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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 Ooes not constitute endorsement
 
or recommendation for exclusive use.
 

QUALITY ASSURANCE
 

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
iuration 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 United States.
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DRAFT 
PRELIMINARY ENERGY AUDIT

KOMBINAT ALUMINIJUMA TITOGRAD (KAT) - ALUMINA
 
TITOSRAD, MONTENEGROs YUGOSLAVIA
 

BY
RCG/HAGLER, BAILLY, INC. AND TEKON (TEHNO-KONSALTING)
 

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 $15.71 millicn, as follows:
 

mazout (heavy fuel oil): 
97.500 tons per year, $12.7 million
purchased electric power 6.8 MI peak demand, $0.8 million
purchased electric energy 55,000 M~h/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 short­term, 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 energy 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 agreed 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 report because
 
of the severe devaluations of the Yugoslav Dinar in early 1991.
Yugoslavia is adjusting energy prices that remain
so they

relatively cons4-int in US dollars.
 

RCG/Hagler, Bailly, Inc. 
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KONMINAT ALUMINIJUMA TITOGRAD (KAT)
 
ALUMINA DIVISION
 

Summary of energy efficiency projects
 

Oil Electric
ton/yr M Whv 

BASE CASE 97,508 11.0 55,000 


RECOMMENDATIONS AND ESTIMATED SAVINGS:
 
Oil Electric 

tonLyr MW MWh/vr
 

A. General & Energy Management

A.1 Derate boiler #1 133 


A.2 Close boiler ports 380 


A.3 Efficiency teams 3,521 
 0.2 2,750 


B. Short-term. Low-cost Efficiency ImDrovements
 

B.. Calciner combustio',i 488 


B.2 Boiler combustion 571 


B.3 Boiler #1 air heater 88 
 50 


B.4 Calciner heat loss 
 812 


B.5 Boiler #3 clean tubes 
115 


TOTAL SHORT-TERM SAVINGS 6,108 
 0.2 2,800 


Percent of base case 
 6% 2% 5% 


Cost

WUS $/yr 

$15.700 

Cost
 

0.017
 

0.048
 

0.589
 

0.063
 

0.074
 

0.013
 

0.105
 

0.015
 

0.924
 

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 such
company as Kombinat
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, sheet, plate, and foil. 
 A power station
provides steam and electricity for the a~umina plant. Annual
productio1 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
additional 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
soda and heavy fuel oil 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 energy cost KAT,
of au es 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 per 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
3fficiency. The project manager for tha effort wes Mr. Savovic
Svetozar, Dipl. Ing., Director of Alumina Division at KAT, assisted
by Dr. Miodrag Kaludjerovic, Director of Investment, and Dr. Mrkic
Milo, Director of the KAT Aluminum Institute. The PCG/Hagler,

Ba2iJU 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, Project Manager
 

At the request 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 experiment, attempting to achieve immediate
 energy savings through improvements in combustion efficiency.

purpose, RCG/Hagler, Bailly's digital 

For
this combustion analyzer
(which measures 02, CO, C02, 
unburned hydrocarbon combustibles
(HC)) was 
used, together with a laptop personal compurer, using
software developed by RCG/Hagler, Bailly which 
 calculates
combustion efficiency frov, these 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 tuni.ng 3 of the plant's 4 boilers and
another full 
day was spent 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/Haglar, 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 finaI review
meeting April 5, 1991, 
before leaving KAT. RCG/Hagler, Bailly
recommended, and KAT agreed, that fixed 02 
and CO 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 KAT 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 capable
of making significant improvements to energy efficiency.
 

The RCG/Hagler, Bailly team would like to express their sincere
appreciation for the extraoT:dinary 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,
Bailly 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. WNZRGY CONSUMPTION 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 energy 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/Haglar, Bailly, Inc.
 



7 K.A.T. Alumina - Preliminary Energy Audit 

IV. RECOMMENDATIONS FOR ENERGY EFFICIENCY IMPROVEMENT
 

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

A. General and Enerciv Manaqement - 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.
 

R. Low-cost. Short-term Improvements - These projects are low­cost 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
year), these projects could be .mplemented 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 longer term
projects, requiring investment of more than $100,000. 71ichprojects would require careful study, beyond the scope of this
preliminary energy audit. These projects are also beyonl the
 scope of funding under the USAID Emergency Energy Program for
 
Yugoslavia.
 

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

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 whibh 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
 
o 


48 ton/hr 4.0 1200 0.08 1602 


I .1 2LiYA tonne/vr YILvr 
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
 

Recommendation:
 

Derate the boiler, in other words, not operate boiler 11 at loads
above 45 tons per hour. If the preheater is leaking, the leak will
continue to grow, and the boiler will have to be further derated if
CO or significant smoke visible.
is (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. GmERkL AND ENERGY MANAGEMENT 

POWER P7LNT
 
KAT Actie" A.2 -


Close boiler access ports
 

xisting Conditions:
 

During the audit, the RCG/1lagler, 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. 
Two 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 represents excess combustion
air, and therefore an energy loss up the stack. 
This is indicated
by the fact that the boilers could 
not be tuned below about 5%
oxygen without CO. RCG/Haqler, Bailly expects that for burners ofthe 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 CO).
 

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 
From 

the stack, if all ports are closed. a base value of 5%, this represents an improvement incombustion 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):
 

Assumptions Calculation Estimate 
02 CO HC Temp Combstn effy. Mazout Cost

-1 RMm I on ILtA _tnngLy= K%LrTnicalKAT boiler (one of Lour boilers)
before 5.0 
 0 0.00 160 92.6 17,607 2,289
after 
 3.0 0 0.00 160 93.1 
 1 2o277
savings 
 95 12
 

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

ENERGY & UTILITIES
 
KAT Action A.3 -


Put energy efficiency teams in aotion to reduce energy losss
 

Existing conditions:
 

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 power plant and the alumina
plant. There also appears to be an opportunity to return
additional steam condensate from the plant to the boilerhouse.
 

Recommended action:
 

RCG/Hagler, Bailly recommends that KAT 
form "Energy 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 steam pipe

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

RCG/Hagler, Bailly, Inc.
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Check the operation of all steam 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 3f steam leaks on 
a monthly basia.
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 Efficiency Team should have the following

specific tasks:
 

* 
 Based on nameplate and available meteri, make a complete

inventory of all mctors over 10 kW, which identifies the
motor number, rating (kW), location, age, voltage, rpm,
running amperes, expected energy
annual consumption,

description 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

fcr the plant, for new applications. Obtain
manufacturer's data on price, efficiency and power factor
(cos phi) for alternative lines. 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 ia efficiency is greatest for smaller sizes
(under 50 kW), since large are
motors 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 rasult in the development of a new
specification, for high efficiency motors.
 

After 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.
 



l, 6
 
Energy management suggestXons from the Industrial Energy Extension Service
a joint service of the Georgia Office of Energy Resources and Georgia Tech's Engineering Experiment Station.
 

ENERc;Y 'IP NO 2 

ELIMINATE STEAM LEAKS 
A conspicuous waste c; energy are the numerous steam leaks at pipe joints, valves, unions, etc. Until the cost ofenergy skyrocketed, it was generally thought that small leaks should be tolerated and thaz fixing them was not 

worth the time or cost. 
The graph below is a rough approximation of what a steam leak costs in terms ef nnual fuel expense. To use the
graph, determine the leak's "Blow Length" by measuring the length of the steam plume or the approximate dis­tance at which water condenses out of the stream onto your hand (usually beyond the visible plume). Enter thegraph with the blow length and move across to the corresponding cost of steam line determined by using th"Steam C-st" charl, 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 reveeis a steam leak at an equipment connection flange. Theplume 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 lbs determined from Energy Tip No. 1,the annual cost is $1200. 

7- 0, . 
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implement this policy would be to buy a quantity uf high
efficiency motors which would ba used to replace burned­out motors, instead of rewinding them. Often, rewoundmotors have lower efficiency than new motors, as the 
magnets can suffer reduced flux if they are overheated inthe 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.
 

* 	 Uaing portable volt-ammetor, power 7actor meter, carry
out an electric motor load survey. 
The load (kW, kVAR,

cos phi), voltage on each phase, and efficiency of all
motors over about 10 kW should 
be checked using a
 
systematic procedure.
 

Using a strip-chart demand recorder, 
carry out power

demand survey (kW, kVAR, metered demand kW, and
kWh/shift) for load centers over 100 kW. 
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 way3 to
reschedule operations to reduce peak demand and to shift

consumption from peak to off-peak hours.
 

* 
 If motors with excessive reactance are identified, they

should be taken out of service for rewinding or
 
replacemint.
 

Institute a monthly policy rf motor maintenance. Check

that bearings are getting pr ,perlubrication. Electrical
 
connectiona 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 tested a
be 	 with 


RCG/Hagler, Bailly, Inc.
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megohmeter, and a log should be kept of these readings sothat 	comparisons can be made from mont'1-to-montb. 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. 
 If properly
sized motors are available 
from spares or stocks,
replacements of a given k% rating should prioritized on
the basis of the possible efficiency improvement (degree

of underloading and operating hours per year).
 

o 	 If phase-to-phase voltage imbalance is found (over 2%),

then adjustments should be made to correct the probl ,i.
For every 2% variation in phase-to-phase voltage, a 
motor
loses about 1% in efficiency. 
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 corroded connections 
at bus bars, starter
terminals, fuses, or the motcr itself. 
If the problem is
caused by single-phase loads which are attached one of
the phases, these loads 
 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 all 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 month to identify
compressed air leaks, and record them in 
a log book.
Measure the flow of leaks using a velometer ard prepare
a report, with the monthly cost of 
each leak clearly

indicated. Develop a plan for 
leak repair, based on
 
priority.
 

