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The results of flue gas analysis in the boller
montiored by the KKarie May Combustion analyser are
summariged In Tabld ct From this regults, 1 Is observed
\hat the combustion éfficlericy ls batier at low firing
rate. However, the differance of the resuils of low firing
rate to high firing rale I8 only approximately 2% and
this small ditierence cannol prove that low firing rate
is better than high firing rate. At hl(ﬁ\ firing rate the rise
in Ien'ﬁ&mure of the gas leaving the bofler, i, ls found
to be higher. Howaever, this sltuation Is onlr applied to
nis particular boiler and there I8 no proof In published
literaturas that it must be the case, Thé results of other
analysis such as temperature .of combustion alr,.{,
volume of CO, and O, leaving the boller are constart,
either emptoyf'ng fow ot high fiting rate.

Excess alr i
parcantage ol osygen In the.flue gas can be used
lo determine the. it of éxcass alr for combustion.

Referring to Tablé y!g_.’dlélm'agdywel oll at 8.3%
oxygen, the excess alf 18 calculated {0 be 40%. At 40%
of excess alr and flue %:d temperature of 237°C the
tuel loss Is estimated to be 6% s fgure 8). If the excess
alr Is reduced 1o 20%, the loss Is reduced to 4% which
could save 2% In fue! cost.

CONCLUSIONS AND RECOMMENDATIONS

« From thls study, 1t 1s observed that iie monftoring
of elactrical power usthg manual recording s
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FIGURE 8

more reflable, than using Rhojon Recording Unit.
However from the authors past experlences In
using the Rhojort Recording Unit, this Instument
gave excellert agreement with manually recorded
reading as well as with the average monthly
historical data. . K:)

*  The elficlent utllisailon of boller is achleved at
jower firing 'rate, ecpeclally: as far as -lhe
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combustion . efficlencles - and temperatures of
gases leaving the boller are concemed. Higher
lemiperatures of gases laaving the bofler often
results In highef loss fo the stack,

High, medium and low boller firing rates should

" be quantified. and how are these related o

thermal demand should be eslablished clearly.

Establishment of an enargy managemeni respor-
sibilty struclure, - monitoring and  evaluating
performance lavels, seliing performance improve-
ment targels, \ncreasIn% awareness of energy
elliclency among employees, holding regular
reviews, reporiing performance changes and
jmprovements {o employees are among lhe
conlributions that can assist the successful
implementatlori gﬁ ehocy auditing programme [4].

Recently, varlous soltvaa‘ré’,?bysloms‘havo been
developed fot bnergy -diling programm.. Ons
such software systems I8 Used lo periorm lariit
analysis on electriclly dccounts {5}, This software
has been succasstul it Idéhlilying tarlif changes,
reductions il supply tapécity and ‘going round the
clock’ dlsueqéhcm on mater readings.

foit R
The aread identiled _io? QMM congervation are
the powar faclot Improvement, the efficient use of
alr condition arid fighting byl stait, and the improve-
ment of bollet aﬂk:iencx}ié; t?dué:o fuel cost,

Economic analysls of enérgy proposed 1o be
saved shotld ibe |h0rougHy“ sludled.
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IN HOUSE ENERGY COSTS CONTROL
 IN THE TEXTILE INDUSTRY
Mian Fazal Ahmad *
Summary :
In the wake of galloping inflation, anticipated phenomenal rise in electricity tariffs in the coming years, it is imperative for the industry in Pakistan to drastically plan new strategies & techniques to meet this challenge. Staying competitive in the local & international markets as well as maintaining reasonable profitability are very important for future survival & growth of industry in Pakistan including the textile sector due to its vital role in the national economy.

Basic Factors : 

The following major factors go to seriously affect economies of various costs in an industry.

1. Electrical equipment & distribution system review & control.

2. Better power load management.

(a) Power factor, load factor & diversity factors control.

