAKS, HEAT LOSS 

1 lt 
SOILEr{ 
~UEL l 2. 
SAVE"t> 

l "I.) 
lO 

8 

6~ 
'1-

2 

0 
20 40 60 so 
C.Of\.IDGN~~TE TEM?E.~~iUR.E (.,C.) 
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ENCONET International Steam and condensate systems 
--------------~---~------~ 

c • E 
• 3 . 
• • 
Q. 

D 
E • 
~ 
en • • .. . 
c • 'U c 
0 
u 

._ ________ - ------

Typiccl steam and cnndtnsatt sy.rttm 
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esTEAll TRAPS : 

- REMOVE CONDENSATE 

- REMOVE AIR C<h AND OTHER GASES 

- PREVENT STEAM LOSS 

n:ns: 

- TBERMOSTAnc (TEMPERATURE DIFFERENCE) 

Condensate. slightly subcooled. cools the sensor. valve opens 

• Uquid expansion . balanced pressure • bimetalic 

- MECHANICAL (DENSITY DIFFERENCE) 

F1oat or bucket rises when liquid is present. 

• Ball float • inverted bucket 

- TBEIUIODYNAlllC (CHANGE OF STATE) 

Most common. uses flashed steam. 

• CONDENSATE RECOVERY 

I I I I 11 111 I 

- PROPER LAYOUT OF PIPING 

-CORROSION 

- HEAT RECOVERY 

- FLASH TAi°'KS TO BENEFIT FROM FLASHED STEAM 

- PUMPING 
• by trap pressure. 11 kPa --+ Im height . 
• by pumps. 

Avoid cavitation by subcooling or providing 
sufficient net positive suction head. 
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THERMAL INSULATION 

•PURPOSE: 
- REDUCE HEAT LOSS OR GAIN 

- PROTECT PERSONNEL OR MATERIALS 

• IMPORTANT PARAMETERS OF INSULATION MATERIALS : 

- THERMAL CONDUCTIVl1Y AT OPERATING TEMPERATIJRE 

- MECHANICAL PROPERTIES (STRENGTH) 

-cosr 
- CHEMICAL RESISTANCE 

- FIRE RESISTANCE 

- WEIGHr 

• COMMON MATERIALS 

ORGANIC INORGANIC SYNTHETIC 

CORK VERMICULATE POLYSIYRENE 

FELT PERLITE POLYURETHANE 

GI.ASS WOOL ELASTOMERS 

ROCK WOOL 

ASBESTOS (BANNED DUE TO HEALT HAZARD) 

• FINISHES (COVERS) 

INDOOR 
CEMENT AND MASTICS 

TEXTILES 

PLASTIC SHEETS 

METAL SHEETS 
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• GOOD PRACTICE : 

- INSULATE ALL HOT SURFACES. ESPECIALLY IF ABOVE 50 ° C 

- PROCECT AGAINST IMPACT. WEAR. WEATHER 

- INSULATE EVEN IF FREQUENT ACCESS IS NEEDED 

- INSULATE PIPE SUPPORfS 

- PROPER MAINTANENCE. ESPECIALLY FOR WATER PROTECTION 

• ECONOMIC TIUCKNESS : 

- COST OF INSULATION INCLUDING INSTALLATION 

- ENERGY SAVED 

- COST OF HEAT (FUEL. FURNACE EFF.) 

- OPERATING HOURS IN A YEAR 

COST 
/ 

\ ""- /TOTAL cosr 
', ''-- ___/ 

~- -· --·-

MATERIAL cosr 

i . :· 

LOST HEAT COST 
---

L---------------. THICKNESS 
OPTIMUM 
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PROCESS FURNACES, DRYERS, KILNS 

Example Usage: 

- heating metals or glass for heat treatment or forging 
- melting metals for casting 
- evaporating water or solvents 
- manufacturing lime by heating limestone 
- rnanufacturtng brtcks and ceramics 

1YPES: 
• Batch 
. Continues 

• Direct fired 
. Indirect fired 

. Electrtcal heating 

- direct units have lower efficiency due to product limitations 
- losses related to movement of product in and out 
- losses due to air leakage through access doors or ports. 

•ECO'S: 
- IMPROVING COMBUSTION EFFICIENCY 

. BURNER MAil'f'TENAL~CE 

. EXCESS AIR CONTROL 

. REDUCTION OF OPENINGS .. ~1\lD LEAKS 

. INSULATION 
- HEAT RECOVERY 

. RECUPERATlVE BURNER . 

. AIR PREHEATING FOR FURNACE . 

. AIR OR \VATER HEATING FOR ANOTHER SYSTEM. 

- OPERATION 
. REDUCTION OF LOSSES DURING CYCLING OF BATCH 

UNITS 
. IDLE EQUIPMENT SllUTDOWN 
. CONTINUOUS EFFICIENCY MONITORING 
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POTENTIAL ECO'S (ELECTRIC) 

1. USE DEMAND LIMITERS 

2. REPLACE OLD/OVERSIZED MOTORS 

3. IMPROVE POWER lt""ACTOR 

4. USE 2-0R 3-SPEED MOTORS ON PUMPS OR FANS 

5. IMPROVE MAINTANENCE 

6. REDUCE LIGHTING LEVEL. Tur~ IT OFF 

7. USE MORE EFFICIENT LIGI-IT SOURCE 

8. CONTROL WARi\1-UP. TURN-OFF TIMES 

9. SPREAD OUT ELECTRICAL LOADS 

10. CONSIDER SMALL LOCAL HEATERS 

11. USE SUBMETERING 

12. USE VARIABLE SPEED DRIVES 

13. USE ELECTRICAL-PEAK-SHAVING GENERATORS 

34 

I I I I I II I II 11 11 I I I 11 
I I I I 



POTENTIAL ECO'S (COMPRESSED AIR) 

A) HOUSE KEEPING : 

1. REPAIR ALL LEAKS 
2. KEEP SYSTEM UNDER CONTROL 
3. SHL'T DOWN UNUSED SYSTEMS 
4. CLEAN FILTERS 
5. CHECK MONITORING AND CONTROL EQUIPMENT 
6. ELIMINATE UNNECESSARY HOSES. COUPLINGS 
7. USE PROPER LUBRICATORS 

B) LOW-COST: 

1. INSTALL FLO\V REGULATORS. PRESSURE 
REDUCING VALVES. HAND VALVES TO SUPPLY AIR 
AT MINIMUM 

C) REIROFIT : 

1. ELIMINATE REDUNDANT OR EXCESS FLOWS 
2. USE DRYERS TO ELIMINATE MOISTURE 
3. USE PIPE MATERlAL WITH LO\V PRESSURE LOSS 
4. USE FILTERS w1TH LOW PRESSURE DROP 
5. USE LOCAL AIR RECEIVEHS NEAR HIGH DEMAND 
6. REPLACE OLD COMPRESSOHS 
7. REPlACE HIGH PRESSURE DHOP \ALVES. FITTINGS 
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POTENTIAL ECO'S (WATER) 

Al HOUSEKEEPING : 

1. REPAIR ALL LEAKS 

2. KEPP SYSTEM UNDER CONfROL 

3. REDUCE HOT WATER TEMPERATURE 

4. SHUf DOWN SYSTEMS WHEN NOT IN USE 

5. TREAT WATER TO MAINTAIN CORRECT FLOWRATES 

B) I.OW COST : 

l. COVER OPEN SURFACES OF HEATED LIQUIDS 

2. INSTALL REGULATORS. VALVES TO CONTROL FLOWRATE 

3. CHECK I REPLACE PUMPS 

C) REI'ROFil' : 

1. DECREASE ENERGY LOSS WITH WASTE S'IREAMS 

2. ELIMINATE EXCESS OR REDUNDANT FLOWS 

3. MIST ELIMINATORS ON COOLING TOWERS 

4. USE LOW FRICTION PIPES 

5. INSULATE HOT AND COLD WATER PIPES 

6. CONVERT ONCE THROUGH TO CL0SED LOOP COOLING 

7. BOOSTER PUMPS FOH ISOLATED DEMANDS 

8. TREATMENT TO REDUCE WASTE STREAMS 

9. EXPANSION TANKS 

l 0. REPI.ACE HIGH PRESSURE DROP VALVES, FITIINGS 
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POTENTIAL ECO'S (PUMPS) 

A) HOUSEKEEPING : 

1. ADJUST PACKING GIANDS 

2. TOLERANCES AT IMPELLERS AND SEALS 

3. BELT TENSION. COUPLING ALIGNMENT 

4. REPAIR AND CONTROL UNITS 

5. CHECK CONTROL UNITS 

6. SHUf DOWN IF Naf NEEDED 

7. PREVENTIVE MAINTENANCE 

B) LOWCOST: 

1. REPLACE PACKING WITH MECHANICAL SEL\LS 

2. TRIM PUMP IMPELLERS 

C) REl'ROFrl' : 