Expected reltt 

The RCG/Hagler, Bailly team estimates that the potential savings of
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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 $25,000
 

RCG/Hagler, Bailly estimates that KAT should budget $200,000 per
year for additional incidental equipment and repairs (additional

maintenance), such 
as stean traps, insulaticn, metors, and the
 
like.
 

Finan ial analysis:
 

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.
 

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

Task 2 -
USAID provides final approval for procurement.

Milestone: June 31, 1991
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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
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B. LOW-COST, SHORT-TEP IMPROVEMENTS
 

ALUMINA CALCINER 
KAT Action B.1 -

Improve combustion efficiency - install fixed instrumentation 
to measure CO and 0 content of the alumina calciner stack
 
gases. Revise operating procedures.
 

Zxisting Conditions:
 

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 to the
hydrate feedrate. The pages list operating parameter settings
which are considered optimal for each feedrate. 
He then sets the
fuel oil 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 CO2 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 calciner 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 calciner exhaust gases
the using our portable

combustion analyzer. Parameters measured were fuel input, CO, 02,

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)

C02 15.3 %
 
HC 0.6%
 
02 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 CO and the
 presence of significant amounts of soot (HC) in the stack indicated
 

RCG/lagler, Bailly, Inc.
 



18 K.A.T. Alumina - Preliminary Energy Audit 


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 CO2 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

CO2 14.0 %
 
*HC 0.00 %
 
02 3.2 % 
T 255 Deg C
 
Input 56 ton/hr

Oil 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 

Calcining kiln 
before 
after 
savings 

-1 

1.5 
3.2 

AM C 

3500 0.60 230 
40 0.00 255 

on LHY 

87.2 
88.8 

tonne/yr 

27,080 
26.592 

488 

KSLyr 

3,520 
3.457 

63 

Recommended Actions:
 

RCG/Hagler, Bailly will recommend to USAID that equipment for
monitoring 02 and CO content of the stack gases be provided to KAT

under the USAID Yugoslavia Emergency Energy Assistance Program.
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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:
 

:t. 	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 feed 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
continuously measurable variable with product quality.
come
 

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 02 and CO
content of the stack gases 
rather than on the hydrate
feedrate. 
 Primary and secondary air should be regulated 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
envelope, or perhaps inadequate atomization of the fuel. The
combustion air delivery system should be investigated. It is
possible that insufficient 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
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destruction 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 'xansfer

from the hot air 
to the product in the calciner is also
somewhat affec-,ed 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 some 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.
 

ExDected 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.

increase in combustion efficiency means that the same 

The
 
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 clearly significant. The cost of
implementing this recommendation would be approximately $17,000,
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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
 

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

Experimentation for Operating Curves 
 $5,000

200 man-hours @ $25/hr
 

Total $16,900
 

Financial analysis:
 

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 oil market
 
conditions).
 

Task 1 - RCG/Hagler, Bailly prepares specification

combustion sensors and submits for approval by USAID. 

for
 

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 completesdevelopment of operating procedure for use of equipment.

Milestone: September 27, 1991
 

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

RCG/Hagler, Bailly, Inc.
 



23 
K.A.T. Alumina - Preliminary Energy Audit 

B. LOW-COST, SHORT-TERM IMPROVEMENTS
 

BOILERHOUSE
 
KAT Action B.2 -


Improve combustion efficiency ­ install fixed instrumentation
to measure CO and 02 content theof boiler stack gases.

Revise operating procedures.
 

Existina Conditions:
 

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. 
As a check, a manual reading of
oxygen 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 our
using portable
combustion analyzer. Parameters measured were fuel input, CO, 02,
HC (combustibles), stack temperature, combustion air 
pressure
(draft) and other pressures and damper settings. Compute_
analysis, performed later, was to
used 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 12 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.
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KT POWER PLANT - BOILER COMBUSTION EFFICIENCY
 

Measurements 
 Calculation Estimates

02 CO HC Temp Combstn effy Mazout Cost
 

.1= I C Qa...LBLI tnneLvr KSLyr
Boiler 11

before 4.0 
 1200 0.08 160 92.2 17,607 2,289
after 4.4 35 0.00 160 92.9 1744 27
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 17,3212
savings 
 286 37
 

Boiler 11 (not changed)
as found 4.8 3 0.00 180 91.8 
 17,607 2,289

Boilr #
before 
 7.3 12 0.00 160 91.7 
 17,607 2,289
after 5.5 
 24 0.00 160 92.5 
 17,455 2269
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

significant energy conservation in the boilers. 

for
 

Recommended Actions:
 

RCG/Hagler, Bailly will 
recommend to USAID that equipment for
monitoring 02 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 installation 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 02 and CO content of the stack gases. 
Primary and secondary
air should be-rgulated 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
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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 Results
 

The experiment described above demonstrated that 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
 

Financial analysis:
 

Based on a total installed cost of $48,OO (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).
 

Task 1 - RCG/Hagler, Bailly prepares specification for
combustion sensors and submits for approval by USAID.
 

Milestone: June 21, 1991
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Task 2 -
USAID provides final approval for procurement.

Milestone: June 31, 1991
 

Task 3 - RCG/Hagler, Bailly issues purchase order for
 
uipment.
 

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 KAT.
 

Milestone: October 11, 1991
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B. LOW-COST, SIORT-TEIM IMPROVEMENTO
 

BOILERHOUSE
 
RAT Action 3.3 -


Repair leaking air preheatmr on Boiler #1
 

Existing Conditions:
 

The RCG/Figler, Bailly team observed that boiler #1 was unable to
supply suiffifient air for complete combustion and murt be derated
(see Action A.1). 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 preheaterfor 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. If 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.
 

Expected Results:
 

Repairing the leak 
will enable boiler #1 to operate at full
capacity. In some instances, this may enable the power plant to
operate with only two boilers instead of three, which would save
fuel energy associated with fixed losses. 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/yr x $130/ton = $11,000/yr
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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.
 

Financial analys&i& 

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: SHORT-TEZR IMPROVEMENTS
 

ALUMINA CALCINER
 
KAT Action B.4 -


Reluce heat 
los - use portable infrared thermal imaging
device to monitor refractory condition. 

Existinj Conditions;
 

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 lining 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 because KAT does not have the necessary equipment.
 

Recommended action:
 

RCG/Hagler, Bailly team reconmends that KAT adopt a new procedure
for monitoring refractory wear, based on temperature readings from
an infrared thermal 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.
 

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

ExDected results:
 

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
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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.
 

Financial analsigs
 

Based on a cost of $17,000 and a net savings of $75,000 per year,

the payback period is less than 3 months.
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B. LOW-COST, SHORT-TERN IMPROVEMENTS 

BOILERHOUS3 
KAT Action B.5 -

Clean tubes to reduce stack temperature on Boiler #3 

Existinc 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 savings of
about $15,000. Detailed calculations are prnvided in Appendix 3.
 

KAT POWER PLANT - BOILER COMBUSTION EFICIENCY 

Measurements Calculation Estimates 
02 
I.1 

CO 
m 

HC 
IC 

Temp Combstn effy 
onnJI 

Mazout 
tnneyr 

Cost 
KS/yr 

before 
after 
savings -

4.8 
4.8 

3 0.00 180 
3 0.00 160 

91.8 
92.4 

17,607 
1742 

115 

2,289 
2,274 

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.
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C. CAPITAL INVESTMENT 

ALUMINA CALCINER 
KAT Action C.i -

Investigate the possibility of preheating primary combustion 
air for calciner. 

Existing Conditions:
 

The air used in the combustion process is 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 approxfimately 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.
 

Reconmended Action:
 

Two opportunities may exist for waste 
heat recovery in the
calciner. The most likely option is to use some the heat
of
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
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heat transfer 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,
IAT 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,
perhaps during refractory replacement operations.
 

Expected 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. If 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) x 50 C = 7,840 GJ/yr
 

7,840 GJ/yr x 1 tonr/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. in 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.
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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.
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V. ADDITIONAL RECOMMENDATIONS - OUTSIDE ALUMINA PLANT
 
D.1 Recommendation for aluminum smelting3
 

Study deterioration of efficiency in smelting
 

Existina conditions
 

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 A.3 USAID
Action through 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) - US$40 million/yr

Energy (2 million MWh) = US$78 million/yr

Total = $118 million/yr 

3 The aluminum smelting plant was outside 
the scope of
RCG/Hagler, Bailly's effort, which was limited to alumina and the
 
power station.
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Annual electricity costs at 14 kWh/kg:
Demand (300 MW) = US$40 million (conservative assumption)
Energy (1.87 million MWh) - US$73 million/yr
Total = $113 million/yr
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V. ADDITIONAL RECOMMENDATIONS - OUTSIDE ALUMINA PLANT
 

D.2 	Recommendation for anode plant4
 

Seal air leaks in the anode baking ovens to improve combustion
 
efficiency and reduce product damage.
 