3. Tariffs & commercial applications review and monitoring.

4. Steam systems and management control.

5. Buildings heat insulation for AC load economy.

6. Wastes heat recovery & utilization.
An input/output model on subsequent page summarize the whole exercise involved in energy costs economies. Annexure I, II, Ill give further supporting information on these factors. Actual power factor improvements, load diversification and load management reviewed can pay substantial dividends in . terms of economy in energy costs.
* Mian Fazal Ahmad, B.Sc. Engg., Sr. MIEEE (USA), LLB, is a professional engineer with all round experience of over 40 years in management and engineering. Hi is currently Chairman Standing Committee Lahore Chamber of Commerce & Industry & is also CEO – Bureau of Quality Management.
INPUT / OUTPUT MODEL FOR ENERGY ECONOMY IN INDUSTRY
                    





































        










  Electrical System costs

































        Optimization









































































































                   










  Economy in AC loads
                                                                             


































































































                      Steam System

































 Management & Control




























































































































































































Model designed by Epsilon Engineering International (Pvt.) Limited 
Energy Audit & Costs Optimization :
The concept of energy audit with a view to achieve cost optimization without sacrificing productivity in industry is now becoming a growing necessitity. To achieve effective audit & costs control, it is imperative to install proper management & technical system in an industry. The salient steps as highlighted in a flow chart are mentioned below;-

1. Top management decision making for the specific objectives is essential to achieving effective results. Such a high level commitment is a basic requirement.

2. An energy audit & control team (EACT) may be appointed which may comprise of electrical/mechanical engineers incharge, finance managers and manager administration. Specific tasks have to be assigned to them.

3. The technicians concerned with the operation & maintenance of electrical and mechanical equipment should get training sessions on regular basis.

4. The EACT mentioned above may first carry out initial assessment of the technical deficiencies in the industrial system.

5. Based on the survey, a work plan for energy costs control & cost estimate for implementation should-be prepared.

6. The EACT would be made responsible to ensure implementation of the energy costs control plan.

7. The EACT should be a standing team to carry out continuous monitoring & surveillance of energy costs control.

The preliminary survey of deficiencies mentioned above would inter alia, cover : 
· Review of the sizes & insulation conditions of all cables. Check leakage & overheating.

· Earth test values for motors and the cables.

· Check joints overheating.

· Load balancing in distribution layout as far as possible.
· Check power factor of motors and the overall extent of reactive power in the system.

· Check adequacy or over-rating of motors viz-a-viz, the mechanical load requirements as well as overheating.

· Check maximum demand optimization through better diversity factor and optimum equipment sizing.

· Check proper tariff application and load management methods. 
· Check areas of steam wastage & conservations per Annexure II.

· Check unnecessary load for air-conditioning by improving insulation system.

Flow Chart for 
Energy Audit & Costs Optimization in Industry






































































































































































































































































































Model designed by Epsilon Engineering International (Pvt.) Limited
Annexure I

A study of the industrial and commercial sectors of Pakistan found a substantial potential for electricity savings. The two combined sectors have a cost-effective savings potential of 30% of their projected electricity consumption in the year 2005. These savings translate into 25000 GWh of avoided electricity generation. Likewise, there is a scope for large reduction in the expansion of the power supply system. The potential reduction in base load generating capacity is 3200 MW and the reduction in intermediate and peak capacity is close to 4000 MW.

In the industrial sector, the savings potential of 8600 GWh is 21% of the projected consumption in the year 2005. Additionally, 1400 MW of base generating capacity as well as 800 MW of peak capacity can be saved as a result of greater end-use efficiency in the industrial sector. Electric motors are the dominant load in industry with an estimated 80% of total electricity consumption. Electric motors that are made by large manufacturers in Pakistan have similar characteristics to the motors made in developed countries. However, motors made by small industries are of low efficiency.

Table 1 shows the breakdown of industrial savings by technology. All the conservation technologies are cost effective, with the possible exception of electronic speed controls. Speed controls present the bulk of the industrial savings potential associated with speed controls is over 5000 GWh of electricity generated and over 800 MW of base generating power.

