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DISCLAIMER

The contents of this report are offered as guidance. RCG/Hagler,
Bailly, Inc., TEKON Tehno-Konsalting, and the United States Agency
for International Development, and all technical sources referenced
in this report do not (a) make any warranty or representation,
express or implied, with respect to the accuracy, completeness, or
usefulness of the information contained in this report, or that the
use of any information, apparatus, method, or process disclosed in
this report may not infringe upon privately owned rights; (b)
assume any liabilities with respect to the use of, or for damages
resulting from, any information, apparatus, method or process
disclosed in this report. This report does not reflect official
views or policies of the above named institutions. Mention of
trade names or commercial products uoes not constitute endorsement
or recommendation for exclusive use.

L SS c

The contents of this report include recommendations based on data
provided by the client plant, measurements made on site,
calculations, and engineering judgment. The conclusions reached
were based on a limited engagement of only about one week's
duration in the plant, and not an exhaustive engineering analysis.
RCG/Hagler, Bailly, Inc. certifies that this report conforms to the
level of best commercial practice for industrial energy audits of
similar level of effort, as conducted in the United States. This
report has been prepared under the guidance of a registered
Professional Engineer, licensed to practice in the Uniteg States.
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I. EXECUTIVE SUMMARY

A team of engineers from RCG/Hagler, Bailly, Inc. and TEKON,
carried out site activities at Kombinat Aluminijuma Titograd
(KAT) Alumina plant from April 1-5, 1991 to work together with
KAT staff to identify and implement improvements to energy
efficiency.

Based on consumption in 1990 and energy prices prevailing at the
time of the visit, total energy costs for 1991 at KAT Alumina
are estimated as $15.7' millicn, as follows:

mazout (heavy fuel o0il): 97.500 tons per year, $12.7 million
purchased electric power 6.8 MW peak demand, $0.8 million
purchased electric energy 55,000 MWh/yr, $2.2 million.

RCG/Hagler, Bailly estimates the potential for energy efficiency
improvement at KAT Alumina as 10-15% without process changes.
During the survey, the RCG/Hagler, Bailly team identified short-
term, low-cost energy efficiency projects, which, if implemented,
will achieve an energy cost savings of $924,000 per Year, or 5.9%
of expected 1991 enerygy costs, at a total cost of $137,000 (a
financial payback of 2 months):

RCG/Hagler, Bailly recommends the following procurement budget
for KAT Alumina, subject to final approval by USAID:

A.3, B.4 & D.1: Infrared thermal imager ($17,000)
B.1: Calciner continuous 02 and CO instruments ($17,000)
B.2: Boiler continuous 02 and co instruments ($12,000)

KAT Alumina agresd to pay for installation and other costs
necessary to implement the projects and make full use of the
equipment supplied by USAID.

! Energy costs are quoted in US dollars in this repcort because
of the severe devaluations of the Yugoslav Dinar in early 1991.
Yugoslavia is adjusting energy prices s» that they remain
relatively cons*ant in US dollars.

RCG/Hagler, Bailly, Inc.
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KOMBINAT ALUMINIJUMA TITOGRAD (KAT)
ALUMINA DIVISINN

Summary of energy efficiency projects

0il Electric Cost
ton/yr MW MWh/vyr MUSS /yr
BASE CASE 97,508 11.0 55,600 $15.700

RECOMMENDATIONS AND ESTIMATED SAVINGS:

0il Electric Cost
—ton/yr @MW MWh/vr MUSS /yr
Ge al & e __Management

A.1l Derate boiler #1 133 0.017
A.2 Close boiler ports 380 0.048
A.3 Efficiency teams 3,521 0.2 2,750 0.589
B. Short-term ow-cost Efficiency Improvements
B.1 Calciner combustioa 488 0.063
B.2 Boiler combustion 571 0.074
B.3 Boiler #1 air heater 88 50 0.013
B.4 Calciner heat loss 812 ‘ 0.105
B.5 Boiler #3 clean tubes 115 0.015
TOTAL SHORT-TERM SAVINGS €,108 0.2 2,800 0.924
Percent of base case 6% 2% 5% 5.9%

RCG/Hagler, Bailly, Inc.
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II. INTRODUCTION
2.1 Plant Description and Energy Consumption

The Republic of Montenegro is one of the world's best natural sites
for a vertically-integrated aluminum company such as Kcmbinat
Aluminijuma Titograd (KAT), because of  the abundance of
hydroelectric power potential and the availability of high-grade
bauxite ore.

The KAT plant is a full aluminum production facility, consisting of
process plants for alumina, carbon anode, aluminum smelting,
casting, rolling, and finished prcduct lines for various products,
including extrusions, sheeat, plate, and foil. A power station
provides steam and electricity for the alumina plant. Annual
production is about 135,000 tonnes aluminum. In addition to
supplying markets in Yugoslavia, KAT exports products with a value
of over $100 million per year.

In 1990, KAT Alumina Division produced 268,517 tonnes of calcined
alumina (raw material for aluminum smelting) and used 97,508 metric
tons of residual fuel oil (mazout). Of this fuel, 70,428 tonnes
were consumed in the powerhouse, which generated an average of 123
tonnes per hour of 55 bar steam for the process and 3.5 MW of
cogenerated electricity, through backpressure turbines. An
additicnal 6.8 MW (55,000 Mwh/yr) of electricity is purchased from
the grid to serve the alumina plant demand of 10-11 MW, Bauxite to
feed the alumina plant is mined in Montenegro near Niksic. caustic
5oda and heavy fuel o0il are not locally produced, and so must be
imported to the region.

The April 1991 official price of mazout delivered to KAT by
Jugopetrol was Dn 4,300 per tonne ($307), but KAT also imports fuel
on the spot market when necessary. Imported fuel cost $130/tonne
in April, whereas the higher, Government-controlled local price
still reflected the Gulf conflict oil prices.

The greatest part of energy cost au KAT, as in any aluminum
operation, goes for electric energy in smelting. The smelting
operation at KAT has a peak demand of nearly 300 MW, and an annual
consumption of about 2 million Mwh ber year, which represents about
one-half the electricity consumption of the entire Republic of
Montenegro. The total cost of this electric power is $120 million
per annum, of which 1/3 is for demand and 2/3 is for energy
charges. Electricity tariffs are now about $11 per kW per month
(demand) and average $0.04 per kWh (energy), according to a time-

RCG/Hagler, Bailly, Inc.
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of-day tariff.

2.1 Energy Audit Activities

A team of senior engineers from RCG/Hagler, Bailly, Inc. and TEKON,
carried out site activities at KAT Alumina from April 1-5, 1991 to
work together with KAT statf to identify improvements to energy
2fficiency. The project manager for thz effort wes Mr. Savovic
Svetozar, Dipl. Ing., Director of Alumina Division at KAT, assisted
by Dr. Miodrag Kaludjerovic, Director of Investment, and Dr. Mrkic
Milc, Director of the KAT Aluminum Institute. The PCG/Hagler,
Bailly team consisted of:

David Keith, RCG/Hagler, Bailly, Project Director

Dr. Larry Banta, consultant to RCG/Hagler, Bailly, on leave from
Mechanical Engineering Dept., University of West Virginia

Lazarevic Dusan, TEKON, Preject Manager

At the recuest of the management of KAT Alumina, the audit team
focused their efforts in the short time available on combustion
systems in the power station and alumina kiln.

During the first day of the audit, the team traveled to Titograd,
conducted a seminar on energy management, exhibited RCG/Hagler,
Bailly's portable energy efficiency monitoring instruments, and
held discussions with plant management to plan the audit. Based on
agreement with KAT the first day, the primary focus of the audit
became a controlled experimeat, attempting to achieve immediate
energy savings through improvements in combustion efficiency. For
this purpose, RCG/Hzgler, Bailly's digital combustion analyzer
(which measures 02, cCo, C02, unburned hydrocarbon combustibles
(HC)) was used, together with a laptop personal compucer, using
software developed by RCG/Hagler, Bailly which calculates
combustion efficiency fronr “hese measurements, on the basis of the
chemical equations of combustion (molal basis). Based on these
measurements, the staff of the KAT boiler house and calcining kiln
made adjustments to operating parameters in a stepwise approach
until optimum combustion efficiancy was achieved.

Two full days were spent tuning 3 of the plant's 4 boilers and
another full day was swent tuning the calcining kiln. This
exercise resulted in small percentage improvements in efficiency,
which, if maintained, will yield significant annual cost savings.

By the end of the week, KAT had implemented new management
directives for setting boiler draft, kiln secondary air, and

RCG/Hagler, Bailly, Inc.
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limiting the load on boiler #1, in order that the savings achieved
will be maintained to the extent possible using KAT's available
instrumentation.

The RCG/Hagler, Bailly team presented its recommendations to Mr.
Savovic, Dr. Kaludjerovic, and Dr. Mirkic at the final review
meeting April 5, 1991, before leaving KAT. RCG/Hagler, Bailly
recommended, and KAT agreed, that fixed 02 and €O meters and a
portable kit should be procured under the USAID emergency energy
program, so that KAT will be fully able to maintain the savings.
The RCG/Hagler, Bailly team observed that the standard of
management and engineering expertise already in place at XAT is
quite high. Technical staff is very knowledgeable abcut energy
conservation in general, especially in relation to their process.
The RCG/Hagler, Bailly team expects that this staff, with a few
additional instruments, tools, and equipment, will be fully czpable
of making significant improvements to energy efficiency.

The RCG/Hagler, Bailly team would like to express their sincere
appreciation for the extraordinary assistance and warm hospitality
offered by the staff of KAT. It is only because of their openness
and cooperation that this effort was possible. The RCG/Hagler,
3ailly team is glad to have had the opportunity to become friends
with the staff of KAT, and hopes to return their hospitality at
some time in the future, whenever KAT staff visit the United
States.

RCG/Hagler, Bailly, Inc.
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III. CNERGY CONEUMPTION ANALYSIS

A graphical presentation prepared by RCG/Hagler, Bailly of basic
data received from KAT Alumina on energy consumption, production,
specific energy consumption, and other key parameters is attached
as Appendix 1.

These graphs are provided for use by KAT in identifying variations
in energy efficiency. The analysis is a tool to point the way for
more detailed investigations. These detailed investigations are
beyond the scope of the current study, but several points are
evident from the analysis. The main points arising from the
analysis which were used to develop specific recommendations are as

follows:

Electric energy consumption is not well correlated to
production.

Peak electrical demand is growing, up 6% in 1990 over 1989,
with 5% higher demand in January-March 1991, as compared to
the same months in 1990.

Boiler efficiency has decreased over the past few years, by
about 4%.

Specific erergy consumption of the calciner is very
consistent.

For aluminum hydrate production, specific steam and electric
consumption seem to have increased slightly over the past
three years.

Conversion ratio of caustic soda to aluminum hydrate has
deteriorated significantly over the past three years.

Conversion ratio of bauxite to aluminum hydrate has
deteriorated significantly over the past three years.

RCG/Hagler, Bailly, Inc.
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IV. RECOMMENDATIONS FOR ENERGY EFFICIENCY IMPROVEMENT

RCG/Hagler, Bailly's recommendations for energy management and
efficiency improvement have been grouped in three categories:

e a nerg anagement - These projects are
opportunities which are recommended for immediate action, and
require little or no expenditure. These projects affect

management systems and techniques, rather than process
equipment. These projects are the primary focus of the USAID
Emergency Energy Program for Yugoslavia.

w=cost ort-term Im vements - These projects are low-
cost improvements to process plant and equipment which are
recommended for implementation in the short-term (in 1991),
Because of the low cost and quick payback (less than one
yYear), these projects could be implemented from the company's
annual maintenance budget. Some of these projects may be of
interest to the USAID Emergency Energy Program for Yugoslavia.

C. Capital Improvements - These projects are 1longer term

projects, requiring investment of more than $100,000. <fuch
projects would require careful study, beyond the scope of this
preliminary energy audit. These projects are also beyoni the
scope of funding under the USAID Emergency Energy Program for
Yugoslavia.

RCG/Hagler, Bailly, Inc.
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A. GENERAL AND ENERGY MANAGEMEMNT

POWER PLANT
KAT Action A.1 -
Derate boiler #1 to 45 tons per hour of steam.

Existing Conditions;

During the course of the audit, the RCG/Hagler, Bailly team
identified that the forced draft fan for boiler #1 was unable to
supply sufficient air for complete combustion.

Various measurements were made and the highest load whi:h was
achievable with complete combustion was 45 tons steam per hour.
RCG/Hagler, Bailly suspects that the air preheater is leaking (see
action B.3).

In the as-found condition, the boiler was supplying 48 tons per
hour, with all dampers of the forced draft system fully open. The
following measurements compare the as-found conditions of boiler #1
with the damper fully open at 48 tons per hour steam flow and the
conditions with the damper fully open at 45 tons per hour steam
flow. Detailed calculations of combustion efficiency are provided
in Appendix 3.

Measurements Calculation Estimate
02 co HC Temp Combstn effy Mazout Cost
3 ppm % —c on LHV,% tonne/yr K$/vr
Bojler #1
48 ton/hr 4.0 1200 0.08 160? 92.2 17,607 2,289
44.5 ton/hr 4.4 35 0.00 160 92.9 17.474 2,272
savings 133 17

ecommendat H

Derate the boiler, in other words, not operate boiler #1 at loads
above 45 tons per hour. 1If the preheater is leaking, the leak will
continue to grow, and the boiler will have to be further derated if
CO or significant smoke is visible. (Note: Mr. savovic, the
Director of the KAT Alumina plant ordered that this recommendation

2 Assumed temperature after air Preheater, but not including
dilution from leaks (see Action B.3). Assumption is based on
measured temperature at other KAT boilers.

RCG/Hagler, Bailly, Inc.
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be implemented immediately.)

Expected results:

RCG/Hagler, Bailly estimates that KAT can continue to operate
boiler #1 at an efficiency equal to the condition as left at the
end of the audit week, if the boiler is derated. This would
correspond to an improvement in boiler efficiency from 92.2% to
92.9% on lower heating value (LHV) . The expected savings amount to
133 tonnes mazout per year, or $17,000 per year, a savings of 0.75%
of the annual fuel used in boiler #1.

RCG/Hagler, Bailly, Inc.
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A. GENERRL AND ENERGY MANAGEMENT

POWER PLANT
KAT Actio~ A.2 -
Closs boiler access ports

Existing Conditjons:

During the audit, the RCG/Hagler, Bailly team observed that the
boiler access ports were open during operation. The size of these
ports is large, approximately 0.5m x 0.5m each. Twe or three are
located on the sides of each boiler, looking into the furnace.
Most of the time, the furnace draft is such that air is being drawn
into these ports. Once in a while, a puff of combustion gases will
shoot out the port. This represents a safety hazard, since the
ports are on the walkway path, so someone could get burned.

