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1.0 EXECUTIVE SUMMARY
 

1.1 Introduction
 

The Organization for Energy Planning, in conjunction
 
with the plant staff of the Helwan Portland Cement
 
Company, and with the technical assistance of Foster
 
Wheeler USA Corporation, have executed an energy audit
 
of the Helwan Portland Cement Company, Helwan, Egypt.

The field audit began in February, 1988, and continued
 
through March, 1988. Analysis of all information was
 
performed in the offices of OEP located in Cairo,
 
Egypt.
 

The energy audit consisted of a detailed review of the
 
wet and dry cement processes and their respective plant
 
performance. All sections of the plants were
 
inspected. Drawings of the processes were reviewed and
 
energy and production data were collected. The energy
 
data has been checked for consistency and accuracy, and
 
supported further by independent field measurements of
 
the necessary process variables.
 

This report serves to document the consumption of
 
energy, in all its forms, analyze whether this energy
 

.is .being used efficiently, and, if not,. identify,
 
opportunities to conserve energy based on quantitative­
economic analysis.
 

1.2 Plant Description
 

Pyroprocessing is the most important part of the cement
 
manufacturing process and is the principal user of
 
energy. With very few exceptions, the rotary kiln is
 
the equipment used for this production phase. The main
 
steps in the manufacturing process are the following:
 
(i) quarrying and extraction of raw materials from
 
deposits; (ii) crushing and preblending of raw
 
materials; (iii) grinding of raw materials in the raw
 
mills; (iv) preparation of kiln feed by homogenization
 
of ground raw materials; (v) burning (pyroprocessing)
 
in kilns to form clinker; (vi) cooling of clinker;
 
(vii) grinding of clinker in finish mills with gypsum
 
to make cement; and (viii) packing and shipping of
 
cement.
 

The two basic manufacturing processes are the wet and
 
the dry process. These two processes are shown
 
schematically on pages 4 and 5. In the wet process,
 
water is added when the crushed and the proportioned
 
raw materials are ground in the raw mill, so that the
 
kiln feed takes the form of a slurry. In the dry
 
process, the raw materials are dried with hot kiln
 
gases while they are being ground in the raw mill, and
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kiln feed becomes a dry powder. In the pyroprocessing
 
phase, the two processes are very similar; the feed
 
moves down through the kiln countercurrent to hot gases
 
drawn through the kiln by powerful fans. In the
 
burning zone the materials are heated to approximately
 
1500 °C, and the various chemical components interact
 
and form clinker. Downstream of the burning zone, the
 
two processes are identical.
 

The energy sources in the cement plant are generally
 
classified as primary sources, like oil, coal, gas,
 
other fuels and electricity, and secondary sources,
 
consisting of waste heat from one phase of the process,
 
which can be recovered and utilized in another phase of
 
the process. The two most energy-intensive phases in
 
cement manufacture are pyroprocessing and grinding.
 
Pyroprocessing consumes mainly thermal energy in the
 
form of oil, coal or gas, while grinding consumes
 
mainly electrical power.
 

Secondary hea contained in the hot kiln exhaust gases
 
is utilized primarily in predrying and preheating
 
materials before introduction into the kiln and raw
 
mill. The waste heat contained in the exhaust gases
 
from the clinker cooler serves to preheat combustion
 
air and also to dry and preheat raw materials -before.
 
entering the raw mill and kiln. A small 'amount'of'
 
thermal energy may be needed as supplemental heat for
 
drying purposes.
 

The Helwan Portland Cement Company consists of three
 
separate factories: Factory 1 (Grey Cement), the White
 
Cement Plant, and Factory 2.
 

The first of the six grey cement kilns in Factory 1
 
began operation in 1929. The two white cement kilns
 
came onstream in 1960 and 1973. The two dry cement
 
kilns in Factory 2 came onstream in 1982 and 1985.
 
Their design capacities are given below.
 

Factory 1 - Grey Cement, Wet Process, 6 kilns 

Design Capacity,
 
Kiln Tons clinker Per day
 
1 240 
2 480 
3 330 
4 330 
5 330 
.6 §U 

Total 2350 
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White Cement Plant - Wet Process, 2 kilns
 

Design Capacity,
 
Kiln Tons clinker per day
 
1 100
 
2 M 

Total 280 

Factory 2 - Dry Process, 2 kilns 

Design Capacity,

iln Tons clinker per day
 
1 4200
 
2 4200 

Total 8400
 

The plant has set a production goal of 3 million tons
 
of clinker in 1988. This goal appears to be achievable
 
based upon worldwide production data and onstream
 
factors for plants of similar design.
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1.3 Findings
 

The qualitative and quantitative findings at the Helwan
 
Portland Cement Company are below. These findings have
 
been divided into categories deemed most appropriate to
 
this energy audit.
 

Accuracy of Plant Data
 

The plant energy consumption data for calendar
 
year 1987 was supplied by the plant from their log

sheets, and is the basis for this audit. The
 
accuracy of the energy data supplied by the plant
 
was not verified. Any obvious indiscrepencies in
 
this raw data were resolved to the best of our
 
(FWUSA, OEP, HPCC) abilities.
 

Energy consumption rates for various pieces of
 
equipment or systems were obtained during the data
 
collection phase of this energy audit. This data
 
was used as a basis for calculating future energy

savings for a particular item or system and is not
 
meant to be a check of the 1987 energy data.
 

Energv
 

The primary sources of energy are- natural gas in
 
Factory 1 and No. 6 fuel oil in the white cement
 
plant. These are the fuels that are used to fire
 
the kilns and account for approximately 87% of the
 
energy consumed in the respective plants.
 

The total energy consumption for calendar year

1987 was 1.50 x 1016 joules. Approximately 58% of
 
this energy was consumed in the dry process of
 
Factory 2 where approximately 75 % of the total
 
plant clinker is produced. The overall plant
 
energy cost to produce one ton of clinker is US
 
$19.15.
 

Total energy consumption for Factory 1 and the
 
White Cement Plant, both wet processes, averages

5.2 x 1014 joules per month. The average energy


=
consumption per ton of clinker is 9.57 x i0'
 
joules. This value is 19% higher than similar
 
present day figures in the U.S., and 60% higher

than similar figures in Europe and Japan. The
 
low present day worldwide energy figures are due
 
to significant improvements in the cement industry

since the 1940's, while the wet process at the
 
Helwan Portland Cement Company started operation

in 1929. The energy consumption per ton of
 
clinker at the Helwan Portland Cement Company
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compares favorably against wet U.S. cement plants
 
built during the same era.
 

The kilns of Factory 2 are designed to fire
 
either natural gas or No. 6 fuel oil, but at
 
present are firing No. 6 fuel oil. Again, the
 
energy derived from the fuel oil is the primary
 
source of energy into the process, accounting for
 
approximately 88% of the total energy consumption
 
for Factory 2.
 

Total energy consumption for Factory 2 averages

7.3 x li0 4 joules per month. The energy
 
consumption per ton of clinker in the dry kilns
 
averages 4.53 x 109 joules. However, values of
 
4.25 x 109 joules per ton were experienced from
 
March to October. This value is 11% to 22% higher

than similar figures for Japan and Europe
 
respectively. Energy consumption.figures for the
 
U.S. are significantly higher than those of Europe
 
and Japan due to a lack of commitment to state-of­
the-art dry processing innovations developed and
 
implemented in Europe and Japan. The dry kilns at
 
the Helwan Portland Cement Company are of European
 
(Danish) design and should be --ompared. against,
 
European energy figures.
 
An excessive amount of energy is being consumed in
 
Factory 2 in order to produce sufficient quality
 
cement product from high impurity raw materials.
 
It is anticipated that the energy required to
 
produce a ton of clinker will drop to levels equal
 
to those in Europe once a source of acceptable,
 
higher quality, raw materials can be developed and
 
fed to the kilns.
 

Electricity is the second largest energy
 
contributor in both factories. Electricity

contributes less than 6% to the total energy 
consumption of Factory 1 and the White Cement
 
Plant, and approximately 11% to the total energy
 
consumption of Factory 2.
 

In addition to the energy directly used to
 
manufacture cement is the energy consumed in the
 
utility areas. The Power House consumes 12,861
 
tons of No. 6 fuel oil annually; the White Cement
 
Factory steam boiler consumes 671.2 tons of diesel
 
fuel annually, and the Factory 2 steam boiler
 
consumes 11,051 tons of diesel annually. The
 
total energy consumed in these utility areas is
 
equal to 9.C0 x 1013 joules per month.
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One of the largest sources of potential energy
 
savings lies with improving the quality of the raw
 
materials to Factory 2. The Helwan Portland
 
Cement Company states that this will begin in
 
approximately two years; a better site for raw
 
materials has been found but the site must still
 
be developed. At that time, the energy used to
 
fire the kiln should fall and the Helwan Portland
 
Cement Company overall energy picture will improve
 
dramatically.
 

Pollution and Pollution Control
 

The primary source of pollution at Helwan Portland
 
Cement Company is cement dust. The most
 
significant source of this dust is the new Factory
 
2 dry cement process. At the present time, feed
 
materials to Factory 2 are very high in
 
impurities, such as sulfates and alkalis. Feed
 
impurities have reached levels which the unit was
 
not designed to accommodate. In order to maintain
 
production requirements and product quality, these
 
impurities are driven out of the raw materials in
 
the kiln at rates and temperatures that exceed the
 
design limits of the cyclones and precipitators
 
installed to collect cement dust from the..stack,
 
gases. As a result, significant amounts of
 
cement dust are ejected out of the stacks and onto
 
the equipment, buildings, machinery, and the
 
general surroundings.
 

The most effective way to eliminate Factory 2 as a
 
pollution source lies with providing higher grade
 
raw materials to the kilns of Factory 2. The
 
Helwan Portland Cement Company has stated that a
 
new source of raw materials has been found.
 
Development of this source will take two years.
 
At that time the pollution should be significantly
 
reduced and Factory 2 should operate near design
 
specifications.
 

Factory 1 and the White Cement Plant are fitted
 
with electrostatic precipitators at the outlet of
 
each kiln. None of these precipitators are in
 
operation due to lack of available parts to repair
 
them. The ductwork leading up to the
 
precipitators has been disconnected and any
 
cement dust leaving the wet kilns flows freely to
 
the atmosphere.
 

The primary source of cement dust is Factory 2.
 
This is due to the size of the unit and the nature
 
of the dry cement process. Although Factory 1
 
has six kilns and the White Cement Plant has two
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kilns, they have only 30% of the production
 
capability of Factory 2, and are fed wet raw
 
materials which inherently result in low cement
 
losses. There is no doubt that the abundance of
 
cement dust on equipment and machinery is
 
adversely affecting energy consumption,
 
maintenance intervals, equipment life, and
 
production stability.
 

Insruentation
 

The instrumentation in Factory 1 and the White
 
Cement Plant is in a state of disrepair. Existing
 
instrumentation is either broken or in need of
 
recalibration. Instrumentation that once worked
 
properly and served a purpose towards the
 
production of cement has not been maintained, and
 
as a result is no longer used. Furthermore, this
 
plant was never fitted with the instrumentation
 
necessary to properly monitor the flow of energy
 
throughout the process.
 

Factory 2 was brought onstream in the 1980's. The
 
condition of instrumentation is already being 

..;overlooked, .and those instruments that . are. .not 
"crucial" to the ultimate goal of producing cement'
 
are being left in this state. Factory 2 is a
 
state-of-the-art dry process cement facility that
 
has the means to operate as efficiently and 
effectively as those in operation in Europe and 
Japan. 

Electrical
 

The disrepair state of the plant's electrical.
 
metering system does not allow for an accurate
 
check of electrical energy consumption. Even
 
though Factory 1 and the White Cement Plant only
 
consume 6% of their total energy in electricity
 
and Factory 2 consumes 11%, good electrical
 
monitoring is essential for energy consumption,

tracking and cost control.
 

Factory 1 possesses a steam boiler/turbine
 
generation system which is not fully utilized
 
during normal operation. Xn addition, electrical
 
outages and load shedding affect the production
 
figures of Factory 2 each year. During these
 
outages the full capacity of the Factory 1
 
generator cannot be used to assist Factory 2 at
 
these times of need.
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Housekeeping 

The majority of the electrical and mechanical
 
equipment maintenance calls are a result of the
 
high concentration of cement Oust that accumulates
 
on them. There does not appear to be a
 
coordinated effort to keep these items clean.
 
Instead, attention is focused only in those areas
 
where there is a need for immediate repair. No
 
effort is being made to clean the surroundings of
 
the cement dust; consequently, no improvement in
 
useful equipment life can be expected.
 

The number of steam, condensate, and boiler
 
feedwater leaks are few. The plant, as a whole,
 
does not suffer in this area of energy loss.
 

Insulation in the power house is quite good. Even
 
so, there are some items of equipment and piping
 
that require the addition or repair of insulation.
 
Insulation at the local steam boiler houses (used
 
to heat mazout) is sporadic and in other cases,
 
totally ineffective due to damage, deterioration,
 
or improper installation.
 

-There are only a dozen or so steam traps. at..the.
 
Helwan Portland Cement Company. Of these, 'only­
two were found to be functioning properly. Items
 
such as these, although few, can lead to
 
significant energy loss over the course of a year.
 
Considering the low number of steam traps and the
 
small amount of time involved in checking,
 
cleaning, and repairing steam traps, it should be
 
relatively easy to improve procedures in order to
 
have all of the steam traps functioning properly
 
all of the time.
 

The ability of the Helwan Portland Cement Company
 
to execute maintenance on items in need of repair
 
is good. Downtime is an inherent part of the
 
cement industry. Onstream factors worldwide are
 
roughly 85% for the wet process and 70 to 75% for
 
the dry process. Helwan Portland Cement Company
 
is running about 15% lower than these onstream
 
factors (approximately 72% and 62% for wet and dry
 
respectively) when one compares unit design

capacity with annual unit production. Actual
 
running time may be greater; however, adverse
 
conditions, such as power shortages or poor raw
 
materials, prevent 
Company from producing 
throughout the year. 

the Helwan 
clinker 

Portland 
at design 

Cement 
rates 
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Management and Personnel
 

The priority of management appears to be
 
production-oriented. Energy conservation is
 
second, at best, to this goal. The management and
 
personnel are, however, quite aware of where
 
energy is being consumed and how it could be
 
improved. The ability of the personnel to
 
concentrate their effort towards energy
 
conservation without losing sight of production
 
goals is already present at the Helwan Portland
 
Cement Company.
 

It is reasonable to state that energy conservation
 
measures are directly related to production rates
 
over an extended period of time. A piece of
 
equipment that is used in its most efficient
 
manner will out-perform and out-live a piece of
 
equipment that is not used efficiently and
 
effectively. The savings in both energy and money
 
per equal production of clinker can be very
 
significant over a period of just one year.
 
Production need not suffer as a result of energy
 
conservation measures. A large percentage of
 
energy conservation measures do not alter the
 

..process...in any way. Furthermore., energy.
 

..conservation measures generally pay for themselves,
 
in periods of three years or less, after which the
 

company receives the profit from these measures at
 
the cost of a minimum amount of maintenance.
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1.4 Recommendations 

Tables 1.4A, 1.4B, and 1.4C list those Energy
Conservation Opportunities (ECO) having a simple payout

of five years or less.
 

Housekeeping Items
 

Under the category of housekeeping ECO, are
 
items requiring better maintenance, better
 
operations and improved scheduling. The total
 
installed cost for housekeeping ECO's is less than
 
LE 40,000. In developing a list of these items,
 
attention was paid to leaks of steam, air,

condensate and water, poor combustion efficiency

of various fired devices, poor insulation of hot
 
or very cold (refrigerated) lines or equipment,

operating procedures, instrumentation, etc.
 

Table 1.4A, Housekeeping, lists those ECO's having
 
a simple payout of 5 years or less based on local
 
costs to implement the ECO and local utility costs
 
to calculate savings.
 

Note: Housekeeping ECO's having a simple
 
.-payout exceeding five years based on local
 
--costs, but having a payout of less than five
 
years based on worldwide equipment and
 
utility costs have been shifted to Table
 
1.4B, In-Country Investment, and noted with
 
an asterisk (*).
 

The implementation of all of the housekeeping

items identified would result in a minimum of
 
959.9 T.O.E. saved annually, and represents 3.7%
 
of the total energy used in the production of
 
steam for electricity generation, mazout heating,

and white cement quenching. This savings does not
 
take into account the energy savings possible

through the implementation of ECO's 32,36 and 37.
 
While it is impossible to quantify the energy

savings realizable from these latter three ECO's,
 
it is expected that they will result in
 
significant continuing energy savings.
 

These ECO's should be implemented as soon as
 
possible, as they can be done with a minimum
 
amount of in-country labor, manufactured equipment
 
and money.
 

In-Country Investment Items
 

Items in this category are similar in nature to
 
housekeeping items; however, an expenditure of
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over LE 40,000 is required to implement a
 
particular ECO, except as noted above in
 
"Housekeeping Items." All materials, labor and
 
engineering can be purchased in-country.
 

Table 1.4B, In-Country Investment, lists those
 
ECO's having a simple payout of less than five
 
years based on worldwide equipment and utility
 
costs.
 

The implementation of all of the in-country

investment items would save a total of 41,427

T.O.E. per year, or 13% of the fuel fired in the
 
entire cement plant.
 

The largest energy savings will come from final
 
implementation of ECO-22. This ECO requires that
 
a better, higher quality, source of raw materials
 
be developed. At that time, the dry kilns will
 
then be able to operate at reduced heat rates.
 
The plant has stated that the implementation of
 
this ECO is already in progress. The estimated
 
energy savings for ECO-22 is 40,868 T.O.E. per
 
year.
 

Foreign Investment
 

Items in this category require an investment of
 
foreign (hard) currency to purchase materials,
 
engineering and/or manpower from outside the
 
country.
 

Table 1.4C, Foreign Investment, lists those ECO's
 
having a simple payout of less than five years

based on worldwide equipment and utility costs.
 

These ECO's have a good potential for the most
 
energy saving, but also require the greatest

investment cost. While the energy savings from
 
the items in this category are not strictly

additive, the energy savings that can be expected

is 35,984 T.O.E. per year if all non-redundant
 
ECO's were implemented.
 

Improving, adding and repairing instrumentation
 
alone would result in an indirect energy savings

of 2,082 T.O.E. per year. This investment would
 
pay out in less than one year.
 

ECO-30 B gives the economics of continuously
 

generating 30 MW of electricity from a gas
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turbine. The cost of this type of system is
 
estimated to be $14,629,100 and results in a
 
simple payout of 3.06 years based on energy cost
 
savings alone. As stated above, the actual payout

period will be less than 3.06 years when the
 
value of increased revenues due to increased
 
cement production is taken into account. The
 
advantages of short-term operating periods are
 
also possible using a gas turbine.
 

ECO-30 C gives the economics of generating 30 MW
 
of electricity from a gas turbine with waste heat
 
recovery facilities. A gas turbine with waste
 
heat recovery provides a more efficient means of
 
generating electricity than using a gas turbine
 
alone. The fuel consumption of a gas turbine with
 
waste heat recovery is two-thirds that of a gas

turbine alone; however, there is the addition of
 
electrical requirements for the waste heat
 
recovery facilities.
 

A gas turbine package with waste heat recovery

would be required to operate continuously. It is
 
not practical to start-up and shut-down the waste
 
heat recovery facilities in short intervals. A
 
gas turbine package alone, as discussed.above,-is.
 
able to be operated "on demand" if required'. .-. '" 

The payout period for such a gas turbine package
 
with waste heat recovery facilities is 5.0 years,

based on energy cost savings alone. This payout
 
excludes the additional income generated from
 
being on-stream a higher percentage of time and
 
thus producing more saleable product.
 

The present electrical metering system for both
 
factories should be repaired, cleaned weekly and
 
recalibrated on a regular basis in order to
 
accurately determine electrical energy
 
consumption. Switchgear modifications should be
 
investigated before the next planned modification
 
to the overall plant's electrical system as
 
described to FWUSA by Helwan Portland Cement
 
Company's Electrical Department. It would be the
 
most efficient use of existing equipment if the
 
generators of Factory 1 could be used to feed
 
Factory 2.
 

Other Items for Consideration
 

Considering the disruption of cement production
 
during the summer months and the" anticipated
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decrease in hydro-electric generating capacity in
 
Egypt, the installation of a 30 MW electrical
 
generating package (ECO-30 A,B and C) should be
 
considered. Such a package would allow the plant

to operate without disruption and thereby increase
 
the cement production rate. During periods of
 
shutdown or turnaround, excess electricity

generated could be supplied to the national grid.
 

ECO-30A gives the economics of generating 30 MW of
 
electricity from a steam boiler/turbine system.

The cost of this type of system is estimated to be
 
$22,045,800, and results in a simple payout of
 
10.4 years based on energy cost savings alone.
 
The actual payout period will be less than 10.4
 
years when the value of increased revenues due to
 
increased cement production is taken into account.
 

Preference, at this time, would be towards a gas

turbine generating package (ECO's 30 B and 30 C)
 
as the economics are more attractive. Refer to
 
the Foreign Investment category of this section.
 

Conclusions
 

It is important that the Housekeeping itensligted­
in Table 1.4A be iinplemented as soon as possible.

These energy conservation opportunities can be
 
implemented by plant personnel using locally

available materials.
 

The total estimated annual energy savings that can
 
be derived through implentation of all non­
redundant ECO's listed in Tables 1.4 A, B, and C
 
is 78,370 T.O.E. This annual energy savings has a
 
corresponding value of U.S. $13,589,958. The
 
investment cost to implement all non-redundant
 
ECO's is U.S. $19,383,528 and results in an
 
overall simple payout of 1.43 years.
 



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

Table 1.4A HQUSEKEEPIXG ITEMS - ECOSummary 

PLart: Hetwan Portland Cement Copany 

..................................... WRLDWIDE -------------------------. ......... LOCAL .-.------

ANNUALENERGY SAVINGS SIMPLE SIMPLE 

ECO 
TII 
TITLE -FUEL 

----------------------------------
T.O.E. 

INVESTMENT 
COST,S 

ANNUAL COST 
SAVINGS, S 

PPYOUT 
YIS 

INVESTMENT 
COST. LE 

PAYUT, 
YIRS 

Pover House 

01 Repair steam, air, water, 
teaks from valves, tines, 

and condensate 
flanges, etc. 

125.2 tons mazout 121.6 110 14,031 IISEDIATE 
I I 245 

2M 
INIATt II 

08 Test, repair, replace stem traps; 203.9 tons mzout 198.0- 2,410 22,8S1 IMEDIATE 5,40 094 l 

Knaout Steam goiterI 
white Cement I.I 

10 Add new or repair existing insulation on steam.3. 
and mzout ines. 

tons diesel 36.5 
. 

2,7B2 5,167 0.54 ,041.96,I4 

11 InsuLate bitler feed water tanks. a.7 ton dieset 9.3 1,410 1,315 .07 I . 2,04 - 3.90-I: 

14, Test, repair, replace stem trap.. 3-.S ton diesel- 34.6 2,410 r., M 0.50 5e40 2.77 

Mazout Steam Bolitcr 
Factory 2 i 

15 Repair stem, air, water, 
Leaks from valves, lines, 

and condensate 
ftanges, etc. 

211.0 tos diesel 224.4 750 31,785 IIMEDIATE-I 
I + 

1,690 IIEDIATE 

16 A new or repair existing insulation on steam 134.7 tons diesel 143.3 10,949 20,291 . 0.54 J 15 876 1.96 
and mzout tines. I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..------------------------------------------- --- I--.................
 



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

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

Table 1.4A hOUSEKEEPING ITEMS - ECO Suiry (continued)
 

Plant: Hetwan Portlard Cement Coumpany
 

------------------.----------------- UORLDWIDE ----------------------
 -- -..........
LOCAL-------
ANNUAL ENERGY SAVINGS 
 SIMPLE SIMPLE 

INVESTMENT ANNUAL COST PAYOUT, INVESTMENT PAYOUT,ECO # TITLE FUEL T.O.E. COST, S SAVINGS, S YRS COST, LE Yits 

17 Insulate bolter feed water tanks. 22.8 tons dieseL 24.3 4,329 3,435 1.26 6,277 4.59 

18 Insulate nezout day tank. 57.3 tons diesel 60.9 11,150 8,632 1.29. 16,167 4.70 I 

21 Test, repair, replace, add stem traps. 101.0 tons diesel 107.0 625 15,.14 IIEDIATE 1,400 IMMEDIATE 

Generat 

32 Show the effect of insulation on heat Loss ..... I IEDIATE - IUIEDIATE
 
from pipes. 
 I".
 

36 Form a committee to plan and implement an energy 
 --. IEDIATE IMEDIATE 
conservation program in plant. 
 I 

37 Use of pubLicity, meos, newsletter, etc. to ,.. -- . - -- IMEDIATE -- II4EDIATE 
implement an energy progrem and eake personnet 
 - _ -- "I 
aware of the importance of energy conservation. .'i I 

TOTAL "" 959.9 36925.0 127616.0 0.29 ! 5853&.0 1.29 L 

I 
OTES: 1. Currency conversion 2.25 LES 3. Energy conversion 42.0 x 10E9 J/T.O.E. 

2. Bolter efficiency 7h% 4. Payout periods of less than 3 months have been Labelled 0IMEDIATE­



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

TabLe 1.48 IN-COUNTRY INkVESTMENT ITEMS - ECOSumary 

EC S TITLE 

Plant: HeLwan PortLand Cement Coapany 

---­---. . ---­--­--­--­-­---­-. ----. . - WR L D W I D E - - - - - - - ­ -- - - - - - - - ­ - - -- --....-

ANNUAL ENERGY SAVINGS SIMPLE 
. . . INVESTMENT ANNUAL COST PAYOUT, 

FUEL T.O.E. COST, S SAVINGS, S YRS 

- - - - - - L O C A L .. ..... 

SIMPLE 
INVESTMENT PAYOUT, 

COST, LE YRS 

----------
Power House 

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

02 Add new or repair existing insulation an 
stem and mzout Lines. 

49.3 tom mzout
.2 

47.9 5,7025,0 5,525 1.03.3 (8,268)(,6) * (5.99)(.9 * 

03 Insulate boilter feed water tanks. 67.7 tom mzout 65.7 15,87 7,587 2.00 (22.021) * (11.61) I 

05 Recovery of heat from continuous boiler btodown. 217.0,tons mzout 211.0 43,360 . 24,319 1.78 .. .. i. 

F 
cc 

07 Installation of a condensate recovery system for. 
existing mazout heater and drip legs. 

216.0 tonsmzout 210.0 36.730 24,19. 
9I 

1.52 
1.52 

j! -"- I 

Dry Kilns 

factory2 

22 Iprove comfbustion efficiency of kilns. 

.- ,:. 

42,094 tan mazout 

.-,.I ...I . . 

40,868 

.1 . .. 

0 (6) 4,717,475 IIEDIATE 

I 

r 

I 

General. I 

35 * Institute a permnent program for stem 

trap testing. 

24.7 tohmuazout 24.0 3,754 2,768 1.36 j (8,"7) * (12.21) * 

TOTAL 
 41427 104,733 4,781,872 0.02 I .... - : 

NOTES: 1. Currency conversion 2.25 LE/S 4. Payout periodsof less than 3 months have been Labelled "II4EDIATE" 
2. Boiler efficiency 75% 5. An asterisk * represents a Housekeeping ECO that has a simple payout exceeding five years band on 
3. Energy conversion 42.0 x 10E9 JIT.O.E. Local costs, but has a payout of less than 5 years based on worldwide equipment and utility costs. 

6. ECO-22 is already being lepteaented at HPCC. No additional investment cost Is required. 



Table 1.4C FOREIGN INVESTMENT ITEMS - ECO SuIIry 

Plant: Hetwan Portland Cement Cmpeny 

-----.-.--.-.-...-.-.--------.--..--. WORLDWIDE ............. -----------.. ......... 
LOCAL.- -------

ANNUAL ENERGY SAVINGS 
 SIMPLE SIMILE
 

---------------------------------- INVESTMENT 
 ANNUAL COST PAYTOUT. INVESTMMT PATIJT, IECOa TITLE FUEL T.O.E. COST, S SAVINGS, S YRS COST, LE YRS 

Power House 

06 Improve combustion efficiency of stem bolters. 1,728 tons mzout 1,678 174,600 193,656 0.90 .... - I 
Mazout Stem Boiter " 
 .
 

White CementI
 

12 lqrove combstion efficiency of stem boilers. 4.6 tons diesel 4.9 1,060 693 
 1.53 I '- .. ' _ ". .. ..- - -:''"-I "I'/ 
Mazout Stem Boiler "-.
 

2I SFactory I 

19 Improve tion efficiency of stem boiters. - 3.4 tons'dieset / 3.6 1,060 512. 2.07 . . .. 

Uet Kilns-. . "'
 

factory I l -te "A,- "
 

24 Improve comution efficiency of kilIns. 21,738,6835 13-nat. gas 23,670 64,600 2,202,062 II6IEIATE j ­.1 
4,519 tons mazout I 

26 Energy savings through the use of slurry thinner 4,703,205 1M3nat. gas 5,125 388,100 295,040 0.76 ! -- . 
to reduce water content in the feed. 982 tons mazout. . ­

28 Energy savings by changing cement and raw mill 
 13,560 PM 3,420 2,310,000 583,080 3.96 I - -­
drive controls to variable frequency (speed) 
 I I
controllers. 


" " I 
I I. 

................................................................................................................... 
--.........................
 



--

Table 1.4C FOREIGN INVESTMENT ITEMS - ECOSummary (continued) 

Plant: Hetwan Portland Cement Company 

---------------------.----.------...- WORLDWIDE ----------------- .-------- -------- LOCAL ---------

ANNUALENERGYSAVINGS SIMPLE SIMPLE 

ECO C " .. ..... .. .. .. .. ... ...... ......-.. . INVE STM E N T A N NU AL COST PAYOUT INV E STM ENT PAYO UT TITLE FUEL T.O.E. COST,S SAVINGS, S YRS COST, LIE YRS I 

General I
I I 

29 Run generators in power house at or near -- 1,589,200 372,603 4.27 I
nameplate capacity and send excess kW to win
 
power su4pty grid. I|I 

30 B Use of a 30 MW gas turbine electric generator. -- 14,629,100 4.74,000 3.06 '..- -­

30 C Use of a 30 MW gas turbine electric generator with -- 31,610,000 6,256,000 5.00 ... . I 
waste heat recovery. r I: 

31 Improve, add, or fix instrumentation to be able to 1,754 IsA 2,082 (5) 84,150 248,824 0.34 I . 

I 
--

I
property monitor and control energy consumptlon. 1,092 tons mzout 

C NOTE 5 ) 650,000 13 at. gas 
 I. 

2.32 tondiesel I I­
34 Installation of capacitors as required to Improve 3,122 HUtS" 787 103,620 134,261 0.77 + ; 

power factor. I I1? 

TOTAL (Excluding ECO's 30C and 34- No ADITIVE) -- 35,984 19,241,870 8,680,470 2.22 

GAND TOTAL (Tables 1.4 A, B, and C) - 78,370 19,383,528 13,589,958 1.43 I ... I 

NOTES: 1. Currency conversion 2.25 LE/S 4. Payout periods of Less than 3 months have been labelled "IMIEDIATE" 
2. Baiter efficiency 75% 5. Energy savings shown represent an Indirect savings. Proper instrumentatlon wilt enhance 
3. Energy conversion 42.0 x 10E9 J/T.O.E. the energy savings due to implementation of the other ECO's. 



Helwan Portland Cement Company ­

2.0 DISCUSSION
 

The Organization for Energy Planning in conjunction with the
 
Helwan Portland Cement Company and Foster Wheeler USA
 
Corporation have conducted an energy audit of the HPCC plant
 
to develop, formulate, and rank ECO's. These energy

conservation opportunities are presented in three
 
categories, entitled:
 

o Housekeeping.
 

These are items which require low cost/no cost
 
solutions and can be implemented by the personnel
 
at the plant.
 

o In-country - Investment.
 

These are items which require an investment of
 
over LE 40,000 of local currency to implement.

All equipment necessary to implement this type of
 
ECO can be made and purchased in-country.
 

o Foreign Investment.
 

These are items which require foreign (hard)
 
rurrency., .±o purchase Lmaterials,...engineering,

and/or manpower from outside the country;.- , --


The overall program to evaluate the energy conservation
 
opportunities in the HPCC plant was performed in three
 
steps, namely,
 

o screening
 
o Preaudit
 
o Audit
 

The initial phase, screening, resulted in the selection
 
of the HPCC plant as a reasonable candidate for an
 
energy audit.
 

Upon completion of the screening activity, the preaudit

phase was undertaken, the energy consumption of the
 
plant was evaluated, and a list of ECO's was prepared.
 

This report documents the results of the preaudit and
 
audit activities, and includes:
 

o An overall energy picture for 1987
 
o A discussion of the approach taken
 
o A detailed description of each ECO
 
o Supporting documentation as required
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Heiwan Portland Cement Company - Engy_udit 

2.1 	Objectives of the Audit
 

The dual objectives of the energy audit are:
 

o 	 identify and measure where energy is used,
 
and
 

o 	 identify, evaluate, and list in order of
 
priority each housekeeping ECO and each
 
capital investment ECO. The capital

investment ECO's are presented in two
 
categories, in-country investment and foreign

investment.
 

2.1.1 Identify Where EnerQy is Used
 

The achievement of this objective requires the
 
evaluation, in some detail, of all features of
 
energy consumption in the plant.
 

Subactivities to this objective include:
 

o 	 the creation of a "base case", as a reference
 
for savings, corresponding to the most
 
current calendar year operation.
 

o. the careful scrutiny of recordsl -and their
 
supplementation by field measurements, as
 
necessary to establish the utility
 
consumption.
 

o 	 particular attention to the energy

consumption of large users, with the
 
reasonable assumption that major utility

consumption devices offer much greater

opportunities for savings.
 

o 	 a review of all sources of lost or wasted
 
energy, such as leaks in steam, air, or water
 
systems, and missing or insufficient
 
insulation.
 

o 	 a review of all losses which can be
 
recovered, and an appraisal of those which
 
cannot be recovered.
 

One important aspect of energy conservation is
 
being able to document plant energy consumption

and how it varies with time. In order to do this
 
properly it is necessary that the plant assign an
 
individual to keep and maintain a system of
 
records which document both past and present
 
energy consumption. These records should be kept
 
in an active file which goes back a minimum of
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five years. Records older than five-years should
 
be stored in an inactive file for an additional
 
five years, after which they may be discarded. In
 
this way a plant can carefully study and monitor
 
the improvements which will occur in terms of
 
reduced energy usage as attractive ECO's are
 
implemented within the plant.
 

2.1.2 Identify Energy Conservation Opportunities
 

This objective is based upon the proper and
 
effective completion of the identification of all
 
locations in which energy is currently consumed.
 
After this definition is complete, the task of
 
completing the identification and the economic
 
justification, or lack thereof, of each ECO can be
 
completed.
 

Again, the achievement of the objective

includes several sub tasks, which include:
 

o 	 evaluation of ECO's which relate to
 
housekeeping items.
 

o 	 evaluation of ECO's which reauire an
 
investment for implementation.
 

o 	 development of all significant data to
 
prioritize the ECO's; highlight
 
attractive investments, and provide a
 
basis for rejection of unsatisfactory

ECO's.
 

2.2 	Method of Approach
 

A detailed schedule for carrying out the preaudit and
 
audit work was developed. The time frame for the
 
overall audit work was set at sixteen weeks, including
 
reports and presentation.
 

Personnel from OEP, HPCC, and FWUSA specialists were
 
all deployed in a coordinated effort to accomplish this
 
task.
 

This first day started with a planning meeting between
 
OEP and FWUSA personnel. A detailed measurement plan
 
was set up, followed by a visit to the plant to
 
acquaint the plant personnel with the plan. Energy

consumption data, required penetrations, and any

comments and ideas which plant personnel might have
 
were collected and discussed.
 

During the first four weeks, after the necessary
 
preparations were made by plant personnel, instrument
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measurements, visual observations and all necessary

information required for the audit report was gathered.

In addition to the FUSA team already present, the
 
audit staff was augmented by FWUSA specialist

personnel, which included an additional energy systems

operations engineer, combustion and electrical experts.

These personnel worked with other audit team members
 
and assisted in instrument measurements as well as in
 
the gathering and analysis of other relevant data.
 

After the first seven weeks, a cost estimating

specialist joined the team, and started the estimating

work required for each of the ECO's. During this
 
period sketches were prepared for the various systems,
 
as well ao listings of equipment and other technical
 
data, as necessary for complete definition of each of
 
the ECO's.
 

The major part of the work, after the first four weeks
 
of the audit, was carried out in OEP's offices in
 
Cairo, with plant coordination as necessary to produce
 
a complete, coherent aad usable report.
 

During the latter part of the eighth week report

preparation began and continued through the eleventh
 
week.
 

Weeks fourteen and fifteen were reserved for
 
presentations to OEP and then to the plant, culminating

with the finished report at the end of the sixteenth
 
week.
 

2.3 Goals and Special Considerations
 

In order to have an effective energy conservation
 
program it is necessary to establish a goal, as a
 
target for which everyone in the plant strives. This
 
goal should be realistic and also somewhat
 
conservative, rather than overly optimistic, in order
 
to ensure that it can be achieved. A goal which we
 
would recommend is a reduction in yearly energy

consumption of 8 percent at the end of two years,

following partial implementation of housekeeping and
 
in-country investment items, and 15 percent at the end
 
of a five year program of implementation of foreign

investment related items.
 

The results achieved each year are to be plotted and
 
compared against the base case (energy consumption

before any implementation war started) in order to
 
demonstrate the actual reduction in consumption versus
 
the predicted goal. Any deviation in energy

consumption must be accounted for in terms of increased
 
production, new products, new units, etc.
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It is necessary that the scheduling of planned"i
 
shutdowns be coordinated in such a way that energy':

conservation recommendations can be implemented.
 

2.4 Anlysis of Energv Consumption
 

The audit provided a review of the energy consumption

of the plant, including an examination of the various
 
types of energy consumed, and their cost impact on
 
production. This energy consumption analysis, as
 
further described below, provides the baseline for the
 
audit, and the implementation of its recommendations.
 

The basic analysis of these variables is accomplished

through the use of a specialized computer program

developed by FWUSA, and employed in the preaudit and
 
audit phases of the work.
 

This program requires, as input, the quantities, unit
 
cost, and energy equivalent of all energy forms
 
supplied to the plant. This includes fuel oils,

electricity, natural gas, and other fuels, 
as
 
applicable. These data, which include production

quantities, are entered on a monthly basis, for one
 
recent calendar year. Through systematic calculations
 
t.he.program produces a variety of results,:in. tabular
 
form. These include monthly cost of the energy sources
 
themselves in units of currency or energy consumption,
 
as well as the relationship of energy cost and
 
consumption to production units.
 

Each of the tables contained in this section is
 
produced with both domestic energy prices and worldwide
 
prices to permit a true evaluation of cost and cost
 
savings.
 

Pricing basis is per the Basic Engineering Data, which
 
is included in Appendix "I" of this report. The
 
worldwide energy prices and T.O.E. (ton oil equivalent)
 
are of particular value in this analysis, as they

reflect the value of the energy, if used as an export

product.
 

The existence of these tables permits direct graphs to
 
be made on the computer, to exhibit a graphic display

of the table's data, and to aid in analysis.
 

The choice of graphs to be presented is generally made
 
after a careful review of the tables, to detect trends
 
which would be meaningful as curves when plotted. The
 
graphs of greatest interest will be energy consumption,

production costs per production unit and energy

consumption per production unit, plotted against

calendar time.
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Table IA reflects the energy consumption for Factory 1
 
and the White Cement Plant. Table 2A reflects the cost
 
of energy for Factory 1 and the White Cement Plant in
 
both the domestic and the worldwide price structure, as
 
discussed above. Table 3A gives the monthly production

figures for 1987 of Factory 1 and the White Cement
 
Plant as well as energy and cost figures per ton of
 
clinker. Tables 1B, 2B, and 3B reflect similar data
 
for Factory 2.
 

Six graphs have been plotted by the computer for the
 
Helwan Portland Cement Company. Energy consumption has
 
been plotted in joules. A comparison of the energy

consumption ..igures per ton of clinker to worldwide
 
energy consumption in the cement industry has been made
 
and is shown on Graphs 3A and 3B. The conclusions
 
drawn from the six energy consumption tables and the
 
six graphs follow the presentation of the tables and
 
graphs.
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TABLE 1A - MONTHLY ENERGY CONSUMPTION 

CLIENT: U.S. AID/OEP COUPAh'Y: HELWAN CEMENTCOMPANYPORTLAND 
DATA: JAM-DEC 1987 UNIT : FACTORY 1 AND WHITE CEMENT- WETPROCESS 

ELECTRICITY * 0 6 FUEL OIL NATURAL GAS DIESEL TOTAL ENERGY 

IPCRCHASED EQUIVALENT IPURCHASED EQUIVALENT IPURCHASED EQUIVALENT IPURCHASED EQUIVALENT I 
I ENERGY ENERGY I ENERGY ENERGY ENERGY ENERGY I ENERGY ENERGY II I I I 
I NUN J x 10E9 T.O.E.* I TONS J x 10E9 T.O.E. I CU. N. J x 10E9 T.O.E. I TONS J x 10E9 T.O.E.I J x 10E9 T.O.E.- I 

---------------. --.-----
 .-----------.--. 
 ..............-------------------------.....---------
 .------------ -- - ------------ ------------­
1 
2 

JAM 
FEB 

7469. 8 
7120.2 

26891 
25633 

1883.1 
1794.9 

2447.0 
2163.0 

99768 
88189 

2375.7 
2100.0 

1 11601804 
11257729 

.432240 
419421 

10291.7 
9986.5 

1 27.0 
25.5 

1205.2 
1139.3 

28.7 j 
27.1 1 

560104 
534382 

14579.2 
13908.5 

3 
4 

MAR 
APR 

6816.9 
6346.2 

24541 
22846 

1718.3 
1599.8 

2318.0 
I2337.0 

94508 
952B3 

2250.5 
2268.9 

11320637 
10554973 

421765 
393239 

10042.3 I 
9363.1 

27.3 
26.8 

1218.9 
1199.1 

29.0 
28.6 

1 542033 
512567 

14040.3 
13260.4 

5 KAY 5946.2 21406 1499.0 2230.0 90921 2165.0 11426311 425702 10136.0 27.0 1206.3 28.7 539235 13828.6 
6 JUN 6912.9 24886 1742.7 2415.0 98463 2344.7 10450280 380338 9270.2 26.9 1199.6 28.6 513888 13386.1 
7 JUL 6467.3 23282 1630.4 2247.0 91614 2181.6 11981394 4463S2 10628.4 26.6 1186.5 28.3 52465 14468.6 
8 
9 

10 
11 

AUG 
SEP 

OCT 
NOV 

6835.8 
6101.5 

6426.3 
5630.7 

24609 
21965 

23135 
20271 

1723.3 
1538.2 

1620.0 
1419.5 

1996.0 
2267.0 

2318.0 
2327.0 

81380 
92429 

94508 
94875 

1937.9 
?201.0 

2250.5 
259.2 

11418101 
9570294 

10147492 

10178497 

425396 
356553 
378058 
379213 

10128.7 
8489.6 
9001.6 
9029.1 

26.5 
26.5 
26.6 
27.2 

1185.9 
1184.5 
1)86.1 
1215.0 

28.2 

28.2 
28.2 
28.9 

532571 

472132 
96887 

495574 

13818.1 

12256.9 
12900.3 
12736.7 

12 DEC 5984.7 21545 1508.7 1963.0 80035 1905.8 10108546 376607 8967.0 24.9 1110.5 26.4 479297 12408.0 
.......................................................................................................................................................... 