Existina 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 problems obtaining complete
combustion of the fuel oil 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 
limited to alumina and the power

station.
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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 burners 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 material as gaskets between the combustion
chamber brickwork and the plugs. 
Another possibility is to obtain
or make a better plug with a taper to 
kit 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 procedure for balancing the forced draft
side of the combustion process be altered. 
 Rather than removing
burner port covers 
to bleed air, control the pressure
manipulating the dampers on the forced draft fan plenum. 
by
 

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
pressura 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
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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 t. monitor air velocit 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 CO 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 
expect that far more than 1% improvement is possible. In
additio, 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 aid 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 to 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 ones of lower PSM and power

ratings.
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The cost of implementing the basic recommendation is very little,
consisting primarily 
of labor for experimentation and a small
amount of materials for the gasketing.
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V. ADDITIONAL RECOMMENDATIONS -' 
 OUTSIDE ALUMINA PLANT
 

D.3 	 Recommendation for Kombinat Aluminijuma Titograds
 
Determine businoss 
strategy to cope with high electricity

tariffs
 

Existing-conditions:
 

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 ita 
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, 140C-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 anaverage of US$0.039 per kWh for its energy charge, and a total cost
(including demard charge) of US$0.054 per kWh. 

Recommendation:
 

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.
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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:
 

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

2. 
 Study of electricity tariffs paid by KAT's main competitors.
 

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

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

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

6. 
 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.
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APPENDIX 3
DETAILED CALCULATION OF COMBUSTION EFFICIENCY
 

BEFORE AND AFTER IMPROVEMENTS
 

BOILEqlS
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32 Hf0glerhei value (00HV) o4 fuel unit.100 * lineI v alid & iquld fuels 229470 67826 24200 

-394 'Ine I* 100 lw geous fuek 1630000 4611• 10300
33 Stack end combuetibl Ilw, % of heat input. 100-lne 311n 32 

12.6% 12.6% 12.6% 
34 Cumbustion eidency. lNWl. % a# hat ipuat 10-lne 3336 C-bl- n ellNnoy. LHV basis (llne 27 subtracted from Itat value and loss) 

67.5% 67.6% 67.6% 
92.2% 02.2% 022% 

http:29.29.30


iambinaj Abumb4ume Thoped - Sob, #ICo ton Caiouldone - aiod Beat 
Deowof lest 32April91
Time of et: 10o30 8M 

ROfJA~gler. Ba~y. kmc 
rat:44.6 tanlr Ak: 206 mm H20 Fuel: 000mr 

Fue. 02. and Ak per Uit of Fuel I Flue G Composition. Moles per Fuel Unit 

Line Fuel Per Fuel MoL i MoieFuel 02 
C-0U Un, b Dkne Canesti Munipir 

10 .002 4.10 12.00 7.10 1.00 
2 01.00 0.01 12.00 0.00 0.50 
3 00 to002 0.00 28.00 0.O0 0.504 C unbumd 0.00 12.00 0.00 0.00 
6 12 10.00 2.00 •.00 0.60 
* 5 2.30 32.00 0.07 1.007 02 deduct -0.50 02.00 -0.02 1.00 
8 N2 0.10 5.00 0.00 
0 C02 44.00 0.00

10 H20* 0.710 0 0.74 16.00 0.04 
11 Ask 0.12 0.00 
12 bee so." 12.2 

ToWdair. 121.0% (farn altk tel) 
13 02 (1100110.0 In. 12 
14 02 (0-141) ­ (roe - -I) * ins 12 
15 02 t0 suppled-&No 13+14 

Teed Ak (T - I lne Ia 
16 Aisupplied €0h,1t 
17 A dy) uiplsd. d 
IS 1 OInnimoled,-'-*4U . 
IS Awei eupged.Ine17,l1 

02 Moles 
The~ 

7.16 
0.00 

0.00
0.00 
2.0 

0.0?
-0.02 
0.00 
0.00 

0.00 
0.00 
1.74 

9.74 
.5 3 

12.27 
11.0 
46.1468I.11 

66.41 
1.24 

6.1 

I 
I 

1 
1 

11 

I 

I 

I 

02+80 

7.16 

0.00 

0.07 

0.00 

02 

2.1 

N2 

0.00 

. 
44.14 

120 

.00 

0.04 

1.24 

CO 

0.00 

I 

I 

1 

1 

1 
1 

I 

I 

LINE MAZOUT 

a Fuel dna"b -fired (AF), % by inm vol
0- 662% CO. O.0% 

H2- 10.0% 

4.0 2.3% 
b 02. 0.1% 

H20- 0.7% 
AsTOTL. 0.01% 

F g a btr ,naisa by to 
C02. 12.6% 

a CO. 12 PPM, 0.001% 
•02 4.4% CUBSTIL 
d To4.41(Tt ba nr 02 Me,

TA- 121 
TLines fgh for geeu fuelb only 

M it m ac - tw°b 
aI* U m +t&WlII100 
h Density offel ine WM o1uf 

rheatvdoafueW 10144 .Stulb 
I %C in efue 
It Cimbustiblesunbumed.%off.e 
I SIk lemp. degog C a 
m Ambient " ,mp,dry bulb. dtre 

0.00% 

,e 

1300 

0.00 
100 

1 

-VAt25Fe e eeine-beI-i3 e 
21 li:Now i @OFmA 60tW AP - . . 12 is used uma standard 

.5 25 41 .5 00 Toedl Males 
Flue Gee 

62.11046 
Dry Flue Ge 

5&931503 

23 
24 

27 

25
20 
20 
S1 
22 

33 
24 
36 

OETEmIAI1TN OF FLLIE GAI AND OOMSKJTaLE Low*E& IN BU PEo FUEL UNIT 
16Fel 00.I0 b Flue geu cesluents: 002.o80 

MCP. Ued speeol ho, ami, 1 o 11 0.67In dry fe ge ets eac, ie 3 0-Cp(Ito-I) 
In H20 in r. mle 0. bw 1MCp-(42-t1) 
In semshea. 120 in hoel,mlee, be (5+10)"Cp-(*2-U) 
iintent heaL, N 0 in aeel,melee, aee(1.10)1040-1g 

Towtin iweuugoo, i 4bar, 1. unburnedl esnfue , be It*14.100 Stufb0 
Due •0unbum dOIN be&WO mAlsCIoCO1275668uAJb 
TcM 11e 0e Ines-, unburned omnuniob - iee 26.29. 0 
6Ighe heed value (NV*) Offuel unIt- 100 - be Ifor sid A iquId fusin 

- 206 * be I * 1005fr1w eus tuso 
Slai d eSOW s less, .% ef hea input 100be StA1ns 32Combustion efflolo.r M.'% of hea iput 100-ine 23 
COMIulon eFIleeicy. LHV boml(ine 27 subtracled hram heat value and losee) 

-FNE) 

02 

.16 
6=155 

N2 
7.10 

66618 

.20 

7.00 

2273 

92M6 
94370 

CO 

7.10 
1.26 

Svt. 

Told 

110704 
2263 

9 
94370 

21666 

f 
2167101 

1630000 

11.1% 
6".2% 
92.9% 

doe Ltunle 

1oed eod 

2 115787
575 24 

2342 60 
2371 sow 

14107 21571
0 0 

20 16 
4617 2266 

461160 19006 

11.6% 11.6%
6.2% 68.2% 
S.9% 92.0% 



Kombinat Alunimiuma Titogred - Boir, 92 Date of last 3 Apri ! CIHagler. "ay, Inc.Combustion Coslatone - Molal Seek Time o tst 1130 ean rate: 42tohr Air 366mm H20 Fuek 3000w h 

Fuel 02. and -, per Unit o Fuel I FLk- 'a3 Composition, Moles per Fuel UnitI -

Line Fuel Par Fuel M. V MolelFuwl 02 02 Main I C02 SO 02 N2 H20 COcomit unit. lb OIDor Conea Mulupk4 Theoqd I I M MAZOUT 
I CoC02 4.10 12.00 7.14 1.00 7.18 1 7.16 I a Fuel -iyW a fired(AJ % by wt of Vol

C. 6.2% CO. 0.0%2 C te CO 0.01 12.00 0.00 0.10 0.00 1 0.03 13 Co H2. 10.0%CO2 0.00 2.00 4.00 0.5 o.0o 0.00

4 C unbumd 0.00 12.00 0.00 0.00 0.00 

1. 2.3%

1 


G 12 10.00 2.00 5.00 0.60 2.50 

1 b 02- 0.6%

1 &00 1 N2. 0.1%a 5 2.0 32.00 0.47 1.00 0.07 1H20,.7 02 deduct -0.60 32.00 -0.02 1.00 -0.02 
0.07 0.7%
 

Ash. 0.1%
I N2 0.10 26.00 0.00 0.00 0.00* C02 1 TOTAL- 99.9@%44.00 . 0.00 0.00
10 120 1 Flue gas analig by set0.74 10.00 0.04 0.00 0.04I1 IAsh 0.12 I C02. 8.6%0.00 0.00 I1 o12 Sum "8.0 12-2 a PPM. 0.001%3.74 

02- S.2% CUBST. 0.00% 
Totala 102.0% (from stack mt) I d Toa iri(A.bsednbft02 Mal
 