1. INSTALL VARIABLE SPEED CON1ROL 

2. REPLACE OLD UNITS 

3. REPLACE OVERSIZED MOTORS 

4. MICROPROCESSOR CONTROL 
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POTENTIAL ECO'S (BOILERS) 

A) HOUSEKEEPING : 

I. REPAIR LEAKS. DEFECl'S 

2. INSPECT DOOR GASKETS 

3. REPAIR BOILER INSUI.ATION. WATER LINES 

4. CLEAN HEATER COILS 

5. CLEAN FIRESIDE OF FURNACE 

6. DURING SHUTDOWN CLEAN WATER-SIDE 

7. CHECK BURNER BY WATCHING SMOKE 

8. INSPECT LINKAGES. BLOWER BELTS 

9. CHECK BOILER STACK TEMPERATURE 

10. NOTE FIRING RATE 

11. INSPECT CONDENSATE TANK 

12. DAILY LOGS OF PRESSURE. TEMPERATIJRE .... 

13. INSPECT COAL STOKERS 

14. CLEAN STRAINERS AND FILTERS 

15. CHECK OIL LEAKS 

16. CHECK OIL BURNERS 

17. CHECK OIL PREHEATING LEVEL 

18. CHECK UNBURNED COAL IN ASH 

19. CLEAN GAS BURNERS 
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B) LOWa>sf: 

1. IMPROVE WATER 1REATMENr 

2. MONITOR BLOWDOWN WATER 

3. INSULATE ALL HOT AND COLO LINES 

4. INSULATE OIL STORAGE TANKS 

5. CLOSING DAMPER FOR NON-OPERATING STACKS 

6. REPLACE PACKED JOINTS WITH BELLOW JOINS 

7. REMOWE SELDOM-USED VESSELS 

8. ULTRASONIC LEAK SNIFFER 

9. COMPRESSED AIR VS. SfEAM FOR AITTOMI7.ATION 

10. REPLACE GATE VALVES WITH BALL VALVES 

11.lITILIZE WASTE OIL IN BOILERS 

12. RETURN ALL CONDENSATE 

C) RETROFTI': 

1. USE ENGINE EXHAUST TO MAKE STEAM 

2. RECOVER HEAT FROM STACK GASES. ETC. 

3. USE CONDENSATE FI.ASH STEAM 

4. HEAT BOILER MAKE-UP BY COMPRESSOR AFTERCOOLERS. ETC. 

5. TURBULATOR IN BOILER TUBES 

6. INSTALL SOOT BLOWERS 

7. REPLACE OLD BOILER CONTROL 

8. AUTOMATIC OIL VISCOSilY CONTROL 

9. CONTINUOUS EXCESS OXYGEN CONTROL 

I 0. INJECT UNBURNED DUST TO FURNACE 
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POTENTIAL ECO'S (FURNACES) 

A) HOUSEKEEPING : 

l. MAINTAIN BURNER ADJUSTMENTS 

2. CHECK EXCESS AIR AND COMBUSTIBLES IN WASTE 

3. KEEP HEAT EXCHANGERS CLEAN 

4. REPAIR OR REPLACE INSULATION 

5. REINSTALL DOORS OR COVERS 

6.CHECKFURNACEPRESSURE 

7. OPERATE NEAR MAXIMUM OUTPUT 

B) LOW COST: 

1. REPI.ACE DA...\1AGED DOORS OR COVERS 

2. INSTALL MONITORING INSTRUMENTS 

3. RECOVER ENERGY FROM COOLING WATER 

4. RELOCATE COMBUSTION AIR INTAKE 

C) RETRCFlf: 

1. HEAT EXCHANGER FOR EXHAUSf GAS 

2. REINSULATE ENCLOSURE 

3. REPLACE BURNER 

4. INSTALL NEW COf\4TROL SYSTEM 
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POTENTIAL ECO'S (REFRIGERATORS) 

A) HOUSEKEEPING : 

l. CLEAN HEAT TRANSFER SURF ACES 

2. REPAIR SUCTION AND LIQUID LINE INSULATIONS 

3. CALIBRATE CONIROLS 

4. MAINTAIN CORRECT REFRIGERATION CHARGE 

5. EASE AIR FWW AROUND CONDENSERS OR TOWERS 

6. MINIMIZE SIMULTANEOUS HEATING AND COOLING 

B) LOW COST: 

1. INCREASE EVAPORATORf 

- RESET TI-IE TEMPERATIJRE AT PARr LOAD 

- RELOCATE HEAT PUMP OUTDOOR COIL 

2. REDUCE CONDENSINGT 

- REWCATE AIR COOLED CONDENSERS 

- REDUCE COOLING WATER T BY TOWER CON1ROL 

- WATER TREATMENT TO KEEP SURFACES CLEAN 

3. RESCHEDULE PRODUCTION TO REDUCE PEAK DEMAND 

4. UPGRADE AUTOMATIC CONTROLS 

5. REPLACE CENTRIFUGAL COMPRESSORS. 

6. UPGRADE INSULATION 

7. USE MULTI-SPEED MOTORS 

8. USE EVAPORATIVE COOLERS AND CONDENSERS 

9. USE HEAT PUMPS 

I 0. USE COVERS ON CONTROLS TO PREVENT TAMPERING 
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C) RE'IBOFT1': 

l. USE ABSORPTION REFRIGERATION 

2. USE HEAT PUMP 

3. PRO\TrDE THERMAL STORAGE 

4. PROVIDE DECENI'RALIZED SYSTEM 

5. RECLAIM REJECTED HEAT 

- HEATING CnY WATER. MELTING SNOW Al.SO 

LOWERS CONDENSER T 

6. DESUPERHEAT COMPRESSOR EXIT 

7. USE WATER CONDENSERS. OR EVAPORATIVE CONDENSERS 

8. USE REFRIGERATION FOR HUMIDI1Y CONTROL 
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POTENTIAL ECO'S (HVAC) 

Al HOUSEKEEPING : 

1. TIGHfEN DAMPER LINKAGES 

2. ADJUSf MOTOR BELT TENSION, COUPLING 

3. CLEAN. REPIACE AIR FILTERS 

4. smrr OFF EXHAUSf AND MAKE-UP WHEN NOT NEEDED 

5. smrr OFF UGHfS. EQUIPMENf WHEN NOT NEEDED 

6.RECAUBRATECON1ROLUNITS 

7. REPAIR PIPE AND DUCT INSUIATION 

8. REPAIR DUCTS 

9. CLEAN HEAT EXCHANGER SURFACES 

10. DESIGNATE AREAS FOR SMOKING. ETC 

I I.RESTATE MINIMUM/MAXIMUM TEMPERATURES FOR 

HEATING/COOLING OCCUPIED/ UNOCCUPIED TIMES 

12. ADJUSf AIR FLOW RATES 

13. IMPLEMENT MAINTENANCE PROGRAM 

B) LOWCOST: 

1. INSALL TIME CLOCKS TO SHITT SYSTEM OR TO SWICH 1 OOo/o 

RECIRCULATION 

2. CONTROL CIRCULATION PUMPS 

3. USE OITTSIDE AIR CON1ROL 

4. INSTALL ZONE TIIERMOSTATS 

6. INSTALL EDGE SEALS ON AIR DAMPERS 

7. ADD VALVE CONTROL ON FAN-COIL UNITS 

8. PREVENTING SIMULTANEOUS HEATING AND COOLING 

9. CONTROLS TO MINIMIZE REHEAT LOADS 
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10. REDUCE OUIOOOR AIR INT.A..'<E TO MINIMUM 

11. BARRIERS AROUND HEAT PRODUCING EQUIPMENf 

12. DESfRATIFICATION FANS IN HIGH CEILLINGS 

13. REDUCE PRES.SURE DROPS 

c) RETROFU': 

1. HEAT RECOVERY FROM EXHAUsr 

2. AIR 1REATMENf TO REDUCE VENrILATION 

3. REDUCE AIR FLOW TO HIGH QUAUIY AREAS 

4. SEPARATE SYSfEMS FOR DIFFERENT1YPE LOADS 

5. CONVERf CONSTANf VOLUME TO VARIABLE VOLUME CONTROL. 

6. ADDmONAL INSULATION ON PIPES AND oucrs 

7. RECOVER CONDENSER HEAT 

8. ExrEND HEAT RECOVERY TO 12 MONillS 

9. MICROPROCESSOR ENERGY MANAGEMENf SYSTEM 

- OPTIMIZE STARf /SfOP TIMES 

- ENfHALPY-BASED CONTROL ON ECONOMISER CYCLE 

- RESETS AIR/ WATER TEMPERAnJRES 

- MONITOR VARIOUS SYSTEMS TO CHECK 1RENDS 

- LIMIT PEAK ELECTRIC DEMANDS 

- MONITOR AGAINST MULFUNCTIONING 

10. WATER SPRAYS ON LARGE ROOFS 
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CHAPTER 2 

CASE STUDIES 

2.1 SEKA Paper Plant 

SEKA is a state-owned company which has nine paper and cellulose 

production plants. The annual total production capacity is reported to be sn,500 
tonnes of paper and cardboard, 356,000 tonnes of cellulose and 214,000 tonnes of 

mechanical pulp as of 1992. 