The air drawn in through these ports reoresents excess combustion
air, and therefore an energy loss up the stack. This is indicated
by the fact that the boiiers could not be tuned below about 5%
oxygen without CO. RCG/Hagler, Bailly expects that for burners of
the type used at KAT, a lower level of excess air should be
achievable (for example, the alumina calciner was tuned to 3.2%
oxygen without Co0).

Reccmmended actions:

Close the ports and adjust combustion conditions accordingly.

Expected results:

RCG/Hagler, Bailly expects that the boiler should be able to
operate at 3% excess oxygen in the stack, if all ports are closed.
From a base value of 5%, this represents an improvement in
combustion efficiency of 0.5%, as estimated by computer-aided
methods, for a savings of $48,000 per year for four boilers
(detailed calculation of a boiler with CLOSED PORTS is included in
Appendix 3):

Assumpticns Calenlation Estimate
02 Co HC Temp Combstn effy. Mazout Cost
X pm 3§ _c on LHV,% tonne/yr KS$/vr
o
before 5.0 0 0.00 160 92.6 17,607 2,289
after 3.0 0 0.00 160 93.1 17,512 2:277
savings 95 12

RCG/Hagler, Bailly, Inc.
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A. GENERAL AND ENERGY MANAGEMENT

ENERGY & UTILITIES
KAT Action A.3 -
Put energy efficiency teams in astion to reduce energy losses

Existi 3iti .
Energy requirements at KAT are growing year-by-year for a given
level of production. This is indicative of a deteriorating

situation which could benefit from increased maintenance.

During the audit, the RCG/Hagler, Bailly team observed steam leaks
with substantial energy cost in the pover plant and the alumina
plant. There also appears to be an opportunity to return
additional steam condensate from the plant to the boilerhouse.

Recommended actigg:

RCG/Hagler, Bailly recommends that KAT form "Enerqgy Efficiency
Teams" for steam, electric motors, and compressed air. Personnel
for this team should be drawn from KAT staff, and this exercise
should become a continuous part of plant operations and
maintenance.

The Steam Efficiency Team would be responsible for the
identification and repair of leaks in steam systems, and to inspect
and repair thermal insulation. The Electric Motor Efficiency Team
would be responsible to survey electric motor load and efficiency,
check and clean motors, replace underloaded motors, rewind or
replace motors with excessive reactance, and develop a plan for
introduction of high efficiency motors. The Compressed Air
Efficiency Team would be responsible to evaluate efficiency of
compressed air systems, and to seek out and repair leaks in
compressed air lines.

The Steam Efficiency Team should have the following tasks:
° Develop an inventory of the uses of steam in the plant.
. Carry out a survey of the condition of steanm pipe

insulation in the plant, using thermocouples and other
temperature indicators.

RCG/Hagler, Bailly, Inc.
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] Check the operation of all steanm traps in the plant on a
monthly basis, using the "glove test" or other simple
methods. Repair or replace leaking traps as found.

] Carry out a survey >f steam leaks on a monthly basis,
For each leak found, calculate the cost of the leak
(using Georgia Tech's Steam Leak chart on the following
page) and estimate the cost to repair the leak. If the
payback pericd i3 less than 1 year, recommend the repair
of the leak. Develop a log to keep track of the growth
of leaks from month-to-month. Develop a monthly plan for
repairs.

The Electric Motor FEfficiency Team should have the following
specific tasks:

L Based on nameplate and available meters, make a complete
inventory of all mctors over 10 kW, which identifies the
motor number, rating (kW), location, age, voltage, rpm,
running amperes, expected annual energy consumption,
aescription of use.

. Obtain curves of efficiency vs. percentage load and power
factor vs. percentage load from KAT's major suppliers of
motors families of motors now installed in the plant.

. Develop specifications for the procurement of new motors
fcx the plant, for new applications. Obtain
manufacturer's data on price, efficiency and power factor
(cos phi) for alternative 1lines. In the U.s.,
manufacturers offer two types of electric motors -
standard motors and high efficiency motors which reduce
energy consumption by 3-10% for the same application.
The increase in efficiency is greatest for smaller sizes
(under 50 kW), since 1large motors are relatively
efficient. The high efficiency motor costs about 50%
more than the standard motor, but in applications with
high duty factor (over 4,000 hours per year, like KAT),
this incremental cost can be recovered in one year or
less. RCG/Hagler, Bailly expects that the results of
this analysis will result in the development of a new
specification, for high efficiency motors.

. Afier carrying out the analysis and developing the new
high efficiency specification for new motors, consider
the possible replacement of existing motors with high
efficiency motors on a phased basis. One way to

RCG/Hagler, Bailly, Inc.
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Energy management suggestions from the Industrial Energy Extension Service
a joint service of the Georgia Office of Energy Resources angd Georgia Tech's Engineering Experiment Station.

ENERGY TIP NO 2

ELIMINATE STEAM LEAKS

A conspicuous waste c( energy ai'e the numerous steam leaks at pipe joints, valves, unions, etc. Until the cost of
energy skyrocketed, it was generally thought that small leaks should be tolerated and that fixing them was not
worth the time or -ost.

The graph below is a rough approximation of what a steam leak costsin terms of 2nnual fuel expense. To use the
graph, determine the leak's “Blow Length" by measuring the length of the steam plume or the approximate dis-
tance at which water condenses out of the stream onto your hand (usually beyond the visible plume). Enter the
graph with the blow length and move across to the corresponding cost of steam line determined by using tihe
“Steani Cst” chart, Energy Tip No. 1. Read the annual energy cost at the bottom of the graph.

EXAMPLE

A survey of a plant's steam distribution system revezis a steam leak at an equipment connection flange. The
plume length of the leak is approximated at 3 ft. What is the energy cost of not fixing the leak?
Using the graph and a steam cost of $4.00/1000 Ibs determined from Energy T'ip No. 1, the annual cost is $1200.

[ -] (4 ]
1 o | 1

SitAM PLUME LENGTH (FEET)
n

A

'l

150 200 300 400 = 600 800 1000 2000 4000 6000

ANNUAL ENERGY COST FOR LEAK (DOLLARS)
(BASED ON 8760 OPERATING HR/YR)

SOQURCE: GA TECH FES

'___ L
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implement this policy would be to buy a quantity of high
efficiency motors which would b2 used to replace hurned-
out motors, instead of rewinding thenm. Often, rewound
motors have lower efficiency than new motors, as the
magnets can suffer reduced flux if they are overheated in
the process. Efficiency loss can also result because
rewinding is usually done to lower quality standards than
new manufacturing, so increased friction can result from
slight misalignment. Finally, if wire of smaller
diameter or higher resistivity is used in the rewind job,
resistive losses will increase. It is the RCG/Hagler,
Bailly team's experience that a rewound motor has an
efficiency 1-5% less than a new motor, and rewinding
costs 50% or more of the cost of a new motor.

] Using portable volt-ammeter, power jactor meter, carry
out an electric motor load survey. The load (kW, KkVAR,
cos phi), voltage on each phase, and efficiency of all
mocors over about 10 kW should be checked using a
systematic procedure.

° Using a strip-chart demand recorder, carry out power
demand survey (kW, KkVAR, metered demand kW, and
kWh/shift) for load centers over 100 XkW. Based on this
data, develop a power demand balance for the plant, under
various operating conditions.

° Based on the results of the power demand survey, work
together with process personnel to investigate ways to
rescheduls operztions to reduce peak demand and to shift
consumption from j'eak to off-peak hours.

. If motors with excessive reactance are identified, they
should be taken out of service for rewinding or
replacement.

L Institute a monthly policy ¢ f motor maintenance. Check

that bearings are getting pr(per lubrication. Electrical
connectiony should be checked and tightened if necessary.
The housing and ventilation air intake on all motors
should be cleaned to improve cooling and efficiency.
Compressed air should be used to blow out dust and dirt
from internal parts of the motor (air should be dry and
less than 4 bar pressure to avoid damaging insulation).
The motor and its drive system drive should be checked
for proper alignment, proper belt tension, and proper
lubrication. Insulation should be tested with a

RCG/Hagler, Bailly, Inc.
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megohmeter, and a log should be kept of these readings so
that comparisons can be made from month-to-month. Check
for excessive vibration.

. As underloaded motors are identified by the survey, they
should be changed for motors appropriately sized for the
job. The inventory (developed above) should serve as the
basis for moving motors from one location to another
within the plant to match sizes to loads. 1If properly
sized motors are available from spares or stocks,
replacements of a given kk rating shouid prioritized on
the basis of the possible efficiency improvement (degree
of underloading and operating hours per year).

© If phase-to-phase voltage imbalance is found (over 2%),
then adjustments should be made to correct the probl. 1.
For every 2% variation in phase-to-phase voltage, a motor
loses about 1% in efficiericy. For the 0.4 kV system, the
phase voltages should be equal within +5 volts, otherwise
efficicncy is reduced. Voltage imbalance can be caused
by loose or corrocded connections at bus bars, starter
terminals, fuses, or the motcr itself. If the prcblen is
caused by single-phase loads which are attached one of
the phases, these 1loads should be more equally
distributed among the phases, or else the transformer
should be retapped.

The Compressed Air Efficiency Team should have the following tasks:

° Based on design data, make an inventory of zll uses of
compressed air

° On a monthly basis, carry out an analysis of air
compressor efficiency and record in logbook. If less
than design, investigate the causes.

. Carry out a survey of the plant every montih to identify
compressed air leaks, and record them in a log book.
Measure the flow of leaks using a velonmeter anrd prepare
a report, with the monthly cost of each leak clearly
indicated. Develop a plan for leak repair, based on
priority.

Expected resylts:

The RCG/Hagler, Bailly team estimates that the potential savings of

RCG/Haqler, Bailly, Inc.



K.A.T. Alumina - Preliminary Energy Audit 15
—Mﬁ

an improved maintenance program based on these procedures is 2% of
peak electrical demand, 5% of Alumina plant's electric energy
consumption and 5% of steam energy consumption. The savings are
estimated as follows:

Electrical:
2% x 11 MW x $11,000/MW/mo x 12 mo/yr = $29,000/yr
5% x 55 million kWh/yr x $0.04/kWh = $110,000/yr

Thermal (mazout for steam):
5% x 70,428 tons/yr x $130/ton = $450,000/yr

The maintenance program will increase motor life, thereby reducing
replacement and rewinding costs over the long run. The maintenance
and monitoring program will also reduce the frequency of shutdowns
in production operations because of motor failures, thereby having
a productivity benefit. These benefits are not estimated in this
report.

Equipment required:
(1) Digital strobe tachometer
(1) Digital multimeter/megohmeter with current clamp and
Power factor meter
(1) Velometer
(1) Digital thermocouple indicator and probes
(1) Infrared thermal imager (USAID)
total estimated cost $25,500

RCG/Hagler, Bailly estimates that KAT should budget $200,000 per
year for additional incidental equipment and repairs {additional
maintenance), such as stean traps, insulatien, mctors, and the
like.

Based on a cost of $25,000 and a net savings of $489,000 per year,
the project payback period is less than one month.

Schedule:

Task 1 - RCG/Hagler, Bailly prepares specification for IR
the: mal imager and submits for approval by USAID.
Mileston®e: June 21, 1991

Task 2 - USAID provides final approval for procurement.
Milestone: June 31, 1991

RCG/Hagler, Bailly, Inc.
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Task 3 -~ RCG/Hagler, Bailly issues purchase order for
equipment.
Milestone: July 2, 1991

Task 4 - Equipment delivered to KAT.
Milestone: September 13, 1991

Task 5 - Equipment installed in plant, and KAT completes
development of operating procedure for use of equipment.
Milestone: September 27, 1991

Task 6 - Equipment fully operational and in use, monitoring
begins by KAT.
Milestone: October 11, 1991

RCG/Hagler, Bailly, Inc.
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B. LOW=-COST, SHORT-TERM IMPROVEMENTS

ALUMINA CALCINER

KAT Action B.1 -
Improve combustion efficiency - install fixed instrumentation
to measure CO and O, content of the alumina calciner stack
gases. Rsvise operating proceduraes.

Existing conditj :

The control of the calciner is presently done based on historical
data using the feed rate of the hydrate as the independent variable
and the combustion parameters as the controlled variables. The
operator consults an operator's log page corresponding teo the
hydrate feedrate. The pages list operating parameter settings
which are considered optimal for each feedrate. He then sets the
fuel cil pressure to the two burners, the primary air damper, the
secondary air damper and the induced draft fan damper according to
the guidelines prescribed by the log sheet. Feedback occurs in the
form of several temperature measurements, measurement of pressure
in the calciner and in the primary air duct, measurement of CO, in
the exhaust gases and periodic measurement of the angle of repose
of the product. Angle of repose correlates to the degree of
calcination of the product. The calcinar presently consumes about
27,080 metric tons per year of residual oil.

On 4 April, 1991 the RCG/Hagler, Bailly team made a series of
measurements of the calciner exhaust gases using our portable
combustion analyzer. Parameters measured were fuel input, co, o,,
HC (combustibles), stack temperature, hydrate feedrate and several
pressures and damper settings. At the time of the first
measurement, the following conditions existed:

co over 2500 ppm (off scale of instrument)
Cco, 15.3 %

HC 0.6 %

0, 1.5 %

T 230 Deg C

Input 56 ton/hr of hydrate feed

oil 3,800 liter/hr

A computer analysis (see Appendix 4) later showed that these
conditions indicate a combustion efficiency of 87.2%, based on
lower heating value (LHV). The high concentration of €O and the
presence of significant amounts of soot (HC) in the stack indicated

RCG/lagler, Bailly, Inc.
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that insufficient air was being supplied to the burners for
complete combustion of the fuel. With the equipment currently in
place, this condition could not be detected by the operators, since
only CO, is measured at the calciner outlet, and since the
electrostatic precipitator which cleans the stack gases removes the
soot and smoke from the stack gas.

Some experiments were then undertaken to determine if the
combustion efficiency could be raised by adjusting the air-fuel
ratio to the burners to lower the amount of combustible material in
the stack. This was to be done by opening the primary air damper.
The damper was opened in several small steps until it was 100%
open. This action reduced the HC content of the stack gas from
0.60% to 0.00% and the CO from over 2500 ppm to 40 ppm (parts per
million). The secondary air damper was then opened slightly to
provide still more air. At the final settings, the following
operating conditions were observed:

co 40 ppm

Co, 14.0 %

_HC 0.00 %

0, 3.2 %

T 255 Deg C
Input 56 ton/hr
oi? 3,800 liter/hr

Computer combustion efficiency analysis by RCG/Hagler, Bailly
showed that the new combustion efficiency had been raised to 88.8%.
This increase in combustion efficiency illustrates the potential
for significant energy conservation in this piece of equipment:

KAT ALUMINA - CALCINER COMBUSTION EFFICIENCY

Measurements Calculation Estimates
02 co HC Temp Combstn Mazout Cost
ppm % —C on LHV,% tonne/yr K$/yr
Calcining kiln
before 1.5 3500 0.60 230 87.2 27,080 3,520
after 3.2 40 0.00 255 88.8 26,592 3,457
savings 488 63
ded H

RCG/Hagler, Bailly will recommend to USAID that equipment for
monitoring O, and CO content of the stack gases be provided to KAT
under the USAID Yugoslavia Emergency Energy Assistance Program.