ANNU.L I I I I I 
TOTALS 1 78059 281011 19678 I 27028 1101973 26241 1130016058 - 4843913 115334 1 318.7 14237 339.0 1 6241134 161592 
....................................................................................................................................................... 

MONTHLY I I I I 
AVERAGEI 6505 23418 1640 I 2252 91831 2187 10834672 403659 9611 I 26.6 1186.4 28.2 1 520094.5 13466.0 
----....... -...................................................................-----------------

NOTES 
I 
13.6 x 10E9 J/NUN 

I 
140.7715 x 10E9 J/TON 

I 
I 37256270 

......................-.........----....................... 

. I 
J/CU. N. 14.6687 x 10E9 J/TO

I 
N j 42.00 x 10E9 JT.O.E.1 

I 

INCLWES 500 M.14/MONTH FORNORMAL QUARRY ELECTRICAL CONSUIPTION. 
-- ELECTRICAL T.O.E. VALUES INCLUDE A TYPICAL 34% EFFICIENCY FACTOR ANDCORRESPOND TO GENERATING ELECTRICITY USING A CONDENSING STEAM TURBINE SYSTEM. 



TABLE 1B - .NTHLY ENERGY CONSUMPTION 

CLIENT: U.S. AID\OEP COMPANY: HELWUA CEMENTPORTLAND COMPANY
 
DATA JAM-DEC 1987 UNIT FACTORY 2 - DRY PROCESS
 

ELECTRICITY " 1 6 FUEL OIL NATURAL GAS DIESEL TOTAL EEMGY 

IPURCHASED EQUIVALENT IPURCHASED EQUIVALENT IPURCHASED EQUIVALENT IFURCHASED EQUIVALENT I
I ENERGY ENERGY I ENERGY ENERGY I ENERGY ENERGY I ENERGY ENERGY
I I I I 

| 

I I 
NUN J x 10e9 T.O.E. "I TONS J x 10E9 T.O.E. I CU. N. J x 10E9 T.O.E. I TONS J x 10E9 T.O.E.I J x 1IE9 T.O.E." 

1 JAN 126847.1 96649.6 6768.0 119W,.0 808663 19256.3 0.0 0.0 0.0 2.7 121.3 2.9 9"434 26027.2
2 FEB 120821.4 74957.2 5249.0 117.29.0 702453 16727.2 0.0 0.0 0.0 j 63.4 3057.1 72.8 780467 2208.9
3 MAR 125057.1 90205.5 6316.7 11345.0 747954 17810.7 0.0 0.0 0.0 26.2 1171.5 27.9 839331 24155.3 
4 APR 120849.3 75057.6 5256.0 11626.0 663190 15792.2 0.0 0.0 0.0 4.8 214.7 5.1 738462 21053.3 
5 MAY 119140.2 68904.7 4825.1 113361.0 544748 12971.8 0.0 0.0 0.0 5.7 256.7 6.1 613910 17803.1 
6 JUN 122803.0 82090.9 5748.5 115297.0 623682 14851.5 0.0 0.0 0.0 2.2 98.0 2.3 705871 20602.3 
7 JUL 119893.0 71614.8 5014.9 113034.0 533455 12702.9 0.0 0.0 0.0 3.3 149.4 3.6 605219 17721.4 
8 AUG 120048.7 72175.3 5054.1 112097.0 493213 11744.7 0.0 0.0 0.0 5.0 224.0 5.3 565613 16804.1 

tj 9 SEP 123684.6 85264.4 5970.7 117927.0 730911 17404.9 0.0 0.0 0.0 3.3 149.3 3.6 816325 23379.1
10 OCT 124275.0 87390.2 6119.6 116306.0 664821 15831.1 0.0 0.0 0.0 0.2 9.3 0.2 752220 21950.9 
11 NOV 124643.3 8871F.I 6212.4 116653.0 678968 16168.0 0.0 0.0 0.0 3.7 163.4 3.9 767847 22384.3 
12 DEC 124764.2 89151.. 6242.9 114939.0 609086 14503.9 0.0 0.0 0.0 J 18.3 816.8 19.4 6990M4 20766.2°....................................................... 
 .... o....................................................... 
 ....... ..
 

ANNUAL I I I I ITOTALS * 272827 982177 68778 191338 7801143 185765 0 0 0 j 144.0 6431.6 153.1 I 8789752 254696.1 

.............. ---........ .o.....
... ............. ... oo............. ... .......... ........... 
 ....... ..... oo........... 
MONTHLYI 
AVERAGEI 22736 81848 5731I 15945 650095 154801 0 0 0! 12.0 536.0 12.8 732479 21224.7I 
.............................................. 
 ..................................................... 
 ........ ........ ....... ..... ..............
II i -I I I 
NOTES 13.6 x IOE9 J/MM 140.7715 x 10E9 J/ToN I 3"256270 J/G. M. 144.6687 x 10e9 J/TON I 42.00 x i0E9 J/T.O.E.I 

* ENERGY USED IN THE QUARRY FORHANDLING RAWMATERIALS FOR THE WETKILS IS 500 WUNMH. THE ELECTRIC METER FORTHE DRY PROCESS INCLUDES THIS VALUE. 
THE 'PURCHASED ENERGY' COLUMNS ELECTRICITYDOES NOTINCLUDE USEDFORTHE WETPROCESS. 

e ELECTRICAL T.O.E. VALUES ICLUE A TYPICAL 34% EFFICIENCY FACTOR TO GENERATING ELECTRICITY USING A CONENSING STEAM TURBINE SYSTEM.ANDCORRESPOND 

http:21224.7I


-------- 

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

TABLE 2A - HOTHLY ENERGY COSTS 

CLIENT: U.S. AID/OEP CC44PANY: 1ELWANPORTLAND CEMENTCOMPANY 
DATA JAN-DEC 1987 UNIT FACTORY 1 ANDWHITE CEMENT- WET PROCESS 

ELECTRICITY 9 6 FUEL OIL NATURALGAS DIESEL TOTAL ENERGY COST 

IPUCHASED COST COST IPURCHASED COST COST IPURCNASED COST COST IPURCNASED COST COST TOTAL TOTAL
I ENERGY I ENERGY I ENERGY I ENERGYI I COST COSTI III 
IUH, LE US S ITONS LE UsS cu. M. LE US S TONS LE US S LIE US S 

---------- ------------------ --------- -------------------- --------- ------------------...------ ---------- -------------I JAN 71.69.8 186744 321200 2",7.0 68516 274235 1160180" 350374 90.941 27.0 1619 4064 607253 15044402 FEB 7120.2 178004 35166 2163.0 60564 242407 11257729 339983 878103 25.5 1531 3843 580082 1430520
3 MAR 6816.9 170422 293126 2318.0 64901 259778 11320637 31.1883 883010 27.3 1637 4111 57881.6 1440024 
4 APR 6346.2 158655 272887 2337.0 65436 261908 10554973 318760 823288 26.8 1610 1.043 544162 1362126
5 KAY 5946.2 148655 255637 2230.0 62440 249916 11426311 345075 891252 27.0 1621 4069 557790 1400924 
6 JUN 6912.9 172822 297254 2415.0 67620 270649 I1'3450280 315598 815122 26.9 1612 4046 557652 1387071 
7 JUL 6467.3 161684 273096 2247.0 62916 251821 11981394 361838 934549 26.6 1594 4001 588031 1468467
8 AUG 6835.8 170896 293941 1996.0 5588 223692 11418101 344827 890612 26.5 1591 3995 573202 14122409 SEP 6101.5 152538 262365 2267.0 63476 254063 9570294 289023 746483 26.6 1593 3999 506630 1266910 

10 OCT 6426.3 160657 276330 2318.0 64904 259778 10147492 30645. 791504 26.6 1593 3999 533608 1331612 
11 NOV 5630.7 140768 242121 2327.0 65156 260787 10178497 307391 793923 27.2 162 4097 514947 1300928 
12 DEC 5984.7 149619 257344 1963.0 54964 219993 10108546 305278 788467 24.9 1492 3745 511352 1269549 ...................................................................................................... 


..... ................................
 

ANNUALI I I I I ITOTALS I 78059 1951464 3356518 1 27028 756784 3029023 1130016058 :3926485 10141253 I 318.7 19124 48013 1 6653856 16574812 
.. . . . . . . . . .. 
. . . . .
 . . .. 
 . . . . . . . . .o.o. 
 . . . ..-----------------------------------------------------------------------------------------------------------------
MONTHLYI I I I I I
 
AVERAGEI 6504.9 162622 
 279710 1 2252.3 63065 252419 1 10834672 .327207 845104 1 26.6 1594 4001 1 55.488 1381234 

I I I I ......-----------I " - :
 
NOTES I 25.0 LE/MNU I 28.0 LE/TON I 0.0302 LE/CU. M. I 60.0 Le/TM.


I 43.0 US S/MWIl I 112.07 US S/TON 0.078 US S/CU. M. 1150.6 US S/TON I -


INCLUDES 500 M1WH/NMOTHFORNORMALQUARRY ELECTRICAL CONSUMPTION. 



-------- 

TABLE 2B - MOTHLY EKERIY COSTS 

CLIENT: U.S. AID/OEP HELUAN CEMENTCONPAIYCOMPANY: PORTLAND 

DATA: JAN-DEC 1987 UNIT : FACTORY 2 - DRY PROCESS
 

ELECTRICITY 9 FUEL OIL NATURAL GAS DIESEL TOTAL ENERGYCOST#6 

IP RCHASED COST COST IPURCHASED COST COST IPURCHASED COST COST IPURCMASED OT COST I TOTAL TOTAL 
I ENERGY I ENERGY I ENERGY I ENERGY I COST COST
I I I I I
I N'H LE US S I TONS LE US s I cu.M. LE US S I TONS LE US S LE LS S 

- ---- ------------------ --------- -------------------- --------- ------------------ -------- ------ I--------- --------------I 
I JAN 126847.1 671178 1154426 119834.0 555352 2222796 0.0 0 0 2.7 68 117 1226598 33773392 FES 120821.4 520536 895322 117229.0 482412 1930854 1 0.0 0 0 68.4 1711 2943 1004659 2829119
 
3 AR 125057.1 626427 1077455 11835.0 513660 2055924 1 0.0 0 0 26.2 656 1128 1140743 3134506
 
4 APR 120849.3 521233 896521 116266.0 455"48 1822931 0.0 0 0 /..8 120 207 976801 2719659
 
5 MAY 119140.2 478505 U23028 113361.0 374108 1497367 0.0 0 0 5.7 
 144 247 852757 2320643 
6 JUd 122803.0 570076 9M0530 115297.0 428316 1714335 0.0 0 0 2.2 55 94 998447 2694959 
7 JUL 119893.0 497325 855399 113034.0 366352 1466324 0.0 0 0 3.3 84 1", 863761 23218678 AUG 12004a.7 501217 862094 112097.0 338716 1355711 0.0 0 0 5.0 125 216 840059 2218020
 
9 SEP 123684.6 592114 1018436 117927.0 501956 2009079 0.0 0 0 3.3 
 84 144 I094154 3027659 

10 OCT 124275.0 606876 1043827 116306.0 456568 1827413 0.0 0 0 0.2 5 9 106349 M871249 
11 NoV 124643.3 616082 1059661 116653.0 466284 1866302 0.0 0 0 3.7 91 157 1082457 2926120 
12 DEC 124764.2 619104 1064859 114939.0 418292 1674214 0.0 0 0 18.3 457 786 1037853 2739859 

ANNUAL I I I , ! I
TOTALS I 272827 6820674 11731559 I 191338 5357464 21443250 I 0 0 0 I 144.0 3600 6191 I 12181738 33181000 ...................................................... 
 ...................................
o.... 
 ................
. ... ....... I.
 
MONTHLYI I I I I 
AVERAGEI 22736 568389 97630 I 15945 46455 . 1756937 I 0 ?, 0 0 I .12.0 300 516 I 1015145 2765083 
...................................... . .....-
 - --.........................
.... -..................... 
 -- ---..- -..-- --......................
I I I 

- -
I I 

NOTES I 25.0 LE/NWH j 28.0 LE/TON I 0.0302 LE/CU. N. I 60.0 LE/TON
I 43.0 US SW i I 112.07 US S/TON I 0.078 US $/CU. N. j 150.64 US $/TON I 

* ENERGY USEDIN THE QUARRY FORHANDLING RAWMATERIALS FORTHE WET KILNS IS 500 M,/MONTH. THE ELECTRIC METERFOR THE DRY PROCESS INCLUDES THIS VALUE. 
THE 'PURCHASED ENERGY' COLUMS DOESNOTINCLUDE ELECTRICITY USEDFORTHE WET PROCESS. 



TABLE 3A - HCWTHLY PRODUCTION, COST AND ENERGY PER UNIT 

CLIENT: U.S. AIDXOEP COMPANY: KELWANPORTLAND CEMENTCOMPANY 
DATA JN-DEC 197' UNIT FACTORY 1 AND WHITE CEMENT - WET PROCESS 

I CLINKER ENERGY COST PER UNIT I ENERGY PER UNIT 
O


rPRWUCTIO
N I II I I 

I TONS ILE / TOM US S / TOMIJ x IOE9/T(d T.O.E.TON .................................. ............................ 
 I 
1 JAN 60600 1 10.02 24.83 9.24 0.241
 
2 FEB 59150 9.81 24.18 9.03 
 0.235
 
3 MAR 59200 9.78 24.32 9.16 0.237 
4 APR 54 3 9.93 24.84 9.35 0.242 
5 MAY 57251 9.74 24.47 9.42 0.242 
6 JU 52094 10.70 26.63 9.86 0.257 
7 JUL 53000 11.09 27.71 10.61 0.273
8 AUG 51800 11.07 27.26 10.28 0.267 
9 SEP 49300 10.28 25.70 9.58 0.249 

10 OCT 52300 10.20 25.46 9.50 0.247 
11 NOV 52200 9.86 24.92 9.49 0.2,4 
12 DEC 51500 9.93 24.65 j; 9.31 0.241
 

....................................................................... 
 ,""'" .... ".... .... "I 

..
,, TOTALS I 653 25 ;; :
NO LII I I I 
:.,: IMONTHLY ' " . , , I
 

AVERAGE 54435 10.20 25.41]j 9.57 :0.2481 
........................... ...............................
 , ... ,.......... 
 .... 



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

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

TABLE 38 - 1uiTHLY PRODUCTION. COST AND ENERGY PER UNIT 

CLIENT: U.S. AID\OEP COPANY.: HELWN PORTLAND CEMENTCOWARY 
DATA JAN-DEC 1987 UNIT FACTORY 2 - DRY PROCESS
 

CLINKER ENERGY COST PER UNIT 
 ENERGY PER UNIT
 
IPR UCT'UN I I
 
I I I
 

TONS jLE / TOM US $ / TON IJ x IOE9/TON T.O.E./TO 

1 JAN 180960 6.78 18.66 5.00 0.14 
2 FEB 142812 7.03 19.81 5.46 0.154 
3 
4 

MAR 
APR I 

193388 
173487 

5.90 
5.63 

16.21 I 
15.68 

4.34 
4.26 

0.125 
0.121 

5 KAY 144441 1 5.90 16.07 4.25 0.123 
6 JUN 165400 6.04 16.29 4.27 0.125 
7 JUL. 142600 6.06 16.28 4.24 0.124 
8 AUG 128200 6.55 17.30 I 4.41 0.131 
9 SEP 196206 5.58 15.43 4.16 0.119 
10 OCT 179047 5.94 16.04 4.20 0.123 
11 NOV 152744 7.09 19.16 5.03 0.147 
12 DEC 146169 7.10 18.74 4.78 0.142 

................................................................... 
 o**....
 

A UII II 
TOTALS 1 1945454 I itr 

------------------------------ z-

MOTHLY I I I -1 
AVERAGE 162121 1 6.30 17.14I. 1 4.53 0.132 I 

--------------------------- --------------------.......
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2.4.1 Discussion of Tables
 

Table JA
 

The monthly energy consumption for Factory 1
 
and White Cement Plant varied from a low of
 
472,132 x 309 joules in September to a high

of 5S2,465 x 109 joules in July. The
 
majority of fuel used is natural gas,

accounting for 78% of the average total
 
monthly energy usage. This is expected,

since natural gas is fired in 6 of the 8
 
kilns located in these two areas. Attention
 
should therefore be focused primarily on
 
saving natural gas, as it would provide a
 
significant energy savings as a percentage of
 
overall energy consumed in Factory 1. The
 
diesel fuel used represents an insignificant
 
amount of the total energy used.
 

Table 2
 

The energy costs show that the local annual
 
electricity cost is approximately one-half
 
the annual natural gas cost, even though the
 
equivalent energy derived from the natural
 
gas consumption, in joules, is 17 times that
 
of electricity. This indicates that
 
significant cost savings would result by

substituting less expensive energy for
 
electricity, or by generating electricity at
 
the plant at a cost per MWH lower than the
 
cost to purchase the same electricity from
 
the electric company.
 

Table 3A
 

The clinker production rates show a low of
 
49,300 tons in September and a high of 60,600
 
tons in January. The energy consumption per
 
ton ranges from 9.03 to 10.61 x 109 joules,

while the cost per ton varies from LE 8.84 to
 
LE 10.12. The highest costs per ton and
 
energy usage per ton are during the summer
 
months of July and August where monthly

production is below the yearly average due to
 
frequent power failure problems.
 

Table ID
 
The monthly energy consumption for Factory 2
 

varied trom a low of 565,613 x 109 joules in
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August to a high of 905,434 x 109 joules in
 
January. Fuel oil #6 is the major energy
 
source; its usage is approximately 89 percent
 
of the average total monthly energy

consumed. Electric consumption is less than
 
one-tenth the # 6 fuel oil consumption.
 
Diesel fuel usage varies greatly from r-nth
 
to month but is always an extremely small
 
quantity compared to the total energy used.
 

Table 2D
 

The factory consumed 7,801,143 x 109 joules

of #6 fuel oil, and 982,177 x 109 joules of
 
electricity; therefore the annual energy
 
usage for #6 fuel oil is approximately eight

times that of electricity. However, the
 
annual #6 fuel oil cost was 5,357,464 LE vs.
 
4,638,058 LE for the annual electric cost, a
 
cost difference of only 13 percent. These
 
figures are justified by the significantly
 
higher cost per joule of electricity vs. #6
 
fuel oil. This indicates that significant
 
cost savings would result by substituting
 
less expensive energy for electricity, or by


.generating electricity at the plant at a cost
 
.
-per MWH lower than the cost to purchase the'


same electricity from the electric company.
 

Table 

The monthly cost varied from a low of 4.61
 
LE/ton in September to a high of 5.86 LE/ton

in February. The energy consumption per ton
 
ranged from a low of 4.16 x 109 joules in
 
September to a high of 5.46 x 109 joules in
 
February. The clinker production rate ranged

from 128,200 tons in August to 3,96,206 tons
 
in September. Although the product rates for
 
the summer months of July and August are each
 
much below the monthly average for the rest
 
of the year, the 

these months 

ene
are 

rgy 
do 

costs 
not 

tonper 
reflect 

for 
an 

inefficient operation due to power failure 
problems. 

Discussion of GraPhs
 

Grapb IA
 

This graph illustrates the contribution of
 
the various forms of energy in Factory 1 and
 
the White Cement Plant to the total energy
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picture. Ic. "aphically shows the large
 
usage of natu.:al -as as an energy source when
 
compared to i fuel oil, electricity, and
 
diesel.
 

Graph 2A
 

The cost per ton of clinker in Factory 1 and
 
White Cement Plant shows a rise during the
 
summer months. This increase is most likely

due to inefficiencies that occur during times
 
of load shedding, required by the electric
 
company, and a lack of plant generated
 
electricity to compensate for this
 
occurrence.
 

Gra~h 3A
 

In this graph, energy consumed per ton of
 
clinker in Factory 1 and White Cement Plant
 
is compared to worldwide published figures

for the wet process in the United States,
 
Europe, and Japan. These figures show the
 
energy savings that would be realized by

improvements designed to bring the plant up
 
.to.current worldwide standards.
 

The curve labelled "US 1940" most likely
 
represents the wet process at HPCC. Curves
 
for the US, Europa, and Japan represent
 
present day energy consumption per ton of
 
clinker.
 

Graphs IB
 

This graph shows the contribution of the
 
various forms of energy in Factory 2 to the
 
total energy picture. It graphically shows
 
the large usage of #6 fuel oil as an energy
 
source when compared to diesel and
 
electricity.
 

Graph 2B
 

The cost per ton of clinker in Factory 2 is
 
plotted based on worldwide energy costs. The
 
high cost per ton of clinker in the winter
 
months of January, February, November and
 
December reflects the significant consumption
 
increases in No. 6 fuel oil per ton of
 
clinker for the same time period. This is
 
most likely weather related due to increased
 
steam usage for heating the fuel oil above
 
its pour point during these cold months.
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Graph 3B
 

In this graph, energy per ton of clinker in 
Factory 2 is compared to worldwide published
figures for the dry cement process in the 
United States, Europe, and Japan. Factory 2 
was started up in 1982 and incorporates
modern, European, state-of-the-art dry kiln 
design technology.. Therefore, comparing
Factory 2 with the European figures for 
energy consumption would be most appropriate.
When this comparison is made, however, it can 
be seen that the monthly average of 4.53 x 
109 joules/ton of clinker for Factory 2 is 
currently 18% higher than the European
consumption. This is due to the current need 
in Factory 2 to bypass large quantities of 
impurity laden gas from the system in order 
to produce a sufficiently pure cement product
from highly impure raw materials. Under 
current plans, it is anticipated that, within 
a year or two, high quality raw materials 
will begin to be used. At that time, the 
need to bypass large amounts of hot kiln gas
will no longer exist. It is ther expected
that the energy consumption for Factory 2 
will drop approximately 18% to match current
 
European consumption.
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2.5 Economic Evaluation-


In carrying out economic evaluations for each of the
 
potential energy conservation opportunities involving
 
an investment, the following steps must be taken:
 

o Establish utility costs/economic criteria
 
o nevelop energy savings
 
o -atimate investment cost
 
o Decide if project is attractive
 

For this energy audit the utility costs are defined in
 
the Basic Engineering Data contained in Appendix 1'I".
 

Both the worldwide and the local cost of the utilities
 
involved are used in each case being evaluated in
 
order to establish a realistic value for the energy

savings. The criteria for evaluation which are used
 
in each case is simple payout, defined as estimated
 
investment cost divided by annual savings and
 
discounted cash flow (DCF). The DCF method assumes a
 
32% tax rate, 3% operating cost, 2.5% salvage value on
 
investment, 30% yearly escalation on investment, a 10
 
year life, and a constant yearly value for the annual
 
energy savings over the life of the project. These
 
criteria are simple to use and very effective in
 
establishing, a priority listing for a group* of
 
potential projects.
 

As a part of the evaluation a simplified design and/or

equipment list is developed which contains enough

detail to establish an estimated investment cost. The
 
key information needed for any evaluation is 
 an
 
estimate of the energy saved and an estimate of the
 
investment cost. Since these two topics are so crucial
 
to an effective audit, each of them are discussed
 
separately in the sections which follow.
 

2.5.1 Value of Energy saved
 

The first step in predicting the value of the
 
energy saved for any ECO is to establish the
 
energy consumption of the current operation or the
 
so called "base case". Once the base case is
 
established, the ECO must be compared to it to
 
determine exactly what en-ergy savings would take
 
place if the ECO were co be implemented. The
 
savings are initially calculated on an hourly

basis in terms of the units of energy normally
 
used.
 

The next step is to calculate the energy savings
 
on an annual basis taking into account the number
 
of days per year the plant operates, shutdowns for
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maintenance, and the number of shifts used for
 
each operating day.
 

Once this is done, the annual energy savings is
 
converted into U.S. dollars ($) through the use of
 
the worldwide cost data for utilities given in
 
Appendix "1".
 

2.5.2 EstimatinQ Investment Cot
 

Each ECO which requires the expenditure of money,

regardless of whether it is a housekeeping, in­
country investment, or foreign investment ECO, has
 
been provided with an individual estimate of
 
costs. These estimates are of a preliminary
 
nature. Definitive estimates are only possible

following detailed engineering.
 

The majority of the estimates, especially those
 
which are well defined, are estimated using a
 
"definitive" type format enumerating and
 
quantifying, where possible, each discipline of
 
work. Material and installation manhours are
 
estimated separately. In those cases in which the
 
process equipment represents the large majority of
 
the cost, and the bulk materials cannot be
 
accurately defined, the estimate was 
done using a
 
factored technique for bulk materials and labor.
 

Engineering data and technical information used in
 
preparation of each estimate is based on the
 
equipment list and technical description provided

for each ECO as prepared by the responsible

engineer as shown with sketches or schematic
 
drawings when required.
 

The estimates are done using United States
 
material pricing and United States standard
 
construction manhours as a base line. 
 The
 
material costs 
 are adjusted for a worldwide
 
pricing basis and then the dollar (US) value has
 
been converted to Egyptian pounds at the rate of
 
2.25 LE / $1.00 (US). The worldwide pricing
adjustment is based on historical data and 
experience in worldwide procurement and 
construction. It represents a sampling of 
purchased materials from engineering offices in 
England, France, United States, Italy and Spain
which includes Far East manufactured materials 
purchased from these locations.
 

Construction manhours have been adjusted from a

baseline representing a U.S. Gulf Coast location
 
to the producti.vity realized in previous Foster
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Wheeler projects carried out in Egypt. Once
 
again, worldwide experience was used as the
 
primary determinant on productivity adjustment.

Other factors were considered such as the size and
 
complexity of each item of work, the amount of
 
engineering that will be provided, the amount and
 
type of supervision and who will be executing the
 
work (in plant personnel, contractor, etc.).
 

Labor rates for construction crafts in Egypt were
 
obtained from Foster Wheeler's Labor Relations
 
Dept., local Egyptian contractors, and rates
 
published in Engineering News magazine.
 

Each estimate includes:
 

a) Indirect costs. These include construction
 
supervision, major tools, temporary

facilities, subcontractor's requirements.
 

b) Home office costs. These include
 
engineering, purchasing, drafting and
 
project management. Home office costs were
 
estimated on a factored basis.
 

-11 estimates are based on instant execution* (No"

escalation has been applied). Labor is based on a
 
straight time normal work week. It has been
 
assumed that all construction work can proceed

with continuity and without interruption or delay

due to plant operation interference. It is
 
anticipated that plant shutdowns of sufficient
 
duration will be available, when necessary, to
 
install the needed equipment to implement a
 
particular ECO.
 

No provision is made for import duties or taxes,
 
as these items require detailed information which
 
is normally not available until the project (or

ECO) execution plan is developed.
 

All estimates for engineering assume execution by

local Egyptian engineering contractors, with
 
engineering supervision and/or assistance from an
 
international contractor's staff. This assistance
 
will involve local supervision on all projectb,

and a "front end" engineering package, as a
 
technical basis, on major projects.
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3.0 ENERGY CONSERVATION OPPORTUNITIES (ECO'si
 

3.*1 SummrList
 

Following is a list of ECO's identified and
 
studied at the Helwan Portland Cement Company.
 

Power House
 

ECO 01. 	 Repair steam, air, water, and condensate
 
leaks from valves, lines, flanges, etc.
 

ECO-02. 	 Add new or repair existing insulation on
 
steam and mazout lines.
 

ECO-03. 	 Insulate boiler feed water tanks.
 

ECO-04. 	 Combustion air preheat through stack gas heat
 
recovery.
 

ECO-05. 	 Recovery of heat from continuous boiler
 
blowdown.
 

ECO-06. 	 Improve combustion efficiency of steam
 
boilers.
 

ECO-07. 	 Installation of a condensate recovery system

for existing mazout heater and drip legs.
 

ECO-08. 	 Test, repair, replace steam traps.
 

Mazout Steam Boiler - White Cement
 

ECO-09. 	 Repair steam, air, water, and condensate
 
leaks from valves, lines, flanges, etc.
 

ECO-10. 	 Add new or repair existing insulation on
 
steam and 	mazout lines.
 

ECO-ll. 	 Insulate boiler feed water tanks.
 

ECO-12. 	 Improve combustion efficiency of steam
 
boilers.
 

ECO-13. 	 Combustion air preheat through stack gas heat
 
recovery.
 

ECO-14. 	 Test, repair, replace steam traps.
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Mazout Steam Boiler - Factory 2 

ECO-15. 


ECO-16. 


ECO-17. 


ECO-18. 


ECO-19. 


ECO-20. 


ECO-21. 


Dry Kilns 


ECO-22. 


.ECO-23. 


Wet Kilns 


ECO-24. 


ECO-25. 


ECO-26. 


ECO-27. 


ECO-28. 


General 

ECO-29. 


Repair steam, air, water, and condensate
 
leaks from valves, lines, flanges, etc.
 
Add new or repair existing insulation on
 
steam and mazout lines.
 

Insulate boiler feed water tanks.
 

Insulate mazout day tank.
 

Improve combustion efficiency of steam
 
boilers.
 

Combustion air preheat through stack gas heat,
 
recovery.
 

Test, repair, replace, add steam traps.
 

- Factory 2
 

Improve efficiency of kilns.
 

Recover heat lost. through clinker, cooler­
shell to preheat combustion air to kIn','­

- Factory 1 (Grey and white)
 

Improve efficiency of kilns.
 

Evaluate energy savings of feed preheat using
 
waste heat from stack gas.
 

Investigate the use of slurry thinner to
 
reduce water content in feed.
 

Investigate the use of roller mills to save 
energy in processing clinker.
 

Investigate energy savings by changing cement
 
and raw mill drive controls to variable
 
frequency (speed) controllers.
 

Run generators in power house at or near
 
nameplate capacity and send excess kw to main
 
power supply grid in Factory 1.
 

47
 



Helwan Portland Cement Comoanv - EegAd 

ECO-30A 


ECO-30B 


ECO-30C 


ECO-31. 


ECO-32. 


ECO-33. 


ECO-34. 


ECa-3-5..... 


ECO-36. 


ECO-37. 


Investigate the use of an electrical
 
generating boiler package to supplement the
 
power supply.
 

Investigate the use of a gas turbine
 
electrical generator to supplement the power
 
supply.
 

Investigate the use of a gas turbine
 
electrical generator with waste heat recovery
 
to supplement the power supply.
 

Improve, add, or fix instrumentation to be
 
able to properly monitor and control energy
 
consumption.
 

Study the effect of insulation on heat loss
 
from pipes.
 

Provide automatic fuel/air ratio controllers.,
 
for steam boilers.
 

Installation of capacitors as required to
 
improve power factor.
 

Institute a permanent .program.for,,steam,trap,
 
testing.
 

Form a committee to plan and implement an
 
energy conservation program in plant.
 

Use of publicity, memos, newsletters, otc. to
 
implement an energy program and make
 
personnel aware of energy conservation.
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3.2 Detailed ECO PresentatiQn
 

For each of the ECO's summarized in Section 3.1, a
 
detailed ECO description and evaluation has been
 
developed. All of this information is now
 
presented in the pages which follow.
 

Note that each ECO is given an identification
 
number, such as ECO-01, which ties it directly to
 
the list of ECO's, as shown in Section 3.1.
 
Additionally, each ECO is written in such a way

that it can be "self standing", and contains, at
 
the bottom of each of its pages, an identifier and
 
page number for that ECO alone. This step is
 
taken so that the full text which defines that
 
ECO, including its technical description,

investment cost, savings, and payback can be
 
removed for easy use elsewhere in project

definition documents, financing discussions, and
 
the like.
 

49
 



POWER HOUSE Annual Savings, TOE : 121.6
 
Annual Savings, $ 14,031.0
 

REPAIR OF STEAM, AIR, WATER Investment Cost, $ 9 110.0
 
AND CONDENSATE LEAKS Payout: Simple, Yrs : 3 days

FROM PIPING. DCF, t : -­

1.0 PURPOSE
 

The purpose of cnis ECO is to repair steam, air, water
 
and condensate leaks from valves, lines, flanges, etc.
 
to minimize energy losses.
 

2.0 PROCESS DESCRIpTION
 

A detailed survey was made of the steam, air, water and
 
condensate leaks in the plant. All leaks were tagged and
 
identified during the preaudit phase. The size of each leak
 
was estimated as either small, medium, large or extra large.
 
No steam or air leaks were noticed. Only one definite
 
BFW/condensate leak was present.
 

3.0 NUMBER OF STEAM LEAKS
 

Steam : 0
 
Air 0
 
BFW/condensate.: 1 (overflow line between BFW tanks)..
 

Total Leakage 227 kg/hr or 1689 tons/yr (310 days/yr)
 

4.0 PREDICTED ENERGY SAVINGS
 

The anticipated energy savings, after repairing all of the
 
leaks, is below:
 

ANNUAL ENERGY SAVINGS
 

T.O.E. long Mazout
 
121.6 125.2
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The estimated total investment and annual cost savings for
 
repairing the above leaks is below. Figures are based on
 
worldwide and local equipment and utility costs.
 

INVESTMENT COST ANNUAL ENERGY COST SAVINGS

$ _LF _ $__ LE
 

110 245 14,031 3,F06
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6.0 	COCUIN
 

For very little investment this ECO pays out extremely fast.
 

7.0 	 RECOMMENDATION
 

This ECO should be initiated,immediately.
 

ECO-O1 	 page 2
 



POWERHOUSE 	 Annual Savings, TOE : 47.9
 
Annual Savings, $ :5,525


ADD NEW OR REPAIR EXISTING Investment Cost, $ :5,702

INSULATION ON STEAM AND Payout: Simple, Yrs : 1.03
 
MAZOUT LINES. 	 DCF ,% : -­

1.0 PURPOSE
 

The purpose of this ECO is to provide new insulation on
 
piping in order to conserve energy by minimizing heat
 
losses.
 

2.0 PROCESS DESCRIPTION
 

A detailed review was conducted during the preaudit phase

to determine locations of hot piping that required new
 
insulation to be installed. It was determined at that time
 
that new insulation was required.
 

The basis of this ECO is to provide new insulation where
 
none is currently installed on 
the piping and to replace

existing insulation in those locations where this insulation
 
is judged to be in bad condition and is visiblv nnt
 
effective for heat conservation.
 

The pipe sizes and lengths to be insulated were measured.
 
The lengths include flanges and valves that were 
not
 
presently insulated. The insulation
required 	 thicknesses
 
were 
then determined by use of the "Heatalyzer" Economic
 
Insulation Thickness computer 	program. 
 The "Optimum

Insulation Thickness and Energy Savings" table is 
included
 
in this report as a separate ECO titled, "Study the Effects
 
of Insulation on Heat Loss From Pipes."
 

3.0 EOUIPMENT 1,1ST/SIZE
 

The following tabulations list the insulation requirements
 
by pipe size, length and service.
 

Steam Piping - Header Conditions: 	1863 kPa (19 kg/cm2)
 
400 °C Superheated
 

Line Estimated Annual Energy
 
size. in Length. M
 

0.75 3 127,550,000
 

Steam Piping - Header Conditions: 1863 kPa (19 kg/cm2) 
210 °C Saturated 
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Line Estimated Annual Energy 
Size. in L thM Savings. 

1 151 346,092,000 (1000 Hr/Yr)

1.5 	 2 47,625,000
 
2 2 58,525,600
 
3 2 83,028,900
 

Condensate Return - Header Conditions: 70 kPa, 120 °C 
(0.7 kg/cm2)
 

Line Estimated Annual Energy
Size. in Length. Savings, ki7
 

0.75 50 846,014,500
 

TOTAL ENERGY SAVINGS 1.509 x 109 kJ
 
(Based on 7446 Hr/Year

unless otherwise stated)
 

Insulation to be mineral wool. Jacketting to be galvanized
 
steel.
 

4.0 PREDICTED ENERGY SAVINGS
 

The "Heatalyzer- Economic Thickness" copUter'-progiam,*

determines the heat saved in $/ft. of pipe for various line
 
sizes and at different operating fluid temperatures. It
 
also calculates the economic insulation thickness. 
 These
 
heat savings are summarized as follows based on worldwide
 
costs:
 

Annual Savings

LO.E. Ton mazout
 

47.9 49.3
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The estimated total investment and annual cost savings for
 
applying the economi- thickness of insulation to all piping

is below. Figures are based on worldwide and local
 
equipment and utility costs.
 

Investment Cost Annual Cost Savings
 
$ LE $ LE
 

5,702 8,268 5,525 1,381
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6.0 CONCLUSIILa
 

Insulation should be applied to bare lines in plants
 
including those where insulation is in poor condition.
 

7.0 RECOMMENDATION
 

This ECO should be initiated immediately.
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POWER HOUSE 	 Annual Savings, TOE : 65.7
 
Annual Savings, $ : 7,587


INSULATE BOILER FEEDWATER Investment Cost, $ : 15,187

TANKS Payout: Simple, Yrs : 2.00
 

DCF , % : 33
 

1.0 PURPOSE 

The purpose of this ECO is to provide new insulation on the
 
boiler feed water tanks in order to conserve- energy by.

minimizing heat losses.
 

2.0 PROCESS DESCRIPTION
 

A detailed review was conducted during the preaudit phase

to determine the locations 	of vessels that required 
new
 
insulation to be installed. It was determined at that time
 
that new insulation was required.
 

The basis of this ECO is to determine the energy savings by

providing new insulation where none is currently installed
 
on the vessels.
 

The vessels to be insulated were measured for size and
 
temperature. .-The required insulation thicknesses...were then....
 
determined by use of the "Heati-lizer" Economi,' Insulation** 
Thickness computer program.
 

The results of this program are summarized in this ECO.
 

3.0 EQUIPMENT LIST/SIZE
 

The following tabulations list the insulation requirements
 
by vessel surface.
 

BFW Tank
 
Vessel Temperature - 5C % Design
 

--Per Tank
 
Estimate i Annual Energy
 

Loaion Area. M2 SavLngs. ki
 
Sides 57 586,472,400
 
Bottom 20 201,258,700
 
Top 20 247.449.20Q
 

1,035,180,300
 

TOTAL ENERGY SAVINGS : 2.070 x 109 J (2 Tanks)
 
(Based on 7446 Hr/Year)
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4.0 PREDICTED ENERGY SAVINGS
 

The - "Heatalyzer Economic Thickness" computer program
determines the heat saved in $/sq.ft. of vessel surface at
 
different operating fluid temperatures. It also calculates
 
the economic insulation thickness. These heat savings are
 
summarized as follows based on worldwide costs:
 

Annual Savings
 
T.O.E. Tonmazout 

65.7 67.7
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The estimated total investment and annual cost savings for
 
applying 
 the economic thickness of insulation to the
 
vessels is below. 
Figures are based on worldwide and local
 
equipment and utility costs.
 

Investment Cost Annual Cost Savinas
 
-$ LE $ LE
 

15,187 22,021 7,587 1,896
 

6.0 CONCLUSIONS. 
 ..
 

Insulation should be applied to these bare vessels.
 

7.0 RECOMMENDATION
 

This ECO should be initiated immediately.
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POWER hOUSE 	 Annual Savings, TOE 549
 
Annual Savings, $ : 63,459


INVESTIGATE THE FEASIBILITY OF 	Investment Cost, $ : 1,200,000

AIR PREHEAT SYSTEMS FOR STEAM 	 Payout: Simple, Yrs : 18.9
 
BOILERS 	 DCF, :.0
 

1.0 PURPOSE
 

The purpose of this ECO is to investigate the feasibility

of air preheat systems for the power house steam boilers.
 
Overall combustion efficiency is improved by preheating

the combustion air and thus reducing the fuel consumption
 
of the boiler.
 

2.0 PROCESS DESCRIPTION
 

High temperature flu, gases exiting the boiler contain a
 
considerable amount of energy that can be recovered using

combustion air preheaters. The preheaters recover heat
 
from the hot flue gases to the combustion air, but do not
 
allow leakage of the flue gases into the combustion air or
 
visa versa. Sensible heat from the flue gas is passed to
 
the combustion air and therefore the amount of fuel 
that
 
must be fired is reduced. This reduction of fuel
 
consumption occurs 
 because the increase in combustion air
 
temperature from ambient to flame .,-temperature. is
 
decreased.
 

Air is forced through the air side of the air preheater

and the burners with a forced draft fan. Flue gas is
 
drawn through the flue gas side of the air preheater and
 
expelled up the stack with an induced 
 draft fan. Forced
 
draft fans must be larger than those supplied with the
 
original boiler having no air preheat system on account of
 
the increased volume of the air passing through the
 
burners, the added duct work, and the air preheater
 
itself. Induced draft fans must also be larger to
 
overcome the air preheater and ductwork.
 

The feasibility of an air preheat system is dependent on
 
the amount of heat that is available for recovery to
 
offset the new equipment cost. In general high stack
 
temperatures and high load boilers are the best candidates
 
for air preheaters. As either the stack temperature or
 
the boiler become it is more
load smaller, 	 difficult to
 
justify investment in such equipment.
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3.0 EOUIPMENT LIST/SIZE
 

Please note that the equipment listed is for only one air
 
preheat system, although the above investment represents7

the price for both air preheat systems:
 

1 (one) forced draft fan
 

1 (one) induced draft fan
 

5 (five) forced draft oil burners
 

1 (one) cast iron recuperative air preheater'
 

Air and flue gas duct work
 

Associated instrumentation
 

4.0 PREDICTED ENERGY SAVINGS
 

A reduction in the stack temperature of the powerhouse

boilers from approximately 282 oC to 177 oC would increase
 
the boiler efficiency from 84.77 percent, assuming the
 
excess air is controlled, to 89.82 percent. The figures

shown below represent the total for the two boilers:
 

ANNUAL ENERGY SAVINGS
 
T.O.E. TONS MAZOU
 
549 566
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The estimated total investment and annual cost savings for
 
purchasing and installing the equipment listed above is
 
listed below for both worldwide and local equipment and
 
utility costs.
 

INVESTMENT COST ANNUAL ENERGY COST SAVINGS
$ $ J A _ 
1,200,000 63,459 15,848
 

6.0 CONCLUSIONS
 

This ECO is not economically attractive. The payout, based
 
on the high investment required, is far in excess of 10
 
years.
 