SEKA-izmit Plant -the oldest plant of SEKA- was founded in 1936. Currently, 

SEKA-izmit (F:gure 1) has a variety of products such as writing paper, board and 

covers, news print, onion skin, Kraft wrapping, grey board, straw fluting and cigarette 

paper. Annually around 175,00 tonnes of paper products are produced at SEKA

izmit Plant and recently, on site cellulose production has been stopped. Right now, 

only mechanical and semi-mechanical pulp production is realized in izmit. This case 

study only deals with the Paper Mill No.4. 

Case Study: SEKA Paper Mill No.4 

INTRODUCTION 

The production of paper at the SEKA-izmit Paper Plant No.4 can be divided 

into three distinct phases: 

Phase 1. Preparation of groundwood pulp from wood logs, 

Phase 2. Proper blending of specialty chemicals and chemical pulp 

(cellulose) with the mechanical pulp, 

Phase 3. Mechanical water removal, sizing and felt drying. 

The resulting product, finished paper, from felt drying is wound on reels prior 

to entering the cutting/Wrapping section. A simplified drawing of the above mentioned 

phases is provided in Figure 2. 
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Figure 2. Phases of Paper Production at SEKA 
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PHASE 1 

Wood is the principal raw material of groundwood pulp. The preparation of 

groundwood pulp begins with bark removal treatment of logs. A rotary drum is used 

at Paper Plant No.4 for debarking purposes. The logs are fed into the drum even if 

they have been purchased with barks removed. However, generally, only a small 

percentage of purchased logs require bark removal treatment at SEKA. The logs are 

fed into a rotating drum immensed in a tank with water. During tumbling, the bark is 

rubbed-off and the debarked logs are discharged from the drum. The rotary drum 

tor bark removal at SEKA uses about 10 kWh per tonne of timber processed. Hence, 

there is a potential for electrical energy saving at the bark removal operation (EC0-1). 

The wood residue from the rotary drum could also be used either on site or sold to 

prospective customers (EC0-2). 

Debarked logs are transferred to the grinders via a water through. The nominal 

total capacity of the grinders at the P'·"'lt No.4 is 126 tonnes per day. The following 

grinders are available: 

• 3 Tamperalla pocket grinders: 1500 kW, 22 tonnes per day each, 

• 2 Chain grinders: 2100 kW, 30 tonnes per day each. 

Figure 3 illustrates the groundwood pulp preparation section of the Plant No.4. 

The debarked wood is ground in water. Water removes the heat of friction and it also 

floats the fibers away. The pulp and water mixture from the grinders is later on 

handled by the auxiliary equipments consisting of cleaners, selectifiers, refiners, 

centrifugers and polydisc to separate the larger materials from the fines. The fines are 

concentrated and stored. The majority of power is consumed for grinding. Hence, 

major consideration must be given to the possible reduction of power consumption 

by grinders (EC0-3). The storage tower agitator rated at 55 kW could also benefit 

from installation of a power saver. 
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During groundwood pulp production the aim is to get fibers as long as 

possible. This aim is usually achieved via proper angle cutting of the logs in the 

grinder system. The only chemical change occurring in mechanical pumping is slight 

hydration of the cellulose due to long contact with water, since this process does not 

involve any chemical treatment at this stage. According to the SEKA-Plant No.4 

design conditions, the enormous amount of water to be fed to the grinders has to be 

around 60-68 ° C, resulting in outlet temperatures around 80 ° C from the grinder. 

Although the actual operation temperatures are slightly lower (58 ° C and 72 ° C, 

respectively) and the major part of the water is warm recirculation water, the thermal 

energy needed is calculated to be about 2.5 times higher than the supplied data. 

Both make-up water and the warm recirculation water are brought to the desired 

temperature level via steam injection (4.5 at. 200 ° C) into the water supply tank of the 

grinders. Careful consideration should be given to thermal energy saving possibilities 

in the grinder/groundwood pulp preparation section. However, an up-to point detailed 

study of this partially open (life steam injection into water) system cannot be 

realistically examined within the framework of this case-study. 

PHASE 2 

The groundwood pulp contains the noncellulosic portions of the wood. Hence, 

the paper made from groundwood pulp eventually undergoes deterioration due to the 

chemical decompositions of the noncellulosic parts. To improve the paper quality, 

mechanical pulp is mixed with chemical pulp in the blending section, in other words, 

the pulp's cellulosic material content is increased. Also, recycled newspapers can be 

used as a substitute for wood fiber and cellulose (EC0-4). The paper must also have 

a "filler" added. The fillers, in SEKA case are certain clays, they occupy the spaces 

between the fibers so that the paper surface becomes smoother. The smoother the 

paper surface, the better it is for printability. Sizing is added to the paper to impart 



resistance to penetration by liquids in the pulp blending section. The sizing agent, a 

resin at SEKA. is precipitated with papermaker's alum. ~(S0~3·18 ~O. The sizing 

treatment produces a hardened paper surface. At SEKA. the blending operation is 

followed by dilution of the prepared stock to about 0.7% dry matter ( =0.6% fiber) via 

water addition. The diluted stuck undergoes a cleaning operation prior to entering the 

drying section. During the cleaning phase, some water and dry matter are lost 

However. no major change is observed in the composition of the stock. 

PHASE 3 

The cleaned stock with a fiber content of about 0.6% (dry matter approx. 0.7%) 

is supplied to a Fourdrinier type paper machine at SEKA (Machine No.8, Figure 4). 

The stock is first sent through screens where a great portion of the water drains 

through while the pulp fibers remain on the screen. As the screen moves along, the 

pulp fibers are slightly shaken sidewise on the screen to orient the fibers and give 

better felting action and strength to the sheet. While still on ttie screen, the paper 

passes over suction boxes to remove additional water. Simultaneously, dandy rolls 

smooth the top sheet and edges of the paper are formed by straps travelling along 

the screen sides. From the screen, the paper is transferred to the first felt blanket 

which carries it through a series of press rolls to remove more water. The water 

content of the paper decreases from about 99.3% to 60% during the above 

mentioned mechanical operations. New equipment is available (extended nip press 

systems) for reaching of at least 50% dryness level (EC0-5). 

The paper leaving the felt with about 40% dry matter content is smoothed via 

passing it through steel rolls. Leaving the steel rolls, paper is picked up by another 

felt which carries it through a series of drying rolls heated internally by steam (Figure 

5). The steam drying section of the No.8 machine at SEKA has 40 cylinders of 1500 

mm diameter plus felt drying and cooling cylinders. The paper leaves the drying 
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cylinders 97% dry at SEKA. This dryness level is quite high compared to 6-7% 

moisture levels encountered in general elsewhere (EC0-6). The dried paper enters 

the roll calendars and is wound on reels. This operation is followed by superca!ender 

by slitting facilities and warehouse section. 

It is dear that enormous quantities of water are used during paper production. 

Hence, It is necessary to recirculate it as much as possible. Moreover, a considerable 

amount of steam is consumed to get rid of this water in the finished product Hence, 

both water economics and steam economics are a must in the paper industry. 

A typical mass balance to produce finished paper of the below mentioned 

quality at SEKA on a daily basis by utilizing Machine No.8 only has been provided 

in Figure 6. All the recommendations are based on the average daily production of 

76.3 tons of paper composed of: 

cellulose 

wood fiber 

clay 

water 

% composition (weight) 

27.3 

64.5 

5.2 

3.0. 
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Energy Use 

Energy is supplied to the Paper Plant No.4 as 

• electrical energy and 

•steam. 

Power Demand 

The total power demand average for the plant has been measured at 5.3 MW. 

This demand is allocated as shown in Table 1. 

Table 1. Power Demand Allocation at Paper Plant No.4. 

Consumers Demand (kW) 

Illumination 320 

Bark Removal 90 

Grinder 2285 

Blender 760 

Paper Machine 1585 

Cutting & Packaging 260 

Total 5300 

Several of the above consumers, e.g. grinders, calendars and a part of the 

machine consumption for drive power is used at 3.15 kV. The remaining portion 

passes through 1500 kVA transformers to a nominal 525 V to serve the other 

consumers. The specific power consumption for individual machines is not accurately 

available. 
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Steam Demarld 

Steam is cogenerated at SEKA (back-pressure turbine system) at two different 

pressures (13.5 at and 4.5 at). The steam supply to the Plant No.4 is based on 4.5 

at. 200° C steam. It is daimed that the steam consumption per tonne of paper 

produced is 2.5 tonnes; 0.5 tonnes being consumed at the grinding section for water 

heating and the remainder for felt drying. These numbers appear to be lower than the 

actual ones according to our data based calculations. 

Description of ECOs 

ECO No.1: Reduction of Power Consumption at the Bark Removal Section 

TECHNICAL ASPECTS 

For 53 tonnes of timber debarked on a daily basis, about 530 kWh are used 

in the rotary drum. Logs purchased debarked could be sorted out from the logs 

which require the treatment of debarking. Hence, it is estimated that this would save 

about 70% of the power consumed by the rotary drum. 