13 02 (i100 eqd . 02. ine 12 d TA. 1i2
 
14 02 (e©we) - (TA• ak -I) * Oi 12 

9.74 1 a Lines f.g.h targm0cus fuels only
6.04 
16 I I* fue uit+Sum (ole ea o Mtlb02 (MUD IsuppedbInes 13+14 15.711 

Told Air (rA 
0.04 1 g MO wt of luel M+nef 100. ne-eM IS 12.0% 

16 N2 suppled - 3 2.we 15 I h Densityel el -e 9r 4 Oicut)60.32 I 60.32 
17 

1 I Hig rhea valu. 10144 . SluIb. 11300Ak (dry) supplied. 02+42 76.10
If 20 in k - ale dry a* . 1 I %C n refue .
I9 Ai (wet) suppled - On" 17.18 

1.60 1.60 k Combustible. unburned, % o luel 0.00%70.68 I tack lfmp. degree. C a 10 
m Ambient temp. dry bulb, degrees C 15 

20 Flue gas coneituents - Onee I1I1a, tW Wlt Flue Gas7.26 6.04 60.33 Dry Flue Ga6.03 0.00 Total Mols 7.26441 72.421370 

21 No"e: Io aat *OF amd 40% tI, AM -0.0212 i ueed ma etandawd 
Conversion so metrl uniteMl STU pER FUEL UNIT AFyM)ETEFI.NTION OF FUE GAS AND COUSUSTI.E LOSSE Ou koal22 Fuel u.S 106.00 6i Flae ge coiesdloenl:a002# S0 02 

Ucule 
N2 H20 CO Total Weal low23 MCp. aid eilh hook nom .t 12 te1 0.07 8.16 7.18 7.06 7.1024 n dray eg, Im •.. S20*MCp*(12-tI)in 16006 1260 111366 0.04 14202 36016 11078326 i 1120 in aia. H20. ie 106MCp*(12-:) 

29 i e 2036 2936 740 3007I 

t he 

hea. 4o0 i le, moe. te. (IS lO)*MCp*(I2-1) S04 024 2342 060627 i al. #20hk Wklb,ma o4in.. (~ilo)-1040-1 94370 04370 23761 926 Total i wet be on 

246M 679 203M2 De t0 unburned aambuelee. M k-14,100u 0 0 030 Due te unu ned O ink* em; Mil C to 0012-0706 Blub 60 1: 6331 TO o gasehieeee + unburned combusible . hIg 29+2&.32 ighe heal dwae (et cWfuel unit. 100 * ine I for ldd Iquid fuel. 240661 42604 28330e 
1830M 461160 1030650
 

- 34 * ini * 100 for meouI fuels
33 Stack and cambustible loe. %of heat input. 100*ne 31/ne 32 

34 Combuesion eflency. HHV, % of heat input 100-tne 33 

13.% 13.% 13.6%
 
36 13.4% 66.4% 66.4%Combustion elitlency. U.N bomb (le 27 eubtracled fron heat value and loeese) 91.1% 01.1% 01.1% 



Komblnat Aluninum. Thograd - Boler 02 Das of let 3 Aprl 91 RCGllagr, Baly, inc.Combusion Calculation. - MOlWais Time of Net 1300 Steam rafe: 43.6 tonthr Ak: 300 mm 120 Fuet 3000 Uhr 

Fuel O, and Air per Unit of Fuel I Flue Gaf Conposton, Moles per Fuel Unit 

Lin Fuel 
Comfit 

PerFuel 
Link. 6 

mdl.VW 
Divisor 

MoieeFuel 02 
ConeUl Muk* 

02 Molee 
Theo 

I 
I 

C02 SO 02 N2 M20 CO 
I L*E MAZOUT 

I 

2 

3 

4 

6 

a 

7 

I 

• 

10 
11 
12 

CtCO2 

C o CO 
CO to C02 
C unbumd 

H2 

8 

02 deduct 

N2 

C02 

20 
Ash 
Sum 

66.1 

0.02 

0.00 
0.00 

10.00 

2.30 

-0.60 

0.10 

0.74 
0.12 

90.96 

1z00 

12.00 

26.00 

12.00 

200 

32.00 

32.00 

28.00 

44.00 

16.00 

7.18 

0.00 
0.00 

0.00 

6.00 

0.07 

-0.02 

0.00 
0.00 

0.04 
0.00 

12.2 

1.00 

0.50 
0.50 
0.00 

0.50 

1.00 

1.00 

7.18 

0.00 
0.00 
0.00 

2.60 

0.07 

-0.02 

0.00 
0.00 

0.00 
0.00 
9.74 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 
1 
1 

7.18 

0.00 

0.07 

0.00 
0.00 

5.00 

0.04 

0.00 

I 

1 

1 

1 
1 

a 

b 

a 

Fuel ayis s ed(AF).% b w orvC- 66.2% CO-

12- 10.0% 
3- 2.3% 

02- 0.3% 
M2- 0.1% 

H20. 0.7% 
Ash- 0.1% 

TOTAL- 9.06% 
Flue go analysal by Wet 

002. 11.6% 
Co- 2 "N. 
02- 5.2% 

0.0% 

0.003% 
CSTB 0.00% 

13 
14 

16 

10 

17 
11 

19 

Total & - 132.0% (from stoack 
02 (11o)r qd 02. e 12 
02 (e- )- roWair -1)" * 1-12 
02 (OM) upplied Ibn 13+14 

Tolal Air (rA) - 111n1E&bie 13
N2 s pied ­ 3762. 16 

Ar (dry) supplied. O2N2 
H20 in ai , malO dry Aj(8-A) 
Ai (wt)eupplied. nAr 17,18 

et) 

9.74 

312 

12.8S 

132.0% 
41.33 

61.19 
1.30 

6248 

1 

1 

1 
I 

1 

3.12 

48.33 

1.30 

1 

1 

1 

1 

1 

I 

d Total air 117A2.ba.ed an above 02 Wet
d TTA. 132% 
* Line. 3.g2hhe es uels only 
1 Wfuelunitsum (moie each m . 
9 Mo wlof fuel, Ina I1100 

h Density of fuel . amegr1304(tb/cull)
1 Higher hemtvaue. fuel 10146 
J1 %C inrefue 
I Combustible unburned, % of fuel 
I Stack temp. degee. C 
m Ambient le"p, dry bulb, degrees C 

b 

. tuIlb-

a 

16300 

0.00% 

10 

16 

20 Flue gmsoonatuenm . Nee I to 1i, lowa 7.26 3.12 4.34 6.34 0.00 Total Mole. 
Wt Flue Ga.

66.048042 Dry Flue Ga.
60.700713 

21 NO": O SOF and S0%K A04M .02I2]a used so a etandrd 

22 

23 
24 

26 

26 
27 

28 

26 

30 

S 

32 

33 
34 

36 

DETEMM"ThI4 OF FlUE GAS AND C0US OLE LoSSES I STU PER FUEL LNT (AS FiED)
Fuel uit ,00 Is Flue ga c utuen: 0 + 80 02 
MCp, MOW epeoldi heel, mean, 12 i 11 9.07 0.16in drye iwo , mle.osl c be 2lMCp,(2-t1) 1642 6137
in H20 In ok. me. 120, Sn. leUCp-(t2-t1) 
In see ha. 120 In uel moles, be. (5.0)*MCp'(t2-tl) 
In ient heal, H20 in ael,mne. hi.. (1o.10)"1C0"6 
Totad In wetWegn 
Due to unburned 0mbuetlble, bie k14,100 Btullb 
DuetounbumedCOin be em; moe CtoCO-12 0766 tufb 
Toal be am ihee, unburmed oombustble . ie. 26+29.30 
Higher heat va ue (MMN of fuel unit. 100 ' be I for sold A iquld ues 

-394 * be I * 100 for osseous fuelsStock and cob11elble os. % of heal Input. 100*line 31NIne 32 
Combustion efficiency, HHV, % of heat Input 100-Iln. 33 
Combustion efticlency, LHV bais (line 27 subtracted from heat value and oee) 

N2 

7.19 
90736 

1120 

7.06 

2302 

92M4 
94370 

CO 

7.10 
3.67 

Btu 
Total 

1160 

2302 

9294 
94370 

22212 
1 

232 

1830000 

12.2% 

67.6% 

S2.6% 

Conoarai ILImet units 
al kjoube 

tow tot 

2o248 122453 
003 2523 

2342 906a 
23711 900 
689176 234a12 

0 0 

60 245 

662367034 234536 
461100 1930660 

12.2% 12.2% 
67.6% 67.0% 
92.6% 92.6% 



Kombinat AtrninqumilgIad - Bol 3 Dale of teat 3 Apri 1901 RCG ,agIr,BaMy, Inc.Combustion Calculaione - MoIld Bom Time of est 1130 8sam rate: 60 tUh (?) 

Fun. 02. end Air per Ult of Fuel I Flue O CompostUon, Mobs par Fuel Unit 

Line Fuel 
Consl 

Per Fuel 
itUnt. 