7.0 RECOMMENDATIONS
 

Implementation of this ECO is not recommended, due to the
 
high investment cost.
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PE HAnnual Savings, TOE : 211
 
Annual Savings, $ : 24,319


RECOVERY OF HEAT FROM Investment Cost, $ : 43,360

CONTINUOUS BOILER Payout: Simple, Yrs : 1.78
 
BLOWDOWN DCF , % : 39 

1.0 PURPOSE 

The purpose of this ECO is to preheat boiler feed water
 
using hot continuous boiler blowdown. The continuous boiler
 
blowdown rate is 650 Kg/hr. This helps conserve energy by

minimizing the amount of fuel needed to heat the BFW in the
 
steam drum.
 

2.0 PROCESS DESCRIPTION
 

The present system is to pump cold BFW directly into each
 
stear, drum while hot continuous blowdown is sent directly to
 
draLiage. The heat recovery system shown on the attached
 
sketch will recover heat from boiler blowdown, thereby

reducing the energy consumption of each boiler.
 

There are two operating boilers and one spare at the Power
 
House. Two identical heat recovery systems are proposed;
 
one for each.continuously operating boiler.
 

3.0 EOUIPMENT LIST/SIZE
 

Heat Exchanger - two required, locate at grade
 

22 kg/cm 2 (2160 kPa), 250 °C design - tubes
 

kg/cm2 (2350 kPa), 200 °C design - shell
 

6.5 M2 surface area. multitube type
 

carbon steel shell and tubes.
 

Instrumentation - as shown.
 

Piping
 

2" : 15 M
 

3" : 20 M
 

It is assumed that the existing BFW pumps or control valve
 
will be able to accommodate a differential pressure increase
 
in the system of approximately 1 kg/cm2 (98 kPa).
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4.0 	PREDICTED ENERGY SAVINGS
 

The anticipated annual energy savings for two boilers after .'
 
this system is installed is below.
 

Annual Energv Savings
 

T.O.E. 	 Tons Mazout
 
211 217
 

5.0 	 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The total investment cost to purchase and install the
 
necessary equipment and materials described hereini, as well
 
as the annual cost savings are below.
 

Figures are based on worldwide and local equipment and
 
utility costs.
 

Investment Cost Annual Energv Cost Savings
 
_ _LE _ LE
43,360 97,120 24,319 	 6,076
 

6.0 	 CONCLUSIONS
 

It is good engineering practice to recover heat from
 
blowdown thtough heat exchange and/or.,low-.pressure,.flash..,,
 
drums to produce steam.
 

7.0 	 RECOMMENDATION
 

This ECO should be implemented during a convenient
 
turnaround/shutdown period.
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POWER HOUSE 	 Annual Savings, TOE : 1678.
 
Annual Savings, $ : 193,656.
CHECK COMBUSTION EFFICIENCY Investment Cost, $ : 174,600.

OF STEAM BOILERS Payout: Simple, Yrs : 0.90 
DCF, : -­

ECO-06 

1.0 PURPOSE
 

The purpose of this ECO is to improve the overall
 
efficiency of the power house boilers. Combustion
 
efficiency of the power house boilers is highly effected
 
by the oxygen content of the flue gas or excess air.
 
Additionally, combustion efficiency is effected by the
 
degree to which combustion is completed.
 

2.0 POC DESCRpTToN
 

The boiler firing rate is manually adjusted in accordance
 
with the required steam demand. Air entering through the
 
burner registers mixes with the misted fuel oil at the
 
burner throat and should be mixed sufficiently to produce

complete combustion. Air is forced into the burner
 
registers that are located in a common plenum box by way

of a forced draft fan.
 

When. normal load changes of the boiler are made,-.air

should be adjusted with the inlet box dampers'"located or"

the forced draft fan. Fine tuning of the air to produce

desirable flame patterns and eliminate normal
 
maldistribution that exists in the air paths for the
 
individual burners is accompl.shed with the burner
 
registers located on each burner. In normal practice the

burner registers are not adjusted as boiler loads change.

Once air registers are set, the air distribution should
 
remain constant at all boiler loads. Therefore, the only

adjustment that should be made is at the forced draft fan.
 

Monitoring of the flue oxygen 	provides the operator of the
 
boiler with the information that is needed so that
 
adjustments in the forced draft fan can be made as
 
operating conditions change. It is absolutely imperative

that all boilers with a significant load have permanently

installed and operating oxygen analyzers.
 

The condition and design of the burners must be such that
 
complete mixing of the oil and air streams occurs. If a
 
very good degree of mixing is not acccmplished in the
 
burners, complete combustion cannot occur. This means
 
that some of the hydrocarbons that are supplied in the oil
 
are not able to complete the oxidation reaction and do not
 
liberate heat. The net result is an effective reduction
 
in the heating value of the fuel oil that is supplied.

When smoke is seen in the stack exhaust or in the radiant
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section of the boiler this is an indication that
 
combustion is not complete. The existence of carbon
 
monoxide is also an indication of this condition.
 

Installation of oxygen analyzers in the stack of each
 
boiler and the possible replacement of the burners will
 
make it pocsible to operate the power house boilers at a
 
stack oxygen level of 3 percent. It is also suggested
 
that the oxygen analyzers have attached combustible
 
analyzers. Design improvements in burners have made it
 
possible to provide excellent combustion efficiency at
 
very low levels of excess air. If the existing burners
 
cannot produce the desired oxygen levels in the flue gas,
 
while also providing complete combustion with well defined
 
flame patterns, burner replacement will be required.
 

Provided that the burners are replaced it may be necessary
 
to replace the forced draft fans to supply the additional
 
pressure that may be needed tor the new burners. This
 
will be determined by the burner manufacturer when the
 
burners are designed.
 

3.0 EOUIPMENT LIST/SZE
 

2 (two) oxygen and combustibles analyzers (as supplied by
 
Thermox Corp. or Teledyne Analytical Instruments Corp.)
 

.10. (ton) Oil. only burners (as.supplied.-byohn..Znk,corp. 
or Hamworthy Limited) .. 1' 

2 (two) forced draft fans with variable inlet vanes.
 

Short runo of duct work to mate up with the new fans.
 

4.0 PREDICTED ENERGY SAVINGS
 

A flue gas oxygen reduction from the present 12.5 percent
 
to the proposed 3 percent will improve the overall boiler
 
efficiencies from 73.3 percent to 84.8 percent.
 

_ ANNUAL ENERGY SAVINGS
T.O.E. 	 TONS MAZOUT
 
1678 1728
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The estimated total investment and annual cost savings for
 
purchasing and installing the equipment listed above is
 
listed below for both worldwide and local equipment and
 
utility costs.
 

INVESTMENT COST ANNUAL ENERGY COST SAVINGS 
$_ LE _ LE 

174,600 391,200 193,656 48,384 
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6.0 ONLS
 

This ECO will provided a rapid and considerable payout.

Oxygen analyzers should be installed first. If the oxygen

levels cannot be reduced with the existing firing

equipment then replacement of the burners and possibly the
 
fans should be carried out.
 

7.0 RECOMMENDATIONS
 

This ECO should be implemented at the earliest
 
opportunity. It will be absolutely necessary to instruct
 
the operators of the boilers in the proper operation of
 
the above improvements, including equipment maintenance
 
and instrument calibration.
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POWER HOU3. 	 Annual Savings, TOE : 210
 
Annual Savings, $ : 24,198


INSTALLATION OF A CONDENSATE Investment Cost, $ : 36,730
RECOVERY SYSTEM FOR EXISTING Payout: Simple, Yrs : 1.52
MAZOUT HEATER AND DRIP LEGS. DCF, % : 

1.0 PURPOSE 

The purpose of this ECO is to install a condensate
 
recovery system for the existing mazout heater and
 
steam header drip legs to recover the condensate
 
presently discharged to the sewer.
 

2.0 PROCESS DESCRIPTION
 

At present the condensate from both the mazout heaters and
 
drip legs in the power house is sent hot to the sewer. It
 
is proposed to provide an atmospheric flash drum and pump to
 
pump the unrecovered condensate into an existing BFW tank.
 

The condensate collection system is shown in the attached
 
sketch.
 

3.0 EOUIPMENT LIST/SIZE
 

The equipment required is listed below and shown in the
 
sketch included at the end of this ECO.
 

Atmospheric flash drum:
 

18" pipe diameter x 1850 mm T/T
 

3.5 kg/cm2g (345 kPa), 150 OC design
 

carbon steel, 75 mm insulation
 

Vent Condenser:
 

2.0 M2 area
 

3.5 kg/cm2g (345 kPa) shell design
 

5.3 kg/cm2g, (520 kPa) tubes design
 

carbon steel shell and tubes
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Condensate Pump:*
 

2.0 	kg/cm2 (196 kPa) differential
 

0.5 M3/hr condensate
 

Instruments: 
 as shown
 

ESTIMATED PIPING LENGTH
 

1. 	 Condensate piping within the power house:
 

Line size 	 Estimated length
inches 	 " meters
 

1 	 50
 

1.5 	 10
 

2 	 40
 

4.0 	PHREDICTED ENERGY SAVINGS
 

Annual Savings
 
T.O.E. 	 Ton mazout
 
210 216
 

5.0 	INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The total investment cost to purchase and install the
 
equipment and materials above is below.
 

Figures are based on worldwide and local utility costs.
 

Investment Cost 	 Annual Energv Savina
$LE 	 LE
 
36,730 82,280 	 24,198 6,048
 

6.0 	 CONCLUSIONS
 

This ECO has a very attractive payout.
 

7.0 	RECOMMENDATION
 

We recommend that the condensate be ;ollected and-pumped to
 
the BFW tank in order to minimize the need to make the
 
required BFW makeup water.
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£QWBJHOUSEAnnual Savings, TOE : 198.
 
Annual Savings, $ : 22,851.


TEST, REPAIR/REPLACE Investment Cost, $ : 2,410.

STEAM TRAPS Payout: 	 Simple, Yrs : 0.11 

DCF ,% : --

The purpose of this ECO is to test, repair and replace
 

defective steam traps.
 

2.0 PROCESS DESCRIPTQ
 

All of the existing traps in the plant were tested to
 
determine whether they were operating.
 

The traps were checked by visual and sonic methods. Where
 
steam blow-through was observed, the quantity of steam loss
 
was estimated for the purposes of this ECO.
 

While a visual check of steam trap operation is the best
 
method, it can only be accomplished, if the discharge is to
 
an open drain or if test valves to atmosphere are installed
 
upstream and downstream of the trap. No test valves were
 
observed in the plant.
 

The second method of testing used was an ultrasonic
 
listening device. The listening device gives a fairly clear
 
understanding of how the trap is operating.
 

A normally operating inverted bucket trap can be heard as a 
definite burst of sound when the bucket sinks and opens the 
trap valve, thereby discharging condensate until entering
steam floats the bucket and closes the valve. In the 
presence of extremely low loads the bucket can be heard as 
a continuous clattering sound. This is sometimes referred 
to as a "dribbling trap". This is still a normally
operating steam trap with little, if any, steam loss. This 
could also be an indication of an oversized trap, therefore
 
requiring a smaller or restrictive orifice. When a trap is
 
failed open, a continuous high frequency sound can be heard
 
due to steam blowing through its orifice.
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A definite cycle rate can be heard when a thermodynamic disc
(TD) trap is operating normally 
as the disc is lifted off
the inlet orifice allowing condensate to flow through the

outlet passage, and then closes the orifice in the presence
of steam. A normal operation would consist in cycles at 
a
 
rate of 
one to maximum twonty cycles per minute (average is

6 to 10). When the cycle becomes shorter, the disc and seat
of the trap start to wear at an accelerated rate and causes
the trap to fail in the 
future. A continuous series of
abrupt discharges from a thermodynamic disc trap indicates
 
its fallure in the open position.
 

The normal operation sounds of a float and thermostatic trap
are difficult to distinguish as it is a constant flow device

with no cycle rate. By shutting off the inlet valve and

letting condensate accumulate, and then releasing a large

condensate load to 
the trap, the trap can be heard opening

and then modulating down to a steady state flow. The
thermostatic air vent 
in a float and thermostatic trap in
 
many cases opens rather infrequently to release air, making
its operational 
condition quite difficult to determine. A
thermostatic trap has a cycle, but is a much more gentle in
 
nature than the inverted bucket or disc trap. A sub-cooling

thermostatic steam trap is similar in operation to the float
trap. 
 It may have either a bellows or a bimetallic spring

as the actuation device, opening and closing the trap

according to a set temperature differential.
 

We did not use a temperature measurement method as it is the

least accurate of all test methods. 
 A surface measurement
 can be made at the inlet and outlet of the trap. This is
merely an indication of the corresponding saturation steam
 
pressure upstream of the trap. 
 In the case of a completely

failed trap the inlet 
steam will be blowing through to the
 
trap outlet with little pressure drop. Thus the steam
temperature at 
the inlet and outlet will be much closer to

the same reading than for a properly acting trap. In a
plant where a condensate recovery system is installed

several traps may be tied into 
a common recovery line. If
 one trap in this group is blowing steam to its discharge,

this steam can cause the discharge temperature of other
traps in the group to be higher than normally expected thus

leading to an erroneous decision on the condition of 
the
 
trap. Thus a check of trap performance by temperature must
 
be carefully used.
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3.0 EOUIPMENT LIST/SIZE
 

The following are the results of the trap survey:
 
Location M M Number Failed gatisfactory
 

Mazout Heater T.D. 2 2 0
 
(Boiler 2)
 

Mazout Heater T.D. 2 2 0
 
(Boiler 1)
 

Superheated Float 2 0 2
 
Steam Header
 

As noted, 4 of the 6 traps tested were found to be
 
defective.
 

The four traps on the Mazout Heaters, both in Boiler 1 and
 
Boiler 2; were blowing through, discharging an extra large

quantity of steam. We also noted that the trap bypasses
 
were open prior to our inspection. During the trap test,
 
the operator temporarily shut the bypasses at our request.

We have therefore assumed that the total steam leakage

quantity for these four traps and the bypasses would be
 
twice the amount through the failed traps. This quantity is
 
estimated to be approximately 300 kg/hr.......
 

The four defective traps at the mazout heaters should be
 
replaced by float and thermostatic type traps as they are
 
best suited for the service.
 

4.0 PREDICTED ENERGY SAVINGS
 

Based on the results of the trap survey, 4 out of 6 traps
 
require replacement.
 

As noted above, the four traps on the mazout heaters were
 
blowing through an excessive amount of steam, estimated to
 
be 300 kg/hr.
 

Annual Energy Savings
 
T.O.E. 	 Tons of mazout
 
198 203.9
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5.0 	INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The estimated total investment and cost savings are below.
 
Figures are based on worldwide equipment costs.
 

Investment Cost Annual Cost Savings

S _LE__ S L.E. 

2410 5400 22,851 5,709
 

6.0 	 CONCLUSIONS
 

The testing, repair and replacement of steam traps is a very
 

attractive ECO.
 

7.0 	RECOMMENDATION
 

This 	ECO should be implemented immediately.
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MAZOUT STEAM BOILER 	 Annual savings, TOE : 2.68
 
WHITE CEMENT 	 Annual Savings, $ : 379.6
 

Investment Cost, $ : 1940.
 
REPAIR OF STEAM, AIR, WATER 	 Payout: Simple, Yrs : 5.11
 
AND CONDENSATE LEAKS 	 DCF, % : 9.0
 
FROM PIPING
 

ECO-09
 

1.0 PURPOSE
 

The purpose of this ECO is to repair steam, air, water
 
and condensate leaks from valves, lines, flanges, etc.
 
to minimize energy losses.
 

2.0 PROCESS DESCRIPTION
 

A detailed survey was made of the steam, air, water and
 
condensate leaks in the plant. All leaks were tagged and
 
identified during the preaudit phase. The size of each leak
 
was estimated as either small, medium, large or extra large.

Only one steam leak was noticed. No air or condensate leaks
 
were present.
 

3.0 NUMBER OF STEAM. AIR. CONDENSATE LEAKS
 

Steam : 1 (PSV on north boiler)
 
Air : 0
 
BFW/condensate : 0
 

Total Leakage 5 kg/hr or 37.2 tons/yr (310 days/yr)
 

4.0 PREDICTED ENERGY SAVINGS
 

The anticipated energy savings, after repairing the steam
 
leak, is below:
 

ANNUAL ENERGY SAVINGS
 

2.6R 	 2.52
 

5.0 INVEST4ENT AND ASSOCIATED ECONOMIC EVALUATION
 

The estimated total investment and annual cost savings for
 
replacing the above-mentioned PSV is below. Figures are
 
based on worldwide and local equipment and utility costs.
 

INVESTMENT COST ANNUAL ENERGY COST SAVINGS
 
$ LE LE
 

1940 4340 379.6 151.2
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6.0 	CONCLUSIONS
 

The size of the leak does not warrant the replacement of the
 
PSV. This leak should be watched for signs of increasing
 
leak rate.
 

7.0 	RECONMENDATION
 

This ECO should be postponed.
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MAZOUT STEAM BOILER 	 Annual Savings, TOE : 36.5
 
WHITE CEMENT 	 Annual Savings, $ :5,167
 

Investment Cost, $ :2,782

ADD NEW OR REPAIR EXISTING 	 Payout: Simple, Yrs : 0.54
 
INSULATION ON STEAM AND 
 DCF , --
MAZOUT LINES. 

1.0 PURPOSE
 

The purpose of this ECO is to provide new insulation on
 
piping in order to conserve energy by minimizing heat
 
losses.
 

2.0 PROCESS DESCRIPTION
 

A detailed review was conducted during the preaudit phase

to determine locations of hot piping that required new
 
insulation to be installed. It was determined at that time
 
that new insulation was required.
 

The basis of this ECO is to provide new insulation where
 
none is currently installed on the piping and to replace

existing insulation in those locations where this insulation
 
is judged to be in bad condition and is visibly not 
effective for heat conservation. .... 

The pipe sizes and lengths to be insulated were measured.
 
The lengths include flanges and valves that were not
 
presently insulated. The required insulation thicknesses
 
were then determined by use of the "Heatalyzer" Economic
 
Insulation Thickness computer program. The "Optimum

Insulation Thickness and Energy Savings" table 
is included
 
in this report as a separate ECO titled, "Study the Eftect
 
of Insulation on Heat Loss From Pipes."
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3.0 EOUIPMENT LIST/SIZE
 

The following tabulations list the insulation requirements

by pipe size, length and service.
 

Steam Piping - Header Conditions: 686 kPa ( 7 kg/cm2) 
170 °C Saturated 

Line Estimated Annual Energy
 
size, in Length. M Savings. kJ
 

0.75 2 	 19,913,582
 
1.5 	 3 50,617,908
 
2 2 41,697,600
 
3 23 677,428,145
 

Condensate Return - Header Conditions: 70 kPa, 120 °C
 
(0.7 kg/cm2)
 

Line Estimated Annual Energy
 

Size. in Lgh.L M Savinas. kJ
 

0.75 24 137,852,265
 

BFW Line - Header Conditions 100 °C
 

Line Estimated Annual'Energy 
size. in.. _ encth. M Savincs. kJ 

1.5 3 21,377,466
 
2 17 147,341,448
 

Mazout Lines - Header Conditions : 50 °C 

Line Estimated Annual Energy
 
Size. in Length. M Savings. kJ
 

2 6 15,055,812
 
4 9 39,605,274
 

TOTAL ENERGY SAVINGS : 1.151 x 109 kJ
 
(Based on 7446 Hr/Yr)
 

Insulation to be mineral wool. Jacketting to be galvanized
 
steel.
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4.0 PREDICTED ENERGY SAVINGS
 

The "Heatalyzer Economic Thickness" computer program

determines the heat saved in S/ft. of pipe for various line
 
sizes and at different operating fluid temperatures. It
 
also calculates the economic insulation thickness. These
 
heat savings are summarized as follows based on worldwide
 
costs:
 

Annual Savings
T... Ton dieselii
 
36.5 34.3
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The estimated total investment and annual cost savings for
 
applying the economic thickness of insulation to all piping

is below. Figures are based on worldwide and local,,
 
equipment and utility costs.
 

Investment Cost Annual Cost Savings

$ LE$ I& 

2,782 4,034 5,167 2,058
 

6.0 CONCLUSIONS
 

Insulation should be applied to bare lines in plants
 
including those where insulation is in poor condition.
 

7.0 RECOMMENDATION
 

This ECO should be initiated immediately.
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MAZOUT STEAM BOILER Annual Savings, TOE : 9.28
 
WHITE CEMENT Annual Savings, $ : 1,315
 

Investment Cost, $ : 1,410

INSULATE BOILER Payout: Simple, Yrs : 1.07
 
FEEDWATER TANKS DCF ,% : -­

1.0 PURPOSE
 

The purpose of this ECO is to provide new insulation on the
 
boiler feed water and make-up tanks in order to conserve
 
energy by minimizing heat losses.
 

2.0 PROCESS DESCRIPTION
 

A detailed review was conducted during the preaudit phase

to determine the locations of vessels that required new
 
insulation to be installed. It was determined at that time
 
that new insulation was required.
 

The basis of this ECO is to determine the energy savings by

providing new insulation where none is currently installed
 
on the vessels.
 

The vessels to be insulated were measured for size and
 
-- temperature. :The:required insulation thicknesses werithe:!
 

determined by use of the "Heatalyzer" Economic Insulation 
Thickness computer program.
 

The results of this program are summarized in this ECO.
 

3.0 EQUIPMENT LIST/SIZE
 

The following tabulations list the insulation requirements
 
by vessel surface.
 

BFW Tank
 
Vessel Temperature - 100 OC Design
 

Estimated Annual Energy
 
Location Area. M2 Sav-ncs ,J
 
Sides/Heads 10 243,500,000
 

Make-up T h
 
Vessel Temperature - 50 OC Design 

Estimated Annual Energy
 
Location Area. 2 savings. kJ
 
Sides/Heads 7 48,735,770
 

TOTAL ENERGY SAVINGS : 0.292 x 109kJ
 
(Based on 7446 Hr/Year)
 

ECO-il 
 page 1
 



4.0 PREDICTED ENERGY SAVINGS
 

The "Heatalyzer Economic Thickness" computer progra

determines the heat saved in $/sq.ft. of vessel surface a
 
different operating fluid temperatures. It also calculate
 
the economic insulation thickness. These heat savings ar
 
summarized as follows based on worldwide costs:
 

Annual Savings
 
Ton diesel
 

BFW Tank 7.73 7.27
 
Make-up Tank I.51
 

9.28 8.73
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The estimated total investment and annual cost savings for
 
applying the economic thickness of insulation to the
 
vessels is below. Figures are based on worldwide and local
 
equipment and utility costs.
 

Investment Cost Annual Cost Savings
 
$ LE $ LE
 

BFW.,Tank 859 1,095 436
1,246 ...

Make-;Up Tank 799 220 "88
 

1410 2,045 1,315 524
 

6.0 CONCLUSIONS
 

Insulation should be applied to these bare vessels.
 
Priority should be given to insulating the hotter BFW Tank.
 

7.0 RECOMMENDATION
 

This ECO should be initiated immediately.
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WHITE CEMENT PLANT Annual 
Savings, TOE : 4.9 
Annual Savings, $ : 693.CHECK COMBUSTION EFFICIENCY Investment Cost, $ : 1,060.

OF STEAM BOILERS Payout: 	 Simple, Yrs : 1.53 
DCF, % : -­

1.0 nEQO 

The purpose of this ECO is to improve 
the overall

efficiency of 
the white cement plant boilers. Combustion

efficiency of the white cement plant boilers is affected

by the oxygen content of the flue gas or excess air.
 

2.0 PROCESS DESCRIPTION
 

The boiler 
 firing rate is manually adjusted in accordance

with the required steam demand. Air entering through the

burner mixes with the misted fuel oil at the burner throat

and should be mixed sufficiently to produce complete

combustion. Air is forced into the 	burner 
with a self
 
contained forced draft fan.
 

When normal load changes of the boiler are made, air

should be adjusted with a fuel air ratio controller that

is an integral part of the burner. At times it is
 
necessary- to adjustment the 
 fuel air ratio mechanism of,

the burner.
 

Monitoring of the flue oxygen provides the operator of the

boiler with the information that is needed so that
 
adjustments can be made.
 

Portable oxygen analyzers such as the one used to conduct

this study should be use a few times each week and

adjustments can then 
be made in the excess air level. As

these boilt;. are very small permanently installed oxygen

analyzers cami:t be justified.
 

3.0 EOUIPMENT LIST/SIZE
 

Portable oxygen analyzer (such as M-C Products model 50 or
 
Bacharach Fyrite Gas Analyzers)
 

4.0 PREDICTED ENERG' SAVINGS
 

A flue gas oxygen reduction from the present 12.1 percent

to the proposed 3 percent will improve the overall boiler
 
efficiencies from 62.0 percent to 69.1 	percent.
 

-ANNUAL ENERGY SAVINGS
 

4.9 	 4.6
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5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The investment cost for purchasing a portable oxygen

analyzer is listed below.
 

The cost savings based on worldwide and local utility costs
 
are below.
 

Investment Cost Annual Cost Savings

$ LE __._ 

1060 2385 693 276
 

6.0 	O
 
This ECO will provide a small savings with a. nominal
 
investment cost.
 

7.0 	RECOMMENDATIONS
 

This ECO should be implemented at the earliest opportunity.
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WHITE CEMENT PLANT 	 Annual Savings, TOE : 0
 
Annual Savings, $ : 0
 

STUDY .THE FEASIBILITY OF Investment Cost, $ : 0
 
COMBUSTION AIR PREHEAT Payout: Simple, Yrs : 0
 
FOR STEAM BOILERS DCF, %
 

ECO-13 

1.0 PURPOSE
 

The purpose of this ECO is 	 to study the feasibility of
 
combustion air preheat for the white cement plant boilers.
 
Overall combustion efficiency can be improved on many
 
steam boilers by exchanging stack gas sensible heat with
 
the combustion air and thus decreasing boiler fuel firing.
 

2.0 PROCESS DESCRIPTION
 

As fuel is fired into the combustion chamber of the boiler
 
a portion of the heat that is liberated will be absorbed
 
by the combustion air. The combustion air must be brought
 
up to the theoretical flame temperature before combustion
 
can occur. When combustion air is supplied at higher
 
temperatures, less heat must be supplied or used to heat
 
up the combustion air. The result is that less fuel need
 
be fired into the combustion chamber.
 

Combustion air can be. preheated by exchanging.heat with,,­
hot flue gases that leave the stack of the boiler.
 
Frequently, a cold enough process sink does not exist to
 
cool down the flue gases and thus sensible heat is lost to
 
the atmosphere. Combustion air provides a good cold sink
 
at ambient temperature.
 

A combustion air preheater is an exchanger that does not
 
allow leakage of flue gas into the combustion air or vice
 
verse. Additionally, a combustion air preheater should
 
not create considerable pressure losses in the air of flue
 
gas paths.
 

The feasibility of an air preheat system is dependent on
 
the amount of heat that is available for recovery to
 
offset the equipment cost. In general, high stack
 
temperatures and high load boilers are the best candidates
 
for air preheaters. As either the stack temperature or
 
the boiler load becomes smaller it is difficult to justify
 
the investment in such equipment.
 

3.0 901_UUNU_ IST/SIZE
 

No equipment is suggested due to lack of investment
 
incentive.
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4.0 PREDICTED ENERGY SAVINGS
 

No energy savings can be realized for these boilers. The
 
stack temperature is 192 °C and therefore nominal heat is
 
available for heat transfer. In addition the total firing

of this boiler is so small that even in the event that the
 
stack temperature was higher, it is not likely that
 
combustion air preheat would be feasible.
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

No investment is recommended and no energy savings can be
 
realized.
 

6.0 CONCLUSIONS
 

This ECO cannot be implemented due to a lack of available
 
heat in the stack gases. As a general rule the minimum
 
stack temperature for an oil fired boiler is between 160
 
OC and 177 °C. When the stack temperature is lowered
 
below this guideline acid dew point problems can occur.
 
For the white cement steam boilers the actual stack
 
temperature is only 15 0C above the upper limit of this
 
guideline.
 

7.0 BECQMMENDATIONS 

This. . evaluation.,,:finds, that. this... ECO_- shouldk,.tnot,, be... 
implemented. 
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HAZOUT STEAM BOILER 	 Annual Savings, TOE : 34.6
 
WHITE CEMENT 	 Annual Savings, $ : 4,895.0
 

Investment Cost, $ : 2,410.0

TEST, REPAIR/REPLACE Payout: Simple, Yrs : 0.49 
STEAM TRAPS DCF ,% : -­

1.0 	 PURPOSE
 

The purpose of this ECO is to test, repair and replace
 
defective steam traps.
 

2.0 	 PROCESS DESCRIPTION
 

All of the existing traps in the plant were tested to
 
determine whether they were operating.
 

The 	traps were checked by visual and sonic methods. Where
 
steam blow-through was observed, the quantity of steam loss
 
was estimated for the purposes of this ECO.
 

While a visual check of steam trap operation is the best
 
method, it can only be accomplished, if the discharge is to
 
an open drain or if test valves to atmosphere are installed
 
upstream and downstream of the trap. No test valves were
 
observed in the plant.
 

The 	 second method of testing used was an ultrasonic
 
listening device. The listening device gives a fairly clear
 
understanding of how the trap is operating.
 

A normally operating inverted bucket trap can be heard as a
 
definite burst of sound when the bucket sinks and opens the
 
trap valve, thereby discharging condensate until entering
 
steam floats the bucket and closes the valve. In the
 
presence of extremely low loads the bucket can be heard as
 
a continuous clattering sound. This is sometimes referred
 
to as a "dribbling trap". This is still a normally

operating steam trap with little, if any, steam loss. This
 
could also be an indication of an oversized trap, therefore
 
rcquiring a smaller or restrictive orifice. When a trap is
 
failed open, a continuous high frequency sound can be heard
 
due to steam blowing through its orifice.
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A definite cycle rate can be heard when a thermodynamic disc
 
(TD) trap is operating normally as the disc is lifted off
 
the inlet orifice allowing condensate to flow through the
 
outlet passage, and then closes the orifice in the presence

of steam. A normal operation would consist in cycles at a
 
rate of one to maximum twenty cycles per minute (average is
 
6 to 10). When the cycle becomes shorter, the disc and seat
 
of the trap start te wear at an accelerated rate and causes
 
the trap to fail in the future. A continuous series of
 
abrupt discharges from a thermodynamic disc trap indicates
 
its failure in the open position.
 

The normal operation sounds of a float and thermostatic trap
 
are difficult to distinguish as it is a constant flow device
 
with no cycle rate. By shutting off the inlet valve and
 
letting condensate accumulate, and then releasing a large

condensate load to the trap, the trap can be heard opening

and then modulating down to a steady state flow. The

thermostatic air vent in a float and thermostatic trap in 
many cases opens rather infrequently to release air, making
its operational condition quite difficult to determine. A
 
thermostatic trap has a cycle, but is a much more gentle in
 
nature than the inverted bucket or disc trap. A sub-cooling

thermostatic steam trap is similar in operation to the float 
trap. It may have either a bellows or a bimetallic spring 
as the actuation device, opening and closing the trap

according to a set temperature differential.. ,
 

We did not use a temperature measurement method as it is the
 
least accurate of all test methods. A surface measurement
 
can be made at the inlet and outlet of the trap. This is
 
merely an indication of the corresponding saturation steam
 
pressure upstream of the trap. In the case of a completely

failed trap the inlet steam will be blowing through to the
 
trap outlet with little pressure drop. Thus the steam
 
temperature at the inlet and outlet will be much closer to
 
the same reading than for a properly acting trap. In a
 
plant where a condensate recovery system is installed
 
several traps may be tied into a common recovery line. If
 
one trap in this group is blowing steam to its discharge,

this steam can cause the discharge temperature of other
 
traps in the group to be higher than normally expected thus
 
leading to an erroneci3 decision on the condition of the
 
trap. Thus a check of trap performance by temperature must
 
be carefully used.
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3.0 EOUIPMENT LIST/SIZE
 

The following are the results of the trap survey:
 

Loqton rue Failed Satisfactory
 

Hazout Heater T.D. 2 2 0
 
(#1)
 

Mazout Heater T.D. 2 2 0
 
(#2)
 

As noted all of the 4 traps tested were indicated to ve
 
defective since they were blowing an excessive quantity of
 
steam. This quantity is estimated to be approximately 53
 
kg/hr.
 

4.0 PREDICTED ENERGY SAVINGS
 

Based on the results of the trap survey all of the 4 traps
 
required replacement.
 

As noted above, the four traps on the mazout heaters were
 
blowing through an excessive amount of steam estimated to be
 
53 kg/hr.
 

Annual Enerav Savings
 
T.O.E. Tons of Diesel
 
34.6 32.5
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC.EVALUATION
 

The estimated total investment and cost savings are below.
 
Figures are based on worldwide equipment costs.
 

Investment Cost Annual Cosf Savings
$__ __$_ LE 
2,410 5400 4895 1950
 

6.0 CONCL1nIONS
 

The testing, repair and replacement of steam traps has a
 
very rapid payout.
 

7.0 RECME..1 JQI,.
 

This ECO shou..d be implemented immediately.
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MAZOUT STEAM BOILER Annual Savings, TOE : 224.4
 
FACTORY 2 Annual Savings, $ : 31,785
 

Investment Cost, $ : 750 
REPAIR OF STEAM, AIR, WATER Payout: Simple, Yrs : 7 days 
AND CONDENSATE LEAKS DCF, % : --
FROM PIPING.
 

ECO-15 

1.0 PURPOSE
 

The purpose of this ECO is to repair steam, air, water
 
and condensate leaks from valves, lines, flanges, etc.
 
to minimize energy losses.
 

2.0 PROCESS DESCRIPTION
 

A detailed survey was made of the steam, air, water and
 
condensate leaks in the plant. All leaks were tagged and
 
identified during the preaudit. The size of each leak was
 
estimated as either small, medium, large or extra large.
 
No air leaks were noticed. Four definite steam leaks and
 
one condensate leak were present.
 

3.0 NUMBER OF STEAM. AIR. CONDENSATE LEAKS
 

Steam : 4 (small steam leaks through 
valves and flanges at main 
steam header) - 20 kg/hr 

Air : 0 
BFW/condensate 1 (under BFW/makeup tank) - 454 

kg/hr 

Total Leakage 474 kg/hr or 3117 tons/yr (274 days/yr)
 

4.0 PREDICTED ENERGY SAVINGS
 

The anticipated energy savings, after repairing all of the
 
leaks, is below:
 

ANNUAL ENERGY SAVINGS
 

T.O.E. Tons diesel
 
224.4 211.0
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The estimated total investment and annual cost savings for
 
repairing the above leaks is below. Figures are based on
 
worldwide and local equipment and utility costs.
 

INVESTMENT COST ANNUAL ENERGY COST SAVINGS
 
$ L_ $ LE 

750 1,690 31,785 12,660
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6.0 CONCLUSIONP
 

For very little investment this ECO is extremely attractive.
 

7.0 	RECOMMENDATION
 

This ECO should be initiated immediately.
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MAZOUT STEAM BOILER 	 Annual Savings, TOE : 143.3
 
FACTORY2 	 Annual Savings, $ : 20,291.0
 

Investment Cost, $ : 10,949.0

ADD NEW OR REPAIR EXISTING Payout: Simple, Yrs : 0.54
 
INSULATION ON STEAM AND DCF , % : 

MAZOUT LINES.
 

ECQ-16
 

1.0 PURPOSE
 

The purpose of this ECO is to provide new insulation on
 
piping in order to conserve energy by minimizing heat
 
losses.
 

2.0 PROCESS DESCRIPTION
 

A detailed review was conducted during the preaudit phase
 
to determine locations of hot piping that required new
 
insulation to be installed. It was determined at that time
 
that new insulation was required.
 

The basis of this ECO is to provide new insulation where
 
none is currently installed on the piping and to replace

existing insulation in those locations where this insulation
 
is judged to be in bad condition and is visibly not
 
effective for heat conservation...
 

The pipe sizes and lengths to be insulated were measured.
 
The lengths include flanges and valves that were not
 
presently insulated. The required insulation thicknesses
 
were then determined by use of the "Heatalyzer" Economic
 
Insulation Thickness computer program. The "Optimum
 
Insulation Thickness and Energy Savings" table is included
 
in this report as a separate ECO titled, "Study the Effects
 
of Insulation on Heat Loss From Pipes."
 

3.0 EQUIPMENT LTST/STZE
 

The following tabulations list the insulation requirements
 
by pipe size, length and service.
 

Steam Piping - Header Conditions: 	 637 kPa (6.5 kg/cm2) 
167 °C 

Line Estimated Annual Energy
 
Size. in Length. M Savings. ki
 

2 135 2,403,532,501
 
4 15 471,126,731
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Condensate Return - Header Conditions: 70 kPa, 120 °C 

(0.7 	kg/cm2)
 

Line Estimated Annual Energy
size. in Length._ ~ incis, kJ 

1.5 50 428,298,300
 
2 115 1,211,297,760
 

TOTAL ENERGY SAVINGS : 4.514 x 109 kJ
 
(Based on 7920 Hr/Year
 
unless otherwise stated)
 

Insulation to be mineral wool. Jacketting to be galvanized
 
steel.
 

4.0 	 PREDICTED ENERGY SAVINGS
 

The "Heatalyzer Economic Thickness" computer program

determines the heat saved in $/ft. of pipe for various line
 
sizes and at different operating fluid temperatures. It
 
also calculates the economic insulation thickness. These
 
heat savings are summarized as follows based on worldwide
 
costs:
 

Annual Savings
 
0Q .? Ton diesel
 

143.3 134.7
 

5.0 	 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The estimated total investment and annual cost savings for
 
applying the economic thickness of insulation to all piping

is below. Figures are based on worldwide and local
 
equipment and utility costs.
 

Investment Cost Annual Cost SavinMs
$ - LE $ LE
 

10,949 15,876 20,291 8,082
 

6.0 	 CONCLUSIONS
 
Insulation should be applied to bare lines in plants
 
including those where insulation is in poor condition.
 

7.0 	RECOMMENDATION
 

This 	ECO should be initiated immediately.
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MAZOUT STEAM BOILER 
 Annual Savings, TOE : 
 24.3
FAC-ORL 
 Annual Savings, $ : 3,435.0
 
Investment Cost, $
INSULATE BOILER FEEDWATER Payout: SiJmple, Yrs 

: 4,329.0
 
TANKS. DCF ,% :: 1.26 .­

1.0 PURPOSE 

The purpose of this ECO is to provide new insulation on the
boiler feed water 
and make-up tanks in to
order conserve
 energy by minimizing heat losses.
 

2.0 PROCESS DESCBrTIPN
 

A detailed review was conducted during the preaudit phase
to determine the locations 
of vessels that required new
insulation to be installed. 
 It was determined at that time
that new insulation was required.
 

The basis of this ECO is to determine the energy savings by
providing new insulation where 
none is currently installed
 
on the vessels.
 

The vessels to be insulated were measured 
for size and
temperature. 
 The required Insulation thicknesses were then
determined by use of 
the "lleatilizer" 
Economic Insulation

Thickness computer program.
 

The results of this program are summarized in this ECO.
 

3.0 rOVJ! LT j~'is JZL
 

The following tabulations 
list the insulation requirements

by vessel surface.
 

UpyU__ n h 
Condensate Temperature - 100 °C Design
 

Estimated Annual Energy
Location ,Saving. 
 kJ
Sides/Hleads 
 28 615,907,000
 

Vessel Temperature - 50 °C Design
 

Estimated Annual Energy

Location Area. 2 savings. kJ
 
Sides/Heads 24 
 145,759,000
 

TOTAL ENERGY SAVINGS : 0.762 x 109 kJ

(Based on 6570 fir/Year)
 

Insulation 
to be mineral wool. Jacketting to be galvanized
 
steel.
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4.0 PREDICTED ENERGY SAVINGS
 

The "Heatalyzer Economic Thickness" computer program 
determines the heat saved in $/sq.ft. of vessel surface at 
different operating fluid temperatures. It also calculates
 
the economic insulation thickness. These heat savings are
 
summarized as follows based on worldwide costs:
 

Annual Savings
 
T.O.L. Ton diesel 

BFW Tank 19.6 18.4
 
Make-up Tank 4.7 4.4
 

24.3 22.8
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The estimated total investment and annual cost savings for
 
applying the economic thickness of insulation to the
 
vessels is below. Figures are based on worldwide and local
 
equipment and utility costs.
 

Investment Cost Annual Cost SavinQs
 
$ LE S LE 

BFW Tank 2,462 3,570 2,772 1,104
 
Make-up Tank ,,867 2.707. 663" '12642 .
 

4,329 6,277 3,435 1,368
 

6.0 CONCLUSIONS
 

Insulation should be applied to these bare vessels.
 

Priority should be given to insulating the hotter BFW Tank.
 

7.0 RECOMMENDATION
 

This ECO should be initiated immediately.
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MAZOUT STEAM BOILER Annual Savings, TOE 60.9
 
EACTOR¥ a Annual Savings, $ : 8,632
 

Investment Cost, $ 11,150
 
INSULATE MAZOUT DAY TANK Payout: 	 Simple, Yrs : 1.29
 

DCF ,% : -­

1.0 PURPQSE
 

The purpose of this ECO is to provide new insulation on the
 
mazout day tank in order to conserve energy by minimizing
 
heat losses.
 

2.0 PROCESS DESCRIPTION
 

A detailed review was conducted during the preaudit phase*
 
to determine the locations of vessels that required new
 
insulation to be installed. It was determined at that time
 
that new insulation was required.
 

The basis of this ECO is to determine the energy savings by

providing new insulation where none is currently installcd
 
on the vessels.
 

The vessels to be insulated were measured for size and
 
temperature.. The .required insulation thicknesses,.were-than. 
detertnined by use of the "Heatalyzer"AEconomic" Insultition" 
Thickness computer program.
 

The results of this program are summarized in this ECO.
 

3.0 EQUIPMENT LIST/SIZ_
 

The following tabulations lint the insulation requirements
 
by vessel surface.
 

lMazout Tank
 
Vessel Temperature - 60 °C Design
 

Estimated Annual Energy
 
Location Area. M2 Savings, X7
 
Sides 113 1,470,102,700
 
Top 28 447,727,800
 

TOTAL ENERGY SAVINGS : 1.918 x 109 kJ
 
(Based on 6570 Hr/Year)
 

Insulation to be mineral wool. Jacketting to be galvanized
 
steel.
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4.0 	PREDICTED ENERGY SAVINGS
 

The "Heatalyzer Economic Thickness" computer program

determines the heat saved in $/sq.ft. of vessel surface at
 
different operating fluid temperatures. It also calculates
 
the economic insulation thickness. These heat savings are
 
summarized as follows based on worldwide costs:
 

Annual Savings
 
T.O.E. Ton diesel
 

60.9 57.3
 

5.0 	 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The estimated total investment and annual cost savings for
 
applying the economic thickness of insulation to the
 
vessels is below. Figures are based on worldwide and local
 
equipment and utility costs.
 