ECONOMICAL ASPECTS 

Via sorting out the debarked logs, on the average 122,430 kWh can be saved 

on an annual basis. 

57 



Annual Additional Labor Cost (USS) 

Energy Use (before, kWh/yr) 

Energy Use (after, kWh/yr) 

Energy Savings (kWh/yr) 

Power Cost (US $/kWh) 

Annual Savings (US$) 

ECO No.2: Wood Residue Utilisation 

TECHNICAL ASPECTS 

= 

= 
= 

= 
= 

= 

4,000 

174,900 

52,470 

122,430 

0.074 

9,060 

Annually about 165 tonnes (dry basis) of wood is deposited from the bark 

removal section as residue. This residue could be sold for 40 to 50 USS per tonne 

(on dry basis). The residue has an average moisture content of 45%, resulting in a 

HHV of 14.5 MJ/kg on dry basis and can be utilized either as on site fuel or sold. 

ECONOMICAL ASPECTS 

The expected annual profit is about USS 7,500. 
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ECO No.3: Reduction of Power Consumption at the Groundwood Production 

and the Pulp Storage Sections 

TECHNICAL ASPECTS 

A major consideration must be given to the reduction of power consump~on 

in the No.4 Mill section of SEKA. Even a preliminary assessment indicates that the 

following recommendation are worth to be considered. 

a) Power reduction may be achieved via installing variable frequency electronic 

control devices, in other words, variable speed inverters for equipment such as mill 

water pumps, vacuum pumps, discharge pumps to and from storage tower etc. 

These control units are particularly applicable to units which operate for long 

periods at low load levels. However, their application to large size motors appears to 

be restricted at the first sight due to high capital costs. We still recommend that 

contact must be taken with manufacturers of the above mentioned control devices. 

In general, about 1000 kW with potential savings of 30-40% appears to be available. 

b) Power reduction can also be achieved via power saver control units. These 

units serve the load to which motors are being subjected, and act immediately to vary 

the voltage and current applied to service the load demand. They appear to be 

suitable for those applications on which the previously mentioned frequency control 

is not acceptable, e.g. certain agitators such as the tower agitator in the storage tank, 

grinder motors, air compressors etc. With power savers, the power demand at 1000 

kW can be reduced on the average at 5%. 
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ECONOMICAL ASPECTS 

a) Power reduction via installing variable frequency electronic control devices 

Total Equipment Cost (US $) 

Energy Use (before, kWh/yr) 

Energy Use (after, kWh/yr) 

Energy Savings (kWh/yr) 

Power Cost (US $/kWh) 

Annual Savings (US $) 

b) Power reduction via power saver control units 

:.._-:-= ..: 7::. - - - - ...: - -

Total Equipment Cost (US $) 

Energy Use (before, kWh/yr) 

Energy Use (after. kWh/yr) 

Energy Savings (kWh/yr) 

Power Cost (US $/kWh) 

Annual Savings (US $) 

60 

= 

= 

= 
= 

= 

= 

= 

= 

= 

= 

= 

= 

220,000 

5,280,000 

3,700,000 

1,580,000 

0.074 

117,000 

36,000 

5,280,000 

5,020,000 

260,000 

0.074 

19,240 



ECO No.4: Waste Newspaper Utilization in the Preparation of the Pulp Blend 

TECHNICAL ASPECTS 

On a daily basis about 21 tons of cellulose and 50 tons of wood fiber are 

consumed to produce about 76 tons of paper. Research has shown that the 

substitution of a quarter of the pulp blend with waste newspaper pulp still results in 

paper production of sellable quality. Only the paper color slightly changes since prior 

to the blending no ink removal is applied ro the newspaper wastes. Even without to 

the newspaper wastes. Even without installing new equipment such as hydropulpers 

and cleaning systems. this process change has turned out to be technically and 

economically feasible. 

ECONOMICAL ASPECTS 

Without waste newspaper pulp substitution. the production cost of the paper 

blend is about US$ 385. 7 per tonne. The cost of the blend in which about a quarter 

of its (cellulose+ wood fiber) content is replaced by newspaper pulp comes to about 

USS 322.6 per tonne. 

Annual Production Cost (before, US$) 

Annual Production Cost (after, US$) 

Annual Savings (USS) 

A portion of these savings is due to better energy use: 

Steam consumption decrease (t/yr) 

Steam cost (US$/t) 

Steam related savings (US$/yr) 

Electrical energy consumption decrease (kWh) 

Power cost (US$/kWh) 

Power related savings (US$/yr) 
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= 
= 

= 

= 
= 
= 
= 
= 
= 

9,040,000 

7,560,000 

1,480,000 

3406 

15.5 

52,800 

1,300,000 

0.074 

96,200. 



The remaining portion of the savings are mainly due to the cuts of cellulose 

and wood fiber consumption, as well as, due to the decrease of water usage and 

labor hours. 

ECO No.5: Improvement of the Mechanical Water Removal Section 

TECHNICAL ASPECTS 

Under current conditions, the pulp blend enters the mechanical water removal 

section with a water content of 99.3%. The exit water content is about 60%. Via 

installing an extended nip press to the end of the mechanical water removal section, 

the dry matter content can be increased from 40% to at least 50%. Hence, less job 

is left to the thermal drying section. 

ECONOMICAL ASPECTS 

-----·------------------- - ---- -- ---- - --- - - -----·-- ---------------------- - ·-- ----·-·--------- --- ----- -------------·---

Total Equipment Cost (1993, US $) = 1,200,000 

Annual Steam Consumption (before, t/yr) = 50,358 

Annual Steam Consumption (after, t/yr) = 41,514 

AnnL 11 Steam Savings (t/yr) = 8,844 

Unit Steam Cost (US$/t) = 15.5 

Annual Monetary Savings (US$) = 137,000 

:.:.-:-.;:. __ ;: ·.::::... ---
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ECO No.6: Control Equipment Installation at the Thermal Drying Sectio~ 

TECHNICAL ASPECTS 

The finished paper product at SEKA contains only about 3% moisture. In 

general, the paper industry produces similar types of paper with around 6 to 7% 

moisture content. Hence, the finished product is over-dried in SEKA resulting in 

energy loss. 

The lack of appropriate controls of parameters such as moisture content and 

paper weight across and along the drying route necessitates the unnecessarily high 

levels of dryness. Only such a low moisture content can protect the product from 

being damaged at the calendars section and becoming less appropriate for printing 

purposes. To achieve homogeneous drying at the acceptable level of 6% final 

moisture content, the following control equipment package must be installed. 

The package indudes measuring equipments and a computer system. 

Measurements are made with a high performance scanner, an air-gap temperature 

sensor, a basis weight digitector (Krypton/Strontium), an infrared moisture sensor and 

a caliper sensor. The computer system is equipped with a central 

computer/printer/software. The system supervisory software is developed to control 

basis weigth, decoupled moisture, dryer shutdown and dry stock flow. Even profile 

section is possible. 

63 



ECONOMICAL ASPECTS 

---------------·---- - --------- --------------- -- ------- ----------------------------- -- ··------ -------- ----------- --

* 
Control Unit Cost (US$) = 300,000 

------- -- ------ ------- -- ---- - --- - ---- -· - - - ---- - - - - ---------- ----- ---------· 

Annual Steam Consumption (before, t/yr) 

Annual Steam Consumption (after. t/yr) 

Annual Steam Savings (t/yr) 

Unit Steam Cost (USS/t) 

Annual Monetary Savings (US$) 

= 50,358 

= 47,718 

= 2,640 

= 15.5 

= 40,920 

-- -- -------- -------- ----
--- --------------- ----

---------- ·-··--- -·---· -------- ---- ·- - - - -- -- -- ---------------------

• In contrast to previou~ years, SEKA is facing strong competition due to the 

market penetration of private sector and foreign paper producers. Hence, homogenity 

and printability are of utmost importance. To actiieve these standarts even longer 

pay-back periods than the ones usually acceptable by industry appear to be worth 

considering. The above mentioried controls are a typical example within this frame. 
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2.2 PETKiM PETROCHEMICAL COMPANY 

Petkim Petrochemical Company was founded on April 3, 1965 for the purpose 

of establishing and developing the petrochemical industry in Turkey. Petkim produces 

a variety of petrochemical intermediates and end products including plastics, 

detergents, fiber intermediates starting from naphtha (a total of 2.5 mtpa). The 

company's first investment Yanmca Petrochemical Complex is located in the vicinity 

of izmil Petrochemicals that are being produced at Yanmca Complex are 

polyethylene (LOPE), polyvinylchloride (PVC), polystrene (PS), carbon black (CB), 

linear alkylbenzene (LAB), caprolactam, styrene-butadiene rubber (SBA), cis

butadiene rubber (CBR). The company's second complex is Alia{Ja which is located 

near izmir. Alia{Ja Complex with twelve production plants based on 350,000 mtpa 

ethylene together with the related auxiliary and common plant facilities, represents 

one of the largest industrial projects undertaken in Turkey. 