RCG/Hagler, Bailly, Inc.
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KAT would be expected to pay for installation of the equipment,
training of calciner operators in its use, and revision of the
calciner operating procedures. We recommend several modifications
to the calciner control procedure:

2. Fuel input to the calciner should be regulated to give
properly calcined product without unnecessary overheating.
The proper burning rate will depend on not only the fead rate
of the hydrate, but on the hydrate moisture content, the
ambient weather conditions which affect skin losses, the
amount of heat lost up the stack, the temperature and flow
rates of the primary and secondary combustion air and the
quality and temperature of the fuel. The quality of the
product out of the calciner is the most important parameter,
and should in some way be linked to the firing rate. We
recommend that studies be performed which correlate come
continuously measurable variable with product quality.
Possibilities might be product temperature at the outlet,
electrical conductivity, product density, product color, or
even angle of repose, provided that some way can be found to
measure the parameter on a very frequent if not continuous
basis. Burner firing rates should be adjusted to maintain
proper product quality, rather than setting them according to
hydrate feed rate.

2. Control combustion air to the burners based on *the 0, and €O
content of the stack gases rather than on the hydrate
feedrate. Primary and secondary air should be regqulated to
give the minimum amount of excess air to the burner which is
required for complete combustion of the fuel. The burners
should fire smoothly and steadily without the persistent
pulsing evident while we were there. The pulsing indicates
inadequate mixing of the combustion air and fuel in the flame
enveliope, or perhaps inadequate atomization of the fuel. The
combustion air delivery system should be investigated. It is
possible that ingufficient primary air is being delivered and
the pulsing results from combustion of partially burned gases
mixing with the secondary air further down the kiln. As an
experiment, KAT might try leaving the primary air damper
completely open and gradually cutting back the fuel flow to
one or both burners to see if the pulsing stops. The flame
geometry. and air flow patterns in the firing end of the kiln
are complex, and we did not have sufficient time during our
visit to fully understand this aspect of the kiln operation.

3. Set the induced draft fan damper to maintain a slight negative
pressure in the kiln in order to prevent loss of product and

RCG/Hagler, Bailly, Inc.
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degtruction of the seals by hot gases. The important
parameters here are the pressure drops across the dust removal
equipment, especially the cyclones. Manufacturer's literature
should be consulted to determine the recommended pressure
drops for efficient particulate removal. Stack gas flowrates
must be adequate to carry away the products of combustion and
the water released from the hydrate. Flowrates must also be
kept high enough to prevent condensation of water, NOx and SOx
in the dust removal equipment and in the stack. Heat “.cansfer
from the hot air to the product in the calciner is also
somewhat affecced by the air velocity, so precise
determination of the proper flowrate is rather complex.
However, the most energy-efficient operation will be achieved
by minimizing the amount of air blown up the stack. Reducing
exhaust gas flowrates will reduce the amount of thermal energy
loss as well as the amount of fan power required to move the
air. We recommend that KAT engineers perform scme experiments
to determine the effects of changes on induced draft damper
settings on product quality, dust removal efficiency and gas
temperatures in the stack. From these experiments, new
operating procedures can be devised to guide operators in
running the calciner for maximum efficiency.

Expected Results

The experiment described above demonstrated that significant energy
savings are possible in the operation of the alumina calciner. By
completely burning the fuel entering the calciner, the combustion
efficiency was raised by 1.6% for the conditions in effect at the
time. It must be noted that much experimentation needs to be
carried out by KAT engineers to find optimal operating conditions
for other feedrates, weather conditions, etc. The experiment begun
by RCG/Hagler, Bailly associates would need to taken one step
further even for the feedrate already tested--namely, oil flow to
the burners would need to be cut back to allow for the fact that
more energy is now being extracted from each liter of fuel. The
increase in combustion efficiency means that the same amount of
hydrate should be adequately calcined using roughly 2% less fuel.
At the current consumption rate of 27,080 tons per year of oil and
a price of $130 per ton of mazout, the potential savings are
approximately $63,000 per year.

It is possible that efficiency improvements at other feedrates
could be greater than or less than those for this particular rate,
and so the calculation above is only approximate. However, the
potential savings are Cclearly significant. The cost of
implementing this recommendation would be approximately $17,000,

RCG/Hagler, Bailly, Inc.
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calculated as follows:

Instrumentation (USAID)

Oxygen and CO Analyzer $8,000
(Ametek Thermox WDG-HPIIC, or equivalent)
Calibration gas and spare cells $2,000
Instrument Cable $1,400

200 meters 6pr Shielded twisted pair @ $7/m

Installatioh and Calibration $500
20 man-hours @ $25/hr

Experimentation for Operating Curves $5,000
200 man~hours @ $25/hr

Total $16,900
analvsis:

The simple payback on the project is less than 4 months. An
economic analysis would give a similar result, since border prices
($130/ton) are taken as the basis for the financial analysis rather
than local fuel oil prices (which are now higher, but are expected
to change once adjustments are made to reflect the world 0il market
conditions).

Schedule:

Task 1 = RCG/Hagler, Bailly prepares specification for
combustion sensors and submits for approval by USAID.
Milestone: June 21, 1991

Task 2 - USAID provides final approval for procurement.
Milestone: June 31, 1991

Task 3 - RCG/Hagler, Bailly issues purchase order for -
equipment.
Milestone: July 2, 1991

Task 4 - Equipment delivered to KAT.
Milestone: September 13, 1991

Task 5 - Equipment installed in plant, and KAT completes
development of operating procedure for use of equipment.
Milestone: September 27, 1991

Task 6 - Equipment fully operational and in use, monitoring

RCG/Hzagler, Bailly, Inc.
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Milestone: October 11, 1991

22

RCG/Hagler, Bailly, Inec.



K.A.T. Alumina - Preliminary Energy Audit 23
_‘“

B. LOW-COS8T, SHORT-TERM IMPROVEMENTS

BOILERHOUSE

KAT Action B.2 =
Improve combustion efficiency - install fixed instrumentation
to measure CO and 0, content of the boiler stack gases.

Revise operating procedures.
isti itions;

The control of the air to fuel ratio in the boilers is presently
done based on operators' experience for a given load. The operator
sets the fuel oil pressure to the burners and the damper on the
forced draft fan according to his experience. Visible smoke from
the stack is used as an indicator. Aas a check, a manual reading of
ovygen content is made in the stack of each boiler once each day
using a portable oxygen analyzer (made by Teledyne Instruments) and
kept in a diary.

Annual fuel consumption in the boilers is estimated as 70,428
metric tons of mazout (based on 1990 data).

On 2-4 April, 1991 the RCG/Hagler, Bailly team made a series of
measurements of the calciner exhaust gases using our portable
combustion analyzer. Parameters measured were fuel input, co, o,,
HC (combustibles), stack temperature, combustion air pressure
(draft) and other pressures and damper settings. Compute.
analysis, performed later, was used to calculate combustion
efficiency based on lower heating value (LHV).

In the initial readings taken, a high concentration of CO and the
presence of significant amounts of soot (HC) in the stack of boiler
#1 indicated that insufficient air was being  supplied to the
burners for complete combustion of the fuel.

In boiler #3 and boiler #4, combustion air in excess of optimum was
found, indicating avoidable heat loss up the stack.

Boiler #2 was found to be tuned to a satisfactory condition.

Some experiments were then undertaken to determine if the
combustion efficiency could be raised by adjusting the air-fuel
ratio to the burners in boilers 1, 3, and 4. This was to be done
by opening the primary air damper.

RCG/Hagler, Bailly, Inc.
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KAT POWER PLANT - BOILER COMBUSTION EPFICIENCY

Measurements Calculation Estimates
02 co HC Temp Combstn effy Mazout Cost
. ¥ ppm ¥ _¢ on LHV.% tonne/yr KS/yr
Boller #1
before 4.0 1200 0.08 160 92.2 17,607 2,289
after 4.4 35 0.00 160 92.9 17,474 2,272
savings 133 17
before 8.2 6 0.00 160 91.1 17,607 2,289
after 5.2 32 0.00 160 92.6 17.321 2,252
savings 286 37
Boiler #3 (not changed)
as found 4.8 3 0.00 180 91.8 17,607 2,289
before 7.3 12 0.00 160 91.7 17,607 2,289
after 5.5 24 0.00 160 92.5 17,455 2,269
savings 152 20
TOTAL SAVINGS (4 BOILERS) 571 74

Computer~aided combustion efficiency analysis by RCG/Hagler,
Bailly, performed after the audit visit, showed that combustion
efficiency had been raised to over 92% after the tune-up. This
increase in combustion efficiency illustrates the potential for
significant energy conservation in the boilers.

eco ed Ac S:

RCG/Hagler, Bailly will recommend to USAID that equipment for
monitoring O, and CO content of the stack gases be provided to KAT
under the USAID Yugoslavia Emergency Energy Assistance Program.
Unfortunately, because of limitations of funding available, this
system can be procured for only ONE BOILER under the USAID program.

KAT would be expected to pay for installatior of the equipment,
training of boiler operators in its use, and revision of the boiler
operating procedures to control combustion air to the burners based
on the 0, and CO content of the stack gases. Primary and secondary
air should be rcgulated to give the minimum amount of excess air to
the burner which is required for complete combustion of the fuel.

If the use of the equipment succeeds in saving energy, KAT should

RCG/Hagler, Pailly, Inc.
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be able to pay for the other three boilers to be retrofitted, using
the energy savings as a source of funding.

Expected Resgults

The experiment described above demonstrated chat significant energy
savings are possible in the operation of the boilers.

At the current consumption rate of 70,428 tons per year of oil, the
potential savings of 571 tons represent 0.8% of total consumption.
The annual savings are approximately:

0.8% x 70,428 tons/year x US $130/ton = US $74,000 per year

The cost of implementing this recommendation would be approximately
$12,000 for each boiler, calculated as follows:

Instrumentation (USAID)

Oxygen and CO Analyzer $8,000
(Ametek Thermox WDG-HPIIC, or equivalent)
Calibration gas and spare cells $2,000
Instrument Cable $ 400

60 meters 6pr Shielded twisted pair @ $7/m

Installation and Calibration $500
20 man-hours @ $25/hr

Experimentation for Operating Curves $1,000
40 man-hours @ $25/hr

Total $11,900

Einancial analysis:

Based on a total installed cost of $48,000 (for all four boilers)
and a savings of $74,000 per year, the payback period is less than
8 months. An economic analysis would give a similar result, since
border prices ($130/ton) are taken as the basis for the financial
analysis rather than local fuel oil prices (which are now higher,
but are expected to change once adjustments are made to reflect the
world oil market conditions).

Schedule: il

Task 1 - RCG/Hagler, Bailly prepares specification for
combustion sensors and submits for approval by USAID.
Milestone: June 21, 1991

RCG/Hagler, Bailly, Inc.



»A.T. Alumina - Preliminary Energy Audit 26
m

Task 2 - USAID provides final approval for procurement.
Milestone: June 31, 1991

Task 3 - RCG/Hagler, Bailly issues purchase order for
juipment.
Milestone: July 2, 1991

Task 4 - Equipment delivered to KAT.
Milestone: September 13, 1991

Task 5 - Equipment installed in plant, and KAT completes
‘velopment of operating procedure for use of equipment.
Milestone: September 27, 1991

Task 6 - Equipment fully operational and in use, monitoring
gins by XAT.
Milestone: October 11, 1991

RCG/Hagler, Bailly, Inc.
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B. LOW=-COST, SHORT-TERM IMPROVEMENTSH

BOILERHOUSE
KAT Action B.3 =
Repair leakiag air proheatar on Boiler #1

Existing conditjons:

The RCG/Fagler, Bailly team observed that boiler #1 was unable to
supply sufficient air for complete combustion and must be derated
(see Action A.1l). A further observation is that the stack
temperature for boiler #1 was only 130C, as compared to 160C in the
other boilers. These conditions indicate that the air preheater
for boiler #1 is probably leaking - part of the combustion air
provided by the forced draft fan is diluting the exhaust gas
stream, thereby reducing its temperature.

Recommended Actions:

The RCG/Hagler, Bailly team did not confirm the leak by an oxygen
test. We recommend that this test be carried out by KAT (using
their existing Teledyne oxygen meter). The oxygen content of the
flue gas stream should be measured in two places - before and after
the air preheater. 1If there is any appreciable increase in oxygen
content, the leak would be confirmed.

if the leak is confirmed, the air preheater should be repaired
whenever the boiler is next taken out of service for an extended
overhaul. In the meantime, Action A.1 should be maintained - the
boiler should be derated.

EXxpected Results:

Repairing the leak will enable boiler #1 to operate at tull
capacity. In some instances, this may enable the power plant to
operzte with only two boilers instead of three, which would save
fuel energy associated with fixed 1losses. There will also be

electrical savings, as the forced combustion air now going up the
stack will be used for its intended purpose.

These savings are estimated as follows:
Mazout: 0.5% of annual fuel use of one boiler

0.005 x 17,605 ton/yr = 88 Ton/yr.
88 ton/rr x $130/ton = $11,000/yr

RCC/Hagler, Bailly, Inc.
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Electrical: 10 kW, 5000 hours per year
10 kW x 5000 hr/yr = 50,000 kWh/yr
50,000 kWh/yr x $0.04/kWh = $2,000/yr

Total = $13,000/yr

The cost of repairing the air preheater depends on the number of
tubes which need replacement. We estimate the cost as $20,000 or
less.

Einancial analysis

If the cost is $20,000, the payback period would be 1.5 years.

RCG/Hagler, Bailly, Inc.
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B. LOW-COST, SHCRT-TERM IMPROVEMENTS

ALUMINA CALCINER
KAT Action B.4 -
Reduce heat loss - use portable infrared thermal imaging

device to monitor rafractory condition.

Substantial heat is radiated from the shell of the calciner, which
is a rotary kiln about 80 meters in length. Heat loss is reduced
by the refractory 1lining inside the kiln. Thermocouples are
installed in two locations to monitor the temperature inside the
kiln. Regular measurements and logs of refractory conditions are
not made bacause KAT does not have the necessary equipment.