Investment Cost Annual cost Savins
$ - LE __$__ LE
 

11,150 16,167 8,632 3,438
 

6.0 	 CONCLUSIONS
 

Insulation should be applied to this bare vessel.
 

7.0 	 RECOMMENDATION
 

This ECO should be initiated immediately..:
 

ECO-18 	 .-page 2 



DRY CEMENT PLANT 	 Annual Savings, TOE : 3.6
 
Annual Savings, $ : 512.
 

CHECK COMBUSTION EFFICIENCY 	 Investment Cost, $ : 1,060.
 
OF STEAM BOILERS Payout: 	 Simple, Yrs : 2.07 

DCF, % : -­

ECO-19
 

1.0 PURPOSE
 

The purpose of this ECO is to improve the overall
 
efficiency of the white cement plant boilers. Combustion
 
efficiency of the white cement plant boilers is effected
 
by the oxygen content of the flue gas or excess air.
 

2.0 PROCESS DESCRIPTION
 

The boiler firing rate is manually adjusted in accordance
 
with the required steam demand. Air entering through the
 
burner mixes with the misted fuel oil at the burner throat
 
and should be mixed sufficiently to produce complete
 
combustion. Air is forced into the burner with a self
 
contained forced draft fan.
 

When normal load changes of the boiler are made, air
 
should be adjusted with a fuel air ratio controller that
 
is an integral part of the burner. At times it is
 
necessary to adjustment the fuel air .ratio-mechanism.of
 
the burner.
 

Monitoring of the flue oxygen provides the operator of the
 
boiler with the information that is needed so that
 
adjustments can be made.
 

Portable oxygen analyzers such as the one used to conduct
 
this study should be use a few times each week and
 
adjustments can then be made in the excess air level. As
 
these boilers are very small permanently installed oxygen
 
analyzers can't be justified.
 

3.0 EQUIPMENT LIST/SIZE
 

Portable oxygen analyzer(such as M-C Products model 50 or
 
Bacharach Fyrite Gas Analyzers)
 

4.0 PREDICTED ENERGY SAVINGS
 

A flue gas oxygen reduction from the present 8.5 percent
 
to the proposed 3 percent will improve the overall boiler
 
efficiencies from 85.5 percent to 88.5 percent.
 

ANNUAL ENERGY SAVINGS
 
T.O.E. TONS DFISEL
 
3.6 	 3.4
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5.0 	 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

No investment required. It is- assumed that a portable
 
oxygen analyzer will be available at the cement plant.
 

The cost savings based on worldwide and local utility costs
 
are below.
 

Investment Cost Annual Enercv Cost Savings
 
$ L S LE 

1,060 2,385 512 204 

6.0 	 CONCLUSIONS
 
This ECO will provide a small savings with a nominal
 

investment cost.
 

7.0 	RECOMMENDATIONS
 

This 	ECO should be implemented at the earliest opportunity.
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MAZOUT STEAM BOILER Annual Savings, TOE : Not Required
 
FACTORY 2 Annual Savings, $ : (See Text)
 

Investment Cost, $ to
 
STUDY THE FEASIBILITY OF Payout: Simple, Yrs :
 
COMBUSTION AIR PREHEAT DCF, % : --

FOR STEAM BOILERS
 

1.0 PURPOSE
 

The purpose of this ECO is to study the feasibility of
 
combustion air preheat for the dry cement plant boilers.
 
Overall combustion efficiency can be improved on many

steam boilers by exchanging stack gas sensible heat with
 
the combustion air and thus decreasing boiler fuel firing.
 

2.0 PROCESS DESCRIPTION
 

As fuel is fired into the combustion chamber of the boiler
 
a portion of the heat that is liberated will be absorbed
 
by the combustion air. The combustion air must be brought
 
up to the theoretical flame temperature before combustion
 
can occur. When combustion air is supplied at higher
 
temperatures, less heat must be supplied or used to heat
 
up the combustion air. The result is that less fuel need
 
be fired into the combustion chamber.
 

Combustion air can be preheated by exchanging heat with
 
hot flue gases that leave the stack of the boiler.
 
Frequently, a cold enough process sink, does not exist to
 
cool down the flue gases and thus sensible heat is lost to
 
the atmosphere. Combustion air provides a good cold sink
 
at ambient temperature.
 

A combustion air preheater is an exchanger that does not
 
allow leakage of flue gas into the combustion air or vice
 
versa. Additionally, a combustion air preheater should
 
not create considerable pressure losses in the air of flue
 
gas paths.
 

The feasibility of an air preheat system is dependent on
 
the amount of heat that is available for recovery to
 
offset the equipment cost. In general, high stack
 
temperatures and high load boilers are the best candidates
 
for air preheaters. As either the stack temperature or
 
the boiler load becomes smaller it is difficult to justify

the investment in such equipment.
 

3.0 EOUIPMENT LIST/SIZE
 

No equipment is suggested due to lack of investment
 
incentive.
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4.0 PREDICTED ENERGY SAVINGS
 

No energy savings can be realized for these boilers. The
 
stack temperature is 165 °C and therefore no heat is
 
available for heat transfer.
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

No investment is recommended and no energy savings can be ­

realized. 

6.0 CONCLUSIONS
 

This ECO cannot be implemented due to a lack of available
 
heat in the stack gases. As a general rule the minimum
 
stack temperature for an oil fired boiler is between
 
160 °C and 177 °C. When the stack temperature is lowered
 
below this guideline acid dew point problems can occur.
 

7.0 RECOMMENDATIONS
 

This evaluation finds that this ECO should not be
 
implemented.
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MAZOUT STEAM BOILER Annual Savings, TOE : 107.0
 
FACTORY 2 Annual Savings, $ : 15,214.0
 

Investment Cost, $ : 625.0
 
TEST, REPAIR/REPLACE, ADD Payout: Simple, Yrs : 15 days

STEAM TRAPS DCF ,% : -­

1.0 PURPOSE 

The purpose of this ECO is to test, repair, or replace

defective steam traps and add new traps where needed.
 

2.0 PROCESS DESCRIPTION
 

All of the existing traps in the plant were tested to
 
determine whether they were operating.
 

The traps were checked by visual and sonic methods. Where
 
steam blow-through was observed, the quantity of steam loss
 
was estimated for the purposes of this ECO.
 

While a visual check of steam trap operation is the best
 
method, it can only be accomplished, if the discharge is to
 
an open drain or if test valves to atmosphere are installed
 
upstream and downstream of the trap. No test valves were
 
observed in the plant.
 

The second method of testing used was an ultrasonic
 
listening device. The listening device gives a fairly clear
 
understanding of how the trap is operating.
 

A normally operating inverted bucket trap can be heard as a
 
definite burst of sound when the bucket sinks and opens the
 
trap valve, thereby discharging condensate until entering
 
steam floats the bucket and closes the valve. In the
 
presence of extremely low loads the bucket can be heard as
 
a continuous clattering sound. This is sometimes referred
 
to as a "dribbling trap". This is still a normally
 
operating steam trap with little, if any, steam loss. This
 
could also be an indication of an oversized trap, therefore
 
requiring a smaller or restrictive orifice. When a trap is
 
failed open, a continuous high frequency sound can be heard
 
due to steam blowing through its orifice.
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A definite cycle rate can be heard when a thermodynamic disc
 
(TD) trap is operating normally as the disc is lifted off
 
the inlet orifice allowing condensate to flow through the
 
outlet passage, and then closes the orifice in the presence

of steam. A stormal operation would consist in cycles at a
 
rate of one to maximum twenty cycles per minute (average 6­
10). When the cycle becomes shorter, the disc and seat of
 
the trap start to wear at an accelerated rate and causes the
 
trap to fail in the future. A continuous series of abrupt

discharges from a thermodynamic disc trap indicates its
 
failure in the open position.
 

The normal operation sounds of a float and thermostatic trap
 
are difficult to distinguish as it is a constant flow device
 
with no cycle rate. By shutting off the inlet valve and
 
letting condensate accumulate, and then releasing a large

condensate load to the trap, the trap can be heard opening

and then modulating down to a steady state flow. The
 
thermostatic air vent in a float and thermostatic trap in
 
many cases opens rather infrequently to release air, making

its operational condition quite difficult to determine. A
 
thermostatic trap has a cycle, but is a much more gentle in
 
nature than the inverted bucket or disc trap. A sub-cooling

thermostatic steam trap is similar in operation to the float
 
trap. It may have either a bellows or a bimetallic spring
 
as the actuation device, opening and closing the trap
 
accotding to'a set temperature differential. . .
 

We did not use a temperature measurement method as it is the
 
least accurate of all test methods. A surface measurement
 
can be made at the inlet and outlet of the trap. This is
 
merely an indication of the corresponding saturation steam
 
pressure upstream of the trap. In the case of a completely

failed trap the inlet steam will be blowing through to the
 
trap outlet with little pressure drop. Thus the steam
 
temperature at the inlet and outlet will be much closer to
 
the same reading than for a properly acting trap. In a
 
plant where a condensate recovery system is installed
 
several traps may be tied into a common recovery line. If
 
one trap in this group is blowing steam to its discharge,
 
this steam can cause the discharge temperature of other
 
traps in the group to be higher the.n normally expected thus
 
leading to an erroneous decision on the condition of the
 
trap. Thus a check of trap performance by temperature must
 
be carefully used.
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3.0 EOUIPMENT LIST/SIZE
 

The following are the results of the trap survey:
 

Location TM Number Failed Stsatr
 

Steam Header T.S. 1 1 0
 
(Boiler House)
 

Hazout Day Float 1 0 1
 
Tank
 

The trap on the steam header in the boiler house was blowing
 
an excessive amount of steam. This defective trap should be
 
replaced by a thermodynamic type trap as it is best suited
 
for this service. The float trap on the Mazout Day tank
 
appeared to be operating satisfactorily. The steam loss
 
through the boiler house trap is estimated to be 31.55
 
kg/hr.
 

We did not see any traps for the steam tracing on the Mazout
 
line from the Day Tank to the Boiler. Since this line runs
 
in a trench, it is difficult to install a trap and also it
 
will be necessary to install a long condensate return header
 
to the boilers. The installation of traps will reduce the
 
amount of flash.steam coming out of the condensate receiver. ,

However, due to the-associated costs, it is -not advisable to'
 
provide such traps. Since, the mazout is heated in the Day

Tank, to save energy, we suggest that a 1/4" (6.35 mm)

orifice be installed at the end of the tracer line.
 

4.0 PREDICTED ENERGY SAVINGS
 

Based on the results of the trap survey 1 of the 2 traps

required replacement.
 

As noted above, the trap on the Boiler House steam header
 
was blowing through an excessive amount of steam estimated
 
to be 31.5 kg/hr. And 260 kg/hr steam can be saved by

shutting off the steam tracing on Mazout line as described
 
in Section 3.0.
 

Annual Energv Savings
 
T.O.E. 	 Tons of Diesel
 
107 101
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5.0 	 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The estimated total investment and cost savings are below..
 
Figures are based on worldwide equipment costs.
 

Investment Cost Annual Cost Savings
 

625 1400 	 15,214 6,060
 

6.0 	CONCLUSIONS
 

The testing, repair and replacement of steam traps has very
 

attractive payout.
 

7.0 	RECOMMENDATION
 

This ECO should be implemented immediately.
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DRY KILNS - FACTORY 2 Annual Savings, TOE : 40,868
 
Annual Savings, $ : 4,717,475
 

CHECK EFFICIENCY Investment Cost, $ : 0
 
OF KILNS Payout: Simple, Yrs : Immediate
 

DCF ,% : -­

1.0 PURPOSE
 

The purpose of this ECO is to study the consumption of
 
energy in the two dry kilns of Factory 2. The dry kilns of
 
Factory 2 are of modern European design and incorporate a
 
state-of-the-art processing scheme which should, in turn,
 
make this factory extremely energy efficient. In addition
 
to the normal variables that affect the thermal efficiency
 
of the kiln, such as excess air, water content of feed, dust
 
loss, and refractory, a more important variable at HPCC is
 
the quality of the raw materials used to make the clinker.
 

2.0 PROCESS DESCRIPTION
 

The dry cement process at Factory 2 utilizes a flash
 
calciner upstream of the kiln. Approximately two-thirds of
 
the total fuel fired in Factory 2 is fired in the flash
 
calciner. The ratio of two-thirds fuel fired in the flash
 
calciner to.one-third fired in the kiln agrees.,we%1,.w1th the,
 
general 60:40 ratio now used in modern designs.' However,,
 
the total amount of fuel fired per ton of clinker is
 
excessive due to the high alkali content of the feed.
 

The feed to the dry process at Factory 2 is high in alkalis,
 
in particular, and sulfates. These feed impurities are at
 
levels beyond those for which the units were designed to
 
operate. A significant amount of additional heat is
 
required to remove volatilized alkali compounds. These
 
alkali compounds are then carried out with the kiln off-gas
 
through the flash calciner bypass. It has been estimated
 
that 7,200 Btu/short ton (2000 Kcal/metric ton) is lost for
 
each one percent of bypass.1 The minimum bypass heat loss
 
is possible only when the proper portion of the clinker­
cooler air goes directly to the precalciner and not to the
 
kiln for removing alkali compounds.
 

As the dry kilns at HPCC are of state-of-the-art design, it
 
is concluded that the excessive amount of energy necessary
 
to produce a ton of clinker is primarily due to the
 
impurities in the raw materials. It is expected that the
 
fuel energy consumption levels will drop approximately 18%
 
to typical. design fuel energy consumption figures of 3.4 x
 

l"Energy Conservation Potential in the Cement Industry,"

U.S. Dept. of Commerce, National Technical Information
 
Conservation Paper No. 26, pg. 161.
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109 
J/ton once the quality of feed to the dry kilns is
 
improved.
 

A new site is already being developed that contains low
 
impurity raw materials for the dry process at Factory 2.
 
HPCC has stated that it will be two years before this new
 
site is fully developed. At that time, fuel energy

consumption per ton of clinker should match the value above.
 

3.0 EQUIPMENT LIST/SIZE
 

No new equipment is needed to realize the fuel energy

savings possible through improvement of the raw materials.
 
Work is already in progress to develop a new source for low
 
impurity raw materials.
 

4.0 PREDICTED ENERGY SAVINGS
 

The future energy savings that can be expected one the feed
 
quality to the kilns is improved is below.
 

Annual Energy SavinUA
 
T.O.E. Tons Mazout
 

40,868 42,094
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION.
 

As the development of a new site is already underway, no
 
further investment is required. The annual cost savings

based on worldwide and local utility costs is below.
 

nvestment Cost Annual Cpst Savings
 
_ .E . _ _ _ _ _$_


0 0 4,717,475 1,178,632
 

6.0 CONCLUSIONS
 

The future fuel energy savings that will be realized when
 
the new raw materials site is developed is tremendous, and
 
pays out immediately.
 

7.0 RECOMMENDATIONS
 

Work should progress as rapidly as possible towards
 
development of a better site for low impurity raw materials.
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DRY KILNS - FACTORY 2 	 Annual Savings, TOE : Not
 
Annual Savings, $ : Required


RECOVERY OF HEAT LOST Investment Cost, $ : (See Text)

THROUGH CLINKER COOLER Payout: Simple, Yrs : "
 
SHELL TO PREHEAT DCF , % :
 
COMBUSTION AIR
 

1.0 PURPOSE 

The purpose of this ECO is to preheat primary combustion aiL
 
to the kilns using the heat lost through the shell of the
 
clinker coolers.
 

2.0 PROCESS DESCRIPTION
 

The rotary clinker coolers 	have a shell temperature of.
 
approximately 4000 C. It is proposed that this heat be
 
recovered to preheat the primary combustion air to the
 
kilns.
 

This ECO requires the installation of a heat recovery system

fo* each clinker cooler.
 

3.0 EOUIPMENT LIST/SIZE
 

See Section 6.0.
 

4.0 PREDICTED ENERGY SAVINGS
 

See Section 6.0.
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

See Section 6.0.
 

6.0 CONCLUSIONS
 

Although an energy savings can be realized by preheating the
 
primary combustion air, further investigation determined
 
that this ECO was not feasible for implementation from an
 
engineering standpoint. Preheating the primary combustion
 
air would change the operating characteristics of the
 
burner. This change in operating characteristics could
 
result in premature burner failure as a result of burner
 
tile collapse.
 

7.0 RECOMMENDATION
 

This ECO should not be implemented.
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WET KILNS - fGREY AND WHITE) Annual Savings, TOE : 23,670
 
1Annual Savings, $ : 2,202,062
 

Investment Cost, $ 64,600 
CHECK EFFICIENCY Payout: Simple, Yrs : 8 days 
OF KILNS DCF ,% : -­

ECO-24
 

1.0 PURPOSE
 

The purpose of this ECO is to study the consumption of
 
energy in the eight wet kilns of Factory 1 and the White
 
Cement Plant. The overall kiln energy consumption is
 
dependent on the thermal efficiency of the kiln. This, in
 
turn, is affected by excess combustion air, water content of
 
feed, quality of raw materials, dust loss, refractory type
 
and condition, and equipment design.
 

2.0 PROCESS DESCRPTTON
 

Fuel firing rates to the wet kilns at HPCC are adjusted
 
manually in accordance with feed flow rates and feed
 
quality. In theory, the amount of fuel required per ton of
 
clinker is mainly affected by the water content of the
 
slurry feed, the quality of the feed, the excess combustion
 
air admitted to the kiln, the condition of the kiln chain
 
and lifter system, and the condition and type of kiln
 
refractory.
 

There are several common methods used to reduce the amount
 
of energy needed to produce a ton of clinker. Reduction of
 
excess combustion air is easily accomplished by measuring
 
the stack oxygon content and adjusting the combustion air
 
rate accordingly. A reduction from 25 to 15 percent excess
 
air, for example, can reduce energy consumption by
 
approximately 8.3 x 107 J/ton of clinker. Feed moisture
 
content also directly affects the amount of energy required
 
to produce a ton of clinker. A 5 wt% reduction in feedwater
 
content can reduce energy consumption by approximately 3.8 x
 
108 J/ton of clinker. Proper refractory condition and type,
 
as well as internal heat transfer systems also directly
 
affect the overall efficiency of the kiln. A reduction of
 
stack temperature of 100 °C through improved internal heat
 
transfer can reduce energy consumption by as much as 5.0 x
 
108 J/ton of clinker.
 

It was noted at HPCC that the average grey cement kiln
 
exhaust temperature was 200 OC. An efficient similar system
 
would have a kiln exhaust temperature of 160 °C. The energy
 
savings that can be realized by improving the efficiency of
 
the grey cement kilns are given below and are quite
 
substantial. The same comments apply to the white cement
 
kilns. Here, the average stack temperatures were higher
 
than 203 °C and therefore the possible energy savings per
 
ton of clinker is even greater than for the grey cement
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process. The possible energy saving in the white cement are
 
also given below in Section 4.u.
 

Measured stack gas oxygen levels 
in the grey and white
 
cement plants averaged 9.4% and 8.7% respectively. HPCC
 
should obtain design information from F.L. Smidth as to the
 
minimum operating oxygen levels achievable. New oxygen

analyzers, as suggested in this ECO, can be used to achieve
 
these minimum stack gas oxygen levels.
 

As with most wet cement production facilities, including the
 
facilities at HPCC, the efficiency and heat recovery of the
 
system should be realized inside the kiln itself. Heat that
 
leaves the kiln should be considered as unreccverable. The

addition of special alloy chains closer to the burner, in
 
addition to maintaining the condition and integrity of the
 
existing chains, lifters, and refractory, will aid in the
 
operation of the kilns at their best possible efficiency.
 

3.0 EQUIPM ENTLISIU
 

It is recommended that eight (8) oxygen analyzers be
 
installed in the kiln exhausts (one for each wet kiln). A
 
Bailey type oxygen analyzer is recommended for this service.
 
Information on this brand of analyzer is contained in
 
Appendix 10.
 

Temperature indicators are. already in place.and.,should-be.

maintained to enable proper operation of' the wet'kilns. -


Tempevature is indication the condition of
an of the
 
refractory and chain system 
in the kilns and therefore
 
should be monitored frequently.
 

4.0 PREDICTED ENERGY SAVINGS
 

The energy that can be saved through proper operation of the
 
wet kilns is below. It has been assumed that the efficiency

of the wet kilns can be improved to such an extent that the
 
wet kilns at HPCC operate as efficiently as other wet kilns
 
of similar design.
 

Annual EnerQv Savings
 
White Cement Grey Cement 

T.O.. Tons Mazout T.O.E. M Nat Gas 
4,387 4,519 19,283 21,738,685 

The total energy savings listed above would reduce the
 
overall energy required to produce a ton of cement by 21% on
 
a joules per ton basis.
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5.0 INVESMENT AND ASSOCIATED ECONOM _WATION
 

The investment required to p .chase 8 oxygen analyzers is"
 
below.
 

Investment Cost Annual Cost Savings

L L LE

64,600 144,700 2,202,062 783,040
 

Note. It is not possible to isolate the portion of
potential savings due to maintaining proper oxygen

levels. Investment may be required to improve the
 
efficiency of the kiln through methods described in
 
Section 2.0.
 

6.0 CONCLUSIONS
 

The potential energy and cost savings through proper and
 
improved operation of the wet kilns is tremendous.
 

7.0 RECOMMENDATIONS
 

The installation of oxygen analyzers is highly recommended
 
and will prevent energy from being wasted due to high

combustion air rates. Further investigation into
 
improvements in kiln design may be required; however, the
 
huge potential energy and cost savings will most likely

result-in favorable.payqut periods if.designi.-improvement are.
 
incorporated.
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WET KILNS (GREY) 	 Annual Savings, TOE : 3,723
 
Annual Savings, $ : 328,225


INVESTIGATE FEED PREHEAT Investment Cost, $ : > 4,000,000
USING STACK GAS HEAT Payout: Simple, Yrs : > 10 years
RECOVERY DCF ,% : -­

ECO-25
 

1.0 PURPOSE
 

The purpose of this ECO is to investigate feed preheat in
 
the wet process grey kilns using heat recovered from the
 
exhaust stacks.
 

2.0 PROCESS DESCRIPTIQ
 

The enthalpies of the wet process, grey cement exhaust
 
stacks were determined through field measurements. Present
 
stack gas temperatures are approximately 200 0 C.
 
Implementation of this ECO would lower stack temperatures to
 
approximately 160 0C.
 

3.0 EOUIPMENT LIST/SIZE
 

6 - Feed preheat systems, each to consist of: 

-. stack gas/feed preheater
 
- slurry pump
 
- 30 M of piping (4")
 

4.0 PREDICTED ENERGY SAVINGS
 

The predicted annual energy savings is based on the total
 
achievable heat recovery through the installation of 6 feed
 
preheat systems in the wet process, grey cement kilns.
 

Annual Energy Savings
 

T.O.E. Natural Gas. M3
 

3,723 4,208,401
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5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The total conceptual investment cost to purchase and install
 
the necessary equipment and materials described below, as
 
well as the annual cost savings are below.
 

Figures are based on worldwide and local 6quipment and 
utility costs.
 

Investment Cost Annual EnerMy Cost Savirig
 
S S _LE


>4,000,000 328,255 127,094
 

6.0 CONCLUSIONS
 

It was found that even though this ECO has energy saving

opportunities, the technical complexity of the system and
 
the poor economics do not warrant further investigation.
 

7.0 RECOMMENDATIONS
 

This ECO should not be implemented.
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WET KILNS (GREY AND WHITE) Annual Savings, TOE : 5,125

FAMMQ1 	 Annual 
Savings, $ : 295,040
 

Investment Cost, $ : 388,100
INVESTIGATE THE USE OF 
 Payout: Simple, Yrs : 0.76
SLURRY THINNER TO REDUCE 
 DCF , % : --
WATER CONTENT IN FEED
 

1.0 	 PURP0E
 

The purpose of this ECO is to investigate the use of a
 
slurry thinner to reduce the water content 
in the feed to
 
the wet kilns from 38 weight % to 34 weight %. A lower
 
water content 
in the feed results in a lower energy

consumption per ton of clinker, since less heat is needed to
 
vaporize water in the kiln.
 

2.0 	 PROCESS DESCRIPTION
 

An investigation was undertaken to determine the feasibility

of using slurry thinners in the feed to the kilns.
wet 

Slurry thinners allow the use of a lower moisture content in

the raw feed, while still maintaining the physical

properties needed 
for proper equipment operation.
 

Typical slurry thinners are lime, fly ash, sodium carbonate,

sodium polyacrylate, and lignosulfonates. Typical addition
 
rates range from 
0.3 to 1.5 Kg/ton of clinker. For the
 
purpose of this estimate, lime has been assumed to be 
a
 
suitable slurry thinner.
 

3.0 	EQU.IMLST/SIZE
 

The following new equipment and materials must be furnished
 
and installed. Refer to the attached sketch.
 

1. 	 1 - 200 M 3 hopper (cone roof, cone bottom)

1 - 50 M3 hopper (cone roof, cone bottom)
 

2. 	 2 systems, such as a screw conveyor and 
feeder, for
 
feeding the 
slurry thinner at a controllable rate to
 
the raw feed (1-540 Kg/hr, 1-64 Kg/hr).
 

3. 	 A two-stage cyclone system
 

4. 	 Exhaust fan and 4" transfer line.
 

4.0 	 PREDICTEDEF GY SAVINGS
 

The predicted energy savings would result from the 
use of
less 	energy to fire the kiln. 
 There would be less water in

the raw feed, and subsequently, less water would need to be
vaporized in the kiln. 
These heat savings are summarized as

follows based on worldwide costs:
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Annual Energy Savings
 

White Cement Grey Cement
 
T.O.E. Ton mazout T.O.E. M3 natural gas

953 982 4172 4,703,205
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The estimated total investment and annual cost savings u=­
implementing this ECO is as follows:
 

Investment Cost Annual Cost Savings
 
$ LE $ LE
 

388,100 869,400 295,040 69,633
 

The cost of slurry thinner is estimated at $181,860/year and
 
has been subtracted from the annual cost savings due to fuel
 
alone.
 

No investment cost has been added for improvement of the
 
kiln chain system. In general, a lower feed moisture
 
content will result in the generation of excessive dust,
 
leaving the kiln if the kiln chain system is not studied
 
and/or corrected.
 

The accuracy of this estimate is directly dependent on the
 
type..and..amount.of.slurry thinner used. -The.ecommendation.
 
below states a company that can help in* fine tuning this
 
ECO.
 

6.0 CONCLUSIONS
 

The use of slurry thinners should be investigated further,
 
as it shows an excellent energy savings.
 

7.0 RECOMMENDATION
 

This ECO should be initiated immediately.
 

Slurry thinners are used successfully in plants in the U.S.
 
Mr. S.W. Tresouthick of Construction Technology
 
Laboratories, Skokie, Illinois, U.S.A., indicates that
 
slurry thinners are available for many different feeds. A
 
test program to determine possible candidates for use as
 
thinners would cost approximately $2000-3000, according to
 
Mr. Tresouthick. Information is included in the Appendix 7.
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WET KILNS (GREY AND WHITE) 	 Annual Savingc, TOE - 4,410
 
FACTORY 1 	 Annual Savings, $ : 755,940


Investment Cost, $ 6,863,200

INVESTIGATE THE USE OF A Payout: Simple, Yrs 9.08 
ROLLER MILL TO SAVE ENERGY DCF , % 4.0 
IN PROCESSING CLINKER
 

ECO-27 

1.0 	 PURPOSE 

The purpose of this ECO is to investigate the use a roller
 
mill to save energy in processing clinker.
 

2.0 	 PROCESS DESCRIPTION
 

An investigation was undertaken to determine the feasibility

of using a roller mill to process clinker in the wet kiln
 
area. The use of a roller mill might result in significant
 
energy savings in this plant.
 

3.0 	EQUIPMENT LIST/SIZE
 

The following new equipment and materials must be furnished
 

and installed.
 

1. 	 8 roller mills, each with a design cdpacity'-of'30,TPH.
 

2. 	 All necessary ancillary equipment to replace the
 
existing cement mills with new roller mills.
 

4.0 	PREDICTED ENERGY SAVINGS
 

The predicted energy savings would result from the lower
 
energy requirements of the roller mill, compared to the
 
existing mills.
 

These savings are summarized as follows based on worldwide
 
costs:
 

Annual Savings
 

4,410 17,580,000
 

1 Electrical T.O.E. values include a typical 34% efficiency
 
factor and correspond to generating electricity using a
 
condensing steam turbine system.
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5.0 	 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The estimated total investment and annual cost savings for l
 
implementing this ECO is as follows:
 

Investment Cost Annual Cost Savings
 
LE 	 ,&S

6,863,200 15,373,600 755,940 298,860
 

6.0 	 CONCLUSIONS
 

The use of a roller mill to process clinker should not be
 
considered since the overall economics of this ECO are not
 
attractive.
 

7.0 	RECOMMENDATION
 

This ECO should not be implemented.
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WET KILNS (GREY AND WHITE) Annual Savings, TOE : 3,420
 
FACTORY Annual Savings, $ : 583,080


Investment Cost, $ : 2,274,300
 
INVESTIGATE ENERGY SAVINGS Payout: Simple, Yrs : 3.9C 
BY CHANGING CEMENT AND RAW 	 DCF , % : 13.0 
MILL 	DRIVE CONTROLS TO
 
VARIABLE FREQUENCY (SPEED)
 
CONTROLLERS
 

ECO-28
 

1.0 	 PURPOSE
 

The purpose of this ECO is to incorporate variable frequency-*

speed controllers into the proposed Factory 1 new electrical
 
distribution system.
 

The variable frequency/voltage controllers (VFC) will match
 
kW consumption to load requirements and thus produce

considerable kW/kVAR savings.
 

This ECO as well as ECO-34 both serve to provide a more
 
economical and efficient electrical system. Only one of
 
these ECO's is necessary to achieve this outcome. Results
 
from these ECO's are not additive.
 

2.0 	 PRESS DESCRPTION
 

Based on ammeter readings and power factor (PF)- spot-checks'

the mill drives in Factory 1 appear under utilized at
 
approximately 2/3 of full load.
 

Installation of variable speed drives (VFD's) will provide:
 

a) 	 Soft start, i.e. no star-delta or startup

resistors and controllers are required.
 

b) 	 Corrected motor power factor.
 

c) 	 Energy savings by matching power consumption to
 
load requirements.
 

d) 	 Savings by eliminating restrictive devices, such
 
as control vanes, throttling valves, recirculation
 
systems, etc.
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The application of variable frequency controlled AC drives
 
would be similar to the application of variable speed DC
 
drives in Factory 2. The difference being that the AC
 
controllers are generally higher priced but require less
 
maintenance as compared to DC drives.
 

Both controllers do require reasonably clean ventilated
 
rooms, such as a normal substation area.
 

The VFC variable frequency controller would replace

existing oil-immersed reduced voltage control equipment.
 

Before implementation, a more detailed study is required for
 
each piece of equipment to determine the status of existing

equipment to be deleted and/or retained.
 

3.0 EOUIPMENT LIST/SIZE
 

The variable frequency/voltage controllers (VFC) shall be

supplied complete with digital controllers, required load
 
sensors, power fuses and disconnect contactors. Isolating

transformers may be required depending on supply system.

The controllers shall be programmed for expected mill loads.
 

The equipment required is listed below.
 

Existing eauipment Reguired-eguipment
 
VFC controllers
sec. 1 

CM4 700 kW 6.3 kV 800 kW min. 

sec, 5 

WRM 500 kW 6.3 kV 600 kW min. 

WCM 700 kW 6.3 kV 800 kW min. 

sandmill 260 kW 3.0 kV 300.kW min. 

CCM 410 kW 3.0 kV ,500 kW min. 

CM1 630 kW 500 V 750 kW min. 

CM3 560 kW 500 V 750 kW min. 

RM2 570 kW 500 V 750 kW min. 

RM3 560 kW 500 V 750 kW min. 

RM 635 kW 500 V 750 kW min. 

CM2 560 kW 500 V 750 kW min. 
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4.0 	 PREDICTED ENERGY SAVINGS
 

Lacking precise operating data, the energy savings can be
 
only estimated based on similar applications in General
 
Electric computer program for VFC applications.
 

3,420 13,560
 

5.0 	 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The final economic evaluation will be part of the new,

Factory 1 power distribution system. The below investmnt,
 
evaluation is to serve as a guideline only.
 

distribution system will:
 

Investment$ Annual Cost Savings$ L.E. 
2,274,300 583,080 230,520 

6.0 CONCLUSIONS 

The incorporation of VFC's into the new Factory 1 

a) -reduce power losses in the distribution system and
 
in the processing equipment.
 

b) 	 replace capacitors used on some motors, including

those recommended in ECO-33 for others.
 

c) 	 eliminate need for reduced voltage starting

equipment.
 

d) 	 improve process equipment control.
 

7.0 	RECOMMENDATION
 

This ECO should be implemented as part of the new electrical
 
power distribution system. It may also be feasible to
 
install individual controllers selectively.
 

1 Electrical T.O.E values include a typical 34% efficiency
 
factor and correspond to generating electricity using a
 
condensing steam turbine system.
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GENERAL 	 Annual Savings, TOE : 0
 
Annual Savings, $ : 372,603


RUN GENERATORS IN POWER 	 Investment Cost, $ : 1,589,200

HOUSE AT OR NEAR 	 Payout: Simple, Yrs : 4.27
 
NAMEPLATE CAPACITY AND SEND 
 DCF , % : 12.0 
THE EXCESS kW TO MAIN POWER
 
SUPPLY GRID
 

1.0 PURPOSE
 

The purpose of this ECO is to incorporate the existing

steam/diesel power plant into proposed new electrical
 
distribution system for Factory 1. This can be used for
 
essential loads (Kiln drives, etc.) in case of utility

failure. In addition there are inherent savings in a plant

generating system.
 

2.0 PROCESS DESCRIPTION
 

The present power plant is manual with mechanical speed­
load governor with no provisions for synchronization into
 
utility sytem.
 

The switchgear appears rather old and not suitable for plant

short circuit levels. .
 

Hence this ECO recommends 	the replacement of existing

switchgear and cabling as required, with new up to date
 
electrically operated switch gear, synchronization and
 
governor control equipment, suitable for isosynchronous and
 
droop control.
 

The attached one line diagram sketch indicates the system

interface equipment.
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3.0 	 EQUIPMENT LIST/SIZE
 

The 	following, new equipment 
required for interface with
plant distribution system 
shall be supplied complete with
protective and synchronizing relays, metering, potential
transformers and current transformers, etc. All switchgear

is electrically operated.
 

S.T. 	Generator 1 breaker 
 4000 A 600 V

" 2A breaker 1200 A 5 kV
 o 	 2B breaker 1200 A 
 5 kV
 

Diesel Generator 1 breaker 1600 A 600 V

" 
 2 	 breaker 1600 A 600 V
" 
 3 	 breaker 1600 A 
 600 V
 

TRI 
 breaker 1200 A 5 kV

TR2 
 breaker 4000 A 600 V
 

1 	 synchronizing control panel complete with load and
voltage control for steam turbine generators
 

1 -	 3 mVA 6.3 - 0.5 kV transformer (part of new system) 

1 -	 3 mVA 6.3 - 3 kV transformer (part of new system) 

Miscellaneous power buswork and control cables as required.
 

4.0 	 PREDICTED ENERGY SAVINGS
 

Energy savings will 
result from being able to operate the
turbine generators at full capacity. This will result in
 more electricity being available in the plant during load
 
shedding periods.
 

The 	plant will 
also be able to expand and improve its
operations without relying 
on the purchased unreliable
 
electrical supply in the summer months.
 

Additional 
 Annual Additional
 
Electricity Generateq Enerv Consumed
 
MW 	 MWYR T.O.E.i Ton Mazout

3.6 26,806 6,758 6,961


(7446 hr/yr)
 

1 Electrical T.O.E. values include a typical 34% efficiency

factor and correspond to generating electricity using a

condensing steam turbine system.
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5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The estimated total investment and annual cost savings for
 
applying this ECO is as follows:
 

InCotsnt 9t to Produce 1 MW/HR Savings per MWHI
_- __% _ L.E. S-_ L._ 
1,589,200 29.1 7.27 
 13.9 9.73
 

Annual Savings
 

372,603 260,818
 

6.0 CONCLION
 

Based on the above description the existing power plant can °
 
be incorporated into the new distribution system to provide
a rather economical in-plant generated power source for

essential loads operation.
 

The kVAR's generated in plant will reduce the kVAR level
 
from the utility's supply.
 

7.0 RECOMMENDATION
 

We recommend that this ECO be implemented.
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GENERA 	 Annual Savings, TOE : --
Annual Savings, $ : 2,116,475

INVESTIGATE THE USE OF 	 Investment Cost, $ : 22,045,800

AN ELECTRICAL GENERATING 	 Payout: Simple, Yrs : 10.4,

BOILER PACKAGE TO SUPPLEMENT DCF , % : 3.0 
THE POWER SUPPLY
 

1.0 PURPOSE
 

The purpose of this ECO is to investigate the use of an
 
electrical generating boiler package to eliminate the need
 
to shed electricity in the summer months. Currently, in the
 
summer months, the power company requires that the Helwan
 
Portland Cement Company (and Others) "shed load" during

peak periods to avoid "brown-out" or a total power failure
 
in the city system. Load shedding, or "turn off" of less
 
critical items of electrical gear results in shut down of
 
the plant from its design rating to a "standby at hot
 
conditions" state, with a power reduction from 68 MW to
 
approximately 40 MW.
 

Heat losses, however, continue , and the net result is
 

- lost production, 

heat loss during standby with lower 9r npproduct
 
output,
 

quality control problems which arise from changing
 
temperature conditions (during shutdown and
 
restart from rated conditions.).
 

This ECO will also aid in boosting clinker production from
 
2,600,000 tons/yr in 1987 to the design plant capacity of
 
3,000,000 tons/yr.
 

2.0 PROCESS DESCRIPTION
 

The plant currently must shed 	its load from approximately 68
 
MW to approximately 40 MW during the peak time in the summer
 
months. When thi5 occurs, some equipment must be shut off.
 
The plant cannot operate at full capacity during this time,

and energy is wasted because of this.
 

The output of the electrical generator will be connected
 
into the present plant electrical system through a new grid.
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3.0 	EOUIPMENT LIST/SIZ
 

The following new equipment and materials must be furnished
 
and installed.
 

1. 	 One 30 MW, 6.3 kV electrical generating boiler package.
 
Equipment to be energy efficient.
 

2. 	 All the necessary electrical wiring and controls
 
required to tie in to the utility substation. These
 
items are listed below.
 

1 - Breaker, 6.3 kV, with potential and current 
transformers. 

1 -	 Controllers and synchronizing equipment. 

4.0 	 PREDICTED ENERGY SAVINGS
 

Energy savings will result from the plant being able to
 
operate at full capacity year-round. The shut down and
 
start-up of equipment for load shedding purposes, will be
 
eliminated.
 

In addition, the plant will be able to plan future
 
operations without restrictions due to the present
 
electrical supply.
 

5.0 	 INVESTMENT AND ASSOCIATED ECONOMICEALUAT1ON
 

The total investment cost and associated energy cost savings
 
to purchase and install the equipment and materials
 
described above is below.
 

Investment Cost Annual Energy Cost Savinqs
 

22,045,800 	 2,116,475
 

When generating 30 MW of electricity, approximately

93,500,000 M3/year of natural gas and 22,713 MWH/year of
 
electricity will be consumed. Estimated overall cost per

MWH works out to be $34.05 when using worldwide costs.
 

6.0 	 CONCLUSIONS
 

The payout period, based on energy savings alone, is 10.4
 
years. Considering the disruption of cement production

during the summer months and the anticipated decrease in
 
hydro-electric generating capacity in Egypt, the actual
 
payout period will be lower than the payout period due to
 
energy savings alone.
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7.0 RECOMMENDATIOI
 

We recommend that this ECO be abandoned and the more
 
attractive ECO-30B be implemented in its place.
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GENERAL 	 Annual Savings, TOE : --
Annual Savings, $ : 4,784,000INVESTIGATE THE USE OF 	 Investment Cost, $ 
 : 14,629,100


A GAS TURBINE ELECTRICAL 	 Payout: Simple, Yrs : 3.06

GENERATOR TO SUPPLEMENT THE DCF , % : 19.5. 
POWER SUPPLY 

ECO-30B
 

1.0 	 pURPoSE
 

The purpose of this ECO is to investigate the use of a gas

turbine electrical generator to eliminate the need to shed

electricity in the summer months. Currently, in the summer
 
months, the power company requires that the Helwan Portland
 
Cement Company (and Others) "shed load" during peak periods

to avoid "brown-out" or a total power failure in the city

system. Load shedding, or "turn off" of less critical items

of electrical gear results in shut down of the plant from
 
its design rating to a "standby at hot conditions" state,

with a power reduction from 68 MW to approximately 40 MW.
 

Heat 	losses, however, continue , and the net result is
 

-	 lost production,
 

- heat loss during standby with lower or no product 
output, 

- quality control problems which arise from changing
temperature conditions (during shutdown and
 
restart from rated conditions.).
 

This 	ECO will also aid in boosting clinker production from

2,600,000 tons/yr in to
1987 the design plant capacity of
 
3,000,000 tons/yr.
 

2.0 	 PROCESS DESCRIPTION
 

The plant currently must shed 	its load from approximately 68

MW to approximately 40 MW during the peak time in the summer

months. When this occurs, some equipment must be shut off.
 
The plant cannot operate at full capacity during this time,

and energy is wasted because of this.
 

The output of the electrical generator will be connected
 
into 	the present plant electrical sistem through a new grid.
 

3.0 	EOUIPMENT LIST/SIZE
 

The following new equipment and materials must be furnished
 
and installed.
 

1. 	 One 30 MW, 13.8 kV turbine generator, prepackaged with
 
inlet and exhaust ducting, starter, switchgear, and
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control room as required. (skid mounted)
 

2. All the necessary electrical wiring and controls
 
required to tie in to the utility substation. These
 
items are listed below.
 

a. 	 Transformer, with disconnect, 13,800 VAC, 3 phase,

50 cycle, to remove to 6,500 VAC, 3 phase, 50
 
cycle as required in plant. (furnished with
 
package)
 

b. 	 Protective switchgear, with automatic and manual
 
synchronization equipment. (furnished with
 
package)
 

The gas turbine power facility would be completely pre­
packaged, and shipped on modules for field erection.
 

Support services at site will include a foundation for the
 
turbine generator unit, its starter, and local controls. No
 
additional buildings or water supplies are required.
 
Fuel may be either natural gas or light fuel oil, as
 
convenient to the user.
 

4.0 	 PREDICTED ENERGY SAVINGS
 

Energy savings will result from the plant; being. able. -to,
 
operate at full capacity year-round. The shut down and
 
start-up of equipment for load shedding purposes, will be
 
eliminated.
 