Case Study: PETKIM - VCM Plant 

INTRODUCTION 

Petkim Yanmca VCM plant has two identical units producing 48,000 mtpa 

VCM totally. Petkim Yanmca VCM process can be separated into three sections; 

i) Direct chlorination, 

ii) EDC fractionation a~d VC purification, 

iii) Oxychlorination. 

65 



Direct chlorination of ethylene to ethylene dichloride (EOC), is conducted by 

mixing ethylene and chlorine in liquid EDC. The product EDC is line-mixed with an 

equal quantity of caustic and then is fed to the NaOH/EDC separator. Crude EDC 

from the separator is transferred into the crude EDC storage tank. By-products 

contained in EDC from direct chlorination, and oxychlorination and recovered EDC 

from the tracking section is removed in the purification section. In the EDC cracking 

section, EDC is vaporized and superheated to ensure that no liquid EDC is carried 

forward into cracker. The superheated EDC is fed to the EDC cracker. The cracker 

product consists of EDC, VCM and HCI. Then, VCM is purified and pumped into the 

VCM storage drums. In the oxychlorination section, ethylene reacts with dry hydrogen 

chloride and compressed air to produce EDC and water. 

Two major ECOs have been found in the 1st and 2nd sections. The applicable 

process flow diagrams, mass balances and operation parameters for the actual and 
• 

proposed cases are provided in the Figures 1-3. 

Energy Use 

The actual consumption of the utilities at the VCM-1 plant is given in Table 1 

on an hourly basis . 

• Please, note that all the numbers without units in the following Figures No.1 to 

6 are ''flow-rates", the units being "kg per hour''. 
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Table 1. Hourly consumption of utilities by the VCM-1 plant. 

Utility Amount (kg/hr) 

Low Pressure Steam 41 

High Pressure Steam 3642 

Condensate 11985 

Cooling Wat.er 982531 

Cooling Wat.er (return) 404240 

Process Wat.er 778.4 

Boiler Feed Wat.er (for E-203) 742.4 

Gaseous Fuel 254.4 

Boiler Feed Water (for 0-406) 3716 

Low Pressure Steam Production (D-903) 2760 

Electrical Energy 36900 kWh 
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Description of ECOs 

ECO No.1: Better Use of Energy in the EDC Fractionation and VC Purification 

Section 

TECHNICAL ASPECTS 

Proposed changes for energy conservation in the EDC fractionation and VC 

purification section are indicated in Figure 4. The additional units to be purchased are 

a preheater {E-201 A). a reboiler {E-208 A) and a separation tank (D-202 A). The 

prehe::tter (E-201 A) is used to preheat the liquid EDC flow {10,960 l\g/hr) from 298 

K to 398 K. The heating medium is half of the filtered gas flow from the D-202 

separation tank (24,086 kg/hr); i.e. 12,043 kg/hr at 423 K. It leaves the preheater 

partially condensed at 393 K. The other half of the filtered gas flow is utilized in the 

additional reboiler (E-208 A) of the HCI column. The new separation tank (D-202 A) 

is necessary to separate the two phase flows fr ... n the exit of the EDC preheater (E-

201 A) and the HCl-column reboiler (E-208 A) into the vapor and liquid phases. The 

thermal energy saving potential of the proposed system is calculated to be 7 45,000 

kcal/hr. 

ECONOMICAL ASPECTS 

Via purchasing a new EDC preheater (E-201 A), a HCl-column reboiler (E-208 

A) and the additional separation tank (D-202 A), about 745,000 kcal/hr can be saved. 
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Total Equipment Cost 

Total Equipment Cost (1993, US $) 

Erection Costs (1993, US$) 

Piping & Instrumentation (1993, US$) 

Total Cost (1 993, US$) 

Energy Saving Potential (kcal/hr) 

Equivalent Fuel-Oil Savings (kg/yr) 

Fuel-Oil Cost (US $/kg) 

Annual Fuel-Oil Savings (US$) 
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- --·---- - -- ·------ - -- -

= ECE-201A + ECE-208A + ECD-202A 
= 28,600 + 27,400 + 9,200 = 65,200 

= (0.4)(65,200) = 26,000 

= (0.85)~65.200) = 55,400 

= 146,600 

= 745,000 

= 702,429 

= 0.114 

= 80,000 
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ECO No.2: Direct Chlorination Section Energy Conservation Opportunity 

TECHNICAL ASPECTS 

A considerably high exergy loss is observed at the condenser (E-112) of the 

heavy fraction column (C-104) in the direct chlorination section of the VCM-plant 

(Table 2 and Figure 5). 

Table 2. Exergy losses in the direct chlorination section. 

Equipment No. Exergy Losses 

(kW) 

E-101 148 

E-102 1.5 

E-104 0.1 

E-106 39 

E-109 152.9 

E-111 22.6 

E-112 397 

E-115 22 

The losses are associated with irreversibilities in the heat-exchanger (E-112) 

where about 26,500 kg EDC vapor coming from the top of C-104 column is 

condensed on an hourly basis. A solution is sought which will decrease the overall 

energy needs of the EDC-separation system (C-103, C-104) via better utilization of 

the top EDC vapor without compromising the overall system performance. The 

74 



proposed changes are shown in Figure 6. The original EDC vapor flow from the top 

of the heavy fraction column is divided into two streams. Only 39% of the EDC vapor 

is condensed and sent to the reflux drum of the C-104 column. The remaining portion 

of the EDC vapor (16,200 kg/hr) is compressed to 3.5 atm via a centrifugal turbo

compressor system (148.6 kW). EDC vapor at around 403 K is utilized as heating 

medium in the new reboiler (E-11 O A) of the C-103 column instead of the original one 

coded E-110. The thermal energy saving potential of the proposed design is 

calculated to be 1, 134,000 kcal/hr. 
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Figure 5. 
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Figure 6. 
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ECONOMICAL ASPECTS 

Via purchasing a new compressor system and a new reboiler system (E-110 

A), about 1,134,000 kcal/hr can be saved in the EDC separation system of the direct 

chlorination section. 

Total Equipment Cost 

Total Equipment Cost (1993, US$) 

Erection Costs ( 1993, US $) 

Piping & Instrumentation ( 1993, US $) 

Totai Cost (1993, US$) 

Energy Use (before, kcal/hr) 

Energy Use (after, kcal/hr) 

Energy Savings (kcal/hr) 

Equivalent Fuel-Oil Savings (kg/yr) 

Fuel-Oil Cost (US $ikg) 

Annual Fuel-Oil Savings (US$) 
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= 

= 

= 

= 

= 

= 

= 

= 
= 
= 
= 

ECE-110A + ECcompressor 

121,820 

(0.4)(121,820) = 48,728 

(0.85)(121,820) = 103,547 

274,095 

2,370,000 

1,236,000 

1,134,000 

1,070,000 

0.114 

122,000 
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2.3 ANKARA SUGAR FACTORY 

Ankara Sugar Factory can lower its energy cost substantially by the 

implementation of an energy conservation program, in order to be able to determine 

the possibilities of energy savings and energy recoveries. 

Since sugar production consists of complex interrelated multistage processes, 

and procejt team has only one staff to do all audit jobs all processes of plant are not 

examined, as a separate units instead whole factory is taken as a single unit, and 

measurement and calculations are done on it. Here the aim is just to illustrate the 

methodology of making an energy audit. 

At the begining of the audit project staff went to the factory to learn the 

chemical and mechanical processes and take a first look to the factory. At that visit 

flow charts of the factory were taken from the plant staff. Before the second visit 

these flow charts and processes were studied. In the next visit, flow of sugar beets 

were observed, while the first eco possibilities were checked. Also in that visit, some 

measurement values such as natural gas, steam.sugar beet, juice flow rates and their 

respective temperatures were asked to factory staff, and taking monitering reports 

which show all required information about the factory audit are a·y1ailable for ~ O days 

period. 

By using these detailed reports, all inputs can be checked or calculated easily 

.However, these re~orts are not sufficient for detailed calculations, because they give 

information only about factory, not for production line steps. Using these reports, 

factory performance can be compared with the other factories, but does not give 

detaiiled idea about the quality of various production lines, etc. 

For a detailed audit; factory could be divided into 3 parts: 

1- steam production unit, 

2- raw juice factory, 

3- refinery. 
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1-Steam Production Unit 

It cons!sts of 3 furnaces. Two of the furnaces have almost 70 percent efficiency 

while the big capacity one has 85-90 percent efficiency. Less efficient furnaces which 

are a result of improper conversion of coal furnaces to natural gas cause some 

losses. For more information, energy audit and balance values of steam production 

unit are given in steam production process control volume and table. 

2-Raw Juice Factory 

This part which contains diffusion. purification, and evaparation processes 

obtains thick juice from sugar beets. 

3-Refinery 

In this part, white sugar is produced from thick juice. Again detailed 

inforrri::itions are shown on related control volumes and tables. 

In the factory there are two more parts that might be considered; 

i) Obtaining Ca(OH)2 from CaC03, 

ii) Drying pulp. 