Recommended actjon:

RCG/Hagler, Bailly team recommends that KAT adopt a new procedure
for monitoring refractory wear, based on temperature readings from
an infrared thernal imaging device (to be procured under Action
A.3). This device can locate hot spots and damaged sections of

refractory so that repairs can be made during scheduled maintenance
shutdowns.

The device should be used in conjunction with a logbook drawn up
for this purpose. The log should allow the operator of the thermal
imager to enter readings along the length of the kiln and also
across the diameter at each location.

"e thermal imager should be specified to give a monochromatic
image of the surface of the kilan or other equipment. The
temperature readout should be capable of 0-1000C.

RCG/Hagler, Bailly estimates that the use of the thermal imager,
together with revised maintenance procedures to optimize refractory
replacement, can reduce annual fuel consumption in the calciner by
3%. At the current consumption rate of oil, the energy savings are
estimated as follows:

3% x 27,080 tons/yr x US$130/ton = $105,000 per year

The cost of the IR thermal imager, with temperature readout, is

RCG/Hagler, Bailly, Inc.
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estimated as $17,000.

RCG/Hagler, Bailly estimates an additional maintenance budget of
$30,000 per year, to allow for shutdowns and refractory, will be

required.

EFinancial analysis:
Based on a cost of 317,000 and a net savings of $75,000 per year,
the payback period is less than 3 months.

RCG/Haglcr, Bailly, Inc.
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B. LOW-COST, SHORT-TERM IMPROVEMENTS

BOILERHOUSE
KAT Action B.S5 =
Clean tubes to reduce stack temperature on Boiler #3

Existing conditions:

The RCG/Hagler, Bailly team observed that boiler #3 had a stack
temperature of 180C, whereas the other boilers were 160C.

Usually a high stack temperature indicates fireside deposits of
soot, which reduce heat transfer efficiency.

Recommended Actions:

The RCG/Hagler, Bailly team recommends that the cause of the higher
temperature be checked, and confirmed by a thermocouple test. If
deposits are indicated, then the tubes should be cleaned whenever
possible. It may be beneficial to advance maintenance schedules to
achieve the savings sooner.

Stack temperature should be used as a diagnostic for boiler
maintenance. The logs should be monitored, and the readings used
to make decisions regarding maintenance.

Expected Results:
Reducing the stack temperature from 180C to 160C will increase

combustion efficiency at boiler #3 slightly, an annual savipgs of
about $15,000. Detailed calculations are prrvided in Appendix 3.

KAT POWER PLANT - BOILER COMBUSTION EFFICIENCY

Measurements Calculation Estimates

02 co HC Temp Combstn effy Mazout Cost

2 ppom %2 _C en LHV.%¥ tonne/yr KS/yr
before 4.8 3 0.00 180 91.8 17,607 2,289
after 4.8 3 0.00 160 92.4 17,492 2,274
savings - 115 15

The cost cleaning the boiler depends on problem that is found. We
estimate the cost as $10,000 or less, for a payback period of less
than one year. '

RCG/Hagler, Bailly, Inc.
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C. CAPITAL INVESTMENT

ALUMINA CALCINER

KAT Action C.1 =
Investigate the possibility of preheating primary combustion
air for calciner.

isti ondij :

The air used in the combustion process 1is drawn at ambient
temperature by a forced draft fan and injected into the burner
housing. Secondary air is also pulled through the planetary cooler
and enters the housing through the product exit port in counterflow
to the alumina. At the time of our visit, the secondary air was
entering the calciner at about 240 degrees C. Neither the absolute
flowrates nor the ratio of primary to secondary air flow is known.
The burner is constructed as a long tube which extends well into
the rotating part of the kiln, so that the last few meters of the
kiln form a cooling section for the alumina before it drops into
the planetary cooler. The alumina leaves the kiln and enters the
cooler at approximately 620 degrees C. Since calcination takes
place at 1200 degrees C, considerable cooling of the product occurs
inside the kiln. Some of the heat is passed to the secondary air
stream, and the rest is dissipated through the shell of the kiln to
the atmosphere.

Recommended Actijions:

Two opportunities may exist for waste heat recovery in the
calciner. The most likely option is to use some of the heat
presently dissipated through the calciner skin to preheat
combustion air. The accompanying sketch shows a metal shroud
constructed around the cooling section of the calciner. Primary
combustion air would be drawn through the space between the shroud
and the hot calciner skin, preheating the air and increasing the
cooling of the product in the kiln.

The second opportunity is not certain but will be offered as a
suggestion for KAT engineers to evaluate. The idea is to increase
the heat transfer from the product to the secondary air stream if
possible. This would be done by adding lifting flights to the
cooling section of the calciner and to the first section of the
cooler, if they do not already exist. A sketch of the arrangement
is shown in Figure 2. The lifting flights scoop up the alumina and
drop it through the secondary air stream, thus increasing the
surface contact between the alumina and the secondary air. Better

RCG/Hagler, Bailly, Inc.
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heat tranasfer from the alumina to the air would result.

As noted in the preceding discussion of the calciner (see action
B.1), the RCG/Hagler, Bailly team did not have sufficient time to
fully investigate the entire operation of the calciner, especially
the air flow patterns in the firing end, which are complex. It is
possible that such lifting flights are already installed. If not,
AT engineers may wish to evaluate this project as a further
opportunity in addition to preheating the primary air. It could
obviously only be implemented during a shutdown of the calciner,
pPerhaps during refractory replacement operations.

ExXpected Results:

Precise calculations cannot be offered here in the absence of
detailed data on air flow rates, kiln skin temperatures and precise
dimensions of equipment, but some order of magnitude estimates can
be made. From observations during our visit, it appeared that
considerably more primary air is being used than secondary air, so
for conservatism, let us estimate that 50% of the air entering the
kiln is primary air. 1If the oil consumption of the calciner is
24,000 tons per year (after the combustion efficiency improvement,
action B.1) and the combustion takes place at an air/fuel ratio of
15:1 (7% excess air), then 165,000 tons of air per year are
supplied by the primary air system. The shroud should allow
combustion air preheating by at least 50 degrees C. With proper
baffling, perhaps higher temperatures could be achieved, but shroud
construction would be more difficult and expensive. Even a 50
degree preheat is worth a significant investment:

165,000 tons/yr x (950 KJ/ton- C) % 50 C = 7,840 GJ/yr
7,840 GJ/yr x 1 ton/42 GJ x US$130/ton = $24,300/yr

We anticipate larger savings are possible, since the estimate was
deliberately conservative. The figures given below are only
gross approximations, but should be reasonable. The figures
include replacement of the current ductwork with larger ducting.
There is some evidence that the present ductwork is too small
anyway, since we had difficulty in obtaining sufficient primary
combustion air. 1In addition, the heated air will be less dense,
So we suggest replacing both the ductwork and the fan. The
ductwork would obviously have to be rerouted, and the fan should
be moved up to the calciner level or above it. We also suggest
installing a motorized damper which the operator can control from
inside the control room in response to burner changes.

RCG/Hagler, Bailly, Inc.
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Materials:
Mild steel plate $3,000
New ductwork $2,000
New fan and motor $12,000
New Damper and Control $3,500
Labor:
Engineering: 80 hrs @ $25 $2,000
Fabrication: 200 hrs @ $15 $3,000
Installation: 100 hrs @ $15 $1,500

Total $27,000

The cost to implement this measure would thus be about equal to the
projected savings for one year.

RCG/Hagler, Bailly, Inc.
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V. ADDITIONAL RECOMMENDATIONS - OUTSIDE ALUMINA PLANT

D.1 Recommendation for aluminum smelting’
8tudy deterioration of efficiency in smelting

Existi Jitio

Over the years, the efficiency of aluminum production at the
smelters has deteriorated. The specific electricity consumption is
now about 15 kWh/kg, whereas formerly the plant was able to achieve
14 kWh/kg.

During a brief walk through visit to see the smelting operation,
the RCG/Hagler, Bailly team leader observed that the operator did
not clean the contacts when he replaced the anode. There may be
some build-up of alumina dust, as the contacts are directly above
the pot. The slightest build-up of dirt can rob the cell of
efficiency, because of the very low voltage (5 V).

Recommendation
RCG/Hagler, Bailly's spot check is not enough to make an assessment
of the problem and to develop a solution. Such a project is

recommended. It seems logical that the Aluminum Institute at KAT
should lead this effort, with outside assistance if required.

RCG/Hagler, Bailly recommends that KAT use the IR thermal imager,
to be procured under Action A.3 through USAID assistance, to
inspect the electrical connections on the smelting pots by looking
for hot spots, indicative of loose connections.

Expected results

Given the high electrical cost paid by the plant, the potential
savings by reducing electrical consumption to 14 kWh/kg is at least
$5 million per year:

Annual electricity costs at 15 kWh/kg:
Demand (300 MW) = USS$40 million/yr
Energy (2 million MWh) = uUss$7s million/yr
Total = $118 million/yr

' fThe aluminum smelting plant was outside the scope of
RCG/Hagler, Bailly's effort, which was limited to alumina and the
power station.

RCG/Hagler, Bailly, Inc.
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Annual electricity costs at 14 kWh/kg:
Demand (300 MW) = US$40 million (conservative
Energy (1.87 million MWh) = US$73 million/yr
Total = $113 million/yr

assumption)

36
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V. ADDITIONAL RECOMMENDATIONS - OUTSIDE ALUMINA PLANT

D.2 Recommendation for anode plant!
Seal air leaks in the anode baking ovens to improve combustion
efficiency and reduce product damage.

Existing conditions:

On the last day of the in-plant exercise, a very brief visit was
made to the anode plant by two members of the RCG/Hagler, Bailly
team to troubleshoot a problem with the anode baking ovens.
Operators are currently having problenms obtaining complete
combustion of the fuel o0il used to bake the green anodes. The
engineer we talked to also indicated that they were having problems
with cracking of the firebrick in the ovens and damage to the
anodes from oxygen contact with the hot carbon during high
temperature curing.

In the anode baking ovens, green blocks are stacked three high in
pits between the combustion chambers and covered with petro-coke.
Heat transfer takes place by conduction and radiation from the
combustion chambers through the firebrick and the petro-coke filler
to the blocks.

Combustion air is forced into the firing chambers by a forced draft
fan. The air travels down the firing chamber to the burners which
are inserted into the chambers via ports in the top. An induced
draft fan draws the products of combustion further down the tube
and out through vents to the stack. The burners are moved to new
firing ports in leapfrog fashion as curing progresses. Unused
firing ports are covered by loose-fitting brick plugs.

RCG/Hagler, Bailly engineers performed an analysis of the stack
gases which showed a composition of 20% oxygen and negligible
carbon dioxide plus a smoke spot number of 6, indicating high co.
The stack temperature was only 120 degrees C in front of the
induced draft fan only a few meters from the point of combustion.
These conditions indicate that very large amounts of air are
infiltrating the exhaust gas system between the point of combustion
and the induced draft fan.

4 The anode plant was outside the scope of RCG/Hagler,

Bailly's effort, which was 1limited to alumina and the power
station.

RCG/Hagler, Bailly, Inc.
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Much of this air is drawn into the firing chambers through gaps
around the burner port plugs. Additional air comes in around bad
seals where the suction fan plenum attaches to the firing chambers.

On the forced draft side of the burners, the firing ports are often
uncovered to bleed off air, so as to keep the static pressure at
the Frurners approximately neutral. This practice results in
inadequate combustion air delivery to the burners.

Recommendation

We recommend that greater care be taken in sealing the unused
burner ports on the induced draft side of the burners so as to cut
down air infiltration. One simple method would be to use aluminum
foil or other suitable raterial as gaskets between the combustion
chamber brickwork and the plugs. Ancther possibility is to obtain
or make a better plug with a taper to f£it more snugly into the
burner ports. Similarly, leaks around the induced draft fan plenum
must be sealed as well as possible. It was unclear to us whether
or not any type of seal is placed over the anode stack to prevent
air infiltration through the granular coke filler material. If
there is presently no seal on the top of the baking pits, one
should be devised for them also, to prevent air from being drawn
down through the granular coke to cracks in the firebrick. Air
taking this pathway would cause damage to the anodes and possibly
to the firebrick pit walls via thermal shock. KAT engineers
indicated that the best anodes tended to come from the center of
the three-high stack, and the worst from the top. Air leakage plus
incomplete baking could be contributors.

We also recommend that the pProcedure for balancing the forced draft
side of the combustion process be altered. Rather than removing
burner port covers to bleed air, control the pressure by
manipulating the dampers on the forced draft fan plenum. There is
a damper for each combustion chamber, which should allow adequate
balancing of the draft. These dampers are currently not used in
favor of the bleed off technique. The bleed technique wastes fan
power by pumping air that is not used for the combustion process.

Finally, more air must be supplied to the burners in some fashion.
The current practice attempts to minimize the creation of positive
pressur2 in the combustion chamber so as to reduce exfiltration of
air from the” chamber into the baking pits where it damages the
anodes. If the seals on the downstream side of the burners can be
sufficiently improved, it should be possible to run the entire
system at a slight negative pressure, as is common practice in
boilers. The induced draft fan certainly has capacity beyond what

RCG/Pagler, Bailly, Inc.



K.A.T. Alumina - Preliminary Energy Audit 39
“m“

is needed for combustion air, as evidenced by its ability to
process huge amounts of infiltration air. Sealing the infiltration
leaks should allow suction of adequate combustion air through the
system. Some experimentation will be necessary to determine what
flow rates are adequate to provide complete combustion. We suggest
that KAT attempt +, monitor air velocity in each combustion chamber
rather than just static pressure. One simple way to do this would
be to place two pressure probes in each chamber separated by a few
meters, and monitor the pressure drop along the length of the
chamber. The pressure drop per unit length should correlate with
air flow rates through the chambers.

Expected Results:

Since we have no quantitative data on this part of the plant at
all, calculations of potential savings are difficult. Simple
visual examination of the stack shows that large amounts of fuel
are being exhausted unburned representing energy loss. The smoke
spot test of 6 in a highly diluted stream leads us to believe that
as much as 5-10% of the fuel may be going up the stack as Co0 and
soot. Judging by the number of burners in operation, the anode
plant must consume nearly as much fuel as the calciner, unless its
operating hours are fewer. Let us assume an annual consumption of
10,000 tons of oil per year as a conservative and easily scalable
estimate. At $130 per ton, each one percent increase in combustion
efficiency can save US $13,000 per year in fuel costs.