Pole-amplitude-modulated (PAM) motors, appropriate for applications where a few speeds are required, present excellent rates of return. Electronic adjustable speed drives (ASDs), appropriate for applications requiring continuous speed regulation, are not cost-effective for small drives. ASDs are attractive for large drives (>100 HP) in applications of 2000 hours or more per year. ASDs for. medium drives (15 HP to 100 HP) are only cost-effective if operating over 3500. hours per year.

Energy-efficient motors (EEMs) are cost effective, specially in new applications and can save over 1300 GWh of generated electricity and over 200 MW of base generating capacity in the year 2005. Load management is very cost effective means to reduce peak demand, presenting around 800 MW of savings potential. Power factor correction can reduce industrial consumption by over 3%, besides reducing voltage fluctuations and improving the capacity factor of the system. Power factor correction is also very cost effective.

The potential electricity savings in the commercial sector could reach 40% of the projected consumption in the year 2005. Lighting is the dominant load in the commercial sector with an estimated 70% share' in 1985. Table 2 shows the

savings breakdown by conservation technology. In the commercial sector,' improved lighting offers two-thirds of the potential electricity savings.

The combined application of high efficiency florescent tubes, high efficiency ballasts and compact florescent can reduce the lighting load by 28%, 6% and 15% respectively. These improvements are also cost effective and can save 11000 GWh of generated electricity. Additionally, they can avoid 1800 MW of base generating capacity.

Table 1
Potential Electricity Savings in Industry in the Year 2005

	
	Power Savings

Base/Peak (MW)
	Energy Savings at

consumption (GWh)
	Energy Savings at

Generation (GWh)*

	E. E. Motors
	220
	1060
	1340

	Speed

Controls
	840
	4100
	5190

	Lighting
	110
	530
	670

	Load

Management
	830
	
	

	
	
	
	

	Power Factor
	230
	1140
	1440

	Total
	1400/830
	6830
	8640


Notes:

-
* Includes 21% losses

-
** Non-diversified peak at consumer point

Table 
Potential Electricity Savings in the Commercial Sector in the Year 2005

	
	Power Savings

Base/Peak + Int.

(MW)
	Energy Swings at

consumption (GWh)
	Energy Savings at

Generation (GWh)* 

	Florescent

Tubes
	1020
	5000
	6330

	High
Efficiency

Ballasts
	230
	1140
	1440

	Compact

Florescent
	550
	2640
	3340

	Fans
	270 **
	320
	400

	Room Air

Conditioners
	1100 **
	1300
	1650

	Thermal

Insulation
	2000 **
	2400
	3030

	Total
	1800/3370
	128d0
	16200


Notes:

-
* Includes 21% losses

-
** Non-diversified summer peak and intermediate generating capacity

Air conditioning loads are expected to grow substantially in the next two decades, increasing their share of the overall commercial load from the present 15% to 30% in the year 2005. The use of thermal insulation can cut the cooling load by one-third, providing an immediate payback due to savings in the air conditioning capacity. The use of thermal insulation, can save over 3000 GWh of generated electricity and over 2000 MW of intermediate and summer peak generating capacity.

High efficiency room air conditioners are not very cost-effective to the consumer, although their savings potential is considerable. They can save 1600 GWh of generated electricity and over 1000 MW of intermediate and summer peak generating capacity. The following actions are recommended to tap this savings potential.

· Development and promotion of an information and training program for electricity users about the availability and advantages of energy saving technologies.

· Establishment and enforcement of standards both for end-use equipment and buildings.

· Creation of incentives, for local manufacturers and consumers, to promote the penetration of high efficiency equipment in the areas with large savings potential. Some industries, namely the small industries , may also need technical assistance.

· Establishment of time use rates, reflecting the true costs of power and energy to promote load management.

· Promotion of the availability of good quality materials, namely silicon steel, at a reasonable cost for the local producers of electricity consuming equipment.

Steps for Conserving Electrical Energy in any Plant or Facility 

A number of steps are offered below as guideline to achieving energy savings in any facility.

1.
Understand the electricity tariff and bill

· Is the proper tariff being applied?

· What are the marginal costs of demand and consumption?

· Is the billing accurate?

· What is the maximum demand?