But, these parts are not so significant in terms of energy audit. Consequently 

they are ignored in this report. 
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FACTORY 

* 

* 

* 

* 

* 

Established in 1962 with a capacity 1200 tonnes/day (sugar beet). 

Capacity increased in 1983 to 3000 tonnes/day, 

Recenty, instead of coal, natural gas is used as fuel, 

natural gas with heating value = 8200 kcal/m3
; cost = 1717 TUm3 (in 1993) 

electricity is produced within the factory 

Sugar Beet _ ---i"91 

Water ____ ......., 

Inlets Mass (kg) 

Sugar Beet 36.3 

Water 21.8 

NGas (m3) 1,076 

TOTAL 

CaC03 J Air! 

ANKARA SUGAR 

FACTORY 

~Stack Gas 

Energy (kJ) Outputs 

2737 Sugar 

1830 Dried pulp 

35000 TOTAL 

39567 LOSS 

Usetull Outputs 

Sugar ---Dried Pulp _.. 

' Mass {kg) Energy (kJ) 

4.82 154.2 

4.72 637.2 

791.4 

12599.1 

Note: 

Air, CaC03 have so litte energy input to the system then, they are neglected in energy balance. 
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Energy efficieny, "l = 791.~ = 0,3 

39567 

Figure of merit = il2.__ = 0,13 kg sugar/kg beet. 

36,3 

Figure of merit = il2.. = 4,48 kg sugar/m3 fuel. 

1,076 
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ENERGY BALANCE ON SUGAR PRODUCTION PROC~ 

1- RAW JUICE FACTQRY 

11DIFFUSION= PROOUcnON OF JUICE 

PROCESSES: SfORAGE. CLEANING. WASHING. CUTI1NG INTO SMALL 
PIECES OF SUGAR BEET. ADDITTON OF HOT WATER AT 70-800 

(Inputs) Mass(kg) Total Energy (kO Outputs Mass( kg) TotalEnergy (kJ) 
-

Sugar beet 25 1885 Juice 30 54,)1 

Fresh water 12.5 3589.25 Dried pulp 7.25 1363 

Steam 1 2500 Condensate 1 385.5 

Electncrty 409 TOTAL 7149.5 

TOTAL 8500 la:>s 1350 

Electricity 

Fresh water < Steam 

Sugar beets - Diffusion -
/ ,,. Juice 

~ Cond ,,.. en sate 

Pulp 
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ill.JUICE PURIFICATION: REMOVAL OF MUD FROM JUICE BY LIMING 

Inputs Mass (kg) Total Energy (kJ} Outputs Mass (kg) Total Energy (kJ) 

Juice 
30 5401 Juice 31.25 14843.75 

Steam 4.58 12291.8 Condensale 4.58 1991.75 

Bectmc1ty 702 Total - - 16835 

TOTAL 18394.75 Loss 1559.75 

Ca (OH)2. C02 .--~~- Steam 

~ 

~ 
Electnc1ty 

Juice ,, Purification 
~ 

Juice (cleaned) 

t - Co ndensate 

Mud. 

NOTE: CA (0Hl2. C02 AND MUD ENERGY CONTENT ARE IGNORED: DUE 
TO THEIR ORDER OF MAGNITUDE. 
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HU EVAPQRATION: 

Inlets 

Thin juice 

Retur 

~ IUVI QG18 Of 
Heaters(*) 

Electricity 

TOTAL 

' 
I I I I 

-nlIN JUICE~ THICK JUICE (AT EVAPORATORS) 
·usING~ MULTIPLE EFFECT EVAPORATORS 
•souo PERCANTAGE INCRESED TO 50-65% from 15% 

Mass(kg) Energy (kj) Outputs 

31.25 14843.75 Thick Juice 

11.25 30674.25 Brude {*) 

:...-...... teto 11.66 5159.75 a<>iler 

168.75 
Factory Hot 
Water 

50846.5 TOTAL 

l.lSS 

Retur 
Electricity t 

Mass (kg) Energy (kJ) 

/.25 -- 1818 

12.64 34038.25 

11.55 4986.25 

22.73 8568 

49411.75 

1434.75 

Condensate of 
heaters 

·-

Thm Juice-~_...... EVAPORATION Thick Juice 

Condensate 
to Boiler 
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'l.- STEAM PRODUCTION: SfEAM AND ELEcnRICrIY IS GENERATED AT A 
COGENERATION UNIT TO PROVIDE HEAT AND POWER REQUIREMENT OF 
FACfORY. 

Inputs Mass (kg) 

Feed Water 11.6 

Fuel (m3) 0.75 

TOTAL 

Fuel 

Air 

Energy (kJ) Outputs 

5000 Steam 

25731.6 TOTAL 

30731.6 L05E 

Feed Water 

STEAM 
PRODUCTION 

Steam 

~. 

Mass (kg) Energy (kJ) 

11.25.- 25610 

25610 

5122 

~- Stack gases 

•AIR HAS NEGLIGIBLE ENERGY IF IT IS COMPARED WITii OTHERS VALUE 
AND STACK GASES GIVE DIRECTLY AS A LOSS BECAUSE OF IBIS REASON 
IT IS NOT MENTIONED IN OUTPUT ITEMS. 
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3- REFINARY: 
• BOILING OF THICK JUICE UNDER LOW TEMPERATURE AND 

PRESSURE 
•OCCUR AT ~ VACUUM PRESSURE 
• MULTIPLE STAGE PROCESS: 
• OUTPUT IS DRIED ~ WHITE SUGAR 

Inputs Mass( kg) Energy (kj) Outputs Mass (kg) Energy (kj) I 
; 

Thick juice 
7.25 1818 Cube Sugar 0.8 23.5 I 

I 
I 

16792.25 Crystal Sugar 3.06 98 
I 

Brude 6.25 i 
Extra 2 

Vacum 
6.25 I 

Water 3915 !Condensate 2689.75 
i 

Melting dr1ing 0.85 2306 
Melting, drying 0.85 439 I 

I 

storage steam stroge conden. I 
Electricity 1080 Steam ;2nd 4.13 10870 I brudA 
TOTAL 22627.5 · Steam:3rd brude 1.275 3406 

TOTAL 17276 
LffiS ~351.5 

Brude 
Electricity ' I , Melting ory·ng Storage.Steam 

...-

I I \I ~ 

I -
Crystal Su. 

Extra water 

qar 
-

Thick Jui ce ,,,.- Refinery - Cube 
r 

Sugar 

- Condansa te of vacuum , 

<::tea 
,.,-

-Melting, 
Drying storage oondensate 

I ~ m from 3rd Br 

~Steam from 2nd Brude 
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2.3 ANKARA SUGAR FACTORY 
Ankara Sugar Factory was established m l 9li2 with a capacity of 

1200 tons sugar beet per day and then this capacity was increased to 

3000 tons/day in 1983. Some modificarions on the production line were 

done. Recantly all three main cogeneration furnaces are converted to use 

natural gas instead of lignite. 

In this factory. for each 13-15 tons of sugar production. 100 

tons of sugar beet is required, and 25 tons of steam is consumed. If 

these values are compared with newer factories, they indicate some 

potential for improvemenrs. Some of the causes of this re~atively low 

efficiency can be imperfect conversion of small size boilers, inadequate 

insulation, insufficie'!t automation. 

ENERGY CONVERSION OPPORTUNITES: 

ECONO : l 

Title : Insulauon of Valves. 

Description : There are 1000-1200 valves of different sizes m the 

factory. All of them are not insulated. Especially valves at feeding line 

where temperature and pressure are 70-150 ° C and 1,5-2 atm 

respectively cause huge amount of heat loss. 

To insulate the valve a box will be prepared according to known 

valve size and, space between valve and box will be filled with 

insutation material. To clean and check the valve.box will be opened 

required work will be done then box will be closed again easily. 

By using a rackwool as a insulation material, 80 percent 

reduction in the heat loss from valve will be achieved. Moreover, 

insulation prevents high temperature on the surface of valve SO some 

accident, and burning will be prevented. 
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2.4 ETIBANK ALUMINUM PLANT 

The Eribank Aluminum Works at Seydi~ehir is starred up in 

1971 as an integrated facility with yearly production capaciry of 
200000 tons alumina and 60000 tons aluminum. The only modification 

on the original Russion design is addition of an aluminim sulphate unit. 

Bauxire mine is nearby. alumina is not used in the plant. finished 

aluminum is marketed within Turtciye. 

An energy study on the plant was done in 1986 by 

Bechtel/Kaiser group. ECO's are idintified and evaluated some of which is 

implemented by now. Actual 1985 production is l l 3303 rons 3lumuna 

and 60337 tons aluminim. The major energy input is elecn icity and 

costed $ 30.000.000. in 1985. The remaining energy input is no. 5 and 

no. 6 fuel oils. In general plant performance c~mpares favorably with 

design. and international norms: 

SE~DISEHIR 

Alumina 
P"wer (kwh/ton alumina): 
Steam generation (in 106 Btuiton) 

Alumina Calcination(in 106 Btu/ton) 

Aluminum 
Power(kwh/ton aluminum): 

RANGE 

200-300 275 

4.4-11.3 7 .3 
2.8-5.0 4.0 

15600 

AVERAGE 

~05 

8.9 
4.8 

14420 

The plant has abundant supply of spare parts and equipment 

and is well maintained. 
Following is a summary of values assumed during costing in 

1985. 