In addition, the plant will be able to plan future
 
operations without restrictions due to the present

electrical supply.
 

5.0 	 INVESTMENT AND ASSOCIATED ECONOMIC EVA LTJ{ 

The total investment cost and associated energy cost savings
 
to purchase and install the equipment and materials
 
described above is below.
 

Investment Cost Annual Energy Cost Savings
 

14,629,100 	 4,784,000
 

When generating 30 MW of electricity, approximately

70,983,400 M3/year of natural gas will be consumed.
 
Estimated overall cost per MWH works out to be $23.07 when
 
using worldwide costs, and 8000 hour per year.
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6.0 CONCLRSIONS
 

The. payout period is based on energy savings alone.

Considering the disruption of cement production during the
 
summer months and the anticipated decrease in hydro-electric

generating capacity in Egypt, the actual payout period will

be lower than the payout period due to energy savings alone.
 

7.0 RECOMMENDATION
 

We recommend that this ECO be implemented.
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GENERAL 	 Annual Savings, TOE : --

Annual Savings, $ : 6,256,000


INVESTIGATE THE USE OF 	 Investment Cost, $ : 31,610,000

A GAS TURBINE WITH WASTE 	 Payout: Simple, Yrs : 5.0
 
HEAT RECOVERY TO SUPPLEMENT 	 DCF , % : 9.0 
THE POWER SUPPLY
 

ECO-30C
 

1.0 pURPOSE
 

The purpose of this ECO is to investigate the use of a gao

turbine electrical generator with waste heat recovery to
 
eliminate the need to shed electricity in the summer months.
 
Currently, in the summer months, the power company requires
 
that the Helwan Portland Cement Company rand Others) "shed
 
load" during peak periods to avoid "brown-out" or a total
 
power failure in the city system. Load shedding, or "turn
 
off" of less critical items of electrical gear results in
 
shut down of the plant from its design rating to a "standby
 
at hot conditions" state, with a power reduction from 68 MW
 
to approximately 40 MW.
 

Heat losses, however, continue , and the net result is
 

- lost production,
 

- heat loss during standby with lower or no product 
output, 

quality control problems which arise from.changing

temperature conditions (during shutdown and
 
restart from rated conditions.).
 

This ECO will also aid in boosting clinker production from
 
2,600,000 tons/yr in 1987 to the design plant capacity of
 
3,000,000 tons/yr.
 

2.0 PROCESS-DESCRIPTION
 

The plant currently must shed 	its load from approximately 68
 
MW to approximately 40 MW during the peak time in the summer
 
months. When this occurs, some equipment must be shut off.
 
The plant cannot operate at full capacity during this time,

and energy is wasted because of this.
 

The output of the electrical generator will be connected
 
into the present plant electrical system through a new grid.
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3.0 	EOUIPMENT LIST/SIZE
 

The following new equipment and materials must be furnished
 
and installed.
 

.1. 	 One 30 MW, 13.8 kV turbine generator with waste heat 
recovery, prepackaged with inlet and exhaust ducting,
starter, switchgear, and control room as required.
(skid mounted)
 

2. 	 All the necessary electrical wiring and controls
 
required to tie in to the utility substation. These
 
items are listed below.
 

a. 	 Transformer, with disconnect, 13,800 VAC, 3 phase,

50 cycle, to remove to 6,500 VAC, 3 phase, 50
 
cycle as required in plant. (furnished with
 
package)
 

b. 	 Protective switchgear, with automatic and manual
 
synchronization equipment. (furnished with
 
package)
 

3. 	 All associated waste heat boiler steam facilities.
 

The gas turbine power facility would be completely pre­
packaged, and shipped on modules for field erection.
 

It is estimated that the steam production- frolhtlthb- waste
 
heat boiler package will be 100,000 lb/hr (45,360 kg/hr),

and includes the steam necessary for dearation.
 

Gas turbine section to generate approximately 20 MW. Waste
 
heat boiler section to generate the remaining 10 MW of
 
electricity.
 

Support services at site will include foundations for the
 
turbine generator unit, its starter, all waste heat boiler
 
facilities, and local controls. No additional 
buildings
 
are required.
 

Fuel may be either natural gas or light fuel oil, as
 
convenient to the user.
 

4.0 	 PREDIgIJED ENERGY SAVINGS
 

Energy savings will result from the plant being able to
 
operate at full capacity year-round. The shut down and
 
start-up of equipment for load shedding purposes, will be
 
eliminated.
 

In addition, the plant will be able to plan future
 
operations without restrictions due to the present

electrical supply.
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5.0 INVESTMENT AND ASSOCIATED ECQHOM IEVAUATION
 

The total investment cost and associated energy cost savings

to purchase and install the equipment and materials
 
described above is below.
 

Investment Cost Annual Energv Cost Savings
 

31,610,000 6,256,000
 

When generating 30 MW of electricity, approximately

47,322,300 M3/year of natural gas will be consumed.
 
Estimated overall cost per MWH works out to be $16.94 when
 
using worldwide costs, and 8000 hour per year.
 

6.0 CONCLUSIONS
 

The payout period is based on energy savings rlone.
 
Considering the disruption of cement production during the
 
summer months and the anticipated decrease in hydro-electric

generating capacity in Egypt, the actual payout period will
 
be lower than the payout period due to energy savings alone.
 

7.0 RECOMMENDATION
 

We recommend that this ECO be pursued. A gas turbine with
 
waste heat recovery should be operated continuously.- This',
 
type of facility is not meant for short'tetm,'inteimittent
 
operation.
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1B Annual Savings, TOE : 2,082
 
Annual Savings, $ : 248,824 

IMPROVE/ADD/FIX Investment Cost, $ : 84,150 
INSTRUMENTATION TO BE Payout: Simple, Yrs : 0.34 
ABLE TO PROPERLY MONITOR DCF , % : --

AND CONTROL ENERGY CONSUMPTION 

1.0 PURPOSE
 

The purpose of this ECO is to improve/add/fix
 
instrumentation, as required, to help conserve energy and to
 
properly monitor its consumption.
 

2.0 PROCESS DESCRIPTION
 

A study was made regarding the instrumentation requirements
 
for the plant. This study combined the overall requirements
 
for instrumentation improvements, addition, and fixing. In
 
many cases, the existing instrumentation is inadequate or
 
non-existent and in many cases the existing instruments are
 
not in working order.
 

3.0 EOUIPMENT LIST/SIZE
 

The equipment and material required to properly monitor and
 
control energy consumption are described below. -


Electrical:
 

Factory 2 & Powerhouse
 
2 - MW Recorders (I each)
 
2 - kVAr Recorders (1 each)
 
2 - Ampere Recorders (l each)
 

Kiln Combustion & Steam:
 

Powerhoums (
 
3 - Steam FI's (6") mounted in Control Room
 
3 - Mazout FI's (2") mounted in Control Room
3 - BFW FI's mounted in Control Room
 

White Cement
 
2 - Mazout FI's (2") mounted in Local Panel
 

Factory 1 
6 - Nat. Gas FI's (6") mounted in Control Room 
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4.0 PREDICTED ENERGy SAVINGS
 

Since this ECO covers the plant in its entirety, there is no
 
specific energy savings that can be pinpointed. It is,
 
however, a conservative assumption to infer that proper
 
instrumentation will reduce the yearly energy consumption by
 
at least one half of one percent. The resulting energy

savings are listed below.
 

Electrical Mz!
 

Annual Energv Savings Annual Energy Savings
T..E- Mal Tons1.O.E. 

442.4 1,754 1,060 1,092
 

Natural Gas Diesel
 
Annual Eneray Savinq. Annual Enerv Savinas
 

L.. cu M. T.O.E. Tons
 
577 650,000 2.47 2.32
 

5 .0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The total investment cost to purchase and install the
 
equipment (mainly the instruments and the associated piping)
 
and materials described above is below.
 

Annual Energy

Investment Cost Cost Savinas
 

84,150 248,824 80,167
 

6.0 CONCLUSIONS
 

This ECO has an attractive payout. We strongly recommend
 
that all the instruments shown on the following tabulations
 
be added/repaired, not only to help conserve energy, but to
 
properly monitor its consumption.
 

7.0 RECOMMENDATION
 

This ECO should be implemented without any delay.
 

1 Electrical T.O.E. values include a typical 34% efficiency
 
factor and correspond to generating electricity using a
 
condensing steam turbine system.
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GENERA Annual Savings, TO : Not
 
Annual Savings, $ : Applicable


STUDY THE EFFECT OF Investment Cost, $ : i".....
 
INSULATION ON HEAT LOSS Payout: Simple, Yrs : "
 
FROM PIPES. DCF ,% : 

ECO-32
 

1.0 PURPOSE 

The purpose of this ECO is to study the effects of
 
insulation on heat loss in piping and develop a chart to be
 
used by the plant for all future piping insulation
 
applications.
 

2.0 PROCESS DESCRIPTION
 

A chart was developed using the Heatalyzer Economic
 
Thickness Insulation computer program which indicates the
 
optimum insulation requirements for different line sizes at
 
various temperature ranges. The chart covers a range from
 
50 oC through 450 °C for line sizes 0.75 inch diameter
 
through 16 inch diameter. Mineral wool insulation material
 
with galvanized steel cover is the basis for the chart.
 
This chart is to be used in the future by plant personnel to
 
specify insulation thickness on new or reinsulated lines.
 

3.0 EOUIPMENT LIST/SIZE
 

The chart on the following page was developed.
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OPTIMUM INSULATION THICKNESS AND ENERGY SAVINGS PER METER 

P I P E S I Z 
(IMCNES) 

----------

0.75 

TEMPERATURE - DEGREES C (F) 

-5............................................................................................... 
50 (122) 100 (212) 150 (302) 200 (392) 250 (482) 300 (572) 350 (662) 400 (752) 450 (842) 
--------------------------------------................ .... ... .....--------------­

25 25 25 37.5 37.5 62.5 75 75 75 
16 567 1078 1726 2470 3399 44 5710 7126 

m 
kJ 

Thickness 
Energy Savings 

25 

200 
25 

692 
25 

1317 

37.5 

2109 

37.5 

3024 

'62.5 
4167 

75 

5480 

75 

7000 

75 

8775 

a 

kJ 

Thickness 

Energy Savings 

1.5 25 

277 
25 

957 

37.5 

1824 
37.5 

2929 

62.5 

4274 
75 

- 5840 
75 

7671 
75 

9825 
75 

12350 

mm 
kJ 

Thickness 
Energy Savings 

2 25 
337 

25 
1164 

37.5 

2262 
50, 

3607 

62.5 
5222 

V- 75 

;7148 
75 

9404 
75 

12065 
75 

15190 

m 
kJ 

Thickness 
Energy Savings 

3 25 
474 

37.5 
1666 

37.5 
3182 

62.5 
5116 

75 
7413 

7,75 
10133 

75 
13367 

87.5 
17238 

100 
21794 

ME 
U 

Thickness 
Energy Savings 

4 25 
591 

37.5 
2077 

37.5 
3972 

62.5 
6398 

75 
9287-

i 75 
12719 

100 
16890 

100 
21757 

100 
27493 

-
k 

Thickness 
Energy Savings 

6 25 

n829 
37.5 

2916 

50 

5645 
62.5 

9028 
75 

13143 

1.'75 

18051 
100 

24038 

100 

31046 

100 

39325 

-

kJ 

Thickness 

Energy Savings 

8 37.5 
1070 

-37.5 

3675 . 

50 
126 

62.5 
11418 

87.5 
16704 

.,-loo 
23034 

100 
34035 

100 
39551 

100 
50171 

-
U 

Thickn ;j 
Energy Savings 

10 37.5 

1298 

37.5 

452 
50 

.867 
75 

13952 

87.5 

20358 

-,100 

28203 

100 

37371 
100 

48406 

100 

61473 

-

kJ 

Thickness 

Energy Savings 

12. 37.5 

1509 

37.5 

5180 

62.5 

10134 

75 

16244 

87.5 

23730 

-100 

32809 

100 

43655 

100 

56599 

100 

71934 

m 

U 

Thickness 

Energy Savings 

14 37.5 
1638 

37.5 
5622 

62.5 

11007 

75 

17653 
87.5 

25806 
100 

35699 
100 

47525 

100 
61642 

100 
78371 

m 

U 
Thickness 
Energy Savings 

16 37.5 

1841 
50 

6394 
62.5 

12382 
75 

19874 
100 

29142 
100 

40249 
100 

53613 

100 

69570 

100 

88479, 
-
U 

Thickness 

Energy Savings 



4.0 PREDICTED ENERGY SAVINGS
 

Refer to insulation table. Energy savings between bare and
 
insulated pipe (kJ) is given in the insulation table for
 
each pipe size and temperature. Multiply this value by the
 
length of pipe (M) and then by yearly hours of operation to
 
obtain kJ saved per year.
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

Not applicable to this ECO.
 

6.0 CONCLUSIONS
 

Based on the results of ECO's - 02, 10, and 16 which cover 
the addition of insulation to the existing lines in the 
plants, it is concluded that the use of the Insulation 
Thickness chart should be followed by the plant when
 
installing new hot piping insulation.
 

7.0 RECOMMENDATION
 

This ECO should be implemented by having the plant use the

chart included in this ECO for all future piping insulation
 
application.
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GENERAL 	 Anmual Savings, TOE : Not
 
Annual Savings, $ : Required
FUEL/AIR RATIO CONTROLLERS Investment Cost, $ : (See Text)


FOR STEAM BOILERS Payout: Simple, Yrs : "
 
AND FURNACES DCF, % :
 

1.0 PURPOSE
 

The purpose of this ECO is to examine the need for fuel

air ratio controllers. Fuel air ratio controllers have
 
been used in the boiler and process fired heater industry

for many years to maintain combustion air flow as boiler
 
loads are modulated.
 

2.0 PROCESS DESCRIPTION
 

Fuel to air ratios can be calculated for various fuels so
 
as to provide a given flue gas oxygen level. As the
 
process load is modulated the quantity of not only the
 
fuel flow rate should be adjusted, but the air flow rate
 
should also be adjusted. Provided that the optimum flue
 
gas oxygen level is maintained it can also be expected

that the optimum efficiency is achieved.
 

In general, fuel air ratio control schemes consist of a
 
controller that receives a 
signal from a temperature

transmitter connected to the process outlet. The setpoint
 
or the transmitter is the desired process outlet
 
temperature. The output of the temperature transmitter
 
supplies the setpoint for a fuel flow transmitter. As the
 
outlet temperature of the process rises above the desired

setpoint temperature, the fuel flow is decreased. As the
 
outlet temperature drops below the setpoint temperature,

the fuel rate is increased. The ratio controller
 
receives the increased or decreased flow rate of fuel
 
from a flow transmitter that senses a DP cell across a
 
meter in the fuel supply line to the burners. The

ratio controller also receives a signal from a flow
 
transmitter that senses a DP cell installed across a
 
meter in the air supply duct. A damper in the duct work
 
or the inlet dampers of the forced draft fan are adjusted

with an actuator in accordance with the output of
 
the ratio controller.
 

A very essential part of the control scheme is the
 
lead/lag system. The lead/lag system prevents the
 
accidental detonation of the boiler or 
process fired
 
heater. The lead/lag system assures that if the fuel rate
 
is increased, the air flow rate is increased 
 first. If
 
the fuel rate was increased before the air rate, it is
 
likely that combustible material would enter the
 
combustion chamber without sufficient air to complete

combustion. If the air rate is then increased an
 
uncontrolled fire or explosion can occur. Where
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uncontrolled fire or explosion can occur. Where
 
fuel gas is used an explosion is very likely, if this
 
sequence of events is allowed to occur. Where fuel oil is
 
used a fire in the burner plenum could be expected.
 

The lead/lag system also assures that if the fuel demand
 
is decreased, the air rate is decreased after the fuel
 
rate. If the air was decreased first the possibility of
 
combustibles entering the combustion chamber without
 
sufficient air to complete combustion is probable. This
 
can also cause damage to the equipment and is extremely
 
dangerous.
 

In more sophisticated systems, the fuel air ratio is
 
trimmed with a signal from the oxygen analyzer sensing the
 
combustion chamber or the stack flue gas. In the most
 
sophisticated systems, when the fuel composition changes
 
either a fuel specific gravity indication or a fuel
 
heating value indication is used to adjust the ratio.
 

Ultimately, the intention of these systems is to maintain
 
the flue gas oxygen level at a minimum so that the highest
 
level of efficiency can be maintained. Additionally, the
 
systems are intended to provide a high level of safety

while maintaining efficiency.
 

It must be noted that fuel air ratio control systems are
 
not used on natural draft process fired heaters...
 
Although, attempts have been made in Using, the air side
 
burner pressure drop as an indication of air flow rate,
 
these attempts have been unsuccessful.
 

Fuel air ratio systems are most useful when load changes
 
are frequent and erratic. In general, fuel air ratio
 
systems become economical when operator attention is at a
 
minimum, and the instrumentation cost can be offset by
 
reducing manpower.
 

3.0 EMPMENT LIST/SIZE
 

Assorted controllers,indicators,transmitters, meters,
 
actuators, electricals and pneumatics. Refer to the
 
attached sketch .
 

4.0 PREDICTED UERGY SAVINGS
 

Indeterminate.
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5.0 INVESTMNT D ASSCIATEDr-,D.iNOMIC EVALUATION
 

Investment in a fuel/air ),.it control system is not
 
recommended. Refer to Sectioris 6 J and 7.0.
 

6.0 CONCLUSIONS
 

Fuel air ratio control systems can save a considerable
 
amount of fuel and operating cost. However, if boilers or
 
process fired heaters are properly attended by operating

staff the same savings can be realized without investment
 
in a fuel air ratio control system. In the cement plant

boiler loads do not change from one level of operating

load to another at a rate rapid enough to prevent

operating staff from being able taj maintain excess air.
 
Fuel air ratio control systems require a good amount of
 
attention on the part of instrument technicians. If
 
this attention is not given to the ratio control system it
 
is reasonable to assume that no improvement over a boiler
 
without a fuel air ratio system can be made.
 

7.0 RBECONL
tNTITS
 

This ECO is not recommended. Although as stated in other
 
ECO's oxygen analyzers and fuel metering are very strongly

recommended. This will provided the operating staff with
 
sufficient information to maintain efficient operation of
 
the boilers or process fired heaters. In addition, proper.

training and -supervision of operators...cannot'be­
overemphasized.
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GENERAL 	 Annual Savings, TOE : 787
 
Annual Savings, $ : 134,261


CAPACITOR INSTALLATION 	 Investment Cost, $ : 103,620

TO IMPROVE POWER FACTOR Payout: Simple, Yrs : 0.77
 
(FACTORY 1) DCF ,% : -­

ECO-34
 

1.0 PURPOSE
 

The purpos. of this ECO 	 is to improve the existing

electrical system power factor from the current value of 60­
70%, as reported and spot checked, to 90-95%.
 

The proposed capacitor banks installation (i.e. improved

higher power factor) will reduce electrical system voltage

drops and associated 12R losses in system cabling

transformers, reactors, etc.
 

This ECO as well as ECO-28 	both serve to provide a more

economical and efficient electrical system. Only one of
 
these ECO's is necessary to achieve this outcome. Results
 
from these ECO's are not additive.
 

Technical articles referring to power factor correction may

be found in Appendix 8.
 

2.0 JOCESS DESCRIPTION 	 . .
 

The present Helwan Portland Cement Company, Factory 1,

electrical system consists of an existing under utilized
 
steam and diesel generating station feeding isolated
 
equipment and several utility feeders for the remaining

installations. In the new system proposed by HPCC, the 6.3
 
kV distribution system will connect Factory 1 to the Factory

2 power system which presently runs at approximately 90%
 
power factor. At that time, Factory l's power factor should
 
then be approximately 90%.
 

3.0 EQUIPMENT LYST/SIZE
 

The electrical equipment required for this ECO will be
 
capacitor banks of required kVAr and voltage rating,

controlled motor controllers (circuit breakers), and
 
supplied with fused switches and cabling as required.
 

The equipment required is listed below.
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Existing eauiDment Recuired eauiDment
 
kVAr kV
 

CH4 700 kW 6.3 kV 200 7.2
 

sec, 

WRM 500 kW 6.3 kV 150 7.2
 

WCM 700 kW 6.3 kV 200 7.2
 

sandmill 260 kW 3.0 kV 75 4.16
 

CCM 410 kW 3.0 kV 125 4.16
 

CMI 630 kW 500 V 175 0.575
 

CM3 560 kW 500 V 150 0.575
 

RM2 670 kW 500 V 200 0.575
 

sec, 2 

RM3 560 kW 500 V 150 0.575
 

RM1 635 kW 500 V 175 0.575
 

C112 560 kW 500 V 150 0'5751
 

4.0 PREDICTED ENERGY SAVINGS
 

Based on Factory 1 estimated 10% energy loss in power system
 
cabling, transformers, etc., a 25-30% improvement in power
 
factor would reduce the losses by 40% of the system loss.
 

Plant Annual Estimated Reduced Annual Energy savings
 
.O .E .
kWU (Table IA) system losses kWh T


78,059,000 4% 3,122,360 787
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALTATION
 

The estimated total investment and cost savings are below.
 
Figures are based on worldwide equipnent and utility costs.
 

Investment cost Annua. cost savincis
 
$ E _ - L.E. 

103,620 232,100 134,261 53,080 

1 Electricity T.O.E. values include a typical 34% efficiency
 

factor and correspond to generating electricity using a
 
condensing steam turbine system.
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6.0 CONCLUIONS
 

In addition to above noted energy savings, i.e. improved
 
system 12R losses, there are additional benefits.
 

a) 	 Improved electrical system capacity for future
 
expansions.
 

b) 	 The reduced voltage drop may require lowering
 
transformer taps for proper system voltages.
 

c) 	 Improved voltage drop during large motor startups.
 

7.0 	 RECOMMENDATION
 

This ECO should be incorporated into the proposed Factory 1
 
new electrical distribution system design.
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GZIEERAL 

INSTITUTE A PERMANENT 
PROGRAM FOR STEAM TRAP 
TESTING 

Annual Savings, TOE : 24 
Annual Savings, $ : 2,768 
Investment Cost, $ : 3,754 
Payout: Simple, Yrs : 1.36 

DCF ,% : -­

FCO-35! 

1.0 PURPOSE 

The purpose of this ECO is to institute a permanent program

for steam trap testing in order to replace defective traps
 
as soon as practical.
 

2.0 _ DESCRIPTION
 

Based on the results of testing steam traps covered in a
 
previous ECO, it is evident that a permanent program should
 
be started to test all steam traps. Much of the efforts to
 
save steam in the plant can be wasted if the steam traps
 
are not working properly.
 

The program must be a permanent one and should be under the 
control of the plant energy coordinator and his committee. 
At a very minimum each trap must be tested once per year;
however, a more frequent period of testing is strongly

recommended. It is preferable to test traps operating over
 
1600 kPa (16 Bar) weekly, those operating from 200 to 1600
 
kPa (2 to 16 Bar) monthly, and lower pressure traps at least
 
once annually. A trap item number and permanent metal tag
 
must be assigned to each trap and records maintained to
 
indicate testing dates, results and trap replacement.
 

A sample inspection check list is given on the next page.
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Items to Inspect
 

1. 	 Has trap failed in closed position?
 

Feel 	trap. If cold, trap is bad.
 

2. 	 Check system downstream of trap.
 

Close valve to return line and open valve to
 
atmosphere. If a considerable amount of
 
water droplets are issuing from trap together

with steam, trap is working.
 

3. 	 Check system - using an ultrasonic
 
tester or stethoscope.
 

Intermittent sounds coming from a bucket
 
trap, a thermostatic trap, and a
 
thermodynamic trap mean that trap is
 
functioning properly.
 

4. 	 If trap is not functioning properly:
 

Use exact replacement parts as manufactured
 
by trap maker.
 

Replace all gaskets. Make sure that the
 
-metal surfaces are absolutely clean- before.
 

. applying gaskets. ... . 1 -. - - : 

Connect correct type of trap to steam
 
pressure at which it operates and test it to
 
make sure that it is in proper working order.
 

Simple devices, like a slide rule similar to Spirax-Sarco

"Select a Trap" are available to replace failed traps.
 

The benefits of a permanent trap testing program can be as
 
follows:
 

1. 	 Reduction in steam losses.
 

2. 	 Life expectancy of a trap can be determined from plant
 
records before repair or replacement is required.
 

3. 	 The best trap for particular services can be determined
 
by analysis of records of performance.
 

4. 	 Cost figures are available to support how much a
 
particular trap is costing.
 

5. 	 Only 5 percent of the plant steam traps will require

attention at one time, thus less maintenance is
 
required.
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3.0 EOUIPMENT LIST/SIZE
 

-	Steam traps as required.
 

-	Identification tags.
 

-	Ultrasonic tester (Sonic, Model 3000 M).
 

4.0 PREDICTED ENERGY SAVINGS
 

From the steam trap survey covered by ECO's 8, 14, and 21,

it was noted that the estimated steam loss at this time from
 
defective traps for the entire plant is 385 kg/hr. Assuming

that the traps are tested once a year and the average life
 
expectancy of a trap is 7 years, the steam loss that can be
 
avoided by instituting a permanent steam trap testing
 
program is estimated to be 27 Kg/hr.
 

Therefore, energy savings that result from a permanent steam
 
trap testing program is estimated to be as follows:
 

Annual Energy Savings
 
T.O.E. 	 Tons mazout
 

24 24.7
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The estimatad total investment and annual- cost savings..for

repairing all steam traps is below. Figures are based on
 
worldwide equipment and utility costs.
 

Number of defective steam
 
traps to replace annually 	 2
 

Cost to replace traps, $ 	 1,230
 

Cost to tag traps and
 
purchase ultrasonic test equipment, $ 2,524
 

Total nyvestepi Annual-Cost Savings
 

3,754 8447 	 2,768 692
 

Representatives of steam trap manufacturers will offer a
 
service to survey steam traps in plants. This service costs
 
approximately $8 to $10 per trap. Since we found only 12 
steam traps in HPCC, the cost of testing the steam traps
either by plant personnel or by the manufacturer's 
representative, is negligible.
 

6.0 CONCLUSIONS
 

The initiation and carrying out of a permanent program to
 
test, repair and replace steam traps has a very attractive
 
payout. This ECO is essential to efficient plant operation
 
and must be carried out year after year.
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7.0 	RECOMMENDATION
 
This ECO should be initiated immediately and carried out
 
continuously.
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GENERA 	 Annual Savings, TOE : Not
 
Annual Savings, $ : Applicable


FORM A COMMITTEE TO PLAN Investment Cost, $ : 1
 
AND IMPLEMENT ECO'S Payout: Simple, Yrs : o
 

DCF , % :
 

1.0 PURPOSE
 

The purpose of this ECO is to ensure that the conclusions
 
and recommendations contained within the Audit Report are
 
implemented in a timely manner through the tormation of a
 
committee who will be given the responsibility to establish
 
short range and long range plans to implement the in­
country housekeeping and investment ECO's as well as the
 
foreign investment ECO's.
 

2.0 PROCESS DESCRIPTION
 

Plant management must show its commitment to energy
 
conservation by appointing a committee consisting of
 
representatives from each department of the plant. The
 
chairman of the committee is the energy coordinator for the
 
plant, who should report directly to plant management.
 

The committee must meet at least once a month (more
 
frequently when it is first gettinq started) to establish a
 
specific plan for energy conservation implementation., Tts
 
first priority is to begin implementation of low cost in­
country housekeeping ECO's and to develop a plan and a
 
budget for the implementation of investment ECO's.
 

The recommendations and priorities established in the audit
 
report must be carefully studied by the committee to help

formulate the most reasonable and effective plan possible
 
for implementation.
 

Once implementation is begun the committee must continuously

monitor the results and compare the savings actually

achieved with those originally predicted. In this way the
 
effectiveness of the program and the achievement of
 
previously established goals for reduction in energy

consumption can be firmly substantiated.
 

An example of the systems and methods used to implement this
 
ECO is included in Appendix 4.
 

3.0 EQUIPMENT LT/SIZE
 

No new equipment and no new personnel are needed to for the
 
committee.
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4.0 PREDICTED ENERGY SAVINGS
 

This 	will be a function of the committee's effectiveness in
 
seeing to it that the ECO's recommended in the Audit Report
 
are implemented in a timely manner.
 

5.0 	 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

None, not applicable to this ECO.
 

6.0 	 CONCLUSIONS
 

The 	formation of the committee and the appointment of an
 
energy conservation coordinator are crucial initial steps in
 
the establishment of an effective program of energy
 
conservation.
 

7.0 	RECOMMENDATION
 

Formation of the committee and appointment of the energy

conservation coordinator should proceed without delay. This
 
should be the first implemented in-country ECO.
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GENERAL 	 Annual Savings, TOE : Not
 
Annual Savings, $ : Applicable


PUBLICITY TO MAKE Investment Cost, $ : I
 
EMPLOYEES AWARE OF THE Payout: Simple, Yrs : t
 
IMPORTANCE OF ENERGY DCF , % :
 
CONSERVATION
 

1.0 PURPOSE
 

The purpose of this ECO is to make all employees of the
 
company aware of the importance of energy conservation
 
through the use publicity, memos, newsletters, etc. Doing

this will help insure that each employee will contribute
 
toward making the overall energy conservation program a
 
success.
 

2.0 PROCESS DESCRIPTION
 

In any effective energy conservation program, ideas must
 
flow in two directions, from management to the employees and
 
back up to management. Management must take the first step

by showing its commitment to energy conservation through

publicity such as posters, memos, newsletters, suggestion

boxes, and contests/awards for the best energy conservation
 
ideas submitted by employees. Once all employees see that
 
energy conservation is being treated as a serious' and
 
important matter by their company, they in turn will act in
 
the same way.
 

Responsibility for seeing that employees are made of
aware 

the importance of energy conservation must be shared by both
 
plant management and by the committee responsible for energy
 
conservation implementation.
 

An example of the systems and methods used to implement this
 
ECO is included in Appendix 5.
 

3.0 EOUIPMENT LIST/SIZE
 

No new equipment and no new personnel are needed to
 
implement this ECO.
 

4.0 PREDICTED ENERGY SAVINGS
 

Not applicable to this ECO.
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

A modest annual budget of approximately LE 2,000 should be
 
established to pay for the publicity material (posters,

newsletter, etc.) needed to implement this ECO.
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6.0 CQHCLIOIS
 

Although it may not be possible to precisely measure the
 
effectiveness of an employee awareness program, 
it is
 
nevertheless a most necessary step in establishing 
the
 
proper mental attitude needed to initiate an effective and
 
comprehensive energy conservation program.
 

7.0 RECOMMENDATION
 

Immediately following the formation of the energy

conservation committee, 
a program of employee awareness
 
should be initiated.
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Organization for Energy Planning 
 REF. Energy Conservation
 

Helwan Portland Cement Company 
 DATE March, 1988
 

3.7 Basic EngineeriLng:atA:
 

The Basic Engineering Data (B.E.D. Sheets) which will be
used during the audit and subsequent design of the various ECO's
is given in the pages which follow. The source for the data

listed below is as follows:
 

lity (Paragraph 3.0)
 

Fuels - Per Egyptian General Petroleum Corp. and developed
by Foster Wheeler from data obtained from Stanford 
Research Institute. 

Electric Power - From Organization for Energy Planning (OEP)

and developed by Foster Wheeler 
from data obtained

by Stanford Research Institute.
 

Steam - Developed by Foster Wheeler from data obtained from
 
Stanford Research Institute.
 

Water - Developed by Foster Wheeler from data obtained by

Stanford Research Institute.
 

Meteorological Data (Paragraph 4.0)
 

As developed from data provided by Egyptian Meteorological

Authority for a five year period (1978 through 1982).
 
Minimum Dry Bulb Temp. is average of mean minimum
 
temperatures.
 

Design Dry Bulb Temperature is average of mean maximum
 
temperatures.
 

Design Wet Bulb Temperature is determined from Psychrometric

Chart using an average relative humidity of 64 percent.
 

Utility Information (Paragraph 5.0).
 

Fuel oil specifications -
Per Egyptian General Petroleum
 
Corporation.
 

Sular specifications -
 Per Egyptian General Petroleum
 
Corporation.
 

Rule from Electric Billing
 

Specified by contract between the plants and the Electric
 
Authority.
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Orgia Atio 	for Energy Planning REF. 
Energy Conservation
 

Helwan Portland Cement Company 
 DATE March, 1988
 

ENERGY CONSERVATION PROJECT
 

BASIC ENGINEERING DATA
 

1.0 Gnarl:
 

This form defines the basic engineering data which will
provide the technical and economic basis for the evaluation
of energy conservation opportunities (ECO's) for the audit.
 

2.0 Economic Guidelines:
 

2.1 Operating Time:
 

2.1.1 Number of operating days per year -3 (e 

2.1.2 Number of shifts per day 
3. 7 days/week (both),
 

2.1.3 	 Normalized number of operating hours per year
 

7446 (wet)
 

2.2 Economic Evaluation Basis:
 

2.2.1 r-Yback priority list, simple basis yes
 

2.2.2 Discounted cash flow 
 yes
 

Taxes 32%
 

Inflation 30%
 

Interest 14%
 

Required R.O.I 
 6-8% (if known) 

Project Life.0 yrL 

Depreciation -ti 

Salvage Value .2.5% (initial investment)
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Qjganjation for Energy Planning 


H21WM Portland Cement Company 


3.0 	1iLjjt Ct
 

Utility Units 


Fuels 

Mazout (16) Metric'Ton 

Sular Metric Ton 

Electric Power KWH 

Natural Gas M3 

Propane (liquid) M3 

M3
Butane (liquid) 


Steam (2)
 

(3) High Press. Metric Ton 


(3) Med. Press. Metric Ton 


(3) Low Press. Metric Ton 


Water
 

Raw Metric Ton 


Cooling Metric'Ton 


REF. Energy Conservation
 

DATE March, 1988
 

Public Sector World
 
Domestic Price 
 Price
 
(L.E.)/Unit $/Unit(1)
 

28 	 112.07
 

60 	 .150.64
 

0.017 0.043
 

0.0302 0.078
 

12.24 
 65.33'+.
 

;102.28
 

3.26 11.66
 

3.11 
 11-.09 :
 

2.94 10.49
 

0.00 0.18
 

0.006 0.015
 

Notes:
 
(1) Based on "Mid 1987 Prices" provided by the Stanford
 

Research Institute (latest figures to date)
 

(2) Steam Pressures
 

liP - 40 ATM or more
 
MP - 10 ATM to 40 ATM Boiler efficiency assumed to
LP -	3 ATM to 10 ATM 
 be 75%
 

(3) The price of condensate or boiler feed water isI0 % of
 
steam price.
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Qrganization for Energy Planning
Helwan Portland Cement Company 

REF. 
DATE 

Energy Conservation 
March, 1988 

4.0 Meterological Data 

4.1 Meteorological Data: (Cairo Area) 

Temperatures:
Minimum Dry Bulb 6 °C 
Design Dry Bulb 34 OC
 
Design Wet Bulb 28 OC
 

Note: For insulation calculations use dry bulb
 
temperature at 20 °C.
 

Wind Velocity and Direction: 0 - 15 km/hr Random
 
direction
 

Winterization Area Classification: None.
 

Allowance for Earthquake Forces: None.
 

Rainfall: Less than 10 cm/yr.
 

Design Humidity (relative): 64% (34 oC/28 oC)
 

5.0 Utility Information
 

5.1 	 Fuel Oil #6 (mazout):
 

Temperature 	(pour point) , OF00.0 
°C 37.8
 

Specific Gravity @ 15/4 °C 
 0.990
 
Viscosity, R I @ 100 OF 
 2000.0
 
Sulfur, % by wt. 
 2.5
 
Heating Value, J/M Ton 4.017 x 1010
 

5.2 	 Diesel (sular):
 

Specific Gravity @ 15/4 °C 
 0.840
 
Viscosity, R I @ 100 OF 
 60.0 	max
 
Sulfur, % by wt. 
 2.0
 
Heating Value, J/M Ton 4.467 x 1010
 
Flash Point P.M. Closed, OC 65.0
 

5.3 	 Natural Gas:
 

Specific Gravity @ 15/4 0C 
 0.56 (air - 1.0)
 
Heating Value, J/M3 37,2561270,"
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5.4 Propane:
 

Specific Gravity @ 15/4 0C 
 0.51

Heating Value, kcal/kg 11943
 

J/M Ton 5.00 x 1010
 

5.5 Butane:
 

Specific Gravity @ 15/4 0C 
 0.58
 
Heating Value, kcal/kg 11722
 

J/M Ton 4.908 x 1010
 

6.0 Rules for Electric Billing
 

The following rules for electric billing (or application of
rates) will ap-ly to 
economic analysis of ECO's which relate in
depth to the cost of power. These rules assume a consumption at
more than 625 KVA (500 kw), at a voltage level of 380 volts, for
industrial uses other than limited lighting.
 

6.1 DaFacto
 

The demand factor envisions 
a base load for this complex,
which is -- kw, and allows excursions beyond the baseperiod not to exceed 
zero minutes per excursion. If this
excursion limit 
is exceeded, the electric bill is calculated on
the basis of this maximum load condition for the billing year (5%

grace is allowed).
 

6.2 Power Fact-'
 

The target .ower factor for all users 
is 1.0.. Two price
variations exist, however, based on an acceptable power factor of
0.8. These are respectively, an incentive, and a penalty,

well as a shutdown clause. 

as
 

6.2.1 Power Factor incentive:
 

An incentive of a discount on the electric bill is
offered, at a rate of 0.5% discount (factor 0.005) on each
percent of power factor greater than 0.8 
 (i.e. a maximum

of 20 steps at 1% to achieve a P.F. = 1.0).
 

6.2.2 Power Factor Penalty!
 

A penalty of an increase on the electric bill is
mandated, at a rate of 0.5% increase (factor 0.005) on each
percent of power factor less that 0.8 
 (i.e. a penalty of

10 x 0.5% or 5% for a PF equal to 0.7).
 

5
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Additionally, if the power factor is 0.6 
or less, a
second 0.5% increase per 1% of P.F. is additive, for a
total penalty of 1% of P.F. below 0.6.
 

6.2.3 Shutdown for Power Factor:
 

The billing system provides a clause to shutdown any
user who has a power factor of less than 0.6, who does not
correct this adverse power factor within 3 months.
 

The following rates 
are based upon 
a yy billing basis,

and normally apply to a fiscal year from July to June.
 

The bill is based upon the 
sum of several elements, which
consist of three major categories, thereafter ratioed up or down
by the power factor rate adjustment.
 

The three major elements are:
 

a) constant annual charge, based on the maximum stated
 
demand, and priced at 7.756 LE/year for each kw.
 

b) a cost per KWH consumed, on a sliding scale, in accord
 
with table #1.
 

c) taxes, which are the sum of:
 

o 
broadcast tax, @ 0.001 LE per KWH for lightingl.
o consumption tax, @ 0.005 LE per KWH for lighting1
 o power tax, 0 0.0001 LE per KWH for 90% of KWH. 
.
 

See Table #1 on next page.
 

1 assumed to be 10% of total.
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KW1! Rate Table $1
 

1 2 	 4
3 	 5 6 -7

Range Time Maximum Total Total Power Rate Cost
 

Rate Power Power Remaining
 
(measured)(calculated)
 

(hours) (KW) (KWH)/year (KWH) .(KWH) (LE) (LE)
 

1 	 1000 0.0312

2 500 0.0294
 
3 	 1000 
 0.0256
 
4 	 1000 
 0.0220
 
5 	 1500 
 0.0167
 
6 note 7 
 0.0143
 

Notes:
 

1. 	 column 1 represents hours at the stated demand rate, i.e.
 
first 1000 hours, next 500 horus, etc. Range 6 does not
 
have 	an entry, since the power at range 6 is found by

difference.
 

2. 	 column 2 is the maximum rate, as determines from short term
 
maximum during the year (not applicable to range 6)
 

3. 	 column 3 is measured power at the meter, in KWH, for the
 
billing year (enter at range 1 position only).
 

4. 	 column 4 is total power calculated, as the product of
 
columns 1 & 2.
 

5. 	 column 5 is remaining power, as column 3 column 4 for
-

range 1, and thereafter the entry for the previous range
 

- minus the entry for the previous range minus the entry in
column 4 for the current range, i.e. power in KWH not yet
accounted for. 

6. 	 column 7 is the product of columns 4 & 6, until such time as
 
the power remaining is less that the power calculated.
 
When 	this occurs, colunm 7 is the product of the power

remaining (col,'mn 5) and column 6. Note that this occurs
 
always at range 6, if not before.
 