· Is there a power factor penalty?

· What is the plant load factor?

2.
Monitor, measure, and record electricity consumption/demand

· What is the monthly variation in consumption and demand?

· Can differences in billing from month to month be explained?

· What is the electricity consumption in major plant areas or processes?

· What are the major electricity-consuming machines or equipment?

· Which machines or equipment make the greatest contribution to maximum demand?

· At what time of the day does maximum demand occur?

· Has an electrical energy budget or audit been performed?

· What is the electricity consumption per unit of production?

· What instruments are available in the plant?

· What readings and measurements are normally taken.

3.
Maintain and upgrade electricity distribution system

· What is the condition of the distribution system?
4.
Use efficient electrical equipment

· What is the age and condition of electrical equipment in use?

· What maintenance is regularly performed?

· How old are the motors?

· How many times have the motors been rewound?

· What light sources are in use?

· What are the efficiencies of the pumps and compressors?

5.
Operate and apply electrical equipment efficiently

· Is the equipment properly sized for the application?

· Does the equipment normally operate fully loaded?

· Can air flows or pump flows be reduced in any cases?

Steps to Heat Recovery Project Implementation : 

1. Identify potential sources of waste heat.

2. Evaluate the heat content of the water heat sources.

3. Determine possible applications for waste heat.

4. Match waste heat sources to the right applications.

5. Select a possible method/equipment configuration for heat recovery.

6. Evaluate energy and cost savings potential of waste heat.

7. Develop a budget cost estimate for implementation:.

8. Evaluate return on investment.

9. Perform detailed study and analysis.

10. Implement the heat recovery project.

Annex-II

Checking Steam System Operation

The "energy performance" of a steam system may be evaluated by testing the system for;‑

1. Steam pressure & temperature

2. Improperly functioning steam traps

3. Condensate recovery

4. Leaks and missing or damaged insulation

Taking the boiler and steam distribution system together, it is often useful to ask the following questions;-

Steam Generation

1. Do we have the right boiler(s)?

2. Are the boilers working efficiently and correctly?

3. Are the fuel and steam metered? For each boiler?

4. Are the feed tank arrangements satisfactory?

5. Is blow-down under control?

Steam Distribution

1. Is the system layout as good as it should be?

2. Is the system effective?

3. Is steam trapping satisfactory on steam mains?

Steam Utilization

1. Is the equipment used properly?

2. Are temperature properly controlled?

3. Is drainage and air venting correct?

4. Do the steam traps waste steam?

5. Are steam traps working?

Condensate Handling

1. Is condensate properly used?

2. Are there other losses or problems?

3. What about flash steam?

DEFINITIONS 

Load factor of losses: The ratio of the average power loss of a transformer calculated over a stated period to the power loss in the transformer when working on the maximum load demanded from it at any time during that period.

Maximum demand: The maximum current, power or volt-amperes supplied to a consumer during a prescribed period. The power maximum demand usually employed is determined by integrating the power during successive equal intervals of time and recording the highest. The duration of the interval usually prescribed is half an hour.

Load factor: The ratio of the total number of kilowatt-hours supplied to a consumer during a given period to the total number of kilowatt-hours which would have been supplied if the maximum demand had been maintained throughout the year.

Diversity factor: The ratio of the arithmetical sum of the individual maximum demands of the components of a group of power supplies to the simultaneous maximum demand of the group.

IN-HOUSE ENERGY AUDIT 

FOR

 CUTTING O & M COSTS IN INDUSTRY
EVALUATION FORM  
(Designed by Bureau of Quality Management)

(Rights Reserved)

Form No. BQM/EA/02 

	
	   Yes
	   No
	        Remarks

	1.0 Management Key Factors:     

1.1 Is the top management committed to Energy Costs Economy.
1.2 Is there an Energy Audit &                       Implementation Team within the Organization to take practical steps for O&M Costs Cutting?


	
	
	

	2.0 Technical Measures: 
2.01 Have you checked sizes & insulation conditions of all cables ?
2.02 Any detected leakages in the cables ?