We expzct that far more than 1% improvement is possible. 1In
addition to the fuel savings, significant fan power will be saved.
Air flow through both fans will certainly decrease when the
infiltration and is cut back. The gases will be much hotter,
negating the decrease slightly, however excess fan capacity will
probably be available. The damper positions should be monitored
over the range of operating conditions. They will vary, depending
on the placement of the burners azd fans. If most of the dampers
are always kept more than half closed, consideration should be
given to reduction of the fan speed. Air flow is proportional to
fan speed, but power consumption is proportional tc the cube of fan
speed. Therefore, rather than dissipate fan energy across a
damper, fan speed should be reduced until most of the dampers are
nearly open at the maximum required air flow rates. We suspect
that both fans may exhibit considerably lower power requirements,
in which case they should be refitted with smaller motors to
improve motor efficiency and power factor. Once some experience is
gained with the new operating conditions, it may be possible simply
to exchange the existing fan motors for ories of lower RPM and power
ratings.

RCG/Hagler, Bailly, Inc.
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The cost of implementing the basic recommencdation is very little,

consisting primarily of labor for experimentation and a small
amount of materials for the gasketing.

RCG/Hagler, Bailly, Inc.
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V. ADDITIONAL RECOMMENDATIONS ~ OUTEIDE ALUMINA PLANT

D.3 Recommendation for Kombinat Aluminijuma Titograd’
Determine businass stratagy to cope with high &lectricity
tariffs

isti onditions:

Although the KAT complex was built to exploit cheap hydroelectric
power, the system now in place in Yugoslavia does not favor
regional variations in electricity tariffs. Thus KAT is faced with
a situation in which its average cost for electricity is much
higher than that of competing plants in other countries.

Established hydroelectric systems in the U.S. are able to deliver
electrical energy at a marginal cost of supply on the order of
US$0.03 per kWh, or less. Exchange rates and electricity tariffs
are constantly changing in Yugoslavia, but the following appears to
be a typical industrial tariff, in US dollars at Dn 22 = $1.00 (as
found in Croatia in May 1991):

Demand charge: US$11 per kW per month
Energy charge (average of high season and low season) :
Active: US$0.065 per kWh on-peak, 0800-1400 & 1800~-2200
US$0.026 per kWh mid-peak, 1400-1800
US$0.018 per kWh off-peak, 2200-0800

Under such a tariff, a plant with a load factor of 1.0 would pay an
average of US$0.039 per kWh for its energy charge, and a total cost
{including demand charge) of US$0.054 per kwh.

Recommendatjon:

This situation jeopardizes the future of the plant. If the plant
is expected to enter into the world market economy before
electricity tariffs are adjusted to reflect regional variations in
the cost of electric supply, then the plant will be judged
uncompetitive by world standards. However, this judgment would be
unfair, as it results only from the decision to have a national
system of energy prices.

5 KaT's management policy was outside the scope of RCG/Hagler,
Bailly's effort, which was limited to energy engineering activities
at alumina and the power station.

RCG/Hagler, Bailly, Inc.
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RCG/Hagler, Bailly recommends that KAT undertake a systematic
effort to understand the potential for regional electricity prices.
This effort should include the following steps:

Study of electricity prices and their impact on the
competitiveness of KAT in the markets in which it operates.

Study of electricity tariffs paid by KAT's main competitors.

Study of benefit of KAT to the economy of Yugoslavia, in
general, and Montenegro in particular.

Study of long-run marginal cost of electricity supply in
Montenegro.

Development of strategy for the future of KAT, under various
scennrios of electricity tariffs, competitiveness, and market
conditions.

Investigate feasibility of restructuring or privatization of
KAT as a fully integrated aluminum company, including not only
bauxite, alumina, powerplant, smelting, casting and rolling,
but also a hydroelectric facility. This should be one of the
existing hydro units, which was developed to serve the needs
of KAT.

RCG/Hagler, Bailly, Inc.
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MONTHLY DATA
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KAT - Alumina
Electric energy consusption
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Kcel steam per ton hydrate
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KAT - Alumine, Hydrate & Powerplant

Electric energy to hydrate
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APPENDIX 2
GRAPHICAL PRESENTATION OF HISTORICAL
ENERGY CONSUMPTION AND EFFICIENCY DATA

DAILY DATA
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Tons steam per ton hydrate

KAT - Alumina, Hydrate Plant

Specific steam consumption of hydrete
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APPENDIX 3
DETAILED CALCULATION OF COMBUSTION EFFICIENCY
BEFORE AND AFTER IMPROVEMENTS

BOILERS
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Kombinai Aluminjuma Thograd — Boiler #1 Date of test: 3 April 91 RCG/Hagler, Bailly, Inc.
Combustion Caiculations - “oial Basis Time of test: 0830 Steam rate: 48 tonfhr Alr: 200 mm H20 Fuel: 3500 iMmr
Fuel, 02, and Als per Unlt of Fuel | Flue Gas Composition, Moles per Fuel Unit ]
1 [
Line Fuetl PerFusl Mol WA  MoleeFuei O2 02 Moles I CO2 + 80 o N2 H20 co |
Conatt  Unit,®  Divisor Conett  Multipk  TheoReqd | | LINE MAZOUT
— | a Fudln*h-liod(hﬂ.%bymuvd
1 CwCo2 84.87 1200 1.07 1.00 1.07 | 1.07 | Co 86.2% COw 0.0%
2 CwCO 0.80 12.00 0.07 0.80 0.03 | 0.07 1 Hoe 10.0%
3 COwCo2 0.00 20.00 Qoo 0.50 0.00 ] 0.00 ] Sa 2.3%
4 Cunbumd 0.53 12.00 0.04 0.00 0.00 ] | b Q2a 0.6%
6 M2 10.00 200 6.00 0.50 250 | 6.00 | N2- 0.1%
¢ 8 2.30 32.00 0.07 1.00 0.07 | 0.07 | H20= 0.7%
7 O2deduct -0.80 32.00 -0.02 1.00 -~0.02 | | Asha 0.1%
s N2 o.10 20.00 0.00 0.00 | 0.00 i TOTAL- 90.86%
¢ CoO2 44.00 0.00 0.00 | 0.00 | Flue gas anaiysis by teot
10 H20 0.74 18.00 0.04 0.00 | 0.04 I TO02e 12.8%
11 Ash 0.12 0.00 0.00 I | c CO= 1200 PPUM, = 0.120%
12 Sum 99.08 1220 .08 | ] O2a 4.0% CMBSTBL 0.00%
| i d  Total air (TA), baged on above O2 test
Total air » 123.0% (from stack test) i ] TA= 122%
13 C2 (1heo) reqd = 02, iine 12 0.08 [} | [ Lhul.g.hlug-oouuuohony
14 O2 fexncess) = (Total air -1) * Wne 12 22 | | f WA, fuel unit + sum (moles each * mal wt), b
18 O2 (1otal) supplied = lines 13+14 11.88 | 2.2 | 8 Molwtoffuel+line 1/ 100
Total Air (TA) = line 16Aine 13 122.0% | | h  Denaity of fuel = line g/364 (bcutt)
18 N2supplied = 3.78°0R,line 16 44.00 | 44.00 | I Higher heat vaiue, fuel 10148 ,Btu/b = 18300
17 Alr (dry) supplied = O2N2 50.87 ] | ] %Cinrefuse
18 H2O In alf « moles dry aiv *ANB-A) 1.20 | 1.20 k  Combustibles unbumed, % of fuel 0.62%
10 Al (woD) supplied = lines 17+18 7.7 ] 1 Stack lemp, degrees C a 160
— - m  Ambient temp, dry bulb, dagrees C 18
Wat Flue Gan Ory Flue Gan
20 Five gas constituents = ines 1 10 18, total 7.14 222 44.60 6.2¢ 0.07 Total Moles 60.253 144 64.122741
21 mu:md:unormm«,um—n—omunm.-nmm
Convsrion 1o metric unite
mmaﬂwmmmtmummmmwm Bty kel  kioules
22 Fuelunit 100.00 B Flue gas constiuents: C02 + 8C o2 N2 H20 CO Towd total total
23  MCp, Molal speciiic heat, mean, 2 to 11 9.87 s.16 7.19 7.08 7.10
24 In ¢y flue gas, moles each, line 20°MCp* (12-11) 18413 a 83887 1281 107158 27003 113048
26 In H2O In alv, moles H2G, line 18°MCp*(2-11) 21 21 557 233
28 In sens heat, H20 In fuel, moles, ines (8+10)*MCp*(12-11) 0284 204 2342 9808
27 In lmtent heas, H2O in fusi, moles, Anes (5+10)° 1040° 18 84370 84370 23781 99560
28 Total In wet fue gas 213031 63884 224747
20  Due 1 unburned combusiibies, ine k°14,100 BluMd [ 174 2187 0164
30  Due 1o unbured CO in flue ges; Moleo C 1o CO*12°9765 BruMb 782 1068 8189
31 Total flue gas k +unb d bustible = lines 20429430 220470 87828 242000
= MMMMdMM-lW‘hoI&wnﬁlhuum 1830000 481160 1830860
= 394 * ine | * 100 for gasecus fusis
33 Siack and combustible lose, % cf heat input, 100°line 31/line 32 12.6% 12.56% 12.56%
34 Combustion efficiency, HHV, % of heat Input 100—kne 33 87.6% 87.6%  87.6%
36 Combustion efficiency, LHV basis (ine 27 subtracted trom %aat value and losses) 92.2% 02.2% 92.2%


http:29.29.30

Aombinal Aluminjuma Tiograd - Boller #1 Date of teet: 3 Apiil 91 RCQ/Magler, Bailly, inc,
Combuetion Caloulations - Mola! Basls Time of wst: 1030 Seam ram: 44.6 lon/hr Alr: 265 mm H20 Fuel: 3000 iy
Fuel, 02, and Alr per Unkt of Fuel | Fiue Gas Composition, Moles per Fuel Unit 1
— ! I
Une Fuel PerFuel Mol. VA  MolssFuel 02 02 Moles | €02 + 80 o2 N2 H20 co |
Conatit  Unit,® Diwisor Constit  Muliplr TheoReqd ! | LINE MAZOUT
—_— —_— 1 a Fulm-lhtlm%bymuvd
1 CwCO2 28.19 12.00 7.18 1.00 7.18 | 7.18 ] Ca 88.2% CO= 0.0%
2 CwCO 0.01 12.00 0.00 0.80 0.00 | 0.00 i H2= 10.0%
3 COwcCo2 0.00 28.00 0.00 0.60 0.00 § 0.00 | 8a 2.3%
4 Cunbumd 0.00 12.00 0.00 0.00 0.00 | i b 2= 0.6%
s M2 10.00 2.00 8.00 0.80 280 1 5.00 1 N2a 0.1%
¢ 8 2% 32.00 0.07 1.00 0.07 | 0.07 § H20= 0.7%
7  O2deduct -0.50 .00 -0.02 1.00 -0.02 | 1 Ashe 0.1%
s N2 0.10 20.00 0.00 0.00 ] 0.00 1 TOTAL= 90.00%
e Co2 44.00 0.00 2.00 I 0.00 | Fiue gas analysis by et
10 H20 0.74 18.00 0.04 0.00 ] 0.04 I CO2= 12.6%
11 Ash 0.12 0.00 0.00 | | ] CO= 12 PPM, = 0.001%
12 Bum 0.98 1228 .74 ] | O2a 4.4% CMBSTBL 0.00%
| 1 4@ Total air (TA), based on above O2 et
Total air = 126.0% (trom etack teet) i { TA= 120%
13 02 (Mheo) reqd = 02, iine 12 074 ] | ®  Lines 1,g.h for gasecus fuels only
14 02 (encees) = (Toral air -1) * line 12 8 i [} f Wl.luolunn«-lum(rnolum‘mn).b
18 02 (wtal) supplied = ines 13+14 12.27 ] 25 1 @ Mol wiof tuel ¢ line 17100
Total Al (TA) = line 168ine 13 120.0% 1 i h  Density of fuel = Lne p/384 (biout)
18 N2 supplied = 3.78°02,05 18 48.14 ] 48.14 | §  Higher heat value, tuel 10148 ,BuMd e 18300
17 Al (dry) supplied = O7 -2 68.41 | | | %Cinretuse
18 H20 In alr = moise éry air “ANB-A) 1.4 ] 1.2 k  Combustidies unburned, % of fuel 0.00%
19 Al (wei} supplied = lines 17418 50.63 | | Siack temp, degreso C a 100
— ——— . ene m  Ambisnt tlemp, dry bulb, degrees C 16
Wat Five Gas Dry Flue Gas
20 Fiue gas constituenis = lines 1 0 12, total 7.28 28 48.14 628 0.00 T Moles €2.211048 66.831500
21 Note: for sir at 00F and 0%RH, ANB-A)e.0212 is Used as a standard
Convarsh. . © metric unie
mrmosm:m»ooouumnmummmwwm Btu kcal  Lioules
Fosl unt 100.00 B Flue gas constuents: CO2 + 80 o2 N2 H20 CO Tow fotad wotal
23 MCp, Moial specific heat, mean, &2 1o 11 9.87 s.18 7.19 7.08 7.0
2 Indry ue gas, moles sach, line 20°MCp°(12-11) 10008 8363 80818 128 110708 27888 1men7?
28  In H20 in air, moles H20, line 18°4Cp°(2-11) 203 2263 878 2400
28  In sens heat, H20 In iuel, moles, linse (5+10)"MCp " (12-11) 9204 0284 2242 9808
27 In latent heat, H20 In fuel, moiee, ines (6+10)°1040° 18 94370 94370 23701 98580
28 Towl in wet fiue gan 210065 §4507 220671
20 Duc 10 unbumed combustibiss, line k* 14,100 Bub [} [} [
30 Due 10 unburned CO In fiue ges; moles C 10 CO" 12°9788 Biud [ 1] 2 [ 1
3 Toal fiue gas ksees + unburned combusiibie = lines 28+29+30 218738 54817 220858
E ] IWMV&IOMMOCMUM-IM'.\.IMMHIIQUHM. 1830000 401180 1830850
= 384 ° line | ° 100 for gassous fusle
33 Sack and com:ueiibie lose, % of heat input, 100°kne 31/line 32 11.8% 11.6% 11.8%
34 Combuetion efficien.y, HHV, % of heat input 100-line 33 88.2% 80.2% 80.2%
36 Combustion efiiciency, LHV basis (ine 27 subtracied from heat value and eses) 02.0% 02.0% 9R2.0%
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Kombinat Aluminijuma Thograd - Boller #2
Combustion Caloulations - Molal Basis

Line

5:3"“."0”-I

13

21

Date of test: 3 April 91

RCG/Hagler, Bailly, Inc.