7. 	 Maximum hours which could exist in column 1 is: 
365 x 24 - 5,000 3,760 hours. 

7.
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PORTABLE INSTRUMENT LIST
 

Item Qty Instrument Type 
 Model No. Serial No. Brief Description
 
and Manufacturer
 

1. lea 	 Digital Thermometer * Micromite 48614-1-1 T/C Thermometer
 
Thermoelectric 
 3115300000 	 w/ Accessories
 

2. lea 	 Dial Thermometer 
 None None Temperature

(0/220 F) 
 Indicator
 

3. 	lea Dial Thermometer None None Ditto
 
(-40/160 F)
 

4. lea 	 Mercury Thermometer 
 None None Ditto
 
(0/330 F)
 

5. lea 	 Infared Thermometer LT-100 011924 Hand Held
 
M-C 	Product (-20/2000 F) Digital
 

Thermometer
 

6. 	lea Flue Gas Test Kit**** 10-8001 None Analyze Stack
 
Bacharach -
 Gases
 

7. lea 
Sample Test Cooler 11-7046 None 	 Accessory To
 
Bacharach 
 Test Kit
 

8. lea 	 Digital Stack Gas 50 
 12122 Same as no. 6
 
Analyzer-Enerac
 

9. lea 	 Anemometer 
 None 55609B Propeller driven

Davis 
 Air Flow 	Indicato
 

10. lea 	 Air Velocity Meter * 400-10 
 5806 Pitot Tube
 
Dwyer 
 Manometer
 

11. 	 lea Sling Psychometer 1330 None Measure Relative
 
Taylor 
 Humidity
 

12. lea 	 Ultrasonic Leak 3000 
 801621 Chezk for Steam

Detector-Sonic 
 Trap Leaks
 

13. lea 	 Stopwatch R-8672-20 None 
 Measure Fractions
 
Cole-Palmer 
 of Seconds
 

14. lea 	 Tachometer 363200 
 77GFO0288 Measure Shaft
 
Yokogawa 
 Speed (RPM)
 

15. 	 lea Liqhtmeter 214 154 Measure Lighting

General Electric 
 Levels
 

16. lea 
 Power Factor Meter COS0512 
 78267 Meter to Indicate
 
Epic Inc. 
 Power Factor
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Portable Instrument List
 

Item Qty 	 Instrument Type Model No. Serial No. Brief Description'
 
and Manufacturer
 

17. 	 lea KW/KVA Meter KW4802- 78267 Ileasures Power
 
Epic Inc. in Kilowatts
 

18. 	 lea Ammeter 1000 5707 Measure electric
 
TIF current in Amperes
 

19. 	 lea Volt-Ohm Meter 8021B 4330356 Meter Various
 
Fluke 
 Electric
 

Measurements
 

20. 4ea Volt/Ammeter Recorder** 230 80022AH Recording Meter
 
Rustrack 	 80023AH to Measure
 

80024A1 Current/Voltage
 
80026AH
 

Includes loose thermocouples and accessories
 

2ea type J, 36" long thermocouples
 
lea type K, 4" long thermocuuple
 
lea type K surface contact thermocouple
 
lea armored extension handle
 
lea charger, 229vac
 
2ea extra rechargeable batteries
 

** Includes extra chart paper(10 rolls amp/10 rolls volt) 

* Includes additional red gauge oil (I quart bottle and 5ea 3/4oz. bottle)
 

* Isicludes following consuminables:
 

36ea tubes of CO detector
 
3ea bottles Fyrite C02 indicator refill (11-0058)

3ea bottles Fyrite C02 indicator refill (11-0057)

2ea bottles Fyrite 02 -dicator refill (11-0059)

3ea bottles Fyrite 02 indicator refill (11-0169)
 

1'" ' 
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2. ENERGY CONSERVATION PROGRAM IMPLEMENTATION
 

2.0 LNYRODUCTION 

This section of the kit describes the initiation and 
implement ition of an energy conservation program. 
Section 2.1 is an outline of the elements of a pro-
gr3m. , may be used as a guide to design your 
own program, tailored to your company's require-ments and capabilities.Thmeoadarbseonaypteia 

I or those interested in more detail, the remainder 
ef Section 2, starting with 2.2, illustrates the ir-
pcrtant steps in the program by a series of memo-
randa based on the internal correspondence gener-
at a.. several actual energy conservation pro­
grams. Many of these communications could be 
accomplished verbally at stall meetings and corn-
mitrec meetings and then be documented in minutes. 
AU of your needs may not be anticipated and some 
of the actions illustrated may not be necessary or 

appropriate for your management structure but you 
will find illustrated in this section most of the neces­

communications. SuLestcd methods and forms 
for recording and reporting plant survey data and 
for 	 tracking th- progress ol the program are in­
cluded. 

The memoranda arebased on a hypothetical comn 
m.
 

pany, the ECONERGY Company, wb:ch has two 
prcduction departments, a utilities department, a 
maintenance department. and an admin~trative serv­
ices department responsible for the purchasing. ac­
counting, shipping, and receiving functions. 

The formal organization chart for the ECON-
ERGY Company is shown below for reference. The 
names shown beneath the department blocks am 
the names of members of the Energy Conservation 
Committee. 

0. T.Parker 
Plant Manager 

[ e I e Hedd Dept. Head Dept. Head Dept. Head 
Operations "A" Operations "B" Administrative Services Utilities hiintenance 

W.0.Smith A.B.Jones R.B.Robinson J.C.Baker, T.G.Mhnhall 
Coordinator 

2.1 	 PROGRAM OUTLINE 
Refereneefertcm 

secton 	 Sectdon 

. TOP MANAGEMENT COMMITMENT 	 2. A coordinator appointed by and 
A. Inform line supervisors of: 	 2.3.1 reporting to management 

1.The economic reasons for ic Note: In smaller organizations, 
need to conserve energy the manager and his staff 

2. 	 Their responsibility fo imple- may conduct energy con­servation activities as 
part of their manage­meriting energy saving actons in 
ment duties.the 	areas of their accountability 

B. 	 Establish a committee having the re- 2.3.1 C. Provide the committee with guide- 2.3.1 
spousibility for formulating and con- lines as to what is expected of them: 
ducting an energy conservation pro- 1. Plan and participate in energy 
gram and consisting of: saving surveys 
I. 	 Representatives from each de- 2. Develop uniform record keeping. 

partment in the plant reporting, and energy accounting 

2-1 



3. 	Research and develop ideas on 
wa} sto sa~e energy 

4. 	Communicate these Ideas and 
suggestions 

5. 	Suggest tough, but achievable, 
goals for energy saving 

6. 	Develop ideas and plans for en-
listing employee support and 
participation 

7. 	Plan and conduct a continuing 
prograzu of activities to stimulate 
interest in energy conservation 
efforts 

D. 	Set goals in energy saving: 
1. 	A preliminary goal at the start 

-of the program 
2. 	Later, a revised goal based on 

savings potential estimated from 
results of surveys 

E. 	 Employ external assistance in sur-
veying the plant and making recom-
mendations, if necessary 

F. 	Communicate periodically to em-
ployees regarding management's em-
phasis on energy conservation action 
and report on progress 

LOSSESIL 	 SURVEY ENERGY USES AND 

A. 	Conduct first survey aimed at identi-
fying energy wastes that can be cor-
rected by maintenance or operations 
actions, for example: 
1. 	Leaks of steam and other utilities 

out of adjust-2. 	 Furnace burners 
ment 

3. 	Repair or addition of insulation 
required 

when not4 	Equipment running 
needed 

B. 	 Survey to determine where addi-
tional instruments for measurement 
of energy flow are needed and 
whether there is economic justifica-
lion for the cost of their installation 

C. 	Develop an energy balance on each 
process to define in detail: 
i. 	 Energy input as raw materials 

and utilities 
2. 	Energy consumed in waste dis-

posal 
3. 	Energy credit for by-products 

Reference 
Section 

6.2 

2.8.1, 
2.3.2 

2.5.2. 
2.6.1, 
2.6.2. 
2.6.3 

2.5.3 

2.5.3 
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Refererc 
Section 

4. 	 Net energy charged to the 
product 

5. 	Energy dissipated or wasted 
Note: 	 Energy equivalents wMine-d 2.5.4 

to be developed for A.draw 
materials, fuels, and utities, 
such as electric power, s:cam, 
ce=-, in order that all energy 
can be expressed on the cor­
mor basis of Btu units. 

D. 	Aualyz all proccss energy balances 2.5.3 
in deph: 
1. Can waste hlet be recovered to 

g=n.-ate steam or to beat water 
cr a raw material? 

2. Ca, a process step be eliminated 
r mxiified in some way to re­

duc one'Wy use? 
3. 	Can an alternate raw material 

with lower energy content be 
used? 

4. 	 Is there a way to improve yield? 
5. 	Is there justiflcation for: 

a. 	Replacing old equipment 
with new equipment requir­
ig less enerQy? 

an 	 obsolete, in­6. Re-acinge rces withacint plant 
a. whole new and different 
a- whoe n less energy? 

2.7.5weked nightE.rcondc s and sur-
dc a nd 2.5.2E. 	 Ce 

F. 	 Plnsuveys on ec.fic systems and 2.5.3 
equiPlnent, such as: 
i. p n system 

2. 	 CSiam d air system 
3. oeex-dc motors 
4. 	 E -agas lines 

5. 	 Jfeting and air conditioning sys-

IlL 	 IMPL.MNIENT ENERGY CONSERVATION 
ACONS 

A. Correct en=r wastes identified in 2.6w 
the first survey by taking the neces­
sary m.izintenance or operation ac­
tions 

B. List all energy conservation projects
 
evolving from energy balance anal­
yses, surveys, etc. Evaluate and se­
lect projects for implementation:
 



Rdaco 	 Raferem 
SWUMo 	 Secsou 

1.Calculate ann" energy savinp . lveigate, Identify, and cor­
for each project tect the cause for insa 

2. 	 Pwect Lfurc energy costs &-A tsat r iy occur in Btu unit 
calculate aunt 31dollar say "jr of product, if !easble 

3. 	 Estimate project capital or c- B. Continue energy conservation rom- 2.7.5 
pense col mn= Icdvite 

4. 	 Evaluate investment merit of 1. Hold pf mcdnp
projects using measures, such a 2. Each committee member is the 
return on invesment, tc. commuication link between the 

5. 	 Assign rpioritirs to projects COmm EM and the department 
based on invCStment merit supervisors represented 

6. 	 Select comservatioo projects for 3. Priodily update energy sav­
implementation and request cap- ing project liss 
ital authorization 4. pim and participt-e in ene¢riy 

7. 	 Implement authorized projects ng surys 
C. Review design of all capital projects. 2.7.2 s. cnergy const-,v.
 

such as new plants, espansions. doa techniques
 
buildings. etc. to assure that efficient 6. Plan and conduct a continuing
 
utilization of encrGy is incorpoted prop= of activities and corn. 
in the design. monicarion to keep up interest in 
Note: Include comide-atdon of ca- a o do, 

ergy availability in new equip. 7. Dewmlop coopration with com­
ment and plant decisions. mn ryorganizations in pro-

IV. DEVELOP CON"HtUrNG ENEKGY 	 motig energy conservation 
CONSERVATION EFFORT5 	 C Involve e=npl 'ecs 2.7.5 

A. Measure results: 	 2.5.7 1. Sevice on energy conservation 2.7.4 
1.Chart energy me per unit of pro- 2M.6 eombs- 2.6.4 

duction by department 2. Energy conservaidon training 
2. 	 Chart energy use per unit of pro- cous 

duction for the whole plant 3. Fandbook on energy comerva-
Note: The procedure for calculating 2.5.7 tim 

energy consumption per nit 4. Snaustion awards plan 
of product is presented in 5. "P.covition for energy saving 
"How to Profit by Conserv- A-b'==S 
ing Energy" 6. Tec'mical talks on Ughtn., in­

3. Monitor and analyze charts of 	 sultxon, man traps, and other 
Btu per unit of produc:. taking sbjecs 
into conside-ation effec-s of com- 7. ",aE.r'" posters, de:--ais, 
plicating variables, such as out- s . cm 
door ambient air temperature, 8. P21iiciy in plant news, bulle­
kvcl of production rate, nroduct ___ 
m11.I,-..*. 9. P"bliciry in public news media 
a. 	 Compate Btu product unit 10. ners on conservation to homes 

with past rerformance and 

If. Talks to local organizationstbeore:ical Btu/ product unit 
b. 	Observe the impact of en- D. Evaiuate prograrm 

ergy saving actions and pioj- I. Rcview progiess in cne=;y saving 
ect implementation on de- 2. Ev-aluate original goals 
creasing the Btu/unit of 3. Consider program modifications 
product 4. Revise goats, as necessary 

2-3 
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2.2 	 FORMAT AND CONTEN'' 
Throughout this section, the ice.-, reports, forms, 

and meeLing agendas are in time sequence. \bczr ap­
propriate, there are comments or explanatios which 
relate to the following memoranda. 

Energy costs and cost projections, quantities of 
etwrgy. and equivalent energy factors for utlities 
have been left as blanks, T-ther than stated numei. 
cally, In order to avoid any implication that the fig. 
ures are typical. Such numbers wil vary from indus­
try to industry, plant to plant, and region to region. 
Each plant must make its own determination of 
these figures. 

Names of individuals and of the com-n a.ro 
course, fivtious. 

Please note the de.flnidons of the following sym­
bols used in this section: 

k = thousand or kilo 
M = millon or mesa 

2.3 	 PLANT MANAGER TAKES FIRST 
/ CTION 

The plant manager has dee-ded that es ergy con­
servation must become a specific part of the company 
management program. He takes action by appoint­
ing an energy conservation coordinator and reques­
ing the head of each depamcnt to select someone 
to work with the coordinator. Wi actioas ar e . 
p:cssed in the folowing memoranda. 
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SCONEAG V COMPANY 	 INTER.-FFICE CORRESPONDENCE 

SJmu&ay 7, 1974 

Depa ment Heads 

e"m" D. T. Parker, Plant raager 

*E' Fomation of Energy Conservation Committee 

The rising costs of energy and the allocations brought about by
sbortages have become a problem of increasing concern. The need for 
mergy conservation has been discussed in previous staff meetings, but 
frankly we are not getting the results we want. 

Mfany companies achieved S to 10% savings in energy usage last year by 
iopleaenting formal energy conservation programs. Our plant uses 

million Btu of energy yearly and our anpual bil for purchased 
1"1ari i electric power is about $ at current energy prices. If 
ire could achieve, for example, a I1-E- in our annual consumption, 
that would be a saving of $ -- an appreciable amount of money. 

onsider also that energy costs are rising at a rate of about _ 

per year.
 

We rest initiate an ag.;ressive energy conservation program at once. h'e 
need to establish a committee with the responsib'.liry for forulating 
ad conducting the program. I am appointing J. C. Baker to the fuiltime 

•responsibility 	 as conmittee coordinator, reporting directly to me, and 
I am asking that by one week from today each of you assign sr'aeone to 
represent your department on the comnittee. That person should be 
knowledgeable and influential. He will be the communication link 
between the connittee and the key supervisors in your areas. Appoint­
met to this camnittee will be considered a major assignment .-equiring 
a significant amount cf time, particularly during the early stages of 
the energy conservation program. 

savEnergy 
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We expect the camdttee to research and corse up with ideas, to establish 
an energy conservaticn goal, to canmunicate suggestions on ways of 
achieving that goal, to develop a conunon economic base to work from, and 
to do some Tecord keeping. The committee will need to comoile lists of 
energy conservation projects, their costs and benefits so that we can 
plan our expenditures. Ar vi.l be tJfieine sutperviors, how,er, who 
nust see to it that actions are taken to accomplish energy conservation. 

! suggest that a good way to kick off tne program would be to conduct 
out the energy streams to identifysurveys throughout our plant - tracing 

where our energy is used so thit w taed enurgy can be reduced or elimi­
natetd. Fixing leaks oE steam and other utilities, adjusting furnace 

or adding insultion areburners, rupaixing s-eam traps, and repairing 
we can take imnediatelysome of the maintenance and operating actions to 

start realizing energy savings. The Energy Conservation Program Guide 
for Industry and Commerce (EPIC) published by the U. S. Department of 
Commerce wiJl provide the guidance for developing our program. 

thormughly convinced that the continuing success of our companyI am 
requires that we use our energy supplies as effectively as possible. The 

wM depend upon the support and interest that we,success of cur program 
as manageomnt, damnstrate. 

I think we should set a tough, achievable goal for ourselves. Let's set 

an initial target of 101 savings in energy this year. This goal can be 
conduct our surveys and estimate the actual potentialrevised a:Ler we 

savings.. 

savEnergy 
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2_3.2 

ECONERGY COMIPANY 
'EMPLCYEE BULLETIN 

Date: January 15, 1974 

TO: All Employees 

Frna D. T. Parker, Plant Manager 

Subject: Initiation of Energy Conservation Program 

Television, radio and newspapers are filled with reports on the energy
 
shortages. This problem has implications far beyond the inconvenience
 
we experience at our local gasoline service stations. This energy
 
problem has a potentially serious impact on American industry, including
 
the ECQMERGY Company.
 

Not only are the costs of purchasing e'ectricity and fuels soaring but 
the availability of our vital raw materials is declining as a result of
 
the energy shortages. To avoid production disruptions which may result
 
from these shortages, the ECONERGY Company is initiating a far-reaching
 
Energy Conservation Program (ECP) to identify and eliminate inefficient,
 
unnecessary, or wasteful uses of energy thxoughout the plant.
 

To accomplish this task I have apl ointed Mr. J. C. Baker, Utilities De­
partment, to head the Energy Conserv-ation Committee. This Committee 
will formulate a progrim w~dch will enable us to reduce our energy con­
srnption without disruption to our production flow. The support and 
active participation of every employee is essential if we are to achieve
 
our goal of 10% savings in energy use this year.
 

You will soon be seeing signs that say "savEnergy." This is more than
 
a catchy slogan: i: isa reminder that energy will always be available
 
at home am.d at work if we are careful 4. the ways we use it. 

savEnergy
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1.4 	 FIRST MEl TING OF ENERGY 
CONSERVATION COMMITEE 

As soon as the comminee coordinator learns of 
his new assinment, he starts planning how the 
committee can go about accomplishing the tasks 
set forth in the plant manager's letter (2.3.1). When 
he has the names of all members of the committee 
and a plan in mind, be calls a meeting of the com­
mittee and submits to them the proposed plan in the 
following letter. 

For simplification, we are assuming that the plan 
and assignments were accepted by the committee 
and no additional topics were discussed. However, 
if the committee agreed on some changes to the 
plan and/or talked about other matters, minutes of 
the meeting would be written and copies given 
to committee members. 

2-8
 



ECONERGY COMPANY 	 INTER-OFFICE CORRESPONDENCE 

oate; 	 January 18, 1974 

W. D. Saith, Operations "A" 
To: A. B. Jones, Operations "B" 

T. G. Marshall, Maintenance 
R. B. Robinson, Acministrati,e Services 

From. 	 J. C. Baker 
Energy Conservation Coordinator 

Sublac= 	 Committee Assignments 

D. T. Parker's letter dated January 7, 1974 outlines the formation of 
the Energy Conservation Comittee, to which we have been appointed, and 
indicates some of the actions we are to undertake. As he suggests, 
each of us should become thoroughly familiar with the program sugges­
tions and energy conservation opportunities described in EPIC. 

We must get started on several of the tasks immediately, so I have 
developed a plan ior dividing these duties among us. The first priority 

":aconduct a survey of present energy usage and to begin reducing or 
eliminating waste. Because of their familiarity with these problems, 
our cperations representatives, W. D. Smith and A. B. Jon-s, should be
 
responsible for developing a plant-wide plan for energy saving surveys. 

Anothe-r area that requires early attention- is the establisnent of a 
common 	 economic base from which to work. There will be energy saving 
projects that will involve dollar expenditures which require financial 
justification. We need a unifom method of calculating the value of 
savings for our various forms of energy - electric power, fuel, steam, 
and compressed air. As Utilities representative, I will undertake this
 
task. 

I uwxld appreciate it if R. B. Robinson of Administrative Services 
could obtain £rom Accounting data on the quantities of purchased fuel 
and electric power used monthly last year and this year. A continuing
plot of energy consumption per unit of production is necessary to help 
us monitor the progress in our plant-wide energy conservation effort. 

•savEnergy 
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In addition, we need to consider projected energy costs. So, would
 
R. B. Robinson also.please ask the Purchasing Section if they can devel, 
fuel and electric power cost projections for this year, three years a:W 
five years into the-future. 

We are going to need to communicate ideas and suggestions on energy con. 
servation techniques applicable to our plant. Since T. G. Marshall of 
Maintenance has had broad experience throughout the plant, I am asking 
that he assume responsibility for coordinating this function. To start 
with, we have several literature references and the Energy Conservatio 
Opportunities (ECO's) in EPIC. As time goes along, we surely will have 
generated additional ideas deserving of broad comunications through our 
committee. 

If all of you are in agreement with this plan, I suggest that each of us 
meet with the key supervisors in our areas this weck to inform thm of 
our program plans and to ask them to come up with energy saying projects. 

Let us meet again in my office one week from today, at the same time, to 
report our progress. If you are unable to attend that meeting or any
 
future meeting, please ask an alternate to attend in your place. 

cc: D. T. Parker
 
Plant Manager 

tavEnergy 
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2.5 SECOND MEEM"IG OF ENERGY 
CONSERVATION CONOTITME 

The week passes aud the committee holds its 
econd meeting. The coordinator gives each member 

a copy of the agenda shown on the next page. Then, 
in the sequence of the aj eoda, each member presents 
liis report, giving a co'," of his letter and attach­
mets to all present. The following six letters docu­
me the reports and proposals submitted at the 
meeaing. It is assumed that all these matters were 
accepted or approved 1y the committee. 

Note that in Section 2.75.4, and elsewhere in EPIC, 
a ratio of i0,000 Btu/iVh is used for illustrative 
purposes for the energy used by a utility to generate 
electricity. According to the Federal Power Com­
mission, the national average for 1972 was approxi­
matey 12,000 Btu/klTh. This figure wil! vary from 
region to region, however. 

211
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ECONERGY COMPANY 
INTER-OFFICE CORRESPONDENCE 

ow January "2S, 74 

To: Energy Conservati~a; Counitee 

Fron T. C. Baker, Coordinator 

Subie= Agenda for Second Meeting of the Energy Conservation Comittee 

1. Report of plans for energy saving surve)s 

2. Energy equivalents for plant utilitics 

3. Present and ,wojected future costs of energy 

4. mlonthly energy use for 1973 and 1974 

S. Proposed foms: 

a. Calculation of Btu per unit of production 

b. Tracking char= 

cc: 	D. T. Parker
 
Plant Mbanager
 

savEnergy 
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ECONERGY COMPANY 
INTER-OFFICE CORRESPONDENCE 

ote January 25, 1974 

To: J. C. Baker, Energy Conservation Coordinator 
T. G. MarshiU, Maintenance 
R. B. Robinson, A/dmistrative Services 

Fro Energy Saving Survey Team 
W. D. Smith, Operations "A" 
A. B. Jones, Operations "B" 

Subjc": Plans for First Energy Saving Survey 

The first survey will be aimed at identifying energy wastes that c= be 
corrected by maintenance or operations actions. The attached survey 
form indicates the types of wastes %4e will be looking for. In addi­
tion, we will refer to the Energy Conservation Checklist in EPIC. All 
process areas and buildings will be included in the survey. The main 
part of the survey will be conducted during normal daytime work hours, 
but one or more night visits will be required to search for excess 
nighttime lighting and HVAC (heating, ventilating, and air coaitijn­
ing), as well as equipment running when r 't needed. Areas or buildings 
that are in a full or partial shutdown condition on weekends will 
warrant weekend visits to look for energy use that is not necessary. 

The survey team proposes to conduct the survey of each area in cocpera­
tion with and accompanied by a forenan, supervisor, or engineer desig­
nated by the department head. Findings of the survey of each area winl 
be recorded on the attached form and copies will be made available to 
the department head, the maintenance department, and the Energy Con­
servation Comittee. 

Wor.z orders for correction of energy wast,.s will be prepar ' by depat­
ment supervi!.ors, as is the case for any other maintenance work. 

This week, the survey team will prepare a timetable for visits to the 
various areas and conmmicate the schedule to department heads. 

By copy of this letter to Mr. Parker we are requesting management en­
do:sement of our plans for this first energy survey. 

cc: D. T. Parker, Plant Manager 

savEnergy
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ECONERGY COMPANY 

INTER-OFFICE CORRESPONDENCE 

Date: January 25, 1974 

To: J. C. Baker, Energy Conservation CoordinatorT. G. Marshall, MaintenanceR. B. Robinson, Administrative Services 

From: Energy Saving Survey TeamW. D. Smith, Operations "A"
A. B. Jones, Operations "B" 

sutie.. Future Energy Savings Surveys 

After our first energy saving survey, utich isthe more obvious aimed at correction ofenergy losses, there arecertain will reveal additional ways 
other surveys which we feelto reduce energy consumption butw:hich probably will require capital invesment. 

1. The Enerzv Balance
 
The 
 basic data needed 

on each process 
for 

and 
c-ergy 

department. 
conservation efforts is an energybalance 

engineer in the department concerned, 
This study can be done by an 

the process flow sheet who is thoroughly familiar withor the building energy uses.define in detail The object is tothe energy input,Fated -nergy utilized,or a-stcd. In some and energy dissi­areasczpability. The cost 
this will require improving measuringof this additionalweighed measuring capability must beagainst the potential savings.
following energy flow diagr_ for a 

An example is shown on the
 
identified the steam generating un.t.individual Havingenergy ,astes, the engineer canrune methods for reducing or using then deter-
Cecklist in EPIC can 

these energy wastes. (The ECO 
evaluate 

be helpful.) The engineer's next task is tothe alternate methods and recommend the best one. 

savEnergy 
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AEnerg rvuamplu e 

aininAMeu e s 

After the energy balances have been completed, somae coordination by t.ie 
survey team is indicated. The survey team can contact the engineers ino 
have prepared the energy balances to determine if there are energy wastes 
that could be recovered economically but have no use ivithin their pro­
cess area. Let's say that there is potential for recovering waste heat
from furnace flue gases by using it to (a) preheat combustion air or 
(b) generate low pressure steam. Suppose that air preheat is impractical
because of furnace construction and there is no use for low pressure 
stcam within that department. The sur-vey team can cc auicate through
the energy conservation conmittee to other departments and perhaps find ause for the lcw pressure steam 

3. Survey of Pressure Reducing Stations 

Detercine location of all steam and high pressure gas, pressure-reducing
valves, upstream and downstream pressures, and flow rates. Evaluate 
feasibility of letting pressure down by flowing through an expander
driving some equipment, such as a p n or compressor. 

4. S..rev of Ccmnressed Air Pressure Requirenents 

Survey all users of plant air to find minimum pressure levels required.
Lowering compressor discharge pressure saves energy. If all but one or 
two users can be satisfied with a lower pressure, an evaluation of the 
feasibility of insqtalling a separate compressor or a booster to supply
these higher pressure users should be made. 

savEnergy 
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S. Steam Systen Survey 

a. Traps 

Review all steam trap installations. Are there too many traps on a
 
line? Or too few? Of an efficient type? Or inefficient? Are traps
 
sized properly? Installed properly? Are they functioning as they
 
should? Shoald traps receive special maintenance attention?
 

b. Increase Condensate 	 Return to Boilers 

Loss of condensate is a waste of heat and of valuable high purity 
water. Identify all sources of condensate and evaluate economic feasi­
bility of installing pump and insulated piping to return condensate to 
boiler feedwater tank. If condensate is contaminated, evaluate possible 
clean-Lp. 

c. Use of Lower Pressure Steam 

Search f6r situations where use of high pressure steam can be switched
 
over feasibly to lower pressure steam. It is advantageous to use the 
lcwer pressure steam where the higher pressure is not needed. This is
 
particularly true when the lower pressure steam is being supplied from 
extraction or back-pressure turbines or a low pressure boiler separate 
frc.n the high pressure boiler. Of course, lowering pressure by a 
pressure reducing valve 	offers no savings in energy. 

6. Survey for Oversized Electric Motors and Eauipment 

El- tric mtors and equipment, such as centrifugal pumps, operate with 
best efficiency at rated load. If they are operating at reduced load, 
effici-.cy suffers. Take ampere readings on motors and compare to rating. 
Evaluate replacement of oversized motors Ld cquipment with proper sizes. 

7. Insulation
 

Inispect insulation and furnace walls with infrared scanners to detect 
excessive heat losses. Repair insulation and walls where needed. 

S. Ce:bustion Survey 

Detc ne ccmbustion efficiency in all furnaces. Evaluate economic fea­
sibility of replacing burners with more efficient type and installing 
oxygen and combustibles analyzers on flue gas along with improved com­
b-ustion control system to maintain optimum excess air. 

cc: D. T. Parker
 
Plant 	Manager
 

savEnergy
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ECONERGY COMPANY 
INTER-OFFICE CORRESPONDEN 

Oate: January 2S, 1974 

To: W. D. Smith, Operations "A" 
A. B. Jones, Operations "B" 
T. G. Marshall, Maintenance 
R. B. Robinson, Administrative Services 
J. C. Baker, Energy Conservation Coordinator 

Subject: Energy Equivalents and Costs for Plant Utilities 

We need a uniform method for calculating the %vlueof our energy savingfor our various utilities and I recommend we institute an accountingsystan based on Btu usage. For our purchased electric power, dollaraccounting is simply a matter of using the S/]kh rate(s) we pay theutility company. The matter is more involved, however, for our Btuaccounting of electric power. One kWh is capable of producing 3412 Btuof heat. But due to power plant inefficiency, approximately 10,000 Btuof fuel are burned by the utility company to generate one kdJh. There­fore, the "energy equivalent" for electric power is: 
10,000 ltu/kId%


Following this example then, 
 an "energy equizalct" may be defined asthe number of Btu of fuel that are consumed in generating a unit ofutility, such as a khh of electricity or 1000 lb of steam. Definedthis uay, the "energy equivalent" is the factor we can use across theboard to put all projects on a common base in our energy conservation 
program. 
Next let us consider the fuels that we purchase. The energy equivalent 
is the heat of combustion. The unit cost comes f£rt accounting. 

CostFuel Energy Equivalent Cost/MBtu 
Natural Gas $ /1000 cu ft Btu/ai ft $____mBtuFuel Oil 
 $ /gal Btgal $ /MBtuCoal $ /ton Bt/1b _A/Btu 

sav-nerg 
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The costs of our generated steam, compressed air, water and treated 
boiler make-up water published by our accounting department include 
depreciation, maintenance and operating costs, etc., and therefore cannot 
be used in figuring dollar value-of energy saving. When we save these 
utilities we save only the fuel or electric power that was used to gener­
ate, compress or pump the utilities. In our boilers generating 400 psig
and 150 psig steam, the energy equivalents of steam ire the fuel Btu used 
in generating steam based on the boiler efficiencies. The steam costs to 
be used in energy saviig accounting are, therefore, the costs of the 
energy equivalents.
 

Steam 	 Cost Energy Equivalent 

400 psig $ /1000 lb Btu/1000 lb 
150 psig $ /1000 lb Btu/1000 lb 

With regard to compressed air, water and treated boiler make-up water, 
the costs are for electric power used for compressing or mmiping. The 
energy equivalents take into account 10,000 Btu/)dlh. 

Uti4fly 	 Cost Energy Fquivalent
 

Compressed Air $ /1000 cn ft Btu/1000 cu ft 
Water $ /1000 lb Btu/1000 lb 
Boiler Make-Up 
Water $ /1000 Ib 	 Btu/1000 lb
 

i	When we save condensate and return it to the boilers, we reduce the 
boiler make-up water requirement and save the Btu difference between the 
heac content of the condensate at F and of fresh water at its tem­
perature. Thus, our energy equivaI-iitfor condensate is Btu/1000 lb 
and its cost is$ /1000 lb. 

cc: D.T. Parker
 
Plant Manager 

savEnergy
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ECONERGY COMPANY 
INTER-OFFICE CORRESPONDENCE 

Oata: 	 Januar 2S, 1974 

To-	 J. C. Baker, Energy Conservation Coordinator 
If. D. Smith, Operations "A" 
A. B. Jones, Operations "B" 
T. G. Marshall, Mintenance 

From R. B. Robinson, Administrative Services 

Subi =t: 	 Fuel and Power Cost Projections 

The Purchasing Section has provided the following Information: 

Estimated Cost
 
Cost at Present 3 Years 5 Years 

Electric Power $ /kWh $___Jlh $ kibh 

Natural Gas $ /100 cu ft $ /1000 cu ft $ 1000 cu ft 

Fuel Oil $___Jgal $_._Jgal $ /gal 

Coal 	 $ /ton $__._jton $.__Jton 

Purchasing has agreed to advise our committee whenever these costs are 
revised. 

cc: D. T. Parker, Plant Manager 
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ECONERGY COMPANY
 
NTER-OFFICE CORRESPOND
 

Date: Janary 25, 1974 

To: J. C. Baker, Energy a Loordiimtor 
W. D. Smith, Operations "All
A. B. Jones, Operations "B"
T. G. Marshal, Maintenance 

Fron 
R. B. Robinson, Administrative Services 

Subje= Monthly Use of Fuels and Power- 1973 and 1974 

The attached form i'as developed and submitted to Accounting. They 
hope to have the information compiled within a few days 

cc: D. T. Parker,' Plant Manager 

savEnergy,, 
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ECONERG Y COMPA NY 
INTER-OFFICE CORRESPONDENCE 

Date: January25, 1974 

To: W. D. Smith Operations "A"A. B. Jones, Operations ,",,
T. G. Marshall, Maintenance 
R. B. Robinson, Administrative Services 

Frarm J. C. Baker, Energy Conservation Coordinator 

Subject: Department Energy Unit Ratio and Tracking Chart 

Attachment A is a copy of the do-it-yourself kit 'ow to Profit byConserving Energy" by the Sub-Council on Technology of the NationalIndustrial Energy Conservation Council. a suggested procedure 	 The form in the kit detailsfor calculating the energy content (Btu) ofa product. 

In our particular operations, we have no by-products, and our energyuse for waste disposal is negligible. Therefore, our prime concernraw material energy and conversion energy. Conversion energy is the
is 

energy equivalent of utilities used in marufacturing the product. Rawmaterial energy content can be somewhat more involved. The raw materialsuppliers may be able to provide this nmber, or an approximation isavailable for most materials from the U. S. Department of Comerce.unavailable 	 Iffrom these sources, it can be estimated as the heat of com­bustion of the material. This estimate is always low. ,Any energy spenton the raw material in getting it to the point of use should be con­sidered - for example, mining, crushing and sizing, and transportation.Bear in mind that less energy intensive raw materials should escalate
less in price as energy costs increase. Having determined the energycontent of raw materials, and given a choice, 	a better raw material
selection should be possible. 

Attachment B is a three page form for tabulating monthly department useof raw materials and utilities, for calculating Btu content of thesequantities, and for determining the total Btu and the energy/productionunit ratio in Btu per unit of production. Asdeveloped we will probably find that there is 	
this information is 
a need to install addi­tional metering and to rehabilitate sane existing meters, if economi­cally justified. 

savEnergy 
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293.Attachment C is a graph for plotting the monthly Btu per unit ofproduction for 1973 and 1974. This graph can be used for charting
the energy used by individual production departments and also by the

total plant.
 

If you have any questions, see me. These records are important
to our on-going program. 

cc: D. T. Parker, Plant Manager 
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ATACHMENT A
 

HOW TO PROFIT 
BY CONSERVING 
ENERGY 
A Do-It-Youmlf Kit 

SUB-COUNCIL ON TECHNOLOGY OF THE 
NATIONAL INDUSTRIAL ENERGY 
CONSERVATION COUNCIL 

OBJECTIVE 	 Encourage industrial, firms to: sat Jmeasurabl goals for r 
ducing energy, consumption per unit of podc produed. 

GOAL. 	 X.percent reduction in energy content' expressed In BTU'S' 
per unit of product. 

PROCEDURE 	 Use the energy calculator on page two to determine the 
current energy content in BTU'S per unit for any kind of 
manufactured or processed product. 

With this yardstick, measure progress to determine if energy 
reduction goals are being met, exceeded or missed. 

*Energy content per unit of product includes energy content of 
the raw material plus energy spent in converting or upgrading and 
in waste disposal. 
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"DO IT YOURSELF KIT" For Calculating The Energy Content of A Product 

GUIDELINES Of THE NATIONAL INDUSTRIAL ENERGY CONSERVATION COUNCIL
SUGGESTED PROCEDURE FOR CALCULATING ENERGY CONTENT IBTU'S) OF A PRODUCT 

FOR THE PERIOD BEGINNINC-kmODy 1. 1974 PERO ENDING February 1. 1974 
° The Ow ChemicA Co- 1.G.-n filerJr.. 

RAW MATERIAL ENERGY (LIST MAJOR RAW MATERIALS) 

TEWAIIALM EIFjotivi1 EoAiu 
TOTAL TU'SIL 

CONVERSION ENERGY (LIST ALL MAJOR UTILITIES) 

A, 
A. 

C, 

TOTAL ,,oIjS j 
WASTE DISPOSAL ENERGY 

-AST lbD01APSSALBTUS3TOAA,- WS UjNIS 

TOTAL STU 1 

IGROSS ENERGY CONTENT OF PRODUT' ISUM OF ITEMS 8. 13 AND 161BTU'S
 

BY.PRODUCT ENERGY CREDIT ILIST 
 ALL MAJOR BY-PRODUCTS)BYRODUT1.U.,11 X E.I7rsu- .OA5S 

TOTAL STU '2 

NET EGY CONTENT OF PRODUCT (ITEM 1"LESS ITEM 231 2R STU's 
ENERGY CONTENT PER UNIT OF PRODUCTION IITEM24 DIVIDED BY ITEM 3) TU'S JNIT 
GOAL ITARGETED ENERGY CONTENT FOR THIS PERIOD) TU'S UNIT- 2b z HADEIF ITEM 26 IS EQUAL TO ITEM 25. GOAL WAS MADE ICHECK ITEM 27)_ GALCOA 
IF ITEM 26 IS NOT EQUAL TO ITEM 23. COMPUTE DEVIATION FROM GOAL: 
ITEM 26 LESS ITEM 25--- -----
ITEM 2I DIVIDID BY ITEM 26- - -- -
MULTIPLY ITEM 29 BY 100-.-- - - - - ---------------------

IF ITEM 26 ISGREATER THAN ITEM 25. COPY ITEM 30 HERE.-------- ---------- COAL 
IF ITEM .6 IS LESS THAN ITEM 25. COPY ITEM 30 HERE..--- --. .- . COL 
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GUIDE FOR FILLING OUT FORM ON OPPOSITE PAGE 

I 'Finished product ready for shipment. 

2 Product I.D. No. h the numerical Identification of the 'plroduct.
 
3 Units of the product (item 1)made during this time period.

4 The material that goes into producing and packaging the product (includes fuels used 
 as rawmaterial). 

5 Units of the raw material (item 4). that were used during this time period.
6 Every material has a specific energy content Energy content is measured In terms of BTU'S. Rawmaterial supplier may provide this number or an approximation is available for most materialsfrom the U. S. Department of Commerce. If unavailable from these sources, It can be estimated as the heat of combustion of the material. This estimate is always low. 
7 (Item 5) multiplied by (item 6). 
9 Utilities include primarily electricity, fuel oil and natural gas. 

10 Units of utility (item 9) used during this time period.
11 For fuel, this is the heat of combustion of the fuel. This number Is available from supplier. Forother utilities, this is the energy necessary to generate one unit of the utility (e.g., 1 KWH). Use10,000 BTUS per KWH unless your supplier has a better number.
 

12 (Item 10) multiplied by (item 11).

14 Waste I that material which has no economic value and 
 which requires additional BTU'S to 

dispose of. 
15 Estimated energy to dispose of the waste (item 14). This may be the energy to truck away and 

bury a solid, the energy to bum some scrap or the energy to run a waste disposal plant. 

17 Units of waste produced during this time period. Units of waste is not needed for the calculation,
but may be recorded for later reference. 

19 By-products are those saleable materials which are made incidental to the production of the 
desired product or products.

20 Units of by-product (item 19) made during this time period.
21 The usable energy in the by-product. As an approximation, use the ratio of, the value of theby-product to the value of the product multiplied by the gross energy content of the product

(item 18). 
22 (Item 20) multiplied by (item 21). 
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t le tloy e bualt hi
S m1l1lm rT f n I od u of thene material s IDlf i t Ih i Or a gd b y n inco rr ct , u e u Im on r mf o c a i . fuel. RNIsodU gas .m scounted tolg'l sThe 

P l iyl t" i w a ts u neo to be th e "eI In. O ue at gt fuea ow1.s 1a i s lITU'S or unit Of Ioca.wam a ndthe C 3 -C 4lfflml from f ts" temicam edt wst taren In thi;l frctloartfor the hot wiatm returned 10 the Stion plant. 
amsAtumed to be bulans.TIh bass: Inforrmation n this cinmalf .I0,C TU'S:*ICH was used 

mal token from the StAnfordince this on clw tOan 4elt4 ulmly Uwe, to hit IneTs,genrazl., a Kv.H of olocli .y. 
That RomptY, Inihultt nrooe on "Efhylinr' "*12d Augut. 1967. page219 
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WHY MEASURE ENERGY 

As energy is used more effectively, product costs can be reduced and profits improved. This can be 

in the face of sharply incrvasing energy costs. Since industrial energy consumptionaccomplished even 
accounts for approximately 40% of total energy used in the United States. significant contributions 

can be made to the national effort. 

of all the energy that enters andThe first step to meaningful energy conservation is measurement 

leaves a plant during a given period. This measurement will probably be an approximation at first but 

should improve with experience. 

To calculate the energy content of your products, use the attached fonn, and then set goals for 

improvement. The filled in example is for ethylene; but the procedure applies equally well to any 

pulp mill. steel mill. furniture factory, or asemmbly line.manufacturing operation, be it a grain mill 

Though time consuming and challenging to make the initial calculations, it will be worth the 

effort. Raw materials which contain, and manufacturing processes which use large amounts of energy 

will be pinpointed. 

What To Expect - Once BTU content is determined, products can be ranked by BTUS per unit, 
dollar profit. Then, as energy availability becomes moreBTU'S per dollar of sales, and BTU'S per 


limited, it will be possible to quickly focus on the most profitable products.
 

steps will be identified. Once theEquipment associated with the large energy consuming 
efforts can be focused on replacing old machineryenergy-hogging equipment is isolated, and 

equipment, using n .)re energy-conscious designs, and improving maintenance programs. 

Less energy-intensive raw materials should escalate less in price as energy costs increase. Having 
material selectiondetermined the energy content of raw materials, and given a choice, a better raw 

should be possible. 

Stressing the importance of lTUS per-unit.of.production to plant operating people s ,ould 

provide the incentive for them to chase down where all of the input BTU'S actually end up. Often. the 

50% of the input BTU'S. Simply the act of identifying the
first attempt will account for less than 


other 50% will reveal many opportunities for improvement. For example:
 

1. 	 A reduction in scrap or an improvement in yield will often be the most significant energy 

reduction that can be accomplished. 

2. 	 Leaking water, steam. :nert gas or raw material may seem quite small a it escapes into the air. 

but over time this can represent a sizeable quantity of energy. 

Heat loss from equipment can sometimes be reduced with more'insulation once the losses are
3. 

identified. 

Sometimes energy lost to the environment, either through cooling water or through air. can be 

used advantageously to heat inlet raw materials or process equipment 

The energy content of waste may be recovered in part or in total by treaving and recycling the 

4. 

5. 
be possible to burn 

waste back through the manufacturing process. In some instances, it may 


the waste and use the recovered heat in the process.
 

6. 	 Temperature control eouipment may be alternately heating and cooling. This problem is often 

corrected by a simple adjustment of the controls. 

7. 	 Recognizing that it takes 10.000 BTU'S to generate one KWH may suggest using less electricity 

for heating since this same KWH is capable of producing only 3.413 BTU'S of heat. 

It may be possible to combine some manufacturing steps so that the product does not cool
8. 	

down between steps and subsequently have to be reheated before it is processed further. 

It can also be viewed as an exciting challenne. Those 
The energy snorage is a national concern. 

companies that move quickly to meet the challenge will contribute substantially to the solution of a 

national problem - and make money at it. 

The first srep is measurement. 
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MONTHLY UEPArTMENT ENERGY USE 

ELECTRIC POWER _ _ NATURAL GAS FUEL OIL COAL COMPRESSED AIR 
1973 kWh St"Aft Btu kcu ft 814 cul( Btu glP t/ 81  Btu TONS Btu/b Bu kcull t ;4ull iB 

Jan. 

FMb. 

Apt. 

May 

June 

July 
Aug. 

Sop. 

OcL 

Nov. 

0dDec. 

1974 

Jan. 

Feb. 
Ialr. 

Apr. 

May 

June 

July 

Aug. 

Sep.
Oct. 