2.03 Any overheating in the cables ?
2.04 Earth Test Values of Motors ?

2.05 Earth Test Values of Cables ? 

2.06 Checked joints overheating & looseness ?

2.07 Are the joints tight/well compressed and worn-out cables replaced?

2.08 Is the load distribution balanced on all phases ? 

2.09 Have you checked power factor of motors and prepared plan for raising it to 0.85 to avoid excessive flow of current and reactive losses?
2.010 Are the motors overrated matching the required mechanical loads? If so, are corrective steps planned to avoid over billing due to excess loads ?

2.011 Have you adjusted unnecessary maximum demand through better diversity factor MDI Controller and optimum equipment sizing ?

2.012 Have you installed harmonics clearing equipment for better quality of incoming power supply ?

2.013 Have you scrutinized and checked proper tariffs application to avoid over billing after better load management ? 

2.014 Have you examined application of economical TOD Tariffs ? 

2.015 Have you checked areas of steam wastages and adopted conservation measures through efficient Boilers, steam Generation, Distribution and utilization methods?

2.016 Have you check unnecessary loads for Air-Conditioning by improving Heat Insulation System ?
2.017 Have you planned to replace high loss materials and low efficiency equipment in your installation ?

2.018 Is there waste heat in the industrial process and have you planned to co-generate extra power by recycling waste heat ?

2.019 To plan and implement Energy Costs reduction measures through In-House Audit, have you sufficiently trained manpower in your setup ?
2.020 Have you prepared definite plans for implementation under professional supervision after a cost benefit analysis through In-house arrangement or engagement of outside Consultants ?


	
	
	Are these within limits?

Are these within limits?
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ELECTRICAL AND THERMAL ENERGY
AUDITING IN CONCRETE INDUSTRIES:
A CASE STUDY

S.M. SAPUAN', M.A. MAJID, P.Z. YAAKOB, & S.B.A . BAKAR

a Energy auditing siudy Is an Important toel In achleving the efficlent utilization
of energy In Indusiries.

This study shows that the dala oblained from employing manual monitoting
of electrical power consumption agreed closely with the average monthly power
consumption recorded from historical data ¢3 compared to the data oblalned from
the recording unit system. The performance of elecitical appllances used In the
plant (s also Investigated. Improving the powar facior the appllances are observed
to be the major source of energy conservailon. The breakdown of major electrical
load cennected are aiso analysed.

The use of low flring rate in the boller gives belter performance compared
to that of higher tiring rate. Percentage of oxygen in the boller flue gas measured
using gas analyser'can be used to delermine the amount of excess alr for
combustion.

The successful Implementation of energy auditing should be assisted by
Industrial firms employees' altitudes. Therefore varlous steps that personnel In
industrial firms could carry out In achieving these goals are recommended.

IHTRCDUCTION

nergy Is & very Important commodity in lite
but it Is often taken for granted. The efficlent
use of energy means saving a large amount
of money. Energy ulilization in industries constitutes

hiah percentages of energy ulilizatlon In a couniry's

~nergy dislsibutions. Managing the energy In Industries

should
planning.

therelore be given high priority in energy

Energy auditing is a systemalic study of a factory
or other building to delermine where and how well
eneigy is being used [1]. The overall objeclive of
enecrgy auditing proegramme s lo Initlate, stimulate and

develop energy conservallon awareness and praclice
in industrial firms. Team work Is an essentlal elament
in a successful energy audiling programme whers
through this method, team members could share thelr
expetlise, views and experlences In executing audiing
lasks. In energy audlling In Industries, the typlcal
measurement normally carrled out Include waste heat,
combustion analysis, cooling systems, boiler planis,
contaminations, perlods of operalion of equipment and
elactriclly usa.

The aim of this paper Is to present a case sludy
ef the energy auditing programme conducted in a
concrate plant with particular emphasis on the thermal

* Department of Mechanlcal and Manufacturing Englneering, University Peranian Malaysla, 43400
Serdang Selangor, /alaysia.