Time of test: 1130 Smam rate: 42 onlhr Ar. 366 mm H20 Fuel: 3000 iy
Fuel, 02, and it per Unht of Fuel I Fh.~ Aas Composition, Moles per Fuel Unit |
- I [
Fuel PorFuel Mol W MolesFuel O2 02 Moles [} CO2 + 850 o2 N2 H20 co |
Conetit  Unit,I> Divisor Constt  Muhtipk  TheoReqd | i UINE MAZOUT
- | a  Fuel analysis as fired (AF), % by wt or vol
C 1w Co2 .19 12.00 7.18 1.00 7.18 | 7.18 | Ce 88.2% COw 0.0%
CwCo 0.01 12.00 0.00 0.80 0.00 i 0.00 [} He 10.0%
CO w0 COR 0.00 20.00 8.00 0.80 0.00 | 0.00 | Be 2.3%
C unburnd 0.00 12.00 0.00 0.00 0.00 | ] b 2« 0.56%
2 10.00 2.00 8.00 0.80 2.50 | 56.00 | 2= 0.1%
8 230 32.00 007 1.00 0.07 | 0.07 | H20= 0.7%
OR2 deduct -0.80 32.00 -0.02 1.00 -0.02 ] | Ashe 0.1%
[, - 0.10 29.00 0.00 0.00 | 0.00 ! TOTALe 90.00%
(>0 - 44.00 2.0C 0.00 ] 0.00 [} Flue gas analysis by teet
H20 0.74 10.00 0.04 0.00 1 0.04 | COR= 0.6%
Ash 0.12 0.00 0.00 ] | [ COw 6 PPM, = 0.001%
Sum 00.98 1228 8.74 | [} 2« 0.2% CMBSTBL 0.00%
[} | d  Tolal akr (TA), based on above O2 test
Total alf = 162.0% (vom stack test) [} [} TA= 162%
02 (¥heo) reqd = 02, ine 12 9.74 | | o  Lines 1,g.h for gasecus tuels only
O2 (encess) = (Tital air -1) * line 12 6.04 | [} t Mluolunlloium(m*.omh'mdm),b
02 (wtal) suppiied « lines 13+13 1678 I 6.04 | g Molwtofluet+iinet/ 100
Total Air (TA) = line 16Mine 13 182.0% 1 | h  Denalty of fuel = line /364 (/cutt)
N2 supplied = 3.78°02,line 15 50.32 | 50.32 | | Higher heat value, Iuel 10148 ,BuM « 18300
Alr (dry) supplied = O2+N2 75.10 ] i | %Cinretuse
H20 In alr = moles dry alr “ANB-A) 1.6 [} 1.60 k  Combustidies unburned, % of fusl 0.00%
Ar (wet) supplied = lines 17+18 10.00 1 | Stack temp, degrees C a 180
m  Ambient temp, dry buld, degrees C 15
Wet Flue Gas Dry Flue Gas
Flue gas constituents = lines 1 10 18, toty 728 6.4 50.33 [ X ~] 0.00 Total Moles 79.2640841 72.621370
Note: for aiv at S0F and G0%RAM, ANB-A)=0.0212 is used as & standard
Conversion 10 metric unite
EIMTMCFRLEMWMWLMNWPERRELMNM B keal  kloules
Fusl unht 10000 & Flue gaa conetiwents: CO2 + 850 o2 N2 H20 co Total total total
MCp, Molal spocific heat, mean, 12 1o t1 9.87 e.18 7.9 7.08 7.10
b dry fue gas, moiss sach, line 20°MCp*(r2-11) 16608 12880 111385 0.04 142022 016 160783
In H20 in alr, moiss H20, ine 18°MCp*(r2-11) 2835 2035 740 007
in sene heat, H20 In fuel, males, lines (6+10)*MCp*(2-11) 204 9204 2042 9608
in latont hoat, H20 in fuel, moles, lines (6+10)° 1040°18 4370 4370 23781 90680
Total in wet fiue gas 240622 6N78 283M85
Dus 10 unburned combustibies, ine k° 14,100 BluAd [} ] [}
Due 10 unburned CO in fk:e gas; molse C 10 CO ' 12°9768 Brud ] 18 (<)
Total flue gas losses + unburned combustibie = ines 26+28+30 249681 62004 263208
Higher heat vaiue (HHV) of fusl unit= 100 * iine | for solid & Siquid fusle 1830000 481160 19530650
=304 “ ine | * 100 for gasecus tusis
Stack and combustible loss, % of heat nput, 100°ine 31/line 32 13.0% 13.6% 12.6%
Combustion efficiency, HHV, % of heat input 100-line 33 86.4% 88.4% 88.4%
Combusiion etficlency, LHV basis (ne 27 subiracted from heat value and losses) 91.1% 21.1% 21.1%
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Kombinat Aluminijuma Thograd - Boller #2

Dase of test: 3 April 91

RCQ/Hagler, Bailly, Inc.

Combustion Caiculstions ~ Molal Basie Time of west: 1300 Steam rate: 43.5 ton/hr Air: 300 mm H20 Fuel: 3000 ihr
Fuel, 02, and Alr per Unit of Fuel 1 Flue Gas Composition, Moles per Fuel Unit |
— | 1
Lins Fuel PerFuel Mol Wt  MolesFusli O 02 Moles | €02+ 850 02 N2 H20 Cco 1
Conetit  Unit, >  Divisor Conetit  Multipk  TheoReqd | | LINE MAZOUT
—_— —_— | a Fuolmmb-ﬁnd(AF).%bymuvd
1 CwcCo2 88.18 12.00 7.18 1.00 7.18 i 7.18 { C= 088.2% CO= 0.0%
2 CwcCO 0.02 12.00 0.00 0.80 0.00 ] 0.00 | Hea 10.0%
3 COwco 0.00 20.00 0.00 0.80 0.00 i 0.00 i Se 2.3%
4 Cunbumnd 0.00 12.00 0.00 0.00 0.00 | | b O2a 0.6%
s M2 10.00 2.00 5.00 0.50 2.50 | 6.00 | N2a 0.1%
e 8 230 32.00 0.07 1.00 0.07 ] 0.07 i H20= 0.7%
7  OR2deduct -0.60 32.00 -0.02 1.00 -0.02 | i Asha 0.1%
s N2 0.10 20.00 0.00 0.00 | 0.00 | TOTAL= 99.00%
® cCo2 44.00 0.00 0.00 | 0.00 | Flus gas analysie by test
10 #H20 0.7¢ 18.00 0.04 0.00 ! 0.04 | CGRa 11.6%
11 Ash 0.12 0.00 0.00 | ) [ CO= 32 PPM, = 0.003%
12 8um 90.98 12.28 0.74 ] i 2= 5.2% CMBSTBL 0.00%
] ] d  Total ais (TA), based on above O2 test
Total alf = 132.0% (from stack tesf) | | TA= 132%
13 O2 (theo) reqd = 02, line 12 9.74 [} I ¢ Lines 1,0,h for gaseous fusis only
14 O2(excees) = (Total aiv -1) * e 12 312 ] ] ! M.luolunﬂvcum(rmh.nch'num).b
16 OR (1oial) supplied = lines 13414 12.88 | 312 | 9 Mol wiof fuel + line ¢/ 100
Totai Air (TA) = line 15AIne 13 132.0% | ] h  Density of fust = line g/364 (Ib/cutt)
16 N2 supgpilied = 3.78°02,8ne 15 45.33 ] 48.33 [} i Higher heat value, fusl 10148 , B = 18300
17 Alr (dry) supplied = O2.N2 61.19 | | 1  %Cinzetuse
18 H20 in air = moiaa dry alr *ANB-A) 1.3 | 1.0 t  Combustibles unburned, % of fuel 0.00%
19 Alr (wet) supplisd = Snes 17419 6249 ] 1 Stack temp, degrees C a 160
— m  Ambient semp, dry bulb, degress C 18
Wet Flue Gas Dry Flue Gas
20 Flue gas constituenis = lines 1 1o 18, total 7.28 A2 4.3 .34 0.00 Total Moles 66.048042 63.700713
21 Now: for alr at S0F and S0%FIH, ANB-A)=0.0212 's used as & standard
Convarzicn %1 matric unis
MW“RMMWMWLMNWMMWWFM Btu kol kjoules
22  Fuel unkt 000 B Flue gas cuastituents: €02+ 80 o N2 H20 CO Toa ol otal
23 MCp, Molal speciic boat, mean, 2o t1 9.87 8.18 7.19 7.08 7.10
24 In dry Bue gas, moles sach, line 20°MCp°(12-11) 18062 [ <14 80738 3.67 110009 2849 122453
26 In H20 in ulr, moles H2D, Ine 18°84Cp“ (12-11) 2362 2362 o3 2823
28 In vens heat, H20 In fuel, moles, ines (5+10)*MCp*(12-11) 9204 9204 2342 93068
F44 hhnmmu.mohmm.u(s.w)'wso'u 94370 94370 23781 90660
28 Total In wet five gas 22126 66076 234312
20 Due © unburned combustibles, ine k* 14,100 Btufd Q [} 0
30  Due 1 unbumed CO In fue gas; moles C 1o CO"12°9755 Buld 22 [ <) 245
31 Total Bue gas Iosses + Unburned combustible = ines 26426430 222387 50034 234588
- Muhulvt‘u(ﬂﬂndl\nlunll-Iw'bolluooldllquidhoh 1830000 481160 1830850
= 394 ° line | ® 100 for gaseous fuels
33 Siack and combustibie loss, % of heat Input, 100°ine 31/ine 32 12.2% 12.2% 12.2%
34 Combuetion efficiency, HHV, % of heat input 100-Nne 33 87.8% 87.6% 87.0%
35 Combustion efficiency, LHV basis Qine 27 subtracted from heat value and losses) 92.6% 2.6% 92.6%



Kombinat Aluminijuma Titograd — Boller #3

Combustion Caiculations - Molal Basis

Date of test: 3 April 1991
Time of test: 1130

Seam rate: 80 thr (7)

RCG/Hagler, Balily, Inc.

Fuel, 02, and Alr per Unit of Fuel

Line

;,:aoou.abo»—l

21
2
2
FJ
28
k24
2
0
N

k-
4

Flue Gas Compoaltion, Moles per Fuel Unlt

]
|
Fuet PerFusl Mol WA  MolesFuel 02 02 Mcles CO2 + 80 o2 N2 H20 co §
Constit Unit,lb Divisor  Constht Mutipk  TheoReqd | LINE MAZOUT
| &  Fuel analysis aa fired (AF), % by wt or vol
Cw Co 88.20 12.00 7.18 1.00 7.18 | 7.18 | Ca 86.2% CO= 0.0%
CwCOo 0.00 12.00 0.00 0.50 0.00 | 0.00 I Ha 10.0%
CO © 002 0.00 20.00 0.00 0.50 0.00 ] 0.00 | 8a 23%
C unbumd 0.00 12.00 0.00 0.00 0.00 ] [} b O2= 0.5%
H2 10.00 2.00 5.00 0.50 2.50 I 5.00 | N2 0.1%
8 230 32.00 0.07 1.00 0.07 | 0.07 | H20= 0.7%
02 deduct -0.80 32.00 -0.02 1.00 -0.62 I § Ash= 0.1%
N2 0.10 20.00 0.00 0.00 [} 0.00 | TOTALe 90.96%
co2 44.00 0.00 0.00 | 0.00 [} Flue gas analysis by teet
Ho 0.74 18.00 0.0¢ 0.00 [} 0.04 | (>0 23 12.0%
Ash 0.12 0.00 0.00 [} | [+ CO= 3 PPM, = 0.000%
Sum 99.98 1720 9.74 ] | ORa 4.8% CMBSTBL 0.00%
1 i d  Total air (TA). based on above O2 test
Total ait = 120.0% {ivom stack teet) ] ] TA= 128%
O2 (theo) reqd » 02, ine 12 0.74 i i ° Lhul,g.hbvmhohony
02 (ex0008) = (Totad air ~1) * line 12 27 1 1 1 W, fuel unit + sum (moies sach * mol wt), b
02 (1otal) supplied = fines 13414 12.47 | 27 | g Molwtolfuels inet/ 100
Total Alr (TA) = Bine 168ine 13 129.0% [} [} h Mam.mmmm
N2 supplied «» 3.78°02,0ne 15 48.97 | 48.87 | t  CHigher heat value, fuel 10148 ,BtuMd = 18200
Air (dry) supplied = O2:N2 60.34 [ [ j  %Cin refuse
mn&-mmn‘m 1.28 ] 1.28 k  Combustibles unburned, % of fue! 0.00%
Al (wol) supplied = lines 17+18 60.60 t | Stack emp, degress C a 180
m  Ambient temp, dry bub, degress C 16
Wet Flue Gas Dry Flue Gas
20  Fiue gas conatituenie = fines 1 1o 18, otad 7.2 27 48.88 6.20 0.00 Total Moles 63.168208 60.880072
m:u&ammmm—n—owlzzm.‘um«
Conversion 1o metric uniss
mmwnwmmmmtmnmmmmnm Bw koal  koules
Fuel unit 10000 b Flue gas conetituenta: CO2 + 80 o2 N2 H20 co Totad otad otal
MCp, Moisl specilic heat, mean, 22 1o 11 0.94 [ R]] .21 7.07 on
in dry flue gas, moles each, Sne 20°MCp*(2-11) 21427 684 100433 0.38 126484 378 138561
In H20 in air, moles H20, Wne 18°MCp*(2-11) 2042 2842 [} 2787
28 In sons heat, H20 in fuel, moies, lines (5+10)°MCp*(12-11) 10687 10887 2000 11109
In lntent heat, H20 in fuel, males, Enes (5+10)°1040°18 84370 94370 23781 99680
Totad in wet five gas 230083 60483 240067
20  Due W unburmed combustibiss, ine k* 14,100 Btufh [ 0 0
Due 10 unbumed CO in flue gas; moise C 1o CO*° 12°9755 BuuMb 21 5 2
Yﬂhnm-ommm-mm 236104 50498 749090
M«Mvduo@!Mdbdunﬁ-lOO'hlhnthuum 1830000 481100 1930050
=384 ° fine | © 100 lor gaseous fuels
Stack and combustible ioss, % of haat input, 100°kno 31/ine 32 12.9% 12.6% 12.8%
Combustion efficiency, HHV, 9% of heat input 100-line 33 872.1% 47.1% 87.1%
36 Combustion efficiency, LHV basis (ina 27 subtracted from heat vakie and losses) 91.8% 91.8% 91.8%