MoI.VW 
ivisw 

MoleRe 
Consti 

02 
Muldplr 

02 leise 
The~ 

I 
I 

C02 +80 02 N2 H20 CO 
I LINE MAZOUT 

1 

2 

3 

4 

6 

a 

7 
& 

S 
10 
11 
12 

13 

14 
15 

1 

17 
1S 

19 

C to C02 14.20 12.00 
CO 0.00 12.00 
CO0to 02 0.00 26.00 
C unbumd 0.00 12.00 
12 10.00 2.00 
8 2.30 32.00 
02 deduct -0.50 32.00 
N2 0.10 20.00 
c=0 44.00 
1420 0.74 16.00 

elt 0.12 
Sum 90.96 

'ra a - 12.0%1 
02 (ewo) ,qd -.eI 

02 (a-s) - (Toalai -1) -e 12
02 (Od)suppld-line 13.14 
Tol Ak(TA.fnoioIW e 10 
N2asuppled . 3.76"02.le 16 

Ak(dry)supped. O2.N2 
1420 in k- males dry ak* -A) 
Ai (WI ouppled- les 17.16 

?.1 1.00 

0.00 0.60 
0.00 0.60 

0.00 0.00 
600 0.60 

0.07 1.00 
-0.02 1.00 

0.00 

0.00 
0.04 
0.00 

12.2 

am stanktet) 

7.18 

0.00 

0.00 

0.00 
2.50 

0.07 

-0.02 

0.00 

0.00 
0.00 
0.00 
0.74 

02.74 

2.73 
12.47 

120.0% 
46.07 

609.34 
1.26 

60.00 

1 

1 

" .I 

I 

1 

7.18 

0.00 

0.07 

0.00 

2.73 

0.00 

I 

46.67 

5.00 

0.04 

1.26 

0.00 

I 

1 

1 
102-

I 
I 

1 

1 

a Fuel an&ik an fired (AF), % by wto vol
C- 86.2% CO. 0.0% 

H2- 10.0% 
8- 2.3% 

b 02- 0.5% 
N2. 0.1% 

H20. 0.7% 
Ash0. 0.1% 

TOTAL. 99.96% 
Flue gae ana s by Nt 

002. 12.0% 
c 00C3 PPM. - .000% 

4.6% CMSTL 

d Totalai(TA). basednabove 
0 2 lat 

TA- 128% 
e Lines I,g.h lor gaseou fuels only 

kw unit sum (mos eah ­ tmolt ,a 
a MoWtoful*fne I1 
h Dns fuolf. lioneg t u 1) 
1 ighefhemtviuo, fuel 10146 B,0tul-b. 
j %C In rfuse 
k Combustibles unburned. % of fuel 
I Stack ltmp. dewe C 
-nm Amient temp. dry bub, legrees C 

0.00% 

16300 

0.00% 

160 
is 

20 Fite g osconesttente- nes I to it. toa 7.26 2.73 46.68 6.30 0.00 Toal Mols 
VWt Flue Ga 

63.16206 
Dry Flue Ga" 

66.810072 

21 Note: for ai 8OF and G0%N, N(-A).0.0212 b; "ad a a slowndard 

22 

23 
24 

26 

2 
27 

29 

23 

30 

31 
32 

33 

34 
36 

OETERiwATIU OF FLUiE Ga AND comesTnLE LOSSIES i BTU PER FUEL uT (AS FIRE
Fuel w*n I 1.00 Ib Fluweg oonsdttste: 002+0 02 
MCP. Modil speolo %. man, 12 tI 0.04 6.13In dry ltge, mole eah. l 20*MCp°(t2-t) 21427 6624
in H20 in , mAe 20, Ine 1-MCp*(tI) 
In .mshest, H20 in f mos I lnes (5#10)*MCp-I(t2_1) 
biolenthea, I12Oin fo, males Ies (6r10)-104018 
Tol in wel S @a 
Due to tnbutrned ombustibles, le k*14,100 Btu& 
Due lounbumedCOin Nueg mlesI Coc 12 076Blukb 
Total lue a tosses+ unburnw d combusible . lees 2e.290 
Ig Ithoh value (1tlV) of fuel unit- 100 * filo 1w sold & liquld ft"el 

- 304 * lN I" 100lr 1sseoue lusbSt k and comustible toss. % of hNet inpult 100"line $S/tMne 32 

Combuston eilcioin. HHV, % of het input 100-line 33Comb dan effclency, LHV basts (ina 27 subtracted from hoat value and tosse) 

N2 

7.21 
100433 

120 

7.07 

2642 

1067 
94370 

CO 

'.11 
0.38 

Btu 

Total 

126464 

2642 

10667 
04370 

236063 

0 

21 

226104 

1830000 

12.% 

37.1% 
01.8% 

Converion to metri union 
W old Mules 

tld tol 

32378 1366861 
6m6 2767 

2m ilO1 
23761 606 

609 240607 
0 0 

6 22 
604 490 

461160 1930680 

12.0% 12.% 

02.1% 67.1%
01.8% 01.8% 

V-\
 



Kombinat Aluminifuma Titograd - Hoier 4 Dawe of test6 ApJi 91 FLCGHaglgr, Bailly. Inc.Combustion Calculation* - MOW Bals Time of test 1130 -Steam late: 34 ton/hr Air:15 mbar Fuel: 2500 Uhr 

Fuel, 02. and Air per Unit of Fuel I Flue Oas Compueiion. Moles per Fuel Unit 

Line Fuel Per Fuel i Va MoeFuol 02 02 Moles I C02. 80 02 N2 H20 COConetsit Unit. Ib D w Conflt Mulpir Theowsq' I 
 I LINE MAZOUT'
 

I 
 C toC02 86.1 12.00 7.16 1.00 7.18 1 I a Fuel analysiasfied (AF),% by wt or vol 
2 CoCO 0.01 

7.18 C- ae2% CO- 0.0%12.00 0.00 0.60 0.00 1 0.00 I-t2- 10.0%3 CO to 02 0.00 20.00 0.00 0.60 0.004 C unbumd 0.00 12.00 0.00 0.00 0.00 1 0.00 
0- 2.3%

6 N2 10.00 2.00 6.00 0.60 2.60 6.00 N2- 0.1%
 
a S 2.30 32.00 0.07 1.00 0.07 0.07 
 1120 0.7% 
7 02 deduct -0.60 32.00 -0.02 1.00 -0.02 HN2 0.10 26.00 0.00 0.00 0.00 TOTAL- 9.1%
 
9 002 44.00 0.00 0.00 0.00 
 a TanaliAFlueby iet
 
10 120 0.74 18.00 0.04 0.C0 
 0.04 002g , 10.6%
11 Ash 0.12 0.00 0.001
 
12 Sum 98.96 12.26 9.74 I 


CPM.T
02, 12 0.001%

02. 7.3% CMBSTBL 0.00%

TI.Icld 

Total air (rA, based on above 02 etTot all - 160.09, (from stact tet) ITA.13 02 (110) frqd - O ie 12 9.74 150%
 

14 02 (ea-) - (Toa air -1) * line 12 4.87 f A- 1elo
 
0 i nea fugh i Gaseuefuels only

16 02(1"Suppled- 314 14.61 4.87 1 1 fuel unit + eum(mloe ch 11 w lb

Totl Alf (TA)- &e I 1ne 13 160.0% 1
gh Denysit of fuel+ lineI1 4 (Icuf1)


16 N42suplied. 3.712,1ne 16 
 64.93 64.93 
17 Ak (drw) sup ed -2.N2 

I Hu heal vae. fuel 10140 .BtIb. 1630009.64 
%Cnrefue1 H20 InaI - mie dry AJ(-A) 1.47 Is=1.47 k Cmbuetbir, unburned. % of fuel 0.o00w 

1S Ak(we upplied - linse17.18 71.01 It a p,dubre % o 0411 
I Black temp. degree. Cin Ambient lemp.dry bulb, degieOe C 

a aOD 
16 

20 Flue gaesoonehituent 1 to 18, total tt Flue Ga7.26 Dry Flue Gas-es 
4.87 64.93 6.62 0.00 Total Mole. 73.67263 67.067371 

21 Note: forallat$OF and 80%I4 AWI(-A)..0.0212 is used as a standard 

DETEMINATION OF FLUE GAS AND COBUSTUMLE LOSSE8 0N BTU CoINVerion to metric unitsPER FUEL UNIT (AS FCIED) Stu22 Fuel unit 100.00 lb koan usneFlue gas constiltuents: 002.80 02 N2 1120 CO Total total total23 MCP.11011 spedla heal4, mewt, 12to t1 9.67 8.16 7.19 7.06 7.1024 Indry Negao. mose each., 20*MCp.-(2_t1) 166 10371 103115 1.48 132163 33310I8nCp(2-t1) 13946325 i H20 hn ales 1120. line 
2718 2718 686 26672 In ere heal, 120 in fuel, imnciseline.(6.10)MCp(t2_u) 
9294 9'4 2342 9627 In ieleft heal. 1120 in fuel male. lines (10)1040-1 94370 9430 23781 9966926 Total in wt be as 234 2911 21 

26 Due to unburne4 cormbuetiblee, ile k-14,100 Btilb 23404 01041 26e 
30 Due o unburned CO in aum ga; moe. CtCO*12-976 Btulb 90 24 90 
31 Total f gas bsees + unburned combuestil line.e 26.29.30 2366 60142 261764 
32 Igher heal value (ltlf)of fuel unit. 100 In. Ifo solid A iquid fuels 1630000 481109 1930660
 