THERGY MANAGEMENT, January-March, 1997
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and eleclrical energy auditing. These two areas are
very imporlant 1o .be investigaled because In this
concrete plant study, the typical amount of annual
eleclricity consumption was 5988.492 MJ and for diesel
fuel consumption, which Is mainly used for firing the
boiler, was 279497 litres. In the electrical energy
audiling studies, the dally load curve of the plant was
delermined, the areas of peak load was Identifled and
the elficiencies of the electrical appliances used by the
plant were obtained.

CONCRETE INDUSTRY PROCESSING DESCRIPTION

Concrete I8 & ' constructional materfal which
consists essentially of a binding agent and a mineral
fliller. The binding agent is a hydraulic cement which
develops Hts strength ‘when mixed with water and by
hydration, changes:from a loose power to a hard,
brillle, stone-like material. A number of cements are
in use, lhe most common belng ordinary Portland [2].

Concrele is used for a wide variely of purposes:
as a loundalion and structural material, as a walling
malerial, and as a lightwelght materlal for insulation.
It is used for the'construction of roads, aidields,
building, water refalning structures,  docks, harbours
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FIGURE 1

and sea defense.

The current édse study Is based on an energy
auditing programrhé In a concréld plant manufacturing
prestressed spun 'concrete poles for supporting the
wires In the eleclriclly distribution. The flowchart of the
process Is shown In Figure 1. The processes aro
mainly mixing of the concrete, aggregate, preparation
of the reinforcement wire, .moulding, Injection of
concrete mix, spinning of the reinforced pole, sleam
curing, demoulding, demoulding Inspection, slacking
for natural curing, tesling and transport 1o -the
customers. i

In the process of manutacluring electric poles, the
raw materlal used are limestons, river sand, ming and,
cemenl, water, reducing agent and wire to reélnlorce
the spun concrete. . Cg |

CONCRETE PLANT ENERGY UTILIZATION HISTORY

This sectlon discusses lhe energy ulllization
historical data of the plant in the year prior to this
auditing studies belng conductad. The types of energy
used In the plant are mainly eletticity and thermial. The
dala of the overall monthly energy consumption o!}hg

24






[image: image3.jpg]plant is depicted In Figure 2. There is a certain amount
of flucluation inzjenergy, consumption, owing to
fluctuation I production. The average monthly energy
consumption I3 138622.5 kWh (Figure 2) and Its
corresponding dally and monthly costs are £ 286.3 and
£ 7304.8 respectively.

The production and the energy dala can be a
uselul tool to measure the elficlency, In terms of energy
ulilization and they are presented In’ Figures 3, 4 and
5. Figure 3 shows he electrical energy consumption
against the number of.pole produttion. From this figure
it Is observed that as the number of poles increases
the clectricity consumplion s also Increased up to
14400 poles but decreased drastically unil the poles
produced reached' 15,1000. Then the electricity
consumption further Increases with the increase of pole
production. From thig figure, i can be concluded that
\he increase In the ;number of poles produced Is not
the only faclor that Influences the electricity consump-
tion, the eliect ofi other parameters such as the
electricity use In other depariments In the plant must
be considered. The spacilic energy consumption In the
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FIGURE 2 : MONTHLY TOTAL ENERGY CONSUMPTION

plant against pole production Is deplcted In Figure 4.
As the number of poles produced Increases the specific
energy consumpiion fluctuates but the trend tends. to
be decreasing. The plant monthly cumulative sum of
Ihe electrical energy usage In the year prior o the
auditing study Is shown in Figure 5. It Is observed that
the plant monthly eleclricity cumulative sum falls below
0 from February lo:July.