IS= 650 11... 
Turkish engineeering = $ 20/hr 

U.S. engineering = $ 70/hr 

Electricity cost=$ 0.0371 /kWh 
No.6 Fuel oil cost = $ 207. 7 I tons 

:.r· ·T•.• 



APPENDIX 

ENERCOST INPUT DATA SHEETS 
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ENERGY CONSEV ATlON OPPORTUNlTlES 

ECO No: l 
Title : Energy information sysrem 
Description: Previously lhe plant staff were maintaining detailed 

production statisrics which could be used to determine -overall energy 

consuption. When "the energy information System" is implemenred. :{ w 
12 measurements of process variables are lo be recorded and reported 

daily. These variables are selected to give an indication of energy use 

for the entire plant and are independent of previous measurements. The 

values will be obtained by new or carefully recalibrated insrurements. 

When a measured variable will !ndicate positive trend. it will be 

discontinued from the daily report. Following will be evaluated at firs!: 

tons steam/tons paste. kg oil/ton metal melted. kwh/m3 air compressed. 

m 3 water lost. kg oil/ ton steam produced. ton of blowdown/ ton of 

steam. water quality. thermal load on cooling cucun. 

ECO No: 2 
Title : Revamp Control System For Boilers 
Description: There are 4 boilers. each rated at 75 tons/hr producing 

steam at 40 atm. 440'C. They burn mazout. roughly a light grade ,Jf No.6 

fuel oil. There arc electronically controlled electric motors for value 

operators. There is no way to me:isure the flow of fuel oil. 

Wirh this ECO. boiler control system will be revised. including 

automated control of fuel and air flow. Steam pressure will be used to 

determine firing rate. An 01 analyzer will trim the air/fuel rauo. About 

3% improvement in boiler efficiency is expected. Other benefits will be 

safety of boiler. reduction in NOx discharge. Part of the engineering will 

be training the personnel. 
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ENERCOST INPUT DATA SHEET 

Plant Name: SEKA Paper 1111 No.4 ECO Number: 1 

TIUe: Reduction of Power Consumpdon at the Bark Removal Section 

ITEM Quantity Unit Price TOTAL 

Energy consumption I 174.900 k\Vh:yr 0.074 USSlkWh 12.942 USS 
before 

Energy consumption 52.470 kWh1yr 0.074 USSikWh 3.882 USS 
after 

Annual energy savings 122.430 I l..Whiyr 0.074 USS/kWh 9.060 USS 
--' 8-!tter using 

I Environmental impact 
.assessment 
Labor cost I 4.000 USSlyr i 4.000 IJSS 

Engineenng cost 
I 

EQUipment cost-IOCal 

Equipment cost-imported 

Otner I 
Price contingency 

Physical contmgenc1 I 
Installation penod (year) 

0 and main. COSl·yeartv 

Other operating costs 

Depreciation rate ~ 

Corporate tax 
I rate 40 I 

Government ancentaves 
; I I 

IETC. ITC 

Owners equity 

Loan amount 
I 

Int. V::!hJP. i 

I I 
Grace penod 

Lender pP.r•0<1 i -

92 

I I 11 I 11 I I 



ENERCOST INPUT DATA SHEET 

Planl N.me: SEKA Peper MHI No.4 
Title: Wood Residue Utilization 

ITEM Quantity 

Energy consumption 
before 

Energy consumption 
after 

Annual energy savings 

Better US1ng l 165 

Environmental 1mpac: i 

assessment I 
Labor cost 

I 

I 
Engineering cost-foreign 

Equipment cost -local I 

Equipment c~st -im._:orted 

Other 

Price contingency 

Physical contingency 

Installation period (year) 

0 and main. cost-yearty 
I 

I 
Other operating costs I 
Depreciation rate °"-> 

I 

Corporate tax 
rP.te "':. 

Guvernment 1ncent!'lles I 
ETC. ITC ! 
Owner~ equity 

Loan amount 

Int. value 

Grace penoe1 

Lender penoo 

Unit 

' tfyr i 

: . 000 USSiyr 

93 

ECO Humber: 2 

Price TOTAL 

I 

45.5 USS/t • 7.500 USS/yr 

1,000 US~/'1r I 

i 
I 



ENERCOST INPUT DATA SHEET 

Plant Name: SEKA Paper MIU No.4 ECO Number: 3a 
Title: Power Reduction at the Groundwood Production and Pulp Storage 

ITEM Quantity Unit Price TOTAL 

Energy consumption 5.280.000 kWhlyr 0.074 USS/kWh 391,000 USS/yr 
before 

Energy consumption , 3.700.000 kWh/yr 0.074 USS/kWh 274.000 USS/yr 
alter 

Ar.nual energy savings 1.580.000 kWhJyr 0.074 USSikWh 117,000 USSiyr 

Better usmg 

Emnronmental impact 
assessrr ent 

Engineering cost- I 

ctomest1c I I 

Eng1neenng cost-foreign ! 
Equipment cost-rncal 

Equipment c:ost-rmported 220.000 USS 220.000 USS 

Other 

?nee contingency i 
Physical c:ont1ngency 

1nstalla:1on penod (year) 

0 and main. cost-yearly I . 
Other operating costs 

Deprec1att0n rate 0 C. 

Corporate tax 
rate ~ 

I Government 1nc~ntivcc> 

ETC. ITC 

Owners equitv 

Loan amo1 mt I 
Int. valuP. I 

I 

Grace penoc1 I 
I 

I Lnnct~r perrod ! 
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ENERCOST INPUT DATA SHEET 

Plant Name: SEKA Paper Miii No.4 ECO Number: 3b 
Title: Power Reduc11on at the Groundwood Production and Pulp Storage 

ITEM 

Enerqy consumption 
befmP. 

Ent>rgy c;msumptron 

atter 

Annu?.! •"!nerqy c::1V1nqs 

Better usrnq 

I Er.vrrorimPntal ·mr;u:! 

I assessment 

-I r::r.gmeenrq r.ost -
I I ~arnesrrc 
Engineering r.ost-foretqn 

I Equipment .:r,c:t -lor.:11 

I 
' I 
l 
i 

I 

I 

! 
1 Equipment r-ost imported j 

Other I 
! 

Pnce contmqe~cy I 
t Physr~al r.ontm~P.r.:--·1 i 
!nstallat1on pP.riod fyear 1 I 
0 ~r.d main. ens: •:f'.lrfy 

I 

: 
Other operatinq costs I 
Oepreciat10P rate 0

0 I 
Corporate tax ! 

I 
rate "'o I 
Government 1nr..~nt1VE·'.~ 

I 

i 

ETC. lTC 
I 

' 
I 

Ouantily Unit 

:i.~80.000 kWIVyr 

I 

5.020.llOO I kWhiyr 

I 
260.000 I kWh!yr 

.j6,000 USS . 

- ·------
VYIOP.fS C'QI 1:ty 

' I -----
Loan ;.;rnrnint I 

1nr. valuP. I 
Grac:e penoC1 I - -
Lendm p~noct I 

I 
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Price 

0.074 USS/kWh 

0.074 USSikWh 

0074 USS/kWh~ 

i 

I 

TOTAL 

390.720 USS 

371.480 USS 

19,240 USS 

36.000 US$ 

I 

~ 

! 

-



ENERCOST INPUT DATA SHEET 

Plant Name: SEKA Paper MRI No.4 ECO Number: 4 
r11te: Waste Newspaper Utilization in the Pulp Blend Preparation 

ITEM Quantity Unit Price TOTAL 

I Energy cons11mpr1on 
bP.for1"' 

! 
I i E:1ergy 1~: msurnpt1on ! 

latter I i Annu.11 t>llt>r~ s:w1nqs 
--

i 

I Belt~• 11s1nq -
! I tonn~ ~team:yr 15.5 USS;'t 52.800 USSiyr I J,-Ult} 

I I 1.$.0.:lOO I kWltyr 0_074 USS/kWh 96.200 uss:yr I 

j Env1romr.ent:ll rrnp.lct I 

I I .lSSt.,~SITlt'l~t 
I i 

j F'.ng1nePrinq 1·ns1 I 
I I rtoml'Strc i 

Eng1nPP.1111q 1:os1 trm~1qn I 

' Eornornent c:ost lcc.11 i 
! Equ1omen1 c.ns1-1mpom~c! ! ,__ __ 

! iCmer I 

~·c~ c:ormngencv ! i 
t-I Phy<;1c.1! <nnt1n1}f'11cv I 

I I -! 1nst.:;l!atv>n p;:>no11 \year) I I 0 rtn<1 main. c:ost y~arty I 
I 

Other oper:it1nq c:ost:-> I 
I 

Deor~c1at1on rat.?"-., 

Corpor:-ilP t:'lx I ratP. n" 