- 394 * ie I " 100 orgaseoue fuel33 Stack Ind combusble Iee, % of heat input, 100 line 31lfln 32 
13.0%34 Conbuetion efficiency, HtfV.% of heat input 100-ine 33 

13.0% 13.0% 
17.0% 67.0% 67.0%36 CambustlOn efficiency, LIV basIs (line 27 subtracted IFrOI jat value and losses) 1.7% 91.7% 91.7% 

http:26.29.30


Komnbinal Alumnijuma Titograd - Bover4 
Combum ion Calculations - Mot Basis 

Date of tast 6 AprIl Cl 
Time of test 1300 

IC0Hagler. Bally. inc. 
Sleam rate: 44 tonrhr Al. 18.6 mbar Fuel: 3200 I/hr 

Fuel. 02. and Akr per Unit of Fuel f Flue Gas COmposltlon, Moles per Fuel Unit 
I-

Line Fuel 
ConstUt 

Per Fuel 
Unit. Ib 

MoL V I 
Divisor 

MolesFuel 
COnGet 

02 
Mutiph 

02 Moles 
Theoaeqd 

I 
I 

C02 # 80 02 N2 H20 CO 
I NE MAZOUT 

I 

2 

3 

4 

6 

a 

7 

I 

* 
10 
11 
12 

13 
14 

14 

1 

16 

17 
10 

19 

Co C02 66.16 12.00 7.18 
C to CO 0.02 12.00 0.00 
CO to C02 0.00 28.00 0.00 
C unbuind 0.00 12.00 0.00 
112 13.00 2.00 6.00 
a 2.30 32.00 0.07 
02 deduct -0.80 32.00 -0.02 
N2 0.10 26.00 0.00 
C02 44.00 0.00 
8H20 0.74 18.00 0.04 
Ash 0.12 0.00 
Sumn 0.98 1228 

Total am 134.0% (frm stacI
o2 (thee) roqd ­02( t12 

02 (a ) ­ (1T1o1a1lk-1) l4 12 
02 (e0104es)uppl -1M ln12 

2(To)suppldlMnel314 

Totl Asp(TA) - Ibm. lSIlna 13 
N2 suppled -3.702#bNe r

5 

A ir(dry) suppled. O2,N2 
1420 n alrmle. dra *(B-A) 
Air (1000 suppled - Ibe 17+18a34 

*et 

1.00 

0.80 
0.60 

0.00 

0.60 

1.00 

1.00 

7.16 
0.00 
0.00 

0.00 

2.80 

0.07 

-0.02 

0.00 
0.00 

0.00 
0.00 
9.74 

9.74TA-
9.7 

3.31 

13.05 

134.0% 
48.07 

62.12 
1.32 

1 
10.00 
1 

1 

1 

1 
1 

7.18 

0.00 

0.07 

0.00 

3.31 

0.00 

40.07 

5.00 

0.04 

1.32 

I 

1 

1 

1 

1 

I 
1 

a 

b 

c 

d 

h 
I 

Ij 

k 
I 

Fuel analys easfed (AF). % by wt or Vol
C- 66.2% CO- 0.0% 

.2.O 10.0% 
8-, 2.3% 

0.5% 
N2. 0.1% 
20. 0.7% 
H.. 0.1% 

TOTAL. 90.96% 
Gas analysisOFTe by test 

C02,. 12.3% 

CO2. 240. 
Co. 24 PPM. - 0.002%
02- .6% CMBSTBL 

Total ak ([A), based on above 02 lest 
134% 

Unese f.g,h for gas e fuels only 
W. fuel unit +sum (nmles each " MWewt), ib 
Mot wtolfuel+fnUtl00 

Density of fuel ­ ins 91394 (lOlcuft) 
Higher heat value, fuel 10146 . BlulIb 

C in refue 

Combustibles unbumed, '- of hl. 
Stack temp, degrees C a 

0.00% 

16 

0.00% 
too 

IIm Amblent lemp, dry bulb, degreesC 1 

20 Flue 0o onstituens-
20 

Ins. 1 to 16, toal 
lu tiescostiuets. frmI o I. XWWet 

7.25 3.31 49.07 6.36 0.00 Total MOles 

Flu* Gam 

66.996409 

Dry Flue Gas 

80.638GM 

21 Nole: for ak at SOF and 600%i4 N(B-A)-0.0212 Is used as standard 

22 
DETERMINATION OF FLUE GAS AND COMUSTILE LOSSES 
Fuel unlk 100.00 ib Flue gas constituents: 

IM BTU pER FUEL UNIT ( 

002.80 
FIFED)) 

02 N2 H20 CO 

u 

Total 

Conversio 

C 

to metlc units 
koa Uroue 

total total 
23 
24 

26 

28 
27 

21 

20 

30 

31 

32 

33 

34 
36 

MCp,.Molalspeoohet,man t2 iot 
indryfluegem. A each. fne 2MCpo(t2.t) 
It 3H20 In a, mole1t20,m ins 1MCp-(t2-tl) 
in ons heat, 120 in fuel, jo,e (S10).MCp*(t2-tlj 
Milent heat. 120 in fuk, mols. N (610)*104018 
Total in wet ftueg9037 
Oue to unburned Combustibles. line k 14.100 Stufb 
Due to unburned CO in fIhe gm; moleL C to CO* 12-9766 Btullb 
Toeal flue oe hsses + unburned onbustible. linee 26,2930 
Himtr heat value 0V*V) of fuel unit. 100 * lIne I solid & tVquld fuels 

.394 * fine I * 100 fr gaseous uoleStck and combustible los, % of heat input. 100line 311tlno 32 
Combueticn efficiency. HlV, % of heat input 100-line 33 
Combustion efficiency, LMV basis (line 27 eubtracled from heat value and losses) 

0.67 
18644 

6.16 
7082 

7.19 
92114 

7.0 

242 

024 
94370 

7.10 
2.60 
2 

117662 
2426 

9294 
94370 

22364 

164 

234116 

1630000 

12.2% 

67.6% 
9S.6% 

29701 124345 
612 2562 

2342 2060 
23781 "9660 

236 236 
064 238 

41 173 
6476 236145 

41180 1930660 

12.2% 12.2% 

67.6% 67.8% 
92.6% 92.6% 



Kambinat AluminiJuma Tiorerad - Bollr #3 
Combustion Calculabdone - Mola Basis 

Das oftet CLEAN TUIES 
Time of et 

FICGtHager, 
Steam rate: 

aJ, Inc. 
Air: FuO: 

FueL 02, and Air per Unit of Fuel II Flue Gas Compoetlon, Mols per Fuel Unit 

Lise Fuel 
Conett 

Psi Fuel 
Unit. Ib 

MI Wt 
Disor 

MolesFuel 
Conett 

02 
Muilpir 

02 Moles 
TheoE~qd 

I 
I 

C02 . 80 02 N2 1120 CO I 
I WE MAOUT 

I 

3 

4 

o 
7 

6 
* 

10 
11 

12 

C oCO2 
2COC 

CO to C02 

C unbund 
112 

8 

02 deduct 

N2 
C02 

1420 
Ash 
Sum 

8.20 
0.0 

0.00 

0.12 
10.00 

2.30 
-0.60 

0.10 

0.74 

0.12 
99.96 

12.00 
12.00 

20.00 

12.00 
2.0r 

32.00 
32.00 

28.00 
44.00 

16.00 

7.18 
0.00 

0.00 
0.006 0001 
6.00 

0.07 
-0.02 

0.00 
0.00 

0.04 

0.00 
12.2 

1.00CiC 
0.60 

0.60 
0.00 
0.50 

1.00 
1.00 

7.1800 1.0C-
0.00 

0.00 
0.00 
2.60 

0.07
-0.02 

0.00 
0.00 

0.00 

0.009.74 
I2 

1 
1 

1 
1-
1 

11 

1 
1 

1 

.41102. 

7.18 

0.00 

0.07 

0.00 
0.00 

6.00 

0.04 

0.00 

I 

1 

1 

a Fuelman s -as fed W), '% by wt or vol86.2% Co. 