Dec. 5 

40 



DEPARTMENT 

MONTHLY DEPARTMENT ENERGY USE 

pug STEAM psg STEAM CONDENSATE USED OR LOST WATER TOTAL NUMBER OF CONVERSION 

CONVERSION UNITS UNIT OF 

1973 k lb Btk 4b k b Btuk lb tu k lb Btulk lb Btu k rd Btu/k Il Btu Btu PRODUCED PRODUCTION 
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Feb. 

Apr. 

May 

June 

Aug. 

Sep. 

Ocl. 

-" Nov. 

Dec. 

1974 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 
Aug. 

Sep. _____________________________ 

Oct. -------

Nov. I 

Bic. ,_,, 



DEPARTMENT 
MONTHLY DEPARTMENT ENERGY USE 

1973 

RAW MATERIAL 

kIb BtuIb 

A 

IBt 

RAW MATERIAl. 

klb 4tU'lb 

"B" 

Btu 

RAW 

kb1 

MATERIAL -C-

th *tu 

Total 

Raw Materal
Bi 

RawMateril 

Ito par unit of 
p, o 

Total Convesion 
& Raw Material 

Productib 

Jan. 

Apr. 

May 

June
July-

Aug. 
Sep. 

t.a ) • "•O ct. - --
_ _ _ _ _ _ _ _ _ _ _ _ _ 

t4i Now. -
-­ov

Dec. __ ___ 
_ __ ____ _ __ _ _ __ __ _ 
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Jan. 
Feb. 

Mar. 
-

Apr. 

May 

June 

July 
Aug. --- --

Sep. .....--

Nov. 
D,c.. 

- - - _ _ _ _r _ _ _ 
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2.6 	 Fhrt Enera Saving Suncy 
The sun'ey team's plan for the first survey was 

approved by the: Energy Conservation Cemmittee, 
you recall. Now we have a sequence of four letters 
regarding the survey. The manager t,.rsecs the 
survey plan. The team submnits their timetable to 
department heads. Findings of the survey are re­
ported. Fiually, the team suggests the need fo fort;­
man training in energy conservation. Note the appli. 
cation of: 

* Survey
 
" Employee involvement
 
* 	Top management commitment 
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2.6.1 

,dCONZ'RGY COM!; ANY INTER-OFFICE CORRESPOADEA, 

Dcom: J~..uary 29, 1974 

-To: Depar., nt-Heads 

From: D. T! Parker, Plant tanager 

First Energy, Saving Surveyjbie-.: 

You each have a copy of the January 25, 1974, letter from 11. D. .S,-th 
and A. B. Jones detailing their plans for the sarvey aimed at energy 
wastes that can be corrected by maintenance or operations acticns. 
These are the types of energy losses that can be stopped or reduce. 
right atay, or fairly soon, and at little or no exoense. 

S.iith a.d Jones will contact you Ln the near future regarding a tim. 
table for the survey. Each of you should inform theni of the nzme of 
the person you designate to acccrpany thlc-i and participate t.rii them 
Ln the survey of areas urder your responsibility. 

E%'e.cnc's cooperation in this prograr isinportant. I urge thizat yo 
put some real ",riority on this surey and on taking corrective aztics 
a. i as practical. 

cc: 1. D. Eith, Operations "' 
A. B. Jones, Coperations "B" 
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rocONERGY COM',iPA Y 
INTER-OFFICE Ci.)RR.SPOYjDENCE, 

OCC: February 1, 1974 

To: Department fHeau,, 

From: I. D. Smith, Op'rations "A" 
A. B. Jones, Operations "B" 

subiene: First.Energy Saving Survey 

The timetable for this survey is given below. If any of thesedares are not convenient, please contact us so that other th-es 
can be arranged. 

Area 
 Date
 

Furnaces 
 February 11
 

Shop 
 February 12 

He- .t Treating February 13
 

Shipping 
 February 14
 
Receiviig 
 February 15
 

Laboratory 
 February 19
 
Utilities 
 February 20
 
Chemicals 
 Februnry 21 
Administrative Building February 22 

cc: D.T. Parker, Plant Manager 

savEnergy
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ECONERL-Y CORIqPAR1' 	 INTER-OFFICE CORRESPONDENCE 

Dr,=u: Febniry: 28, 1974 

To: Department Heas 

rrvm: W. D. C.ith, Opeations "A" 
A. B. Jones, Operations "1'" 

s : Results of First Energy Saving Survey 

Some 	of the operating iri:-i;Attached are the findings of the survey. 
D.-partnenthave 	 alrea y been corrected by operations personnel. 

for a ntmber of the-u.ervisors have already, i.itten w;ork orders 
muintena.ce repairs. Those operating or maintenance itms that reqt'i-e 

the lists of 'jobsprocess shutd .ow for correction have been added to 

to be dcnie at the first shu'down opportunity by departnent supervisor-.
 

t+on correctiIt is ir.ortwit that we monitor the progress of work 
thcse cner. - 7stes by keeping Lp-to-date records; therefcre, it 

each 	job is c,.pleted.is essential ihat uo are advised when 

L : there are an. questions concerning the survey, please contact us. 

..ome 	 energy ccnservation projects L.zingPs a 	 result of the survey anrl 
and weproposed, we have developed an estimate of potential savingE 

suggest that our goal be increased to 12"1 savings in energy this year. 

cc: 	 D. T. Parker, Plant Ftnager
 
Energy Conservation Comittee
 

savEnergy 
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E 'IE. 2....OMPANY 
INTE.7-OFFICE CORRESPONDENCE 

OC.:C: Februiry 28, 1974 

To; J. C. Baker, Energy Conservation Coordinator-. 
T. G. Mrshall, Maintenance 
R. 1. Pbinson, Administrative Services 

From: 11. D. Smith, Operations "A" 
J. B. Jones, Operations "B" 

Sub=:: Ne4d for Supelisor Training Progran 

had opvlortunrities to discussD.iiring cur first energ" savings survey i,:e 
euzlcrV c:nservation with the forem.n accorznving us. We learned that 

more aware of the costs of utilities,thes!e foremen should be mcde 
the pz: ntial of saxings thrcugh conservation, and the methods for 

Ther'-fcre, we recc-end that the Energy Ccnservation Cc.ittee design 
n course on ienergy consenation to be inclu-5ed in the Supervisor-.
P. F'ogrTrain 

cc: D.T. Parlher
 
Plznt "4.ia.er 

-avEncrgy 
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2.7 ThIJRD MEETING OF TIlE ENflGY 

CONSERVAION CO.MIlTTEE 
This mceLing is the last lo be recorded in thissection. On the following paves are fcur memo.randa dealing with th: topics shown on thc agenda.The last memorandutm presentsactivities each plans for specialmonth for the rest of tl,c ycar. Atthis point an active, ciectje progrm sould bewell Into the process of iinplem.'tation. 
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".:GY CO0 iPA) YqE 	 R0 
INTER-OFF/fE CORRESPONDET.'C5 

Oate: 1,1arch 8, 1974 

To: Energy Conservation Co .,ttee 

From: 	 J. C. Baker, Coordinator 

Agenda for 'Thi-d M'eeting, of the Energy Conservation Camitee,Subice: 

1. Capital project reviews
 

2. Enerpy saving project lists and project evaluation sumznai 

3. Cc.-mication of ,ays to savi energy 

4. Continuing program
 

cc: 	 D.T.Parler
 
Plant Manager
 

savEne"rgy 

2- 1 .. 
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ECOA'ERG Y COMPANY NTER-OFFICE CORRESPONDENCE 

SMarch :8, 1974 

TV: Department, Heads 

VraM: D. T. Parker, Plan.. Marager 

..*, Capital Proj ect Revi, . s 

As you know, in our authorization procedure every capital project 
must be reviewed and approved with .gard to safety, fire protection,
pollution abatement, Pund additional urility requirements. As of this 
date, we are adding energy conse.,'atioi to this checklist. 

Every capital job will be re%-iecJ bY the Coordinator of the 
Ev,- C nservation Coittee. Ca large jobs the interested 
cc:rittee nember will also particirjate ,ith the coordinator aid project
teai. 1"he purpose of these reiriews is to assure that there is 
eficient utilization of energy in the design. If the project has to
 
do v.ith production, the design Btu per init of production will be 
calculated and cc:pared with the historical Btu unit ratio. More 
efficient use of energ," is expeL.c 

cc: Energ" Conservat 'n Coaittee 

savnergy, 
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ECONF'RG Y COMPANY INTER-OF) CE COhR,.SPJ1VDEA'CE 

ODat: March 8, 1974 

To: h. D. -iaith, Ooerations 'A' 
A. B. Jones, Operations "B" 
T. G. Marshall, Maintenance 
R. B. Robinson, Administrative Services 

From: 
J. C. Baker, Energy Conservation Coordinator 

s Lioc:: Energy Sa%-ing Project Lists and Project Ev1luat.ion SUMMry 

Scme of our energy conservation projects wrill require capital; others 
cm be done on expense. Therefore, we should have two separate lists 
of projects. In order to have the lists in a j. nrm fc r.ant, the 
two attached, forms for c.tpital and expense projects are provided
for use by all departments. 

The ratio of energy savings/year per dollar invested is an 
indicator of how, good a project is, co.mpared to other projects. 
Thle higher the nviber, the better the project. In the foi,:s, a column 
for 7c'ccnt return on inves+nicnt is also included as an aid in 
assignijg priorities on projects. 

MAo attached is an evaluation s.mnrary form to be used for each project. 

Please s,.u-51it ccpies of these formr to the key supar '. isors in your area 
and request that they enter their project infornmation and return 
cO.,,oletd copies (lists and evaluations) before our next meeting one 
monih from today. 

Our r-zc,er, Mr. rark:er, has requested that we continue working on the 
lists, revising P-nd updating them ronthly, adding new projects that 
evolve and a-iticnal ,naijtenance jobs that became necessar.. 

cc: D. T. Parker, Pl'ut .minger 

savEn -gy 
2-4,3
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EJERGY CONSERVATION PROJECT 
EVALUATION SUMMARY 

Capital - or Expense. 

Dcpaltment 

Date 

Prnject No. - Peion Respo,:ible 

Project Titlo: 

Discripton of Proj!ct: 

Lc: : '.. 

-r.;, .vrih(electric po'r kWhlyr staim lb/irrerr.) 
V ti- rr Czw hsLorial 'S~n 

Iyr 

Total rner;'y sviu .MBtu/yr 

Tolid CilstY coet !-wing S/yr 

Q:h.r cost s-irc Litue to: 

s/yr 

A-.'iit,, cct due t: 

t:et cost m.;in _ __" Slyr 

Co:t of proj:ct -­ _,,_ _ $ 

2,'G€ 
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EJERGY CONSERVATIOrJ PROJECT 
EVALUATIOU SUMiARY 

Calculitid
 

Return on invcstment .
 

Pay tack period "_ 
 _._-_ _ _ _ _0.Li • ._____________n______ 

f.w'l.unit
ofvroduction: frlow "_______.__._
After pict Imp-emern d 

i.-e fiw..P:otle: ,s 

Picduct .:uiliry __....._L______________ d_______________ 

Product y.id 

Prc~lucijc, fit. 

;.!Ln erapc ;./rluzh :, - ,:n ­

,' , i ni... 

C;I.ur Lam ft:!picb.ems ccrrnc'zd v.ith implomonttion: 

Orc .c:zJncn : ­ .:
 

rlnnr.rd authotiz:ion request date: _ _ _....__ ":__ _ "_ _ 

2-47 

http:rlnnr.rd


.4 3 1 7 . 
ECOt.SR' Y JOMWPAN;" INTER-OFFICE 

CORRESPONDENCE" 

:3:c: M~c1h 8, 1974 

Tc: Energy Conservation Corittee 

From: T. G. ?ersha.U, Maintenance 

- OZ .ication ofCo ays to Save Energy
 

I have assenbled a 
grcup of ECO's f.-c1 EPIC, which are
 
P-t-'L'T. 
 aplic-ble in cur c:-'xaticn, alcn- ith a few gccd
a-i:2es Ircm the literature. I preo-ose thavt we .ublish tis as 
a Ccclket fcr pla.nt wide use by supen-isors. A cc-v of the ist. 
o I-C0's chs-en is attached here:o. :-r each of you has ,.
 

S ­cc-,,- a'dur '.icz:ed .:'a, I will prcceed-uih 

publikti~i an-d 6iszribution.
 
:.hv 
 I Su., st that this booklet could be a useful tool in a
 
t-ainin;g ccurse suggested in the recent letter .frcm
as . D. Smith 

cn' A.B. Jcnes. 

cc: D.T.Parker
 
Plant Manager 

savr-nergy 
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318. 
1 'ST OF SU;G7LST.- ENRGY CONSEF-v.1;G OPPORTUNITIES 

ECO 
Euildir and Grcunds 

Reduce Warehouse Ventilation Air 3.2.1 
Reduce Outside Lightihg
 
Re-uc2 Air Conditicming During Non-Working iour: 3.2.5 

2,etric P:,:,'er 

Schc.iule to %Linizize Eleatrcal Denand Charge .1 

Insulate Bare Ste .m
Lines 

3.4.1


Pe'.n-n Ste=-i Condensate to Boiler Pl&nci 3.4.3
 
St:n Ste, L -'ks 
 3.4.5
 

. Fen:ir S:z Trz-s 

3.4.6
 

Eii tze Le -s in Ccrzas:±ble G.is Lines "." .
Pressure Of Cc---es- i Air to ,ii-rf " ,
 
,-
ztc Le: ks in Cc=rs l !dr Lines , .. 3

SC~c 
 ; - Not Cc.... ress- Lr 3.5.5
 

-~ M z Osolete Cencin3.S.4 
PlueCas n=Iysis as a 
 nea;nce T.ol 
 3M.5,
 

S-tni."5 at Re-uced Te.' er-ture 
-3.9
 

S; 
 ,,1
3.9.2
 
Prccess Specifications as z Source of Ener-" Savin.s .3

S. E • for . Utili:ation 9.4
 

2-49
 



319. 

ECcONERG)' COMPANY 

INTER7.oFFICE CoIEpODNE 

Mac:Iarch 8, 1974 

Tc: Enlergy Consezyaion Con, tte' 

Fron: J*C, Baker, Energy Ccnttee Coordir~or 

Atthis point -CelhCcrPwill F21'ree ..ve cutht We reed a ell Ulderl-mv but beieyc.1-rograv ),c-..re_.___'C cu 
-n~z S PYOMLara~~~ cur :vito ~ 

-.- Izf -Icu h :-eeit%.u d 
~ o n e :- . i to c6evelop a a e~to L2-s z t h'e e ilFe ne-ts i h S a e , S~ 

ZZ cr t'-2 z._,-Le. 
* .. s We 'I.to 

7. cc,~~ -'FtoT'(''n~ 

. . Ci nI.t-l2-. . -' 
_ 

- . b~er 1il h key 
. ' ervztiz4. 

r-,O be il-c. dedc' In s~-io 
5. Pr _-IiiC hullez:iz' -rf~zresLnth Plant Nwene-~-.~ ~ ulc~.,say: s ar.1r_ z)-iI. fl i i a l6. ps c .ib6.Pcst~-~ell cneg' sav:Tr'r to be used in m.L~ch h alewyasafev., rosters.5m7. ,saj~- **" z

I n?- fbP1-:L 
a On hard hats. ,t.p~Tt1s8. Techimcal st;etalks c~t~e~ ain set f text~s 

9. Lett er toCiv~ . h i a i i s g v niris c-toe iC. n r y s v 

grcuri. e. tI- s ngi savingg beore civic
 
Attached 
 to this letter is th-m c-itlineactivities of a proposed prcgranifor each month ofZfor tLe -rest cf the yea3r.cc: D. T. Parke-, Planlt Manager 

savanergy 
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320. 
Planned Activities in Energy Conservation for 

Re-minder of 1974
 

The following activities will tahe place each rJ.nth and will not berqeFaed il the plans for 
 iividual months:
 

1. Meeting of Energy Conse,-.'atien Cornittee2. '*eeting of each Ccmuttcl Vcmber with the ):cer 
-. U--ating of energy saving proiect listsCc..,icazc progress with ue1.,n d plot of-u BtD/di't of productj]'.partment: supervj~lc I1 l nuc Plt Of Bt l un t of.-i ic ' ;izil conluct wee.,:e.d audit 

7.h I.I. Dstribuz tooklet of selc-ted ECO's2. Pevie. status of correctives aving surveyv actions regarding first energU 
.. Publish bulletLi cn energ., saving tits for dri-ing
T&_-'hnicZ1 ta: cn stea:n trans 

1. E:e:r'g. co-senaztc:n ccur-se in Su:er'isor Trairi'.g2 ar c-nts develcaC -. er -bai -e

5. DiszriJte "saer-.. decals..Tc C..i! tai-" C-
LaL;, ca cC.-Z.mics 0:-c ;.C Lisulation 

Letter to 
 V--,t h.c.m-... enerv. savin ti s for e
 
1. Tr -_2 fc. 
 s..z !-. xn.... 1inz 
 hlv e:. g 
s i h t!er pe-ple
A c~i.C.e.
cn cner'...-cc: a...ba.iC/-. PL:. ... lls/ cn ah- ccn_"-:i i.-r t,- ,D • 

4. Iza rc .- !o c .ner- balances, ccz..'tz:ee wl cc ,i: 
4. Cco:'ii::.:r give2 tall: at hih school 
. FzfZI-;" r cznte .szLul-.ii c.:i cn .. sa'i. durn. vaca:ic s 

e:.-nca talk:7n lizhtir 

1. Pbiici:e postcr ccntest winner in plant and cc_=iUty nesaez

2. Distritute posters

3. o','er.e,
Vc ai r n
Tcu,.e•• ts
. Eulletin ­ "R't u.ze cc72ressed air for ccoling"
 
.. u!leti' ­ "Tune uD szace heating syste.'s"

SSt'"ev se
 

.3. -.
Cco rziinazcr1
rt:r. 1.- with slides fr lcaa3 teI'micsl s$Cietv 
Cca-7iitee ro: t -.rcuz plant at night an! sugestccrme--:ive
action on liz!-i-, 

1:cef
I. Dmnstrntion of infrared sui-',v to detct' e.Xessive heat losses
2. Szcami tra:p surv.v 
3. Fulletin cn stean tracing systc".s4. Techical tall: on cC.ustion 

2-S 1 
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114'crober I. Survey oversi:ed el;ectric rotors and equi-ent 
.. Eulletin - Pecognize someone's energy saving achievenen 

3. Second -curse in Supervisor Training
4. Technical talk on electric motors and power factor 

,c-iber 1. Bulletin - "Use reflectors and reduce Christmas li-. ,ting , I2. Report ach.ev'ements in re-ducticns of energy use and announce 
goal for next year

3. Survey use of low- pressure stcam 
4. Plan prcgr m activities for next .'ear 

2-52 ;:
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;..3 CONCLUSION 

This section on pro,ram impcnctatim began
with a discussion of the importince of managvnci:it
interest and support. It seems appropriat.: to in­
clude in the conclusion a letter from th4 manae.r 
to his staff *7-onstrating his continuinf,, concern 
about enerviy c ns. vation. Htis r:quest for a con­
tingency plan is then answeted by his department
heads with a report on the status of the contingency 
planning in each deparm-nt. 

2-53
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ECONERGY COMPAA.O 
INTER-OFFICE CORRESPONDENCE 

oata: .rch , 1974 

To: Department HeadLs 

From: D. T. Parker, I ian't Manager 

Subjct: equest for Energy Qirtai.ment Contingency Plan 

You should all be aware that energy supply is a very real and serious.roble- tt our operations. Briefly, our anticipated allozations of
fuel oil, natural gas, electric power, and gasoline are insufficient 
to su-.ror. our operation as they have in the past. Cur ability to 
c t -:tecessary use of thes- co.n.odities and to allocate fuel tov\.,-.l finmct: ns ;.iI ultimately deteraine how severely our operations 
are *za.le.. 

Even m re sericus is our inability to secure adequate quantities ofcoal to meet anticirated needs. Efforts during the past two rontfs
have failej to increase deliveries, and inventories are cu-rently
l,, le'e-. Cur ent fuel suppliers are operating at tiieir ultinate

at a 

c pait)" and they face problens associated -ith weather, fuel shurtages 
.for their ndning :qcic.ent and ever increasir. strip mine regulations.

To date, we have b en tinbl to secure riditiknal suppliers as thlose
who are mining coal are sold out beyond their production capabilities. 

At this tine it a'npars that sure production curtailnents may be"-ecess"-y. Eazh inc'.-isor should review his oerations: those
piccer .ju.--mora~ w.~ch rcp'VC1T3 t ie than7EI-0C-SiTCl efficiency

w "r.espectto eL.rgy consitnpzicn shou!a be identite-l .ann plans made
"estr -t or rirtail thcir o,'cr.tien. The basic factors i,tich n­

1., Crue,I-- icen.cy anior erergy utilization in all ro:esses 
.-liLd be :Jcntific-d and ":;mmc-i.'..c steps taken to rminirie car energy

re:. i' .:er s. 

savEnt rgy 
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In anticipation of possible hort term reductions in energy supply,
for instance electric power, 
 we need a ccntingency plan. This shouldinclude a list of the equipment that would be shut do%n and the sequence of shut dom in your departnent. in case of 25%, 50%, 75.a
and 100 energy curtailments. 

Your plan for reducing energy requirnmrns in your area should be
formalized and available for review by ir one iceek from today.Remziber - NO SAVING IS TOO STM&LL To BE CONSIDERED. 

cc: Energy Conservation Commttee 

savLner"gy. 
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"'C2gAERG'"COMPANY
 
INTER-OFFICE CORRESPONDENCE
 

oa: Zbrch 27, 1974 

TO: D. T. Parker, Plant Manager 

Frc' Department Heads 

"-- R;Auc ion of Energy Requirements and Contingency Plan Status 

S.'nifica't reductions in energy use have been achieved in'our 

c era ing units as follows: 

Utilities
 

Ithas been cur operating practice to fire all three boilers even
 
though steam requirements could be provided b,.rwo boilers fully 
lo.ded. In this way, a forced outage of one boiler could be handled 
idtF-ut decreasing sten-- output and causing interruption of operations 

of ! ea-a users. 

-11e iaxe shut down r'I boiler, the oldest and least efficient boiler, aId 
the result is a fuel saving of MBtu/hr. In case of a forced 
outa, -)f one of the tmo operatng oilers, we have set up a cc.-.rjnicatioi 
I -ccdure t( curtail steam to certain units that can be shut down safely 
oldi quickly with th,. least impact on other operations in the plant and 
re-started with a ,ininun loss of pioductivity. 

Cr :5iis "V: zmd "B" 

Sinilarly, n both deparrzents, we have been able to shut down one 
of hrec fu-Inces by rescheduling throughput. The schedule is 
extreo.ely tight at our present production rate, and on occasion we 
may need to fire up the third furnace in order to meet cc,-r ents. 
ruel saving at present is MBtu/hr. 

sovEnergy 
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Contin-e.- v Plan Status
 

1. Electric Power
 

In general, during any curtailment of power, air conditioning 
thermostats in all buildings will be reset to F. System inte­
locks have been provided to avoid inadvertant operation of the heating 
system, except in those situations where the controlled lower huwidity 
is required.
 

If a "bromii out" occurs (voltage reduction in excess of 1021), certain 
notors trip off automatically and others must be tripped manually to 
avoid dxTge. We are surveying all motors to identify the ones that 
require manual tripping. Utilities wil I set up a comrnmmicati, n 
procedure to inform the appi ..priat people when a "bro;%n out" occurs. 

Following is a tabulation of shutdo:mr; sequei.ce for curtailments of 
electric power: 

Curtailment Shutdown Section
 

25o
 
5011I '
 

75% 1,2,3 

1005 1,2,3,4
 

We have designated a ntr,ber of units that will be included Ln each 
of the four sections but the plan is not com. ,ette yet. 

2. Fuels
 

For each fuel, we will have a tabulation like the one for electric 
po.-er. We are holding metings this weeh to collete the designation 
of nits in each section for each tabulation. We hope to submit the 
detailed plan to )-cu next week. 

In geceral, when fuel curtaiLm ent causes a cut-back in steam 
reneration, all ste-u:n heated buildings will have thermostats reset 
T F. A-ain, syrtem iterlocks will prevent inadvertant cperaticn 
of F-oo.i-ig s)ste-:., e:.cept where the controlled lower humidity
i rcquircd. 

savrergy 
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EMPLOYEE MOTIVATION AID CCtt"UNl CATIOI 11ETHCOS 

Davll i. Heller
 
AIr Products and Chenicals, Inc.
 

Paulsboro, liew Jerity
 

ABSTRACT 

This pzaer dscuses the omoelling reasons PAULSBORO PLANT
 
fu. InvolvinV All employees 
In the plant energy con­
ervatlon effort, offers suggestions on how to Imple- ENERGY MANAGEMAENT 

r '.tand runintaln a plant-wide, people oriented Con­
: -vation prcre-n and provides exr.nples to illustra ORGANIZATION 
t...-ethods 	Involved and benefit. possible, Three
 
artz will be stressed: publicit., or cor-nunicating 
,e'.n the lodder, through newsletters and the use of 
i tir.cive logos; ccivnunicating up the ladder, by 
r ns of L-Plo ..e suggestion programs and discussion * 
fcrums; a..dtr. nin-, necessary to free employees 
f-". a pre- 'nr.o opproAch to manufacturing. 

Curreot technical literature is ful of Infor­
rati n on ! us to reduce erergy use. Ccnsider enery 
t tagccent sy;tv-s, .zs:e eat recovery or heat 

a- all tre f-:ets Gf Le d.slcn, cc.'tructlcn, 
an. o:era,.icn of iuch er.ui: cnt and riny other new 
eel -es ta..s u' bi ever-ir.creasinc a-lcunt of our 

c'ec C.1. cony tpe teneflts achlevable
 
:'o t~I in','us t t and ne. tec.,nolocies . but
 

e ,re ctr.er, oft-ne:lected aspects of eCercy i'n­
a 
, to ccnildered. 

" crfe-cive energy r..na eirnt or .nizatlon znd 
nvokc-,tnt c( ,',e enti'e plant inthe conrerva­

-1 tffort ran neould go hane-ln-hand with theI 
pvsial r-prove.':n of t..operation. 

,- te The e'evelc:.en: an use 

I'I ikt to 	 !hre you ry as.t wlth ex:e.riences a 
' -or of cne ve. successful erergy rar.ice,'ent or­
q='ni-:4 ic- - e lzinirn ) -. we are se up to ireple­
'--tener: c:nrervaticn ad detai linc a nunoer of 

I 2;rans .. 	 hve found effective. ENEPGY SAVI9rPS 

I :. e-oin.ced as Tec nical :pervlsor at Air rzcur. 1
 
:z.cs ,znd Ct-reicals' Paulsborc, New Jersey plant.
 

. 4e is Part of th-,e Ce'icals Group forced us to re-evaluate our conservatlon effortsfalsbcro Flint 
ir rz:-.cts. ,.Care ,cated In Scoj-,.ern ~ew and to conclusions came to 11ht. First, conserv ­

!',, in :-.e	treater F.'ilacelchla area. Cf our 
1 r, -c.t ttc ;lIance hourly tIon projects once glossed over because of a lowr and 

,ce-e,--:. :;. proc,..,e va;cus t ,c!of indit- rate of return no. looked r-ore attra:tlve. It be­
;:1 t;:a, ithoJr r-jcr Frc "bein: [ , ca-e necessary to refocus our teocnnical efforts to­

-f-
 ,wards auditing our process flows and cA"mInq het
 
and material balances with the provercial 'fine
 

rhitcro seen 	 to reall"t u Flant has sharciy splraling tooth comb.' Secondly, we came e that in 
t~'. cc-s ts o-vr theolat few~)-cars. as we allIha±. orcer to be successful in reducing energy cnsts It
I .- -,r 	 rose r de sense to Involve z entire plnt in the effcrt,,7-to1:!I, our averace cost fcr energy rs 

rc thean .= percent, The irepact of these costs not Just a handful of en.ineers and technicians.phI Faulsboro Plant conservation effort was thus or­
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ttJBER 10 , ,,.PAULSBORO
JULY 1981IERGY REPORT 

rs than the sanie periodwas1',nt a :orgy usage 4.0% l 
open for en. 'gy waste. 

a. ;or to keep your eyes 

a $25 gift certi­
ic):e rs this cuarterls winner of 

-. Tans to everyone who submitted:; rut.c 
r the !ant three =1.ch. 

CT'.-' -T..J' CAPS 

' 
- f 5tt-. t--.p 	in-pecti c n s Da\V Dir4 Ot O will 

The caps insulate the traps byI !:,-rn trznn. 

trap cnd protctinc it fron 

e-z air around the
c£ 	 Plant Sta."cur Sten- bill.a yerr on 
%7 (,' rt t F !e :,o.,-th -3. 

$20,000 in natural
Oxidizer savcd cn th, 'hc- Z'. 	 A " 4 buzz cropped 

cvc= te, entire year. . rCooo 

" 	 as ruch Ii;;-t for the 
-, up to fi\*' tim' 

0 to 15 ti*.es longer.
'e larps an last 

z inc 

light - it eaureS the 
the o.ount of light is meavuredrnot .. surc 'he 4ulb.,n-t ,

toliht the ecual the 
- you need si: 25-':at bulbs to 

:c 1 0-wztt bulb;. 
e
 r when you

ir a surge ef pF
w
 

t, t.. t a minute, turn 
h I. len-e a 'c-.. CvCe !Cr 

.O * • t: .i.c-r 

rlwc C : 
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gaized along tlw 
lines 
shown In Figure I. 


7e lecniJl Department and Technical Super-
visor have major responsibility for 
the program.
The Tzchnic.&I Supervisor serves as 
Plant Energy Con-iorvation Coordinator; a part-time function at Pauls-
jro. but a position that 
requires full-time atten-
lionat 
larger facilitles. 
 The Conservation Coordl-
"tor's responsibilities 
Include:' developing and
cuaruricatlng conservation techniques and Ideas to
tho em loyci-s. innitoring end reporting plant energyconsumption. developing plant programs, goals and
budgets and maiaining a plant envlronment conducveto energy conservatlon. 

The Profit Improvement Program Is 
a suggestion
p~ogrqs for our technical people. 
 This program on-
courages 
new icias and recognizes the contributors. 


The Energy Conservation Commlttee Is composed
of representatives 
from Production, Maintenance,
Technical and Project Groups. 
 The Com,ittee meets
wnthly to discuss and evaluate the 
status of the
plant conservatlon program.

formation to the employees and 

The Committee feeds In-
c€muunicatcs employ-ee's concerns 
to management. 
 The most Important
function of the Committee Is tn serve as a place
where Inter-departamental problem. Involving conser-
vation projects or programs can be resolved, 


fnagement con"Inrint Isa major component of
our overall effort. Ilanagement communlcates stand-
arcs ard goals and measures performance. Group and
Corporate management provide support through peopleand capital, and acts as a clearing house for Ideas.On the plant level, management communicates directlywith the employees through our newsletter and letters
--sent to the homes, 

The position of Energy Coordinator, the PIP
program, and the Conservation CoffnsIttee hovebeen active for alla number of years. 
 I believe the
fact that we 
have organized specifically for the
.cnseervvion of energy has helped us
alive and hes 

keep the effort


resulted In
innowations. Now, I'd IIk, 
a number of outstanding

to focus on the 
last box
In our or;anization diagram 
- employee awareness.
 

IMVOLVE HiFEENTIRE PLANT 

Propar rtativation of operating, maintenance,
laboratory and clerical personnel 
can be one of thePost cost-effective 
energy conservation techniques.
Hourly employees have the closest contact with theooeratlng equipment and are often the most knowled-icicle about production problemscralet. They will 
and unit Idlosyn­

see things that you as an engi­ner or manager might overlook and they will extendour eyes and ears to round-the-clock coverage.
1hese people are just 
as concerned
asout the as you are
continued escalatlon of energy costs and
theImp icatlons of dependence on foreign oil.
responsbillity is Our
to direct them to utilize on the
j00 the same resourcefulness 
they demonstrste In
dealing with home energy problems. 

What kind of results can be expectedT The
effects of Improved operations and maintenance are 

353
 

often difficilt 
to quantify 
 - a steam leak report­
ed a few dayb beforr a supervisor notices it, 
a
spa-e pump turned off, a steam tracing line insula­ted rather than. Ignored. 
 Then &gain, an operator
aight suggest a process modification that could
yield large savings. There are 
also a number of In­tangibles 
 - an Improved morale, an esprit de ca spirit of cooperation. ps,

The point 
Is that the borm­fits will 
far outweigh the costs of organizing the
program and maintaining the effort.
 

There are 
many methods that 
can be used to outi­vate and communicate with your employees. 
 The ap­proach should be one of common-sense, Stressing

facts, with Just enough pizzazz so
without being laughed at. they are noticed.
I'd like to stress three
areas ­ publicity, or communicating down the 
lad­der, coumunicating vp the 
ladder, and training.
 

PUBLICITV
 

The "Paulsboro Energy Newsletter, (Figure 2)
was developed to publicize the plant program. 
The
Newsletter has been published monthly since October,
1980 and is posted on plant bulletin boards, 
A va­riety of items are presented - updates on plant cre­servatlon projects, recognition of outstanding con­tributions, progress toward conservation goals, andhome energy tips. 

The Newsletter has been very well received by
our employees. One comment I often hear Is that
they feel better about their Jobs and relations with
the plant when they're told what's going on. 
Now
that we've established an energy conservation pres­ence at 
the plant, I find employees asking me IfIhave any Information on air conditioner sizing,
solar heating, and other Items discussed in News­
let ters.
 

I E:
 
ENERGY
 

'W'S'' Y 

F1URE 3 

Please notice the emblem in the top left crn­er of the Newsletter (Figure 3). One of the firststeps in publicizing Paulsboro's program was 
the 
This Is a recogni­

development of an energy logo.

tion tool used on all our conservation literature.
 
Ui based ours on our corporate logo, adding the %le­pie phrase "USE ENERGY WISELY" and adding a gas
flame, an oil derrick, and electrical transmissio
 



---

.330. 
lines tn Illustrate our plant energty 
sources. One
excellent wAy to kick off a rnservation program IsNholh& locodsi.g contst among employees, or 


Ir childre~n. 


The tvpcs of publicity vehicle- you emoloy will
denend cn your imaninotion. and your ability to 

'udge khzt 
.eill be cfrcctivu at your location. Knd-

outs ond raw envelopeneus, tuffern can present useful
v-.Lm-cially lic-.:'cryatlon tips. Theve 

Items c.n I..oht;.Incdat &noinal price from pnb-
le z.nd privatL cnergy 
 cnservation organizatic 
s.
Your loc.Ilutillty c.-; -iic:
should also be a good
ourc of i,:fornmarln. This aterlal Is usually
pr e nt.t.
on a c.so .Il b .rls - heating tips In 
.,nuar -,air cv;-1itlo: , i eos 
In July. 

I.l!Tt!:I.T 
 :orders 


|hilt cz-nunicationrei4.n
the ladder has been
str.-s L t1 tiSi Faiun, 
Input from thu hourly em-
ployets shc'jid noL be 
irnorrd. 
 Ilicprooras already
r'entcr.cJ .ill 
 help prr.oee a spirit of cooeraticn 

-t ycu . Ic--: icn .indc-lo.y~u will fenl better 


,cut ':iing twir supervisors 
t*-:,. z:.J iceis.;d tue nL.-oer I.nd 

z ., with tr.eir 

quality of 

tct I..e 
 .ay
L.s r. surprise many of you.
 

'.oh t =:,:) Vit ou -zcuf Infor-.atlon, an
Elr-y,Ccn!.rvorin .uire 
 ion Prc.ram was beun

it ;avl:t,r . C'urc:iiz:l rupendi:nure ccr-sisted of a, : for-,.,.jz tL:.sr1on box. racn.sug;e-tor 


receives 
a personal reply thankino him and explain.
Ing what the follow-up action will 
Involve. 7he re­ply is most i.portznt, unfeasible and even aOsurl

suggestions are acknowleded In order to show 
e
 
appreciate the Interest a...respect 
.he Input.
sposlbillty for acting on worthy sugesti ns 

;.e-

Is
assigned at Conservation Coramittee meetlngs.
 

(Figure 4).
 

During the 
first full year of operition tienty.

five percent of our hourly personnel submitted lu;-.
gostlons and total suggestions numocred sixty.

terly a randomly drown suggestion wins a 25 gift

Oar­

certificate at 
a local department store and a ::acertificate Is riven each year 
for the best su;;si.

tion. After cc4.pletlcn of all 
projr.cts and wor'
 

resulting from 
last year's suggestions total
savings are expected 
to be $25,000. 
 'C su59tsticni
have included It.ss 
such as: Installction of light
switches In under-utlllzed rooms, 
Installation of
skylights to reduce the need for 
light fixtures

during the 
day, and lists of areas requiring Insull.
tion that were overlookec 
jurine energy audits.

have received only a few 

le
 
%orhy process Iproventr.


su;Sestions t
 
to date. Process krprcvt.nts c-uld cf
 

course save many ti.as over 
the S2r,C:3 figure.
 

trere are 
pros and cons on the cuestion of
prizes. One of the 
trost-voiced co-rolaints 
 - %.tnprizes are disc:ntlnue the signal is given that the
 proerz.. is endeat. This 
Is a valid ;oirat, and t.e
 
ans;,ur must be decidd at each 
loca:icn, based cn
 

E:ERGY CC:SERVAT CUi
I SUGGEST ICU 
 E
 

TO :A'E E 
 IEFt.'
it THE 
rLAJT, I SUGGEST:
 

•.., r. c:.v'c :.C ......... ,P:: Fo
F.' 
 Co II STLL HEN .!.:tS.
 
r-'..u7.:I 'L'".I'GJ .Lr... WHYLE.""'r 
 SII 1- :AS 
 :
 

• T-'
" 
 DEPT. . DATE , 

"E: SI CESTI0:i TO: DAVE HELLEV 

(Figure 4)
 

http:r'entcr.cJ


c 

. 331.
 

t experiences. Any publicity or motivational costs. The slides will be accom:znied by a taoe 
?ram is going to slack off after the first flush recorded narration. [rolovcL's relate well to this 
n I husIast.. This can be discoura.nng and help type of proirzn since it is specific to their activ-' 

rwt a Ca er on everyone's ccrnservation spirit. Let ities. At a cost of twenty to thirty dollars per 
re suggest that this slac'.enln9 off Is a sinnal to show,"hoenadc" training aids are less evoensive and 
transfuse some new Ideas Into your program. more effective than cc.r.ercially available pro?rans. 

I have av.-ays had an aversion to the use of com- A number of equipment vendors p,,csent short
 
petl:ion between shifts as a i-can: of 
prcsoclna enr.r- traiuhing serirars for otratii,- perscnl. Recently, 
gy c:nservAtion. ihe key point In any awarenuss pro- vc had a stezr, trap manufacturer nrcscnt Informatlon 
c€aii should bc cooperation, and ccomuctition, at cn trap inspection and repair techniques to our
 
friendly as you night try to zake It, will often maintenance men.
 
ruin ary coavterativt soirit. As an example, at a
 
'! , nerr I tas frr:rerly cnrployed, we were inter- Instruction in cc'scr.atior technicues should
 
cssod! in sceinr hich shift could prcuuce the hinh- 1e in:Juved In the traininrg or ne. employees, but If 
es: rrrcentace of on-s c prcdujc. It k.as discover- exprienced men, ae ur.e to train the new.co-ers, rs 

Ina*, the operators on one shift %lould cie in and is often the cose, be sure the cyeorienced ones a;.
 
rearranse the settings 
on a nuenber of critical insru- not Soinc to hand ec.n a pre-Erbarco epproacn to 
rents to settin;s they knew worled well. Just bcfore ronufacturlnc. 

tne snift eroed, t cv ould return the settinas to 
:'.cse ir,tsc b1efo thiey cca.e on. Of course. after In su-:-ary, I've tried to present a "punc-list"
 
.rL'*r,r liked-out for se -e_ arid cue-half hcurs at of techniiques and tc3ls to incrta.e the effec:ive-

C 51-C.,, Csndit ns .ve unit V.ould so to pieces ness of cur enerey censerva:icn roaras. Ccnsicer 

t-ie ht !,,ifc i;:uld reuire sevcrzl hotirs to or~anizir,; for enercy ccseratic-,, A.; tr, to find 
;z: lir9-:u. a:iiin. Le dccidec' after that to stick one persn in your orceni- ition w.no snu.'s an inrtr­
tsosof:_',ll for ir-trr-shif: co-.pe:ition." ett In conservation znd for-alizt t,aE inte-ec: Into 

tre rosition of conserv.:icn coordirioar. I.any 
................... * : ret,'os are evailale toat wili rull your entire or­

caniza:icn Into tne effcrt - ne..sleters, hancuts,
I-a:i.in 'ie ere-..arco;t cs posters. r r;er.cr to lister, to vour enplcvse! toar-ozL old, dys 


'0: '..,c:-~"', for onerotcrs in t'e cnirlicai indu:ry throughn su.;,estIcn prc.ra-is and o7L.1S. And re:ran 
tz VSe a o.:Ie extrO e:itrnv to raintai & 3afety your LcOie to eppreci.ite tne lr.:a:t :h.at energy is 
nz.;in en .- r-j.t cualicN. Increasing the ref)"hx havin; cn the cost of coing busIra's. 

t - . ;,s t ,iI r is ens P.oreltic n colt.-IL exa'-Dle. 
n t ,.!n ;z:., "u 'rvisors -nared the bla-.,efor The rix of rethoes you use will of course, vary 

sirc they tc t: lu- s If tre prcd- with tre type and size of the aiien:e ard the re­
:: -zs off--:-ec. U orttely, cd haoits die cvailatle,
sourzes but I hope yov have discoverec
 
;jrd. '-ic.i.ee rust !:e re-troinrd to re:spect ener- one t, to te:nniques that nint Le %orth a try.
 

I ,tir-,s. e:-rlir, ir "enc r.v-.;.reness" 
it a re-,-:zr firs, stco. tu: scecific trairnino 

scl -' requir'..--. 

r.c fir,.: thi .scur suervisors did at 
.a c.r. *.as to ro-'-recd .nd urort necesary, rrvi-ie 

', C.ures tv ozut so cciservcl,n.
 
--r. it nr C:irt in reri ',inq a procuc: -ay beyond
 

cs:if:t:ioe-r%. V> ,a cur preventive
I vxncrrctd 
rJ;-.:.-ar:, pr.-ra in tr-s hopes tral it ould help 
6s eli-:irec enrcrq-intenive startus and shutdowns. 

-
Tl;s % S., w plan t- Intron.rc enerrgy training 
1t!jht"s for ;]l cz',Ice.- * i:li;ir to a pronrzm %e 
%14 use f: s; ". tr.inirr. A tpicl session could 

e.'rcir: e cf tht r,'erLtion cf a ncw 

.-nt i;.fcr.-..:icn on hn,i r.uLi 1 ssteZ11 
I(':. , : t,_'?rs r:Z.r, ;,.n a 

'.:.nr..er , ri.., Cn c5ne';i itu:. 