ENERGY AUDITING PROCEDURES

Energy auditing Is conducted In a concrele plant
manulacturing prestressed spun concrete poles for
supporting the wires In the electricity distribution. In this

200
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PRODUCTION :NUMBER OF POLES (X 000)

FIGURE 3 :  ELECTRICAL ENERGY CONSUMPTION AGAINST
PAODUCTION

energy audiling brogramme, a discussion was held
between the energy auditing team with the company
managerial staff, Then a visit to the sHte Is conducled
lo familiarise with the process and gathering of
essential energy audiling data such as company's
annual electrical érergy consumption s carrled out.
Finally, the electrical and thermal energy auditing are
performed. :

The eleclrlc‘_alk energy audiing Is perdormed by
determining the overall dally load curve of the plant,
£ Pl '

| BPECIFIC ENgRGY CONSUMPTION
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FIGURE 4 :  SPECIFIC ENERGY CONSUMPTION AGAINST
PRODUCTION ',

obtaining the efficlencles of the elecirical appliances
used by the plant and studying the breakdown of major
electrical connected load.

The faclory uses approximately 400 Amperes of
current at 415 V Voltage supply with a power factor
of 0.91. The hourly power consumptlon are measured
using two differant techniques namely:

ENERGY MANAGEMENT, January-March, 1997
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* Data manually measured from kWh meter
*  Data Recorded using Rhojoi Data Recording Unit.

Before belng - used, both ‘the manual and
recording Instruments for electrical energy have been
calibratea to establish thelr accuracy, valldity and
refiability. The meler reading Is taken manually on
hourly basls starting from 4.00 PM on the 23rd April,
1996 ended at 4.00 PM on the 24th Aprll, 1996. When
using a Rhojori Data Recotding Unil, a sensor Is
attached to the kWh meler and the hourly power
consumption I8 racorded by a printer Inslalled within
the recording unit system.

The running capabilly of the motors are
measured using the current clamp-on meter. Most of
the molors used In. the production process are
induction motors. Thermal energy auditing Is performed
mainly by monftorng the flue ga¢ analysis In the boller
stack. The boller used iIn this plant Is a Mechmar

FIGURE 6

package boller{o genetate steam for steam curing
process. The boller can be conlrolled automaticalty by
selling the cu'rlr}'grtempefralure.

A Kane May combustion analyser Is used to
monitor varlous parameters In the flue gas such as
0,, CO and CO, contents, flué gas temperature, net
Qemperalure,‘ihletfld" eralure_and combustion effl-
clency at varidus fiiing rales and employing manuai
as well as ﬂl{!p)'({éit}é bberatlons,

RESULTS AND'DISCUSSIONS

b SNEREAT UM R ST
The dally Joad curve irom the 23rd to 24th Apr
1996 for both téchniques of monfloring electrical power
consumption I8 lliustrated In Figure 8. The tolal dally
power consutmption is the summation of the hourly
readings for the period of 24 hours (Irom 4.00 PM on
23rd. April lo 4 PM on 24th, Aprfl). In the manuai
technique, the fotal dally powat consumption Is 5140
kWh. With the load actor of 0.793 and using taril D,
the corresponding tally ‘and monthly electricity costs
are £ 269.85 énd £ 7016.1 respectively. The monthly
electriclly cost 18 estimated with the assumption that
the dala collected I8 reprasénted the load for a typlcal

working day. - .

Using the Rhojon Recording Unt, the summation
of the power consumption hourly readings for the
perlod of 24 hours Is 8397 kWh. With the load factor
of 0.713 and Using tarlit D, the corresponding dally
and monthly eleciriclty costs are € 335.84 and £ 8732.4
respeclively. i

The results produced by Rhojon Recording Unit
are higher than the résulls obléined by the manually
monltored melet. Comparing these o the actual
monthly eleclrcity cost the: manual meter reading
technique differes. slightly from the actua! costs, and
therefore Is more rellable. However, the trend of both
measurement {echniques showit In Figure 8 follows the
same pattern and therefore the measurement tech-
niques are generally acceplable.