Govmnment 1n1.em1 .. P~ I 

·~TC. iiC I 
Owner~ .qqu;ry 

I 
I 

'---· • 
Lo.ln :1mo11nt I 
-·----------4-

:nt llClllll~ i -------· 
Gr rtCP pP.noc1 I -Umc1cr p~mrn l 

I 

I I - -
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ENERCOST INPUT DATA SHEET 

PIMI Name: SEKA Pmper MID No.4 ECO Number: 5 
TIUe: Improvement of the Mechanical Water Removal Section 

ITEM Quantity Unit Price TOTAL 

Energy consumption 50,358 tlyr 15.5 USS/yr 780,000 US$lyr 
t:efore 

Energy consumption 41.514 t/yr 15.5 US$/yr 643,000 USS/yr 
after 

Annual energy savings B.844 I tJvr 15.5 US$/yr 137,000 US$/yr 

Bener using 

Environmental impact 
assessment 

Engineering cost-
domestic 

Engineering cost-foreign 

Equipmen~ cost·!ocal 200,000 USS 200,000 USS 

Equipment cost ;mported 1.000,000 USS 1,000,000 US$ 

Other 

Price contingency 

Physical contingency 

Installation period (year) 

0 and main. cost -yearly I 

Other opera'1ng costs 

Depreciation rate % 

Corporate tax 
rate ~o 

Government ·ncen1!ves i 
ETC. ITC i_ 

Owners .:qwty I 
I 

Loan drnoimt ! 
I 

Int v;i1ue I 
GracP. perioc1 

Lender penoc1 
I 
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ENERCOST INPUT DATA SHEET 

Plant Name: SEKA Paper Min No.4 ECO Number: 6 
Tltfe: Control Equipment Installation at the 'Thetm8I Drying Section 

ITEM Quantity Unit Price TOTAL 
·-Energy consumption 50.358 t/yr 15.5 US$/t 780.549 US$/yr 

before 

Energy consumption 47.718 t/yr 15.5 US$/t 739.629 USS/yr 
after 

Annual energy savings 2.640 t/yr 15.5 US$!t 40,920 USS/yr 
-

Better using 

Environmental impact 

assessment 

Engineering cost-
domestic 

Engineering cost-foreign 

Equipmant cost-local 50.000 USS 50,000 USS 

Equipment cost-imported 250.000 US$ 250,000 USS 

Other 

Price contingency 

Physical contingency 

Installation period (year) 

0 and main. cost-yearly 

Other operating costs 

Depreciation rate % 

Corporate tax 
rate% 

-
Government incentives 

ETC. ITC 

Owners equity 

Loan amount 

1nt. value 

Grace period 

Lender period 
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ENERCOST INPUT DATA SHEE:T 

Plant Name: PETKiM • VCM Plant ECO Number: 1 
Title: Better Ude of Energy In the EDC Fractionation and VC Puriftcadon Section 

ITEM Quantity Unit Price TOTAL 

Energy consumption 
before 

Energy cunsumpt1on 
alter 

Annual energy saving!'> I 
Better using 102.429 kg/yr 0. 114 US$/kg 80.000 USSiyr 

Environmental 1mpaC1 
assessment 

Engineering cost-
domestic 

1--

Engineering cost-foreign 

Equ1pmenr cost-local 146.600 US$ 146,600 USS 

Equipment cost-imported 

Other 

Price contingency 
' 

Physical contingenr,y 

Installation period (year) 

0 and main. c0st -yearly 

Other operat1nf1 •Justs 

Depreciation rme ~ 

Corporate tax 
rate % 

Government inumt1ves I 
ETC. ITC 

I 

i 

Owners equity 

Loan amn:Jnt i 
Int vri!u>' 

··-
Gr~cc perion 

Lfmder penon 
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ENERCOST INPUT DATA SHEET 

Plant Name: PETKill - VCM Plant ECO Number: 2 
Title: Direct Chlorination Section Energy Coi1servatlon Opportunity 

ITEM 
I 

Quantity I Unit Price TOTAL 

Energy consumphon I 2.236.243 l\giyr 0. 114 USS/kg 254.900 USSlyr I 
before 

E11er~ cons11mpt1on r.160.243 I l\q:yr I 0.114 USSikg 132,900 USS/yr 
after ! 

Annual ener~lY savings 1.070.000 k~~ 1vr :1.114 USS1kg 122.000 USS!yr I 8f'T!Pr 11srnq l 
1 Environmemal impact I I I . Lc;sessmf''lf ' 
I I En91m~errnq ,:c::;t I 

' 1 domesuc: I i I Eng1neenn~1 rcsr forp1qn 
' -
I ! 

E<~tupll'P.nt , :ost loc,ll I 2"!4.0!lC.. USS 274.095 USS 

Earnpment coc;t -1mportE'd j 
Other I 

i Pnce cont1nqency t I 
-I Physical com1ngency 

I 

lnsrallat1on period (year) 

0 and main. cost-yearly 

I Other operatrng costs 

DPprec1at1on rate 0
;, 

, Corporatf' ta;< 
rar , ~..,;., 

1--e~~~~~-+-~-~~~~~--~~~~~~~~~~---{ 
~nvrrnn1Pn! 1nc_e_nt_N_·e_s __ ~1 -----------------~---~-----~ 
ETC. ;TC ! 
Own~1:; 1~qL;1ty T --------------t------

·· ---- ----t I L0;ir~ ;ir:101 Jilt 

Int v.1hm 

Grnco pi:>r1oc1 

Lenc1F?r pcmorl 
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ENERCOST INPUT DATA SHEET 

Plant Name: ANKARA SUGAR FACTORY 
ECO Number: .1.. Title: INSULATION OF VALVES 

Item TOTAL 

Enernv Consumotion before 

Enernv ConsumD1ion after 

Annual Enerav Savinns $ 29.125.-
- -

Better Usina 

Environmental lmoact Assess. 

Enaineerina Cost-Domestic 200 Ena.hr. $ 4.000 

Enaineerina Cost-Foreian -
Eauinment Cost-Local 1200 niece $ 8.889 

Eauioment Cost-lmoorted -
Other -
Price Contlnncv 5% 

Phvsical Contlnaencv 0% 

Installation oeriod M 1 

0 and Main. Cost-varlv 2% 

Other onaratina costs . 
life Cycle 4 

Oeoreciatin rate % 0 

Coroarate tax rate 'Yo 40 

Goverment incentives NO 

ETC. ITC NO 

Owner's Eauilv 30 % 

Loan: Amount 70 % 

Int Value 60% 

Grase nariod 1 vear 

lender rwtriod 3 veer 
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ENERCOST INPUT DATA SHEET 

Plant Name: ETIBANK SEYDl~EHlR ALUMINUM WORKS 
ECO Number: .1.. Title: ENERGY INFORMATION SYSTEM 

Item TOTAL 

Enerav Consumotion before 

Enerav Consumotion after 

Annual Enerav Savinas s 300.000.-

- -
Better Usina 

Environmental lmnact Assess. 

Enaineerino Cost-Domestic 320 Ena.hr. s 64.000 

Enaineerino Cost-Foreian 80 Ena.hr. $ 5600 

Equioment Cost-Local (80.000.000.· TL) s 5.001 

Eauipment Cost-Imported s 20.000 

Other -
Price Continncv 5""' 

Phvsicaf Continaencv 0% 

Installation period fv) 1 

0 and Main Cost-varlv 2% 

Other orw1ratina costs -
lif• Cvcle 4 

Oeoreciatm rate % 0 

Cornarate tax rate % 40 

Goverment incentives NO 

ETC. ITC NO 

Owner's Eauitv 30 % 

Loan: Amount 70""' 

Int Value 60 % 

Grase nariod 1 year 

lender oeriod 3 year 
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ENERCO~I INPUT DATA SHEET 

Plant N:ame: ETIBANK SEYDl~EHIR ALUMINUM WORKS 
ECO Number: .• .:?.. Title: .REV AMP CONTROL SYSTEM 

Item TOTAL 

Enerav Consumotion before 

Enerav Consul1".ption alter 

Annual Enerav Savinas s 1.000.000.-

Better Usina 

Environmental Impact Assess. 

Enaineerina Cost-Domestic 800 Ena.hr. s 16.000 

Enaineerina Cost-Foreian 160 Enn.hr. s 8000 

Eauipment Cost-Local (800.000.000.-TLl s 50.000 

Eauioment Cost-lmnorted s 420.000 

Other -
Price Continacv 5~ 

Physical Continaencv 0% 

Installation oeriod (y) 1 

0 and Main Cost-varlv 2 ~. 

Other ooeratina coses . 

Life Cv~IA 4 

Oepreciat1!1 rate "'o 0 

Coroarate tax rate % 40 

Goverment incentives NO 

ETC. ITC NO 

Owner's Eauirv 30 "· 

Loan: Amount 70 % 

Int Value 60 % 

Grase neriod 1 vear 

lender -iod 3 vear 
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