H142. 10.0% 

2.3%b02. .5% 

N2. 0.1% 

H- 0.7% 
TOTAL- 9.96% 

gasTOFluem s,, by is 

C02. 12.0% 

0 
CO- 3 PPM. C

4.8% 

0.0% 

0.000% 
8,STB/. 0.00% 

13 
14 

16 

16 

17 
18 
10 

Towsalt 132.0% (lrom' stewa mr)02 (theo) reqd. -2, Pe 12 9.74 
02 (as) - (ToWasir -1) * line 12 3.12 
020 suled- 1141 6 
To1d A1 A). E3. lko 13 132.00 

TOW lf TA)- 100 M M 113.0%N2 supplesd 3.7602,.ne 16 
48.34

Ak(dry) euppled.2 61.20.0I 
H20i air - me dry air B-A) 1.30
Ak wat wp ,. Lu 171l SZ49 

IITA-

1 
1 

611.21 48.34 

1.30 

Tod 

1 

1 

1 

h 

I 

k
I 

Totalelai (rA), based on above 02 test 
132% 

TAhas f% 
Lines fo k 11416W fuls only 

fuel un1t Sum (mol each * tool -, 
of e +nef1100 

Doraity of fuelI- llne orM4 (0b/cuff) 

Higher ho value. list 10146%C n ratues 

Combustibles unburned, % of fuelStack ismp, degrees C 

b 

Btub. 

a 
0.00%1 

166 

m Amblent temp. dry bulb, degree. C 15 

20 Flue g oonetiluenis lnes I ilo.isid 7.26 3.12 48.34 6.34 0.00 Totl Mom 
Wet Flue Gas 
6.052921 

Dry Flue Gas 
66.714472 

21 Note: ior ik at IOF and 10%f, AJ(8-A)...0212 Is used as a standard 

22 

23 
24 

26 

26 

27 

29 

DETEMNATM OF FLUE GAB AND COMBUSTILE LOSEs 
Fuel uk 100.00 Ib Flue gas constiuents: 
MCP, MOWdSpeOlla heat, mom, 2 it tI 
In dry lu g . each. Wn 20*MCp*(t2-11) 
In H20 in aib. moles H20, ine 1MCp*(t2-t1) 
Ins s, heat. H20in fuel, m ,'l0s(5+10)-MCp'(t2-t1) 
Iisilt heat, H20kinfuel motl, sins (.10).1040*10 
Toa in wet ue as 

IN STU PER FUEL UWiT (a 

C02 . 80 

9.89 
19378 

FRED) 

02 

8.16 
6870 

142 

7.20 
98644 

120 

7.07 

2476 

9617 

94370 

00 

7.10 
0.34 

Btu 

Total 

120191 

2476 

9617 

94370 

Convesion to metric units 
kcaleiulss 

lw ttal 

30286 126601 

M64 2611 
2424 10148 

23761 995M 
29 

30 
31 

32 

33 
34 

36 

De1eounburned ambusl" 11nb, l'k14.1008tutb 

Due 10 unburned 00k. is a O; males C iSo0012"9766Slu bTota lIue gas loessee unburned combueftls - &s 282930 
Higher heat value (HlM of fuel unit- 100. * I tow solId & liquid fuels 

- 394 * line ! * 100 for gaseous luel.Black and ombustible lese, % Ofheat input, 100lne 31/lne 32 
Combustion efficiency, -HV. % of heat input 100-ie 33 
C*mbuton efflceiosy. LHV basb (line 27 subtracted romnheat value and losses) 

22663 
0 

2122M674 

1830000 

12.4% 
87.6% 

92.4% 

7117 
0 

5IS7122 

461160 

12.4% 
67.6% 

92.4% 

2309 
0 

22239141 

l30 

12.4% 
87.6% 

92.4% 



Kombinat Ajunlniuma Thogad ­ao1t-#3 
Combustion Calculations - Molad Basi 

Date of est CLOSE POFT8 
Time of test 

F 
Steam rat.: 

tiCgler. Baily. Inc. 
Air: Fuel: 

Fuel. 02. and Air per Unit ofFuel I Flue Gas Composition, ule per Fuel Unit 

Llne Fuel Fer Fuel MoLoIM MobeFuel 02 
Conetlf Unit. b Olm Conetit Multplr 

1C OCO2 8.20 1200 7.18 1.00 
2 CoCO 0.00 12.00 0.00 0.60 
3 COCO2 0.00 28.00 000 0.50 
4 C unbumd 0.00 12.00 0.00 0.00 
6 H2 10.00 2.00 .00 0.80 
* S 2.30 32.00 0.07 1.00 
7 02 deduct -0.60 32.00 -0.02 1.00 
0 2 0.10 28.00 0.00 
9 C02 44.0 0.00 

10 H20 0.74 18.00 0.04 
11 Ash 0.12 0.00 
12 Sum 90.96 12.28 

Told Ih - I 1.0% (from Stock test) 
13 02 (VWO rqd -02. One 12 
14 02fese). (Toil air -1) ' Ins 12 
16 02t(old)supplesd Inesl13+14 

Ttal Ak (TA -ne iane 13 
10 Nmsuplids-.&70*02.* ti6 
17 Ai(ry)mu.pe - O2.2 
18 H20In irm I deysk *AA." 
1 Air (wet suppied. lne 1710 

02 Moles 
TheoPAqd 

?.18 

0.00 
0.00 
0.00 

2.60 
0.07 

-0.02 

0.00 

0.00 
0.00 
0.00 
9.74 

9.74 
1.4611 

11.20 
116.0% 
42.11 

53.31 
1.13 

64.44 

I 
I 

1 

1 
1 
1 

1 
1 

I 

1 
1 

C02 +80 

7.18 

0.00 

0.07 

0.00 

02 

1.48 

N42 

0.00 

42.11 

120 

8.00 

0.04 

1.13 

CO 

0.00 

LINE MAZOUT 

I a Fuel als ftred(AF), % by wtor vol 
C- 86.2% CO. 0.0% 
H2. 10.0% 
8- 2.3% 

1 b 02. 0.6% 
N2- 0.1% 

1H20. 0.7% 
1I Mh. 0.1% 

TOTAL- 98.96% 
Flue gas anslye-by tst 

C02. 13.5% 
1I C0- 0 PPM. 0.000% 

02. 3.0% CUBSTL 0 
I d Totl air (TA). based on above 02 eet 
I TA- 116% 
1I Lines 1,.h for gaseous fuelsonly 
1 W. fuel unit + sum (mo each *el w),t) 

0g Molwtof fuelnllo00 
h Density of luel lineg34 (lb/cult)

1 I 1igherheatvalue. ful 10148 Blulb. 
j %C Inrefuse 
k Combustibles unburned, % offuel 
I Stack lemp.degrees C a 

- m Amblent temp. dry bulb, degrees C 

.00% 

18300 

0.00% 
170 

15 

20 

21 

Ffue gas coneluenle . IlneeI to 10.totl 

Note: 9fw at 4OF atd @0flI, AN-RB -0.0212 Isused as a etamdard 

7.26 1.48 42.12 6.17 0.00 Total Moles Wet Fue On67.006063 Dty Flue Gas
60.83386 

22 

22 
24 
25 
U 
27 
21 
29 
30 
31 
32 

33 
34 
36 

DETEI41ATION OF FLUE GAS AND OUX)MTLE LOSSES R BTU PER FUEL UNIT (AS FIRED)Fuel un 100.00 lb Flue @ao-nsc tuents: C02 . 80 02 
MCp. Mold specll ht, n wn, a toIf 9.91 8.17indrylue ga, m 9oeeW, toe 20*MCp*(t2-t1) D 3330 
IsH20 in lr,moe i2O.btoe t10MCp*(21-t1) 
rIftenw hatH20 inlust. mole, tes (6+10)*MC*(12t1) 

In leetaleil, H20 Inluel, wes,oe (5.10)-1040-18 
Totl in wet lue ga 
Due to unburned combusibles. to k 14,100tuIb 
Due to unburned CO in flue am; mole C to CO129766 Bhtb 
Total O g esloss + unburned combustible - toe 26+29+30 
tilgft heat value (tHV) of lus unit. 100 *teI Iw solid &liquid fuels 

- 304 * lMe I * 10 fr gaseous fuelsSu* and combustible loss, %of hea Input, 100*Une 31l1ine 32 
Combustion efficiency, HHV.% of heal Input 100-Ins 33 
Combustion efllclenc. LHV basis (line 27 subtracted from heat value and losses) 

N2 

7.20 
54839 

120 

7.07 

2229 
9940 

94370 

CO 

7.10 
0.00 

Btu 
Total 

108028 
2229 
940 

94370 
214666 
2 0 

0 
214666 

183000 

11.7% 
11.3% 
93.1% 

Conversion to metric units 
" kd oules 

tow tod 

27223 113968 
62 2361 

2606 10487 
23781 99660 
64070 

0 0 
0 0 

64070 22636 
481100 193060 

11.7% 11.7% 
88.3% 88.3% 
93.1% 93.1% 



APPENDIX 4

DETAILED CALCULATION OF COMBUSTION EFFICIENCY
 

BEFORE AND AFTER IMPROVEMENTS
 

ALUMINA CALCINER
 

KOMBINAT ALUMINUJUMA TITOGRAD (KAT)

ALUMINA PLANT AND POWER PLANT
 



Kombinal Alunluma Tllgead - Alumina Calcdn. Dale of Not: 4 April 1991 RCG/Hager. Baitly. Inc.Corrustion Calculauone - MbldalBi Time of test: 1030 Hydrate feed: 66 tUhr Air. prlmry 90% open. 230 mm H20, secondary 9 Fuel 3800 Ihr 

Fuel. 02, and Air pr Unit of Fuel I Flue Ga Composition, Moles per Fuel Unit 

Line Fuel Per Fuel MoI. V1 MolesFuel D2 02 Mobs I C02 + 80 02 N2 120 COConstlt Unit. t Do Constil Muhipli TheoReqd I I UNE MAZOUT
 

1 C toC32 $1.16 12.00 6.76 1.0 6.76 
I a Fuel enayls w fied (AFL % by wt or vol
1 6.76 C. e2%2 CoO 1.6 12.00 0.16 0.60 0.06 	 CO- 0.0%1 0.163 COICO2 0.00 2.00 0.00 	 H2. 10.0%0.60 0.00 


4 C unbumd 3.11 12.00 0.27 
0.00 

5- 2.3%

0.00 0.00 

5 H2 	 02-b 0.6%10.00 2.00 5.00 0.60 2.60 5.00 IN2.G 8 	 0.1%2.30 32.00 0.07 1.00 0.07 0.07 
112- 0.77 02 deduct -0.60 32.00 -0.02 1.00 -. Q Ash- 0.1%a 142 0.10 26.00 0.00 0.00 0.00