Total connected load

The lotal cohnecled load calculated from the list
of electrical appliances, aré approximately 825.8 kW.
The breakdown of the elecirical appliances connected
Is shown In Table 1, and Is presented In the ple chart
In Figure 7. Approximalely B7% of the folal connected
loads are thé machinerle8 In the production plant.
Electrical loads in the production section are basically
motors, pumps and ctaned."™ " Hpmy
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Table 1 :qu?!gd?wn of Eléetrical Load 2 ‘ CAasA heas Leox o
(oad Type T W 3 Lk hes e o
tgly oL 1 0 .
Air Cond. iR : 11.0 4 9.53A>{| %m% 8% 082
| Concrete i L5
Lighting : 108 PumpNo.t - MAA  @2A  208% 208% o
Reslistive Load i ‘ 43.8 and No. 2 Bisjhos sl
Lab. & Ind. Water b4 Further Invesligation on diversity and load factor
Wire Secl. : 101.8 probably needed before the electriclly consumed per
. month can be eslimated and the breakdown of Kk
Mould Sect. 9.7 per month for éach type of load can be properly
Concrete 352.8 delermined. it
Demoulding Sect. 27.4 Teble 3 : Combustion Gas Analysls In the Boller.
Stacking Sect. &' 60.0 - -
i | i Type of OperalionFling Rele
Compressor | 76.7 -
_ ! 21.85 Measuremert Unll:  Merval  Manudd  Adle  Auo
oller i 4 ; High lw  Hgh  Llow
TOTAL bt ‘ 825.8 Duration of Test SEC 360 | 600 35 800
Performance and éoWer factor (PF) of elsctrical Temperalure of o

appliances U

Power factor 18 usually d principal energy
conservation opportuntty. The efficlency and the power
factor of the motors are estimated using the characteristic
ol motor load agalnst efficlency and power faclor for
induction motor. Sample'data of the performance of
electrical appllances Is showh In Table 2.

The air-conditioning load are malinly consumed in
the administratlve office at hormal shilt period. The
plant uses 21 split uniis alr-condilioning system.
Lighting contributes only 1.3% of thé lotal electrical
ioad connected. Tolal power of fighting for the whole

Combustion Arta Deg0 32 | 91 L] L]

Temperature ol Gases
Leaving Boller 3 DogG 231 [ d0 . 27 185
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Vohme % of CO2 ln 15 by

The Gas lsaving the g '8 )

Boler Vo2 "%t 1081108 1109 108

Volume % of 02 In e

The Gas Leaving o | :

The Boller V02 % 837 |63 63 63

Combustion Elficency % 839 l' 859 87 884
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Table 4 : Excess Air, oxygen and CO2 Analysis (Dry Gas)
. Heavy Distillate 7000 KCAL 4000 KCAL Wood and Natural Gas
Percentage - Fuel Gil . Fuel O . Coal Coal Bagasse
Excass Air  CO2 o2 coz oz “coz 02 coz (o7 coz 02 co2 o2
0 16.3 0 15.7 0 18.0° 0 19.5 (] 21.0 ] 12.0 0
10 147 . 20 14.2 20 170 ~ 20 17.7 19 - 190 20 108 2.1
20 13.4 3.7 12.9 37 15.6 3.6 16.2 3.6 17.5 3.5 9.8 38
30 123 51 119 5.1 144 . 50 149 49 16.2 4.8 9.0 5.3
40 11.4 6.3 11.0 6.3 13.3 6.1 13.9 6.1 15.0 6.0 8.3 6.5
50 10.6 102 7.3 12.4 7.1 12.9 74 14.0 7.0 7.7 75
z 60 9.9 8.2 9.6 8.2 11.6 8.0 12.1 8.0 13.1 79 7.2 8.4
& ‘ .
. W 70 -.93 . ‘89 -~ 9.0 9.0 10.9 8.8 114 87. 124 - 86
o 80 88 96 - 85 87 103 95 107 94 117 _ - 93 . &4 99
_m.d_. = 3
= T L= " : “wm.
-z 90 - . 83 103 8.0 10.3 9.8 10.1 102 10.1 60 . 105
Z . s 3
(i - -
E . 100 - 79 . 108 7.6 10.8 9.3 10.6 97 10.6 105 10.5 5.7 1.1
1
g 110 75 1.3 72 11.3 8.8 11.1 9.2 11.1 10.0 11.0 5.4 1.6
.Wa 120 72 11.8 6.9 11.8 84 116 8.8 11.6 95 1.5 5.2 12.0
3 .
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