AVAN
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Kombinat Alumini Thograd - Boller #4 Date of test: 5 Apsil 91 RCGIHagler, Bailly, Inc.
Combustion Caiculations - Molal Basie Time of test: 1130 Steam rate: 34 ton/hr Air: 15 mbar Fuel: 2500 hr
Fuel, 02, and Alr per Uait of Fuel i Flue Gas Compositicn, Moles per Fuel Unit I
—— ! I
Line Fuel PorFuel Mol WR  MolesFuel O2 02 Moles | €02 + 850 o2 N2 H20 Cco |
Constit  Unit, b  Divisor Constit  Mulipk  TheoReq” | 1 LUINE MAZOUT
P i a  Fuel analysie as fired (AF), % by wt or vol
1 CwoCoR 80.19 12.00 7.18 1.00 7.18 ] 7.18 | Ca 88.2% CO= 0.0%
2 CwnCo 0., 12.00 0.00 0.50 0.00 | 0.00 | H2a 10.0%
3 COwcCo2 0.00 20.00 0.00 0.50 0.00 1 0.00 ] S 2.3%
4 Cunbumnd 0.00 12.00 0.00 0.00 0.00 | ] b O2e 0.5%
5 H2 10.00 2.00 6.00 0.50 2.60 ] 6.00 | N2« 0.1%
e 8 230 32.00 0.07 1.00 0.07 | 0.07 ] H20= 0.7%
7  O2deduct -0.60 32.00 -0.02 1.00 ~0.02 i | Ashe 0.1%
s N2 0.10 20.00 0.00 0.00 | 0.00 ! TOTAL= 99.98%
8 Co2 44.00 0.00 0.00 | 0.00 | Flue gas analysie by test
10 K20 0.7¢4 18.00 0.04 0.co ] 0.04 | CO2= 10.8%
11 Ash 0.12 0.00 0.00 i | [ COw 12 PP, = 0.001%
12 8um 0.96 12.28 9.74 | | Re 7.3% CMBSTBL 0.00%
I ) d  Total alr (TA), based on above O2 test
Total aif = 150.0%; (from stack test) | | TA= 150%
13 02 (theo) reqd = OZ, line 12 0.74 1 | & Linea f,9.h for gaseous fusis only
14 O2(emoess) = (Total air -1) * lne 12 4.87 | | 1 W, fuel untt + sum (moles sach * mol wi), Ib
18 02 (votal) supplied = lines 13+14 14.61 ! 4.87 i 9@ Molwiottuel + ine /100
Total Al (TA) = line 15Mine 13 180.0% | | h  Denstty of fusl = line a/304 (Ibicutt)
16 N2euppilied = 3.78°02,line 16 64.93 1 64.93 | 1 Higher heat value, fuel 10146 ,Btutb = 18300
17 Als (drv) supslied « O2.N2 69.54 1 | | %Cinretuse
18 H20 in air = moiles dry air *ANB-A) 147 ] 1.47 &k Combustibic 3 unburned, % of fuel 0.00%
19 Al (wel) supplied = lines 17+18 71.01 | | Siack temp, degrees C a 160
— m  Ambtient temp, dry bulb, degrees C 16
Wet Flue Gas Dry Flue Gas
20 Fiue gas constituente = lines 1 10 18, total 125 4.87 64.93 8.52 0.00 Total Moles 73.572683 87.067371
21 Note: for air at 80F and G0%RH, A/(B-A)=0.0212 ls used as a standard
Conversion 1o metric unim
MWWHGWMWWLMSNWMMMMM Bu koal  kJjoules
22 Fuelunh 100.00 b Flue gas constitvenm: €02+ 850 o2 N2 H20 CO Tow tota) totad
23 MCp, Molal specific heat, mean, 12 1o t1 .07 s.18 7.19 7.08 7.10
24 In dry fue gas, moles sach, line 20°MCp*(12-11) 18805 10371 103118 148 132183 33310 130453
26 in H20 In akr, moles H20, line 18°MCp*(12-11) 28 2718 .1 2087
2 in sens heat, H20 In fuel, moles, ines (5+10)*MCp *(12-11) 9204 Q™ 2342 9608
27 in latent heat, H20 In fuel, moiles, ines (5+10)° 1040° 18 94370 943/0 23781 99660
28 Total in wet fue gas 238564 90118 251688
28 Due 10 unburned combustidies, line k* 14,100 Bru/b 0 [} [}
30 Due 1o unburned CO in duc gas; moles C 1o CO*12°8755 Blultd -4 24 %
31 Total fiue gas losses + unbumed combustible = lines 28+20+30 220858 00142 251784
32  Higher heat value (HHV) of fuel unita 100 * line | for soilid & liquid fusle 1830000 461100 1930850
« 394 © ine | ® 100 for gasecus fuele
33 Stack and combusiible lose, % of heat Input, 100°ine 31/ine 32 13.0% 13.0% 13.0%
34 Combustion sfficiency, HHV, % of heat input 100-kine 33 87.0% 67.0% 87.0%
35 Combustion sificiency, LHV basis (ine 27 sublracted frc * )at value and losses) 0N.7% 7% 91.7%


http:26.29.30

Kombinat Aluminij Tirograd - Boller #4 Dats of test: 5 Aprll €1 RCGQ/Hagler, Bailly, Inc.
Combustion Caiculations - Molal Basls Time of weet: 1300 Steam rate: 44 ton/hr Ar: 18.6 mbar Fuel: 3200 Uhr
Fuel, 02, and Alr per Unit of Fuel f Flue Gas Composltion, Moles per Fuel Unit |
— 1 [
Line Fuel Per Fuel Mol. WA  MolesFuel 02 02 Moles ] €0z + 8O o2 N2 H20 co |
Constit Unit,b  Divisor Constit  Mulipk  TheoReqd | § LINE MAZOUT
- 1 a  Fuel analysis as fired (AF), % by wt or vol
1 CwCo2 88.18 12.00 7.18 1.00 7.18 | 7.18 I Cw 88.2% CO= 0.0%
2 CwcCO 0.02 12.00 0.00 0.50 0.00 | 0.00 | H2= 10.0%
3 COwCo2 0.00 20.00 0.00 0.50 0.00 | 0.00 | Se 2.9%
4 Cunbumnd 0.00 12.00 0.00 0.00 0.00 ] i b 0R= 0.5%
6 H2 19.00 2.00 6.00 0.0 2.50 ] 6.00 | N2 0.1%
e 8 230 32.00 0.07 1.00 0.07 [} 0.07 ] H20- 0.7%
7 O2deduct -0.50 32.00 -0.02 1.00 =0.02 | ! Asha 0.1%
s N2 0.10 20.00 0.00 0.00 | 0.00 | TOTAL= 90.98%
9 Co02 44.00 0.00 0.00 | 0.00 1 Flue gas analysis by test
10 Hz0 0.74 18.00 0.04 0.00 | 0.04 | CO2= 12.3%
11 Ash 0.12 0.00 0.00 ] ] [-] CO= 24 PPM, = 0.002%
12 Sum 00.68 12.28 .74 ] [} OR- 6.56% CMBSTBL 0.00%
t | d  Total alr (TA), based on above O2 test
Total aif = 134.0% (from stack esl) | ! TA= 134%
13  O2(theo) reqd = 02, line 12 0.74 1 ] @ Lines 1,g,h for gaseous tueis only
14 02 (excess) = (Total air -1} * kine 12 3.3t ] | t WA, fuel unit + sum (moies each * mol wt), b
16 O2(totad) suppiied « lines 13414 13.05 | AN 1 g Molwtoltuels linet/ 100
Total Air (TA) = line 16Mne 13 134.0% 1 } h  Denaity of fusl = line /394 (ib/cutt)
10 N2 supplied = 3.78°02,line 15 49.07 | 40.07 | | Higher heat value, fuel 10148 ,Btuib = 18300
17 A (dry) supplied = O2¢N2 62.12 J ] | %Cinrstuse
18 H20In aif = moles dry air “ANB-A) 1.32 | 1.32 k  Combustibles unbumed, © of fuel 0.00%
19 Alr (wet) supplisd = inee 17418 Q.44 | | Stack temp, degress C a 180
— m  Amblent temp, dry bulb, degrees C 18
Wet Flue Gas Dry Flue Gas
20 Flue gas constituents = ines 1 10 18, totad 7.25 an 49.07 6.8 0.00 Total Moles 66.900400 50.6383868
21 Not: for air at 80F and 60%RH, AXB-A)=0.0212 is veed as a standard
Conversion 1o metric units
mmmwnwmwmumstmummmmmm B kcal  kloules
22 Fuslunh 100.00 Flue gas constituents: CO2+ 80 o N2 H20 CO Towd total total
23 MCp, Molai specific heat, mean, t2 1o t1 0.87 8.18 7.19 7.08 7.10
24 In dry fue ges, moles sach, fine 20°MCp*(2-t1) 15004 7062 92114 200 117882 20701 124045
26 In H20 in air, molee H2O, fine 18°MCp* (2-11) 2420 2420 612 2582
28 In sens heat, H20 in fusl, moles, linec (5+10)°MCp*(2-11; 204 0284 242 9808
27  In lasnt haat, H20 in fuel, moles, knce (5+10)° 1040°18 94370 94370 23781 90600
28 Totalin wet fiue gas 223064 56438 208272
20 Uue 1o unburned combustibles, line k* 14,100 Blufb 0 0 0
30 Due 10 unburned CO in flue ges; molec C 1o CO* 12°9755 Biufid 164 41 173
31 Total flue gas losees + unburned combustible = lines 28428430 224118 66478 236445
32 Higher heat value (HHV) of fuel unit= 100 “ line | for eclid & Lquid fuels 1830000 4€1160 1830650
= 384 ° line | * 100 for gaseous fusis
33 Stack and combustibie lose, % of heat input, 100°Ene 31/line 32 122% 12.2% 12.2%
34 Combusticn efficiency, HHV, % of heat input 100-lins 33 87.8% 87.8% 87.8%
35 Combustion efficiency, LHV basis (ine 27 sublracied from heat value and losses) 02.5% 02.6% 82.6%



Kombinat Auminijuma Thograd - Boller #3 Date of test: CLEAN TUBES RCG/Hagiler, Ballly, Inc.
Combuastion Caiculations - Molal Basis Time of test: Steam rate: Alr: Fust
Fuel, 02, and Alr per Unkt of Fuel | Flue Gas Composltion, Moles per Fusl Unlt |
1 1
Line Fuel PerFuel Mol Wt MolssFuel 02 02 Males | C02+ 80 02 N2 H20 o |
Conetit Unit, b Divisor Constit  Multipk  TheoReqd | ] LINE MAZOUT
_ | a lem-ﬁroduﬂ.ﬂbymovvd
1 CwC02 86.20 12.00 7.18 1.00 7.18 } 7.18 ] Ca 83.2% COa 0.0%
2 CwCOo 0.00 12.00 0.00 0.60 0.00 1 0.00 | H2a 10.0%
3 Cowcoz 0.00 29.00 0.00 0.50 0.00 { 0.00 | Sa 2.3%
4 Cunburnd 0.co 12.00 0.00 0.00 0.00 ] 1 b 02 0.5%
s H2 10.00 20¢ 6.00 0.50 2.50 ] 5.00 | N2 0.1%
e 8 2% 32.00 0.07 1.00 0.07 ) 0.07 | H20- 0.7%
7 O2deduct -0.50 32.00 -0.02 1.00 -0.02 | [ Asha 0.1%
8 N2 0.10 28.00 0.00 0.00 | 0.00 ! TOTAL= 90.98%
9 cCo2 44.00 0.00 0.00 | 0.00 | Fiue gas analysis by test
10 H20 0.74 18.00 0.04 0.00 I 0.c4 § COR2= 12.0%
11 Ash 0.12 0.00 0.00 ] ] -] CO= 3 PPM, = 0.000%
12 8Sum 90.96 1228 9.74 ] ] 02 4.6% CMBSTBL 0.00%
§ | d  Total air (TA), based on above O2 st
Total aif = 132.0% (from etack :3sl) | | TA= 132%
13 02 (theo) reqd = 02, Ine 12 0.74 | | o Lines t,g,h for gaseous fusie only
14 02 (expees) = (Total akr 1) * line 12 3.12 | ! { M,fuolunnooum(nnboueh‘mm),lb
16 02 (1otal) supplied = lines 13+14 1288 | A2 ] g Molwtoltuel ¢ line /100
Total Alt (TA) = line 16/ins 13 132.0% [ I b Danalty of fuel = line g/394 (Ibicutt)
18 N2 supplied = 3.78°02,line 15 48.34 | 48.24 | 1 Higher hsat vaiue, fuel 10148 , BiuMd = 18300
17 Al (dry) supplied = O2+N2 81.20 | I 1 %Cinrefuse
18 HZ0 in air = moles dry alr “ANB-A) 1.30 | 1.30 k  Combustibles unbumed, % of fuel 0.00%
190 Al (we) suzplied « knes 17418 62.49 | 1 Stack temp, degrees C 185
m  Amblent lemp, dry bulb, degress C 18
Wet Flue Gas Dry Fiue Gas
20  Flue ges conetituents = Bnee 1 10 19, total 7.2 3.12 48.24 6.34 0.00 Total Moles 05.052921 68.714472
21 Now: for air at 80F and 80%RH, AXB-A)=0.0212 Ia used ae a standard
Conversion 1o metric unite
mnouornuem»ocoummsmassanmmruamwm Bt kcal  koules
22 Fuelunh 100.00 b Flue gas constituents: COo2 + 850 02 N2 H20 CO Towl otal total
23 MCp, Molal specific hsat, mean, 12 1o 11 9.89 8.18 7.2 71.07 7.10
24 In dry fiue gas, moles sach, line 20°MCp*(2-11) 19376 6870 83644 0.24 120191 30288 126801
25  in H20 In alr, moles H20, line 18°MCp*(12-11) 2478 2476 [~} 281
28 in sene heat, H2O in fuel, males, Bnes (5+10)°MCp=(12-11) 9617 9617 2424 10148
27 in latent heat, H2O In fuel, moles, lines (5+10)° 104018 94370 94370 22781 90600
28 Tolal In wet fue gas 226683 67117 239119
29 Due 10 unbumed combustibies, ine k* 14,100 Btuid o o o
30  Due 10 unbumed CO In flue gas; moles C to CO*12°9765 Biu/ld 21 [ 2
31 Total fue gas k +unb d bugtibie = lines 28429430 220674 M2 239141
2 W«Mvmmdhﬂunn-ioo'lmllalddllquldhnh 1830000 461100 1930850
=384 ° line ! ° 100 for gasecus fusis
33 Stack and combuatible lose, % of heat input, 100°ine 31/ine 32 12.4% 124% 12.4%
34 Combustion sificlency, HHV, % of heat Input 100-kine 33 87.6% 87.6% 087.6%
35 Combustion efficiency, LHV basis (ine 27 subuacied from heat vaius and losses) 92.4% 02.4% R2.4%



Kombinat Aluminijuma Titograd - Boller #3
Combustion Calculations - Molal Basle

Date of wst: CLOSE PORTS RCGQ/Hagles, Ballly, Inc.
Time of teet: Steam rate: Ar: Fuel:

Fuel, 02, and Alr per Unit of Fuel { Flue Gas Composition, Males per Fuel Unit |
— 1 " [
Line Fuel PerFusl Mol WX  MolesFuel 02 02 Moles | CO2+ 80 o2 N2 H2C co |
Constil  Uni,ib  Divisor Constit  Mukiph  TheoReqd | f LINE MAZOUT
- | a Fuolmdy-h-fbod(AF).%by-tavol
1 CwnCo2 88.20 12.00 7.8 1.00 AL ] 7.18 I Ca 88.2% CO= 0.0%
2 CwnCo 0.00 12.00 0.00 0.50 0.00 { 0.00 | H2a 10.0%
3 COwCo 0.00 20.00 0100 0.50 0.00 ] 0.00 | 8= 2.3%
4 Cunbumd 0.00 12.00 0.00 0.00 0.00 1 | b O2e 0.6%
8 M2 10.00 2.00 6.0 0.50 2.60 ] 6.00 I N2= 0.1%
[ -} 230 32.00 0.07 1.00 0.07 1 0.07 | H20- 0.7%
7 02 deduct -0.50 .00 -0.02 1.00 -0.02 { ) Ashe 0.1%
s N2 0.10 20.00 0.00 0.00 ] 0.00 | TOTAL= 90.96%
® CO2 44.00 0.00 0.00 ] 0.00 ] Flue gas analys's by test
10 (O 0.74 18.00 0.04 0.00 ] 0.04 | CORa 13.6%
11 Ash 0.12 0.00 0.00 | | c CO- 0 PPM, = 0.000%
12 Bum 00.90 12.28 0.74 | 1 O2e 3.0% CHMBSTBL 0.00%
| 1 d  Total ais (TA), based on above O2 iest
Total v = 116.0% (from stack test) | ! TA= 115%
13 O2("heo) reqd = 02, Ine 12 0.74 i | o Lines i,g,h for gasecus fusie only
14 OR (excees) = (Total air ~1) * line 12 148 | ] t WA, fusl unit + sum (moles each * mol wt), Ib
16 O2 (1otal) supplied = lines 13+14 1.2 | 1.48 i 9 Molwioftusl +line t/ 100
Total Al (TA) = line 16AIne 13 115.0% ] | b Denaity of fuel = line g/304 (ib/cut)
16 N2 suppiied = 3.76°02,line 18 a@n | an ! | Higher heat valus, fuel 10148 ,Biufd = 18300
17 Alr (dry) supplied = 0282 53.31 1 ) i  %Cin refuse
18 H20 In als = moise dry alr “AXB-A) 113 | 1.13 k&  Combustibles unburned, % of fuel 0.00%
19 Alr (wet) supplied = lines 17+18 54.44 ] | Swack emp, degress C a 170
— m  Amblent lemp, dry bulb, degrees C 15
Wet Fiuve Gas Dry Fiue Gas
20 Flue gas constituents = lines 1 1o 18, toial 7.28 1.46 42.12 6.17 0.00 Total Moles 67.006083 60.833876
F1l m:h&ummmw.oetzhm---w“
Conversion 1o metric units
mMGFLLEMNDOOUWI&ELMNmPERMMMFm Btu kcal  kjoules
22 Fuelunit 100.00 B Flue ges Sonstituents: C02 + 850 o N2 H20 CO Tow total total
23 MCp, Molal specific heat, maan, 2 10 11 .9 8.7 7.2 1.07 7.10
34 in dey fue gas, moies each, line 20°MCp*“(2-11) WOES 3330 84839 0.00 108028 27223 113608
25 in H20 In sk, moiee H20, line 18°MCp*(12-11) 2% 2% 5682 2361
20  Inoens heat, H20 in fued, moies, Bnes (6+10)°MCo*(2-11) 9940 9940 2605 10487
27  inlatent heat, H20 In fuel, melss, ines (5+10)°1040°18 94370 94370 23781 995680
28 Total in wet fiue gas 214565 54070 228008
28  Due %0 unbumned combustibles, fine L* 14,100 Bud [ [} [}
30  Due %0 unburned CO In flue gas; maise C 10 CO*12°9765 Blufd ] [} -]
31 Total fue gas sses + undurmed combustible = lines 28+29+30 214565 54070 228368
S2 Higher heat value (HHV) of fuel unita 100 © line | for soiid & kquid fusis 1830000 481160 1830650
=394 * line | * 100 for gaseous fusle
33 Siack and combustible loss, % of heat input, 100°line 31/ine 32 11.7% 11.7% 11.7%
34 Combustion sfficlency, HHV, % of heat input 100-line 33 50.2% 85.2% 88.3%
36 Combustion eficiency, LHV basis (ine 27 subtracted from heat value and losses) 83.1% 83.1% 3.1%

'



APPENDIX 4
DETAILED CALCULATION OF COMBUSTION EFFICIENCY
BEFORE AND AFTER IMPROVEMENTS

ALUMINA CALCINER

KOMBINAT ALUMINUJUMA TITOGRAD (KAT)
ALUMINA PLANT AND POWER PLANT

,q_‘B'



Kombinat Aluminjuma Titograd - Alumina Calciner

Daw of teet: 4 April 1991

RCG/Hagler, Bailly, Inc.

Combustion Caiculations - Molal Basie Thme of test: 1030 Hydrate feed: 68 Uhr Alr:pllmuyoo%opon.zn"rnﬂzo.umduyn Fuel 3800 Uhs
Fuel, G2, and Al g-ar Unht of Fuet ] Fiue Gas Composition, Moles per Fuei Uit I
— [ [
Line Fuel PerFuel Mol WA  MolesFuel 02 02 Molye I CO2+ 80 o2 N2 H20 co f
Constit  Unit,ib  Divisor Constit  Mulipk  TheoReqd | | UNE MAZOUT
—_— | a Fuolmm-ﬂndmstbymuvd
1 CwCd 81.18 12.00 [ ¥, ] 1.00 8.78 1 a.7¢ } Ca 80.2% COa 0.0%
2 CwCo 1.08 12.00 0.18 3.50 0.08 I 0.16 ! H2= 10.0%
3 COwCo2 0.00 20.00 0.00 0.60 0.00 | 0.00 | 8a 2.3%
4 Cunburnd 3.18 12.00 0.27 0.00 0.00 ] ] b O2e 0.56%
5 Ha 10.00 2.00 §.00 0.50 250 | 6.00 | N2e 0.1%
¢ 8 220 32.00 0.07 1.00 ou?7 ] 0.07 | H20- 0.7%
7 02 deduct -0.60 32.00 -0.02 1.00 0.2 | 1 Ashe 0.1%
8 N2 0.10 20.00 0.00 0.00 I 0.00 ] TOTAL= 90.96%
9 coe 25.00 0.00 0.00 | 0.00 | Fiue a8 analysis by test
10 H20 c.7e 18.00 0.04 0.00 { 0.04 ] CO2= 16.3%
11 Ash 0.12 0.00 0.00 ] i ] COa 3500 PPM, = 0.350%
12 Sum 96.08 1228 9.40 | | ORe 1.5% CMBSTBL 0.00%
[} ] d  Toial air (TA), bascd on above O2 test
Total af = 107.9% (from etack tee?) | | TA- 107%
13 02 (thec) reqd = G2, line 12 8.40 } i e Lines 1,9,h for gaseous fusis only
14 02 (excess) = (Total air -1) * kine 12 .08 | ) 1 Mfuolunnolum(mob-oneh'molm).lb
18 02 (10tal) supplied = lines 13+14 10.06 ] 0.08 | g Molwtol fuel + tine 1/ 100
Total Alr (TA) = line 188ine 13 107.0% | | h  Denslty of fusl = ine g/384 (b/cutt)
18 N2 euppiled = 3.76°02,line 15 37.81 { 7.0 ) i Higher hoat value, fuel 10148 ,BwuMd = 18300
17 Alr (dry) suppiled = N24N2 47.88 | | ]  %Cinrefuse
18 H20 in als = moles dry als "ANB-A) 1.01 § 1.01 k  Combustibles unburned, % of fusl 3.00%
19 Alr {wel) supplied = lines 17+18 48.88 | | Stack temp, degrees C a 30
D m  Ambient temp, dry bulb, degrees C 185
We: Flue Gas Dry Fiue Gas
£0  Flue gas constituents = lines 1 18, total 6.4 0.68 37.81 6.00 0.18 T Moles 51.613082 45.457323
21 m:u&nwmmw.omzhw-nwua
. Converaion 1o metric units
mMMGRMMMWW&ELMSNWMMMWFEm B kcal  kdoules
2 Fuslunit 100.00 B Flue gas conetituents: CO02 + 80 ez N2 H20 co Total total tal
23  MCp, Molsl specific heat, mean, &2 10 11 16.12 L2 1.27 7.00 7.13
24 In dry flue gas, moles sach, line 20°MCp*(2-11) 20760 2000 108342 427.14 125831 M7 1432091
26 in H20 in alr, males H20, line 18°MCp*(12-t1) 2784 2784 701 2837
26 in eene heat, H20 in fusl, moiee, lines (8+10)*MCp(12-11) 13830 13830 M85 14681
27  in latent heat, H20 In fuel, moles, ines (5+10)*1040° 18 94370 4370 23781 90500
20 Total in wet flue gae 240816 €2147 200179
20  DOus o unburned combustidiss, line k° 14,100 Blud 52082 13120 54926
0 Mbmwcohﬂngn;m{ © CO®12°9766 Btu/id 19111 45684 18107
31 Tolal fiue gas & +unb d tible = ines 26420430 318788 78831 334211
32 Higher heat value (HHV) of fusl unit= 100 ¢ line | for solid & liquid fusle 1830000 481100  1%...:S0
= 304 “ &ne | * 100 for gaeeous fucle
33 Stack and combustble lose, % of heat nput, 100°ine 31/kine 32 17.3% 17.3% 17.3%
34 Combustion etficiency, HHV, % of heat input 100-line 33 32.7% 82.7% 02.7%
36 Combusion efticiency, LRV basle (line 27 sublracted from heat value and losses) 87.2% 87.2% 07.2%


http:26.29.30

Komblnat Aluminijuma Titograd ~ Alumina Calciner Date of test: 4 April 1991 RACG/MHagler, Ball,, an..
Combustion Caiculations - Molal Basie Time of est: 1245 Hydrate leed: 58 Uhr Alr: primary 100% open, 240 mm H20, sscondary #13 Fusl 3800 hr

Fuel, O2, and Alr per Unit of Fuel Flue Qas Composition, Moles per Fuel Unit

[
|

Line Fuel PerFusl Mol W  MolesFuel 02 02 Moles | CO2 + SO o2 N2 H20 co
|

|
I
1
Constit Ualt, & Divisor Constit Multply TheoReqd ] LINE MAZOUT
. 1 a  Fusl analysls as fired {AF), % by wt or vol
1 CwCo2 8a.18 12.00 7.18 1.09 7.18 | 7.18 1 Cw 88.2% COw 0.0%
2 CwCO 0.02 12.00 0.00 0.50 0.00 | 0.00 ! H2a 10.0%
3 COwCo2 0.00 20.00 10.00 0.50 0.00 ] 0.00 ] Sa 2.3%
4 Cunburnd 0.00 12.00 0.00 0.00 0.00 ] 1 b 02« 0.5%
5 H2 10.00 2.00 56.00 0.50 280 | 5.00 { N2= 0.1%
¢ 8 220 32.00 0.07 1.00 0.07 1 0.07 [} H20= 0.7%
7 O2deduct ~0.60 32.00 -0.02 1.00 -0.02 ] I Asha 0.1%
8 N2 0.10 28.00 0.00 0.00 | 0.00 ) TOTAL= 90.96%
® co2 44.00 0.00 0.00 I 0.00 1 Flue gas analysis by test
10 H20 0.74 18.00 0.04 0.00 | 0.04 ] CO2a 14.0%
11 Ash 0.12 0.00 0.00 ] i c CO= 40 PPM, = 0.004%
72 8um 90.9¢ 1228 0.74 | ] 02a 3.2% CMBSTBL
[} | d  Tolal alr (TA), based on above O2 test
Total air = 118.0% (from stack tset) | } TA= 118%
13 02 (theo) reqd » O, line 12 9.74 ] | o Lines 1,g,h for gaseous fuels only
14 02 (excess) = (Tolal akr -1) * line 12 1.76 ] | WA, fuel unht + sum (moles sach * mol wi), Ib
16 02 (totad) supplied = lines 13414 11.49 ] .76 | 9 Mol wtcifusl+lne /100
Total Als (TA) = line 158ine 13 118.0% | | h  Density ci fuel = line g/304 {Ibfcuty)
18 N2supplied = 3.76°02 tine 16 Q21 ] 42.21 1 I Higher heat value, fuel 10148 ,Btub =
17 Al (dry) supplicd @ O2.N2 54.70 | l | %Cinretuse
18 H20 in alr = moles dry alr *AKB-A) 118 | 118 k  Combustibles untburned, % of fuel
19 Al (wot) supplied = lines 17+18 65.80 t | Suack emp, degrees C a
R —— m  Ambisnt lemp, dry buld, degrees C
Wet Flue Gas Ory Fiue Gas
20 Flue gas constituents = lines 1 10 18, total 7.28 178 421 8.20 0.0 Total Moles 68.420492 62.219761
21 Note: for als at 80F o7.d GO%NEH, ANB-A)e0.0212 is used as a standard
Conversion to metric units
ETMWOFRIEMMMHW&ELMNWPB!MLMNFM) B kcal  kloules
2 Fuel unlt 100.00 B Flue gas constituents: CO2 + SO 02 "2 H20 CO Toa total total
23 MCp, Mcial specific heai, mean, 2 10 11 10.21 8.26 7.29 7.10 7.46
24 in dry Bue gas, moles each, line 20°MCp*(12-11) 31984 44 138171 6.34 174408 43950 183908
25 In H20 In ar, molee H20, line 18°MCp*(12-11) 3556 35566 896 3751
28 in sens heat, H20 in fuel, moise, lnes (5+10)"MCp*(2-11) 15458 15458 3808 183038
27  In latent heat, H2G In fel, moles, inee (5+410)°1040° 10 94370 94370 23181 09600
28 Tolalin wel ue gas 207789 72623 303817
29 Due to unburned combusiibles, Bne k* 14,100 Blufid [ [ [
30 Due 10 unbuined CO In fiue gas; molss C 10 CO*12°9765 BtuMd 240 61 263
31 Totad {h:a gas losses + unburned combustible = .96 26429430 288029 72583 30387
< -4 mwnv&omdluolunl-Iw'hlmwllquldluoh 1830000 481180 1930850
=304 * line | * 100 for gasecus fuele
33 Stack and combustible loss, % of heat input, 100°line 31/ine 32 15.7% 16.7% 16.7%
34 Combustion efficiency, HHV, % of heat input 130-line 33 84.3% 84.3% 84.3%
43 Combustion eHiciency, LHV basie (line 27 subtracted from heat value and losses) 88.8% 88.8% 88.8%

e