• C02 	 1 TOTAL- 99.96%4.,00 0.00 0.00 0.00 
0.04 	

1 Flue a analyss by set10 1120 0.74 16.00 0.00 0.0411 Ash 0.12 0.00 	 C2. 16.3%0.00 

12 Sum 99.96 12.21 9.40 

1 c C0. 360 PPU- 0.30%
 
1 02- 1.6% CIBSTOL 0.60% 

T rI 
Total air -	 d Toldak(TA),bmdon above02tmlt107.6% (from *twit Wet)

13 02 (uh) reqda-2. line 12 9.40 	 TA- 107% 
14 	 02 (ecees) - (Fotal ok-) - Amne12 0.66 

Lines l g.h forT gmeous fuels only
 
1
15 Oe (Iotal) lsuppledlMn 13.14 	

VII,fuel unit+oum (mse each-mol wt),b
10.05 0.08 Ia "lwlfuel +, f 1100Totd Air (TA) - 1n1 1Mine 13 107.0% 1 


10 P2 eupplied - 3.7602,11ne 15 Ih Density of fuel - Mneg3S4 (lcuft)
37.81 37.81 I I Higherh value, fuel 1014817 	 ,BtuIb.Air (dry) supplied - l2.N2 	 1630047.66
II 112 In ok -	 I %C lnrefueemWlee day ei -(*AN ) 1.01 	 1.01 k Combustibles unburned. % of fuel1 Air (wt)suppled - ie 17.16 	 3.944.811 

I Stack temp, degree C a 230 
m Ambient lemp. dry bulb. degrees C 16 

Flue gee oonstltuent - 1Io.0 lnee 101.teal 	 We Flue G" Dry Flue Gas6.84 0.60 37.81 6.00 0.15 TOtle Molee 51.613082 4&457323 

21 Noel: fir air at &OF amd 00%ft A -. 0.0212 Is ueed as a standard 

OETERMINATION OF FLUE GAS AND COMWSTLE LOOS8S IN STU PER FUEL UNIT (A 	
Conversion to metric untseFNFD) Btu22 Fuel unt 100.00 lb 	 kcl kJoulFlue ge constituents: 002 . 80 C2 P2 20 CO Total lial "Al23 MCp, Mold specific heat, mew, 12 o 11 10.12 9.22 7.27 7.00 7.1324 In dry Sue qs, mel eel, le 2OMCp*(t2-1) 26769 2093 106342 427.14 15,31 34179 143091W,26 In 1120 in melee 1 ne I"MCp*(t2-t1) 

2784 2784 701 293726 in neen heat, 20 in fuel, m bee (5+I0)*MCp'(t2-t) 
130o 1380 348527i Inl h1ealt I, O 	 14691n fuloml, bee (5IO)*1040" 
94370 0437029 Tolulinet ue gan 23701 91650 

2461620 Due to unbumed onebubleeibie nk o11Bufb20 62147 200179 
6206230 Due 10unbuned Cain 	 13120 54826e ges, melee Z~10Ca12*765tulb 
18111
31 To1d Ou 	 4564 191079w loeses + unburned combustible - ie 26.29.30 

32 Higher heal vlue (W4V) of fuel unit- 100 
316738 33421179631* ne I fo solid & liquid fuels 

1630000 481100 1Q-_,W
 
- 304 " oneI * 100fo gaseous fuels
33 Stack and oombuedble loss, % of heal Input. 100line 31fline 32 

17.3%34 Combuetion efficiency. HIM', % of hoa Input 100-line 33 
17.3% 17.3% 

827111136 Combustion efficiency. LHV bale (line 27 subtracled from heal value and loss ) 
82.7% 82.7% 

87.2% 87.2% 87.2% 

http:26.29.30


Komblnat AlumlniumaTitograd - AluminaCalciner Date of lset 4 April 1901 RCUHagler, BaW,, .- .Combustion Calculations - Molal Basis Time of test 124s Hydrate led: So tjhr Air: primay 100% open. 240 mm 120, secondary 013 Fuel 3800 11h, 

Fuel, 02, and Air per Unit of Fuel I Flue Gas Composition. Moles per Fuel Unit 

Line Fuel Per Fuel Mol. WI MoiFuel 
Conote UnLi lb Divisor Constit 

I Co CO2 sale 12.00 7.18 
2 C to CO 0.02 12.00 0.00 
3 CO to CO2 0.00 28.00 00.00 
4 C unburnd 0.00 12.00 0.00 
6 H2 10.00 2.00 5.00 
6 8 2.30 32.00 0.07 
7 02 deduct -0.60 32.00 -0.02 
a N2 0.10 25.00 0.00 
I C02 44.00 0.00 

10 H20 0.74 18.00 0.04 
11 Ash 0.12 0.00 
.2 Sum 99.90 12.20 

Total air d 115.0% (from 
13 02 (e )roed - 02. l ine12 
14 02 (0-e1) - (lotall air -1) * M. 12 
16 02 (1ol)supplid ­ ne513.14 

Tota Ai (TA) -ne lino 13 
16 N2 supplied - 3.76*02 ne 16 

17 Air (dry) supp ied. 02N2 
1 1"120 in air - moles dry ai *PJ(E-A) 
19 Air (we) supplied - Ines17*15 

02 
Multply 

1.00 

0.60 
0.50 
0.00 

0.50 
1.00 

1.00 

st) 

02 Molee 
Theollsqd 

7.18 

0.00 
0.00 
0.00 

2.60 
0.07 

-0.02 

0.00 
0.00 
0.00 
0.00O 
0.74 

9.74 

1.76 

11.48 

115.0% 
43.21 

64.70 
1.16 

66.54 

I C02 * 50 
I 

1 7.11 

1 

0.00 

0.07 

0.00 

T1 ()d 
I.4TA-

II1 

1 
1 

1 
1 

02 

U1.7I 

H2 

0.00 

43.21 

1120 

5.00 

0.04 

1.16 

CO 

0.00 

I 

I 

1 

1 

1 

1 

I 

LE MAZOUT 

a Fuel analyse as fired (AF). % by wt or v o l C- 86.2% Co. 0.0% 
112. 10.0% 

5- 2.3% 
b 02- 0.6% 

N2. 0.1% 
120. 0.7% 

Ash- 0.1% 
TOTAL- 99.96% 

Flue gas analysis by teet 
C02- 14.0% 
CO- 40 PPM.. 0.004% 
02. 3.2% CMBSTBL 

TotalakT(A).b asodonabove02reet 
118% 

Lines f,9,h lor gaseous fuels only 
Wk. fuel unit sum (moles each * mol w), lb 

a Mo artllfuel+unefll00 
h Densly of fuel ­ line 91394 (blhcult) 
I Hldher heal value, fuel 10148 , Btuilb. 

%C nreluse 
k Combustibles unburned, % o fuel 
1 Stack temp, degrees C a 

m Ambient temp. dry bulb, degrees C 

0.00% 

15300 

0.00% 
266 

16 

2D 

21 

Flue gas ontlituentl m line 1 Io 1i, total 

Nots: for ak a *OF WA 6IAH, AN(-A)-0.0212 In used as a standard 

7.26 1.76 43.21 6.20 0.00 Total Moles 
Wet Fkje an 

68.420482 
Dry Flue 

62.219751 
as 

22 

203 
24 

26 

2 

27 

28 

25 

30 

31 
32 

33 
34 

43 

DETERMINATION OF FLUE GAS AND COMBUSTIGLE LOSSES *I STU PER FUEL UiT (AS FIED)
Fuel unit 100.00 lb Flue as constituents: C02 * S0 02 

p,MCP. Opelso hesh, mean, 12 to 11 10.21 8.26
in dry Pu as . s eart, line 20"MCp-(t2-11) 31964 6244 
In 1120 In air melee 1120. 1n."MCp(t2-tl) 
in seon heat, H20 in Iuo, molts, es (6.10)-MCp'(t2-t) 
n latent heat-, 120 In I.l,moe, Ins (6410 1040"1 
Totl in y' t uegas 
Due to unbernd combutibles, line k* 14.100 Btufib 
Due to unburned CO In flue ga ; mole C to CO12.766 Btultb 
Tot-d lo gas loses + unburned combuetible - li:es 26.29.30 
Higher herd valti (c11*)oi olu unit. 100 * line i for solid & liquid fuels 

- 394 * bne I * 100 for gaseous fuelsStack and combustible lose, % of heat input, 100*ine 3111gno32 
Combustion effciency, HHV, % of heat input 130-l1ne 33 
Combustion elffciency. LHV basis (line 27 subtracted from heat value and losses) 

r42 

7.29 
136171 

H20 

7.10 

3666 

16458 

94370 

CO 

7.16 
6.34 

Btu 

Total 

174405 

3666 

16466 

94370 

207780 

0 

240 

26802 
183000 

16.7% 
84.3% 

68.6% 

Conversion to metric unite 
kcal joulen 

total oe 

43960 153M6 

896 3761 
3896 1630 

23781 99w60 
72623 303617 

0 0 
61 263 

72663 303871 
481160 1930660 

16.7% 16.7% 
64.3% 64.3% 

88.8% 88.8% 