I 

',. l; : f, r I'res..:nt.)Etir.n to aIl e,-lcvi 'es 

•re':-, iee -re r'emcninc n 1 orisrry conscr­

a: s co-i,. trainin. .sesions. Ire pro:rzn will u-e 

r.r.r Sro at our p).ni 0 cAilain cur energy 
. iho,-in,5.lrrt u'Iir:y tir-ins, the ooeration 

e- e* rcrv users, exar,rtles of tncery'wasters - svrch 
:'e 'r .eos, a d unirsulated lites, oethods f: 

- tin; t and ; review Of plzn. utilityeraa 

"5
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I Why You Should Consider CTL 
When you need solutions to problems concerning structures, construction 
processes, or materials, consider the specialized consulting and engineering 
resources of Construction Technology Laboratories, Inc. 

As one of the largest technological centers in the world 
devoted to the scientific study of constnuclion materials 
and applications, CTL is fully qualified to solve your con. 
struction, engineering, or manufacturing problems. 

Our laboratories are equipped with sate-of-the-art facit, 
ities for structural testing, fire testing, and raterials analy. t lolo 
sis. We even provide highly specialized testing services 
for products as diverse as railcar bolsters and soil drink 
containers. Many of these are shown in the following 
pages, where you will be introduced to the broad spec-
trum of services available to you. 

As a COL client you receive the benefit of our more than 70 years of expertise, 
technology, and data in research and engineering. Investigations are handled ;n 
our Skokie laboratories or in the field at your jobsile. Our professional slaff includes 
structural, civil, mechanical, and chemical engineers, geologists, chemists, and 
quality-assurance specialists. Our specialized consulting services also include 
expert witness testimony. 

Mary of our growing number of clients can be found in the Fortune 500 list of 
companies. They include engineering and construction firms, manufacturers, 
energy-related and chemical companies, electric utilities, railroads, building own­
ers, loss prevention insurers, government agencies, and others. 

We urge you to read this catalog and discover for yourself the many ways in 
which you too can have your technical problems solved by CTL. Join the increas. 
ing number of business firms, government agencies, and others who are supple­
menting their engineering and product development capabilities with the contract 
services of CTL. 

For a firsthand look at our facilities and staff, we invite you to visit us the next 
time you are in the Chicago area. We are only a short distance from O'Hare Airprt. 

Waleor E.Kunze. Pro odnt\
 
Construction Technol atories, Inc.
 
1312) 965.7500 

CTL officers (loll to right)- Anthony E. Finralo, vice 
president. Materials Technology; W. Gone Corley, 
vice president, Engineering and Planning; W. E. 
Kunze. president; J. Wurtlh Slade, vice president, 
Administrative Services. 

01968 Construction rochrnokVoyLaborotorios. I. 

Walter E. Kunze, 
president 

• ,,' 1 



I Structural Testing and Analysis 
Structural engineers, architects, builders, owners, and contractors­
you can prove .. yourself what others in your field already know. When 
you need help finding answers to questions concerning small and 
large structural members or cofnponents, Construction Technology 
Laboratories is your most reliable source.
 

Most experimental investigations are conducted in the structural
 
laboratory. A 56x121 -It test area permits both large- and small-scale 
specimens to be tested in a temperature- and humidity-controlled 
environment. Specimens may be loaded in many ways to simulate the 
elfects of gravity, wind, earthquake, or other 
forces. Static and dynamic tests are conducted 
on both small and large structural members or 
components. Loading may be controlled man-

ually or with prograrmed closed-loop lest 
systems. 

Slate-ol-the-art electronic equipment rneas-
ures and records strains, deformations, and 
loads. On-line computers provide instant data 
reduction. 

The structural laboratory houses MAX--the 
world's largest Multi-AXiallest facility. MAX han 
the capability of resisting loads up 10 50 million 
lbs and can accommodate structural elemnts 
or components formerly considered too large to 
test at full scale. 

The laboratory also includes a facility to test large-diameter 
concrete pressure pipes at hydrostatic pressures up to 700 psi. 

Structural testing may also be performed in any of the laboratory's 
conventional testing machines. Capacities range from a few hundred 
pounds to a million pounds. In addition to full-scale structural 
members, these machines can be used to test prestressing tendons, 

C, I l.'!, pi l I ! 1,.vily ca;n h,.-l a 9. 11-t1 Iip,, illosillo -dlia m ,:hI 

,Sllo 7(00 lI)i 

Ihl' y G. Russell, 
e, ,.jljve director. 
Svi'cluraf Engineer 
ito Deparl eTl (ellRalph (3.o 119111),
yeserle, manager. 
Slr ,'lurai Analytical 

Soclron, and Donald 
1.1 Chultz, manage 
'irlmcniral Devulop­
l,,t S ';lion. 
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I Structural Testing and Analysis (continued)
 
steel reinforcing bars, mechanical bar slices and anchorages, and any
other larg,3 mechanical part that requires tensile or compressive load. 
ing. Srna' testing machines are also available for testing fiber-reinforced 
products or other building components. 

You can now have Construction Technology Laboratories' expertise in 
structural testing and instrumentation on your job in the field. Electronic 
systrms using automated data acquisition systems can measure 
strains, deformations, ar'd temperatures in steel and concrete struc. 
lures over long periods of time. These unique systems are utilized to 
verify design assumptions, construction stresses, and overall structural 
performance. 

Specialized structural analytical design services are also available. 
These services can be used to 

develop analytical models of reinforced or prestressed concrete 1.r,chief n.rch­
* predict elastic and inelastic response of structures to seismic or imentilion tochn 

other dynamic loads cll.installs 
* predict response to thermal loads train, gages on 
" analyze behavior of unusual structures using finite element pro. tnidgi pier rein. grams rn cemfienlto
" perform third-party review of design requirements or field and labo. miioilor struc­

ralory testing programs ttirilbehavior. 
" review new designs for cost effectiveness 
Construction Technology Laboratories' structural engineers combine 

field. and laboratory-testing experience with analytical ability to solve 
your engineering problems. Their expertise in instrumentation, com­
puters, structural modeling, and testing techniques offers unparalleled 
qualifications in the areas of structural testing.

For more information, contact Dr. Henry G. Russell, executive director,
Structural Engineering Department. 

Aralysis ot deforrralior s in Pitrco Morgan, prf cipal engi.
deep-space afile hiri strtl:turr rlier, uses a (tyiialiir hinalyzer 
was conduclhd iy G I L Io (eterillilie bohavior of 
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Structural Evaluation,
 
Repair, Rehabilitation
 

Registered structural ard professional engineers speciahze in solving

problems in slructures caused by detects, deterioration, arid accidents.
 
You deal directly wilh project engineers experienced in design, con.
 
struclion, evaluation, and rehabililation
 

Often responding on short notice, speciahzed engineering stall lake 	 11982, structural 
advantage of CTL's unique speclrum of integrated services: '01,11n.itnlt have hoei 

" visual inspection arid condition surveys "htltntiil tori,
" niondestruclive Iaw delection and materials quality evaluation '.Ir',. r lb r . ; 
"corrosion surveys liilj II'h ilb:iti. 

detailed review of documents and building codes if)n11 MtiO(l 
" advanced structural analysis
 
" full-scale load tests 
 f; IL 1Iw; v,:miledalIn. 
* laboratory tests of construction materials olln	O trArlic 

llData is analyzed in-house by project engineers ir consultation with l (t if t ys
other staff experts in relevant disciplines. Results are reviewed by I tt n1h1.tlllhl IIh(

senior staff, and products of the evaluation may include to ';uCt ('sifl
nifIIIY 

" concise engineering reports that can withstand the highest degree If irit1he 
of scrutiny i,, 7 !Ii1,t m ,


" rational repair procedures for restoration ot structural integrity and '' '' I ,,

durability 
 'ii.J ":,'
 

" experience-lemp ,red repair strategies supported by cost estimates 
 Irni' h;tfuc
 
" repair bid documents including technical specifications and flln 'ni1 [:,s.


drawings 
 sr"l'nr'n":!r.ns
 
" expert witness testimony
 
When you seek engineering solutions for structures impaired by


defects, deterioration, arid accidents, cal! on Construction Technology 
Laboratories' specialized engineering expertise, For further information, 
contact I tans C. Kosel, rnarager, or Adrian T Ciolko, assistant manager, 
Struclural Evaluation Section. 
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Fire Resistance and
 
Thermal Technology
 

When you need to know how materials, building products, or structures 

react to very cold or hot temperatures, CTLs Fire/Thermal Technology 

Sectior can provide the answers, Our experienced engineers and tech. 

nical support staff can evaluate fire-damaged structures, build and fire­

test specimens, analyze heat transfer in materials and building compo­

nents, and design special test programs to aid in product development. 

Our sophisticated computer modeling programs provide stale-of-the-art 
solutions to complex thermal problems. 

The Fire/Thermal Technology laboratory testing facilities include 

" threo test furnaces for testing nearly any full-sized specimen 

" a calibrated hot box for measuring heat flow through wall speci­

mens up to 81h feet square
 
" a guarded hot plate for determining thermal resistance for tempera­

tures ranging from -255"F to It50'F
 

" various environmental chambers for conditioning specimens at tem­

peratures as low as -300"F and as high as 2500'F
 

CTL laboratory facilities are recognized
 
by the Council of American Building Olfi­

cials (CABO). This assures that your test 
results will be :;ccepted by all major 
building codes. Insurance agencies, fire 

departments, and the Nuclear Regulatory
 
Commission also accept CTL test
 
results.
 

the Fire/Thermal Technology Section
 
has provided testing, specialized con­

o)ly Sctimn., (I'll I S
suling, and engineering analysis se-
l11:1 ItlIflvices to utilities, manufacturers, huildilng 


owners, insurance companies, archilects,
 
engineers, contractors, and many gov.
 
errirnent agencies.
 

All clients benefit from CTLs service-oriented policies that include
 

* prompt scheduling of work 
/* same-day formatted testdata printout for many tests 

* excellent turnaround time for final reports 

The following detailed informalion sheels that describe CTLs Fire/
 

1hermal Technology Section qualifications are cvailable:
 

,' Fire Testing and Evaluation of Building Components
 

'Fire Testing and Rating of Penetration Seal Systems
 

* Fire Technology Laboratory Furnace Information 

* Evaluation of Structures Exposed to High Temperatures 

* Evaluation Services in I leat Transfer and Thermal Technology 

For lurlher information, contact Ronald G. Burg, manager, Firs/
 

Thermal Technology Section.
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Comprehensive Services in
 
Transportation Development
 

Ifyou are involved in the design, construction, or maintenance of con­
crete pavements, industrial floors, railway track systems, rolling stock, 
automotive components, or product packaging, CII Transportation 
Development Section can offer you a wide variety of engineering I',I,-, h f;i,i,.i 'i ii pal
services, itll , tl' ' l "'. 

ti',:,I c.,; Iri' I' IliTransportation Development services include 
' It.1, ", . 

* laboratory and field tests to evaluate the effect of design factors on 


highway and airfield pavements
 
I roadway arid airfield pavernent d,.ign, specifi.
 

cation preparation and review arid construction
 
quality control
 

e troubleshooting of problems, design, and con
 
struclion supervision of concrete floors (slab on
 
grade) systems
 

* design, testing, and evaluation of railroad track, -*
 

crossties, slab-track systems, rails, and ballast­
" Association of American Railroads approved
 

bolster- and side-frarne tests h,,; ) p in
' iiirll 

" dynamic testing of railcar, truck, and autlomoive lii'; 1 vfrhi ),,li~'l i
 
comrponent1s.;,,lrI.i 

r 
It ,"h' ,] ]
 

" faliue evaluation of new materials arid 1I IrlIt rlrIni II 
products 

" vibration, shock, and compression testing of products arid 
packaging systems 

In the area of pavemnerils and floo' slabs, our fransoorlation engineers 
specialize in pavement testing arid evaluation, pavement management 
sys ems, evaluation of pavement materials, foundation analysis arid 
design, and soil stabilization studies 

In railway and au lonnothye work, we offer si ucfural anialy.sis and test. 
ing of tack systems, track components, arid rolling stock components; 
testing and evaluation of truck, selniilraclor-trailer, arid automotive 
components 

We can also test and evaluate products arid packaging for their 
ability to wilisland 'lhe !igorm of shipping and hardling We car perform 
preship rri ttesthng of packaged products and assitlin developing ( t I v l, , i I 'li nii 

elficient packaging to mreet specific needs i ti,,h. :. 110p hi L)of 
Laboratory and field testing facilities are equipped to handle static lIt 1.ii,i J .. 7iliale pl;h ' , firr 

loads dynamic arid repetitive loads, arid soil investigations. Dynamic 'ii ii I i . , , t i tiar., 
tes ing can also dlerrnine performance of components such as cross. 
lies,. paverrient joints. and pavement slabs Equipment used in these 
tests is also used to test Iruck bolsters and ralcar bulkheads, shipping 
.. iilainels, anid Sernitliactor trailer components 

Our dynamic-load facility can accommodate almot any type of lest. 
It includes a Lairge 17x42-ft testing bed and a 500.000lb-capacily load 
frame Ter dyiarnic load rains, ranging in capacity ion 15,000 to 
220.000 lb, can be used Independently or giouped together as needed. 
Almost any type, fre(gucucy, and magnitudn, of load can be applied 

Specimen behavior is monitored by sen "s during laboratory and 
field tests. Meastrements are primarily recorded on a specially do­
signed, 64.channel computer-based, high-speed dala-acquisition sys­
tem. Data are immediately reduced, analyzed, and presented in tabular 
or graphic forni 

During field testing, Ihe dala acqui;ition system and other necessary 
support equipment are housed in a self-contained instrurnentalion van 5 
that also serves as a mobile lest laboratory and electronics shop. 1 

CTL investigations have contributed to solving a wide range of trans. 
porlalion-reated problems for government arid in ustry clienIs. Fo; I ,<i., i-n,., , , ;1 , p 
further information, contact Shiraz D Tayabji, manager, Transportation t1 ,.: r .t i .i- IIIi 

Development Section. ', ni , . . 
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I Construction Materials--
Design, Testing, Evaluation 

CTUs Concrete Malerials/Technical Services Department has the exper. 
tise and facilities to solve your problems with concrete and concrete­
related construction materials. 

Our professional staffof engineers, chemists, petrographers, geol-
ogists, and technicians is available to conduct field investigations, 
evaluate concrete materials and admixtures, perform petrographic 
examinations, prepare concrete mix designs, and provide chemical 
analysis of cement, concrete, and other related materials. 

We can test any material that is used in concrete mixes, including 
cement, aggregates, and chemical and mineral admixtures. We can 
recommend concrete mix designs with special properties, such as very 
high strength and resistance to freezing and thawing.-

In addition to its testing services, the Concrete Materials/Technical 
Services Department can 

* develop products with special properties 
* evaluate concrete in existing structures 
* evaluate protective coatings 
* recommend remedial measures to improve performance 
* provide inspection services 
We can perform detailed analyses of concrete by chemical and 

microscopical techniques to determine cement, air, aggregate, and 
admixture contents and water-cement ratio. 
CTUs research in brick, concrete masonry, plaster, stucco, and tile 

grouts provides practical benefits to industrial, commercial, and resi. 
dential clients. We deal with questions related to bond strength, 
resistance to water penetration, durability, and the effects of different 
mortars, admixturesand construction practices. 

Stall engineers conduct field inspections and evaluations of masonry-
related problems. They also perform materials studies and onsile evalu. 
ation of historic buildings arid recommend procedures for restoration. 

Test facilities include freeze-thaw, cement, mortar, concrete, and 
physical testing laboratories and compression. testing machinery capa­
ble of one-million-pound loads. Petrographers work with state-o-the-art 
equipment such as a scanning electronic microscope and X-ray diffrac­
tion units. They resolve prnblems in concrete such as scaling, cracking, 
alkali-aggregate reactivity, and sulfate and chemical attack. 

Other client services provided by staffprofessionals include evaluat. 
ing architectural concrete problems, creating special architectural fin­
ishes, and consulting on such problems as cracking, blistering, fire 
damage, and chemical attack. They can also provide expel witness 
testimony. 

For further information, contact David C. Stark, manager, Concrete 
Materials Section, or Agostino Alonzo, manager, Technical Services 
Section 
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I 	Creative Expertise Provides New 
Processes, Developments, Services 

Developing new products and processes and providing effective 
support to marketing product improvements and innovations are major 
thrusts of the work conducted by Construction Technology 
Laboratories. 

CTi's widely recognized stalf of engineers, chemists, and scientists 
employs state-ofothe-art apparatus and a pilot plant facility for 
comprehensive studies to provide aworldwide clientele with innovative 
approaches. 

Process-development work has given awide variety of companies 
" increased capacity and ,-oroved products 
* increased elficiency and erergy sav'ings
 
" improved process control and simulation using computer modeling
 
" innovative approaches to mothcdology
 
Now dovLIopinents explore the uses of cement, concrete, and other
 

materials in the construction and process industries. Work also involves 
poteiitial uses of industrial waste, now appications for existing 
materials, and hazardous material'- solidification programs. 

Analysis and testing is performed to determine 
* physical performance of materials
 
"chemical propefties uf cements and nonmetallics
 
* particle size distribution in powders 
" rheological properties of liquids, slurries, and pastes 

Scanning electron and light microscopy of cements, clinkers, concrete, 
and other nonmetallic materials and X-ray dilfraclion, fluorescence, and 
chromalogjaphy are utilized in the analysis process. 

Problem solving services cover 
cements, cement products, 
concrete products, production 
difficulties, and manufacturing in 
nonmetallics fields. 

In addition, CTL provides 
forensic expertise, slandard 
reference materials arid pure 
compounds. consultation, and 
expert testimony. 

For more information on these
 
services, contact Stewart W.
 
Tresouthick, director, Chemical/
 
Physical Research Department.
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Fig. I. t,.tacollectii prviles iniiroiatii onith1e need fur 
ecapacitors. After capacitors are Irtailed. data should tie taken to 

if they are operating correctly (as shown at left), providing the 
necessary kWAR.n.od not contrihuting to serious harmonic prcolems. 
Photo courtesy of Capacitor Prixlutcts Dept.. General Electric Co. 

Applying Capacitors To 
Improve Operations 

Importance of evaluating, planning and 
economics is discussed 

plague to ally industrial or triangle, shown in Fig. 5. Trigonometric formulas will com-
L ow piwer factor can bie a 

plete the triangle with knowledge of anT two parameters.conmrnerci:l business in the form of excessive utility 

charges. Sortie power companies adopt rate structures 
penalizing a i'Tlstomer for low power factor while providing Capacitors On Motor Feeders 

The optiniuin locatiin for p|rwer-factor correction ca­
a bonus for high piwer factor. Low power factor results in 

thts affectitg eqtipment pacitors is at the terminals of an induction motor. This ar­
highier peak kNXrequirements, 

rangement, illustrated in the single-lin, diagram of Fig. 6 
utilizatio. A greater 1Iwrcentge (if equilmtent kVA ratings 
is needed tii supply magretizirig currents. Thte material that (capiaeitors C4 and C6), insure proper matching in time and 

fol!ows lays It ground work for remedial actioit in the formn mIagnitude of capacitive kVARs to the inductive kVARs of 
the motor for the desired power factor. Common circuit pro­

of power capacitors. 
tection and switching can be utilized to serve the combina-

Data Collection tion of motor an( calacitor. In somie instances, the feeder 
cable size can be reduced its it result of the decreased lineIant pf call be measured with portable metering instru-

imetts (.ee Fig. 1). Chart recorders tracing the loathcycles current. 

iver a 2.1 hoor period for one week are recomended. The 
s with Stalh' Motor Starting Effects 

two wattmieter tiethod may be applied to loai 
When switched into a power system, the capacitor bank 

denrard. IUtility metered kW and kWAR data will suffice for 
will draw a high-frequeney inrush current, charg'ing in one 

the service etntranice. Rate schedules are available from the 
utility and should be studied fur choosing an economical cycle or less. For in isolated capacitir, the inrush current 

aid frequency can Ile calculated front the equations:
sllution. Figure 2 is a typical utility rate structure shiwing 
how an ehictrid system's pf may affect a client's utility bill. 
IData collection should incluile harmonic viltage levels. 
'"hih1 cat lie measired wit h frequeney slectrun aialyzers. (vr2) 111111. 

Causes Of Low Power Factor 
kVA_.... sPartially loaded induction motirs create the largest r Shor__kt 

I,-(L + Short Ckt. kVam 
on the system surces. A coner-rea:ctive power detoani mAs 

vat ive "mior size is usually selected in anticipftion of the 

maximui accelerating amd torque characteristics of the tme- SFShrtCkt. k l
h CktVA A hN 

chanical lau . rhe variation of motor power factor (pf) with 

changes it shaft load is represented graphically in Fig. 3. 

The phasor diagrami in Fig. . illustrates the effect of 

adding capacitive kVARsI stak ato a load having a lagging pf. Tile Wh l,.stea state peak curreit (crest value) 
1s - p itrsh current 

tw-i orain reasuns for installing capacitors are lower capaci-

ty release and reduction of utility charges. Am analytical tool fr transient frequency 
f,-steady state frequency

fur calculating the kVA, kVAR and pf variables is the power 

CkVAR - capacitor kVA R 
V,-line voltage in kV 

To prevent nuieance tripping of the circuit breaker 
because of the short-time, highlpeak inrush, harmonic

By Joseph W. Fay, P E.. 
restraint devices may li applied to the protective relay for

Sysko & Hennessy, Consulting Engineers 
Elec aConsultan 
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the circuit breaker to ride through the inrush period. For ex-
ample, assume the short circuit capability at the location of 
C4 in Fig. 6 is 75 MVA. Then the calculated peak inrush cur-
rent is 898 A with a transient frequency of 1039 lHz. The 
deriv-tion follows: 

-(V7)ICkVAR _-(1.41) 2)50 49iA 

ortCkt. kVA. -1-19 

L CkVAR J U 251)] -
Motor starting effects with capacitors applied usually 

do not improve the voltage more than 5%. The nameplate 
kVAR rating of the capacitor bank cal be used for 
calculating the voltage drop during starting conditions. Ap-
plying the percent voltage drop method (ot described in 
this article because of space limitatiois) to the I0)0 Ip liad 
of Fig. 6, the percent voltage drop is 6.5% without capacitor 
C-I. and 6.2% with the capacitor added. For the 480 V, 
200 lip motor, the drop is 6.1%, improved to 5.9% with 
capacitor C6. Therefore, with shunt capacitors on the cir-
cuit, the voltage improvement is a small 3% to 5%. 

Steady-State Voltage Operation 
One of the myths in power capacitor applications is the 

blief that system voltage problems will disappear with a 
(Iraiatic voltge rise. In reality, capacitors ar-e not pur. 
chae;d to remedy low voltage. With the exception of 
overhead distribution systems and associated high reac­
tanrce, the voltage improvement will usually be small, pro- 
ducing a rise of ietween 2% and 5%. 

When the systet resistance/reactance (IUX) ratio is less 
than 1, an approximiate formiula for the voltage rise can be 
applied: 

( \-k AI 
%V r ie' 

I l x ( k V)eh 

Where: 

CkVA It - capacitor nameplate rating in kilovars, 

and X-systemn reactance in ohts from the source to the 
capacitor location atd incorporates the reactance 
of all electrical system coniponents, e.g., trans. 
formers, buses and other conductors. The system 

reactance must be calculated i the basis of one 
standard voltage level fur the entire electrical 
system. 

rise at the ,180 V bus in Fig. 6 
can be calculated for a pf cirrectiin from .75 to .92 using 

For ex:aph-, the volta,-

Demand Charge: Per kilowatt of maximum demand, $5.00 
Energy Charge: AlI kilowatt-hours, per kWh, $0 07 
Power Factor AdJustment (power factor to be computesat 
the itmo of peak kilowatt demand.)

Penalty; Apenalty, based on the number of percentage 
points below 85% of an installation's power factor, will be 
charged. based upon: ( 85 minus actual pl)(peak kW)(de,
mand charge) 

Donus: A bonus (rebate) based on the number of 
percentage points an instc.lation's power tactor Is above 
835%, will be deducted ftrm the utility bill and wilt be based 
upon: (actual p-minus .85) (peak kW)(domand charge) 

Fig. 2. A typical utility rate structure. Not only do different 
utilities have different rates, a number of utilities have different 
rates fur different areas they erve. A rate structure must be 
evaluated carefully to carry c.ut an economic analysis, 

July/Augult 1982 

100 
Power Factor 

go kW With Capacitors 
kVAR 
kVA 

14Without Capacitors 

12 

40 1.k 

2 4 kVAR 
0 / 

10 2 

0 , 0 
0 % 

Motor Load 
Fig. 3. Typical charcteristics of a 16 lp induction motor. 

Changes fIt load affect all the parameters. 

340 CkVAR of capacitors. In the one-line diagram shown in 
Fig. 6, the system reactance isbased upon the 480 V level 
and has been calculated to be 0.0145 ohits. 

%V rise - (340)(.0145) -- 2.14% 
10 x (480 x 10-3)2 

Alternatively, the percent method of voltage drop 
calculation can be used ats another method (based on the dif­
ference of voltage drops) for finding the percent voltage rise 
because of capacitors being added to the system. This 
nimethiod can be used as a check to the above formula. 

%V drop- 100(1- )
Z, 

where Z, - impedance of the load, including capacitors, 

and Z,-total system inipedance, including ZL 
%V drop (w/o cep)-4.11% drop 
%Vdrop (wI cap)-1.97/%drop 

2.14% voltage rise 

The actual kilovars generated by a capacitor installation 
will vary with the applied voltage as follows: 

actual CkVAR-rated CkVAR x operating voltag~e 
\ rated voltage ) 

NEMA standards require capacitors to carry 135% of 
rated kilovars including the fundamental and harmonic com­
ponents. 
Sizing Capacitor For Connection At Motor 

The CkVAR rating of capacitor banks should be careful­
ly selected so as to produce laxinot power factor correc­
tion, while minimizing the piissibility of transient overvolt­
ages. T is is accom plished by cho siniranam eplate CA R 
vaue that is sligltly beIiw thc mitor noload magmetizing 

requirements, available from the manufacturer or by test. 
The tabulated data in Fig. , front the article on motors, 
page 22, can be used as a guile line for this selection. 

Transient overv wltags mtay result if excessive correc­
tive kilovars are connected to the motiir terminals. Upon 
opening the circuit breaker the lad inertia will maintain 
rotation while the stored energry in the capacitor discharges 

9 
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to provide field magnetization. This results in induction 
generator action. With the conservative values of Fig. 4, 
(pg 22) selected for capacitor sizing, and normal decelera-
tion of tileload, this problem is eliminated. Article 460-7a of 
the NEC governs the maximum size allowable for the shunt 
capacitor. . 

Circuit Protection 
Common circuit pr-utective devices can be utilized if 

some adjustments are made. Tie overload relay will be 

desensitized because of the reduced :inecurrent with tile 
capacitors connected. Therefore, a new setting is required, 

which is
responsive to tlat component of the line current 

due to motor loading. Article ,1t0-9 of tire NEC references 
overcnrrent protection. 

When steady-state harmonic currents exist, tie extent 
tile power factor is .75, 0-41.4 degrees, sin'6-.44 and 44% of 

to which they add to the circuit loadings depends on 
magnitude and frequency of the system harmonic voltages, 
If a third harmonic current flows, tthe resulting total rins 

current is: 

for135lzmsaid(l)s or180li. d~ 
rins is for GOlh and (I)'rmifswhere (I)' 

ienecessary tojwimlient of the long time trip elrnent may 
~ro.vent the new full load current from exceeding eluipment

1
, rinl:d ratings, 

Transient Torque 

This condition retiults from the closing of a circuit 

breaker into itcapacitor-corrected motor circuit having a 

residual voltage. It is similar to tileparalleling of syn-
chiromious generators with out-of-phase voltages. Tlerefore, 

are not reconi­
nti]motor jogging applications

rechlsing 
meniled. Reduced-vultage starting equipment may produce 
tr:ai;ient torquesi when transfer is m'ade to the full voltage 
tap. Sufficient time should Ireallowed for the stored energy 
of tht. to discharge prior to reconnecting to tirecapacitoir 
s',ste .-Shkct inn s from the table iinof capacitor sez, Fig. 4, 
(l'g 22). will decrease the chance of having transient 
torques re.ulting from overon rection and excessive capaci-
livekilovars. 

Circuit Losses 

Eihctrival equipment losses ire reduced with capacitors 
the square of the line current. By itself, thisby the Ch:ige ill 

I,;o; savings is sehloi sufficient to justify tile purcl:tse of 

ipacitors. However, the savings in losses serves as an add-

ed Imiefit. The kW loss component of total power will re-

iain virtul!y unchanled, but the kVA is reduced and the 

;rl;o lIt loss will also be reduced. This results inthe,'ated 
shaving of peak kW demand and lower kWh energy costs. 

'li'kW losses in a typical plant vary front, 2% to 5%of 
the load factor and operatingthe loal kl.Wh, iherlen1irg oil 


efficency. As a mneasure of the reactive line losses, the per. 


cent of total losses because of reactive Ipwer now equals 

Capactor . .% 

Cuoennit Corrected O01 

.. 9 1-.L ----Corrced
 

Original Load 

a 11C Current 
orgin/ I Cap 
Load IL 'Capacior 
Current Reacive 

Current
Cu,__n_ _-capacitor 

which equals cosineFig. 4. A phasor diagram. The tp..wer factor, 
the reactive load is decreased.0.isimproved when 

12 

Collcted 
\ kW 

" - A c Corrected 
. kYAR 

Original 4 
"'o" 

" Original 
circuit 

WFoARo WiAR 

.c Capacitors
AddedPo*rFactorCOS 

Fig. 5. A power triangle. Using some of the known parameters. 
trigonometric calculations will reveal missing data. 

sin"O where 0 is the power factor angle. For example, if the 

total losses are reactive. 
The kW percent loss reduction from an improved power 

factor canl be calculated: .2 

%kW loss (0 ((corrnected 

tile 


(100) [- Pf oriinalreduction 

\ e 
The monthly kWh saving is computed by the following 

equation: 

kWh saving-I(peak kW loss)(% loss reduction)--capacitor 
loss](720)(load factor)($/kWh) 

Where: 
kWh per monthfactor- h per monthL Ia(l kW 

Sometimes ,verlooked in loss studies are the capacitor 
losses which typically are equal to 0.15 W/kVAR for all film 
and 0.5 W/kVAR for papter film capacitors. This should be 
considered in all energy/ec(ionoic studies. 

Using tileone-line diagram shown in Fig. 6 and the 
typical rate structure in Fig. 2, an example of circuit 19ases, 
energy savings after pf iniprovement and resulting cost 
benefits follows: 

Given:
 
1000 ft I-3/C No. 2/0 caile, where R-0.107 ohms per
 

phase
 
1000 kVA load @ .75 power factor
 
340 CkVAR capacitors
 
corrected power factor-.92
 
monthly load factor-.5
 

Computation:
 
caplacitor losses-( 340 kVAR)(0.5 W/kVAR)
 

- 170 W -0.17 kW
 

100 kVA 
PR losses-I 0 (3 phases)(.107 ohmsphase) 

vUh(4 .16 kV] hss(17 hspa 

=(139)2(0.321) -6202 W-6.202 kW 
kW loss reduction -(100)[1- (7 )(100)(1-.665) 

- (!00)(.335) - 33.5% 

Savings per month: 
kW demanid-j(lit loss in kW)(% kW loss reduction) 
-capacitor loss] (denod charge) 
=[((.202)(.335)-.17]($r/kW)-$9.54 

Energy Savings-[(peak kW loss)(% loss reduction) 
loss] (720 hrlmno)(load factor)($/kWh)

0
 
1[(6.202)(.335)-.171(720)(0.5)( .

0 7) $48.07
 
Total savings per month-$9.54 + $48.07-$57.61 

Elctfica 
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Load Center Capacitors For example, if 180 kVA of new load is expected at the 
The purpose of locating capacitors at the service en. 480 V bus in Fig. 6, prevention of overload equipment re­

trance and power distribution centers is for the addition of quires:
kilovars that are necessary to correct the system to the CkVAR-VT1533f1 (915) - V(1000)'-(915)' - 298 
desired pf, recognizing that, at times, not all pf improve.
ment is carried out by capacitors at motor circuits. This type Where 1153 equals the existing kVA of 973 plus tile new
of installation can be justified when a large number of load of 180 kVA. The 1000 kVA equals the circuit capability
motors are supplied, inhibiting the purchase of individual ca- and the 915 kW equals 750 kW plus the new load of 180 kVA
pacitors on each feeder. Or, simply, when the economic at .92 pf which equals 750 kW + (180)(.92) kW-750 + 16b
study reveals this arrangement as a preferred alternative. -915 kW.
 
Outdoor rack nountid, indoor metal clad, or vault located 
 Since 298 kVAR does u;t correspond to a standard
capacitors are available for this application, capacitor rating, choose one 300 kVAR bank. As there 
Capacitor Release already is one 10 kVAR capacitor on this circuit, the totalamount of capacitor rating equals 340 kVAR. 

The kVA loading of electrical apparatus is represented For another way to determine the capacitor kVARin Fig. 5 as the vector sum of the k\V and kVAR power re- rating for improvement of the circuit power factor, refer to 
quirements. ly reducing the reactive power demand on the Fig. 7. The circuit kW is multiplied by the appropriate factorsource, the length of the kVA vector becomes smaller. 	 read from the table. For example, to correct from 75% to
Therefore, additional kW of load can be added without ex- 92% with 750 kW of load, find .A53, then (750)(.453)
',!vding the original kVA demand. In other words, new -3,10 kVAR.
 

loads can be installed utilizing the existing equipment

capacity. Shunt-connected capacitors reduce the reactive Automatic Switching
 
power denanid and can be used to relieve overloaded Capacitors are available in single and multi-step banks.
transformers, cables (,r other equipment. 	 Consideration 
 should be given for connecting them to

The capacitor kVAR required to accomnnodate a new automratic cootrollers governed by parameters of time,load and increasing the pf to .92 without exceeding the cir- voltage, or kilovars (see Fig. 8). The choice of control 
cuit capability can be computed as follows: depenis on the cyclical nature of the load. in Fig. 6,

capacitors Cl, C2, C3 and C5 are connected to controlCk VAR -mVod-ules. Tine-switched capacitors may be fitted to the base 
Where subscript 2 indicates the total new circuit kW and 	 load kWAR. When this is done. the kWAR control module 
kVA, and suiscript l indicates the circuit capability, 	 automatically matches capacitor loading to the varying in­

ductive loads. The capacitor banks canl be purchased com­
plete with the controller, fuses, load break switch, potential
and current Iransforner-i. 

To Utility Supply The design tool used for selection of automatic switch. 
ing is the load kVAII profile, an example of which is ,hown 
in Fig. 9. The profile is developed from the time-charted

5 kdata 	 of kVA R flow and adjusted for motor capacitors added.LW5000kVA IkVAR A greater degree of flexibility is achieved using steps of
Z 5' Utility Maeaeing kVAR switched into the system. The point of dirrinishing 

Da.5000 
W WVA retur is reached when tit( cost of an additional step to the 
pt .. 75 r- ­ capacitor bank outweighs the advantage of correcting to the

desired p.wer factor for a given load. 
4.16 kV Bus For plant toad cycles that result in a fairly constantTo Bus profile of kWAR versus time, fewer increments of kVAR 

, "Tie Div. switched would Ie sufficient to correct the power factor at 
o..- -- peak load and some value at partial peak. Tie size anldl 

Ole, number of steps are tailored to tie kVAR profile so that 
,VAl I Load ' each plateau corrects tie power factor to a value no greater
Conuol I than the desired level while attempting to minimize tile 

5 i0ti Module 1 	 1000 it ncrmer of steps and the difference between desired and ac­04A0 ,3C 1.31c4210 tual power factor. 
-000t . VAC4 M LZ .....	 5% Economic Study 

IVA~]l~ .- ,.~ -Oiginalt000 300 	 Ai expenditure for power factor improvement will pro-I hp Demand (irce future income from the savings in energy, peak kW,300 1000 VAkVAH= C= C2 • C3 	 pt -p75 and power factor penalty charges. An economic study will 
(750 kW) Irrovide the payback perioc for agiven investment, or deter­480 V Bus V mine the permuissible purchase 	 cost for a given payback. 

period. it the example below, a dollar value for tire installed 
-- 1To Bus cost of capacitors is calculated assuming a three-year 

Te Bk,. payback perid, annual utility rate increases of 12% and a
To New stipulated rate of return of 15%. Taxation benefits are riot1001t CS300 kVAR 180 kVAI0V 0 A Load ol ccnsidered making this study a conservative one. For this1-3/ Te "To Be 1 - 02 example, please refer to the single-line diagram of Fig. 6, 

~ Time r-Added io
4060 oio HandleModule New LoadWAR 20 hp uFig. 	 6. A one-lire diagram of ahypcthetical electrical system. 

The data given isust in a number of examples presented in thearticle. 

14 Electrical 
Consultant 
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the utility rate structure of Fig. 2, and the cash flow U Power Factor Pialty Elimination (PFP'E). This repre. 
diagram in Fig. 10. 	 strts the elimliation of low pf penalty charges by increasing
 

the pf front the original low value to a value up to or ex-
Given: ceeding the utility break-even value of .85 pf and is based on 
peak kW -3750 a 1%decrease in denand charge for each pf percentage im­
power fator-.75 provernent uoito .85 pf.
load factor-.5kW circuit oss.es-27 PFIE-(.85-original pf value' ''ieak kW)(denlnd charge)
 
P ircuit oPFI'E -(.85-.75)(3750)($5/k W) -$1875
 

Proposed: U Power Factor lnlprovernevE Bonuses (PFIB). This is the
 

power factor-.92 utility's incentive for a (-ustomer to further enhance his pf
 
capacitor kVAR- 1715 improvement beyond the .85 ifbreak-even point and is
 
capacitor losses-(1715 kVAR)(0.5 WkVAR) hased upon a ionus of 1%of the demand charge for each pf
 

-857.5 W percentage improvenent beyond the utility .85 pf break.
 
-. 858 kW even point. Because the peak kW will decrease with pf im-


Monthly Savings with Capacitors: provenent, this change must be taken into account. The
 
reduction in peak kW demand equals (kW losses)(% loss
 

SDetermination of percent loss re'duction (%LR) reduction) less capacitor loss-(27)(.335)-.858-8 kW 

%LR-(IO0J) - d P -(lO) [( 5 33.5%
 
L(flew prj [_-,\92 

-

JJ l -FIB
(i11proe, pf value-.85)(ori,,ial peak kW 
-reluctio in k\V deklanfl(dennand charge)• Reduction In D)emand Charge (I[f)C) 


PFII-(.92-.85)Gl7St-8)$5/kW)-$1309
HDC-(kW loss)(%L)-capacitor loss (denand charge) 
+ $1309RDC-I(27)(.335)-.58($5JkW) -$41 	 1st year monthly savings- $41 + $206 + $1875 

- $3431
 
" Reduction InEnergy Charge 2nd year nonthly savings-$3431 x 12% rate increase
 

REC -I(kW loss)(%Llfl-capacitor lossJ(720 hr/mo) -$38,13
 
(load factor)(rate) 3rd year monthly savings - $38.13 x 12% rate increase
 

REC -[(27)(.335)-.858(720)(.5)(S.07/k Wh)-	 $206 =$1130.1 

DESIRED POWER FACTOR IN PERCENT 
80 _at 2 83 84 85 88 37 	 88 89 91 92 93 1 94 9s 96 9 g o9 ,o090 	 98 


50 0982 10081 034 1000 1048 112 1.1301 165 1.192 1.220 1248 1.276 1306 1.337 1.369 1.403 1.442 1.481 I529 1.590 1.732 

1 937 9 821 989 1 015 1041 1 C-67 1094 1120 1.1471.1751203 1 231 1261 1292 1324 1358 1395 1438 1.4841544 1d87 

52 893 919 945 971 297 1023 1050 1076 1103 1.131 1.159 1.187 1 217 1248 1200 1314 1.351 1,392 1.4401500 1 643 
53 80 876 902 928 954 980 10071 033 1060 1088 1116 1144 1 174 1 205 1237 1271 1300 1.3491 397 1 457 1.600 
54 809 835 861 007 913 939 966 99? 1 019 1047 1075 1103 1133 1 164 1.1961.230 1 267 1.308 1.356 ".4181.550 
55 769 70 821 .847 873 89t .926 952 .979 1 007 1035 1063 1090 1.124 1.156 1.100 1.2281.268 1.316 1,377 1.519 

58 710 758 .782 5OJ 034 860 887 	 9M3 940 908 096 1024 1051 1085 1 117 t 151 118'9 1229 1277 1.3351 400 
f- 57 69J 718 744 770 706022 	849 875 902 930 958 986 1013 1047 1079 1.113 1151 1.191 I 239 I 500 1.442 
Z 59 65 681 707 73, 759 785 812 838 865 893 921 949 976 1010 1042 I076 1.1141 154 1202 1,26314C5 

59 a8 644 870 698 722 .748 .775 801 828 056 884 912 939 073 1005 030 1077 101171.1651228 1,30
60 584 610 636 62 648 714 741 	767 794 822 850 878 905 939 971 1005 1043 103 1.1311.1921.334
 

61 549 575 601 627 853 679 706 	 712 759 787 815 843 870 D04 OJ 970 1008 1048 109061157 1.299
 
62 515 541 567 593 619 645 672 98 725 753 .t 	I 09 838 8/0 .02 939 974 1014 106121.123 1265

LU 83 48. 509 535 561 587 613 	 640 C66 593 721 741 777 84 a38 Bio 904 9.2 992 1.030 1091 , 233 
U. 450 476 502 528 554 580 607 633 6M 688 .716 744 771 805 837 671 909 949 997 1058 12.00 
65 410 .445 471 407 523 549 .576 .602 C.9 .651 685 .713 40 .774 .806 840 878 .910 .6 01.027 1.169 

68 388 414 440 466 .492 518 .545 571 '9 6J6 554 682 709 .743 775 809 847 .887 .935 V198 1.111 
67 358 384 410 436 482 468 I5 541 560 5 6 824 652 679 713 745 779 017 857 .905. 9&!. I' 
68 329 355 381 407 433 459 486 512 539 5C-: 595 623 650 684 716 750 789 028 876 93711.01i 

0 69 299 325 351 377 403 429 456 48? 509 537 565 593 620 654 868 720 750 .708 840 907 10G49 
70 270 288 322 .340 374 400 427 .453 480 508 536 VA 591 625 657 691 .721 769 811 .8781,020 

L 1 71 242 268 204 320 348 372 399 425 452 480 508 536 563 597 629 663 101 741 .783 .850 .092 
72 213 239 265 291 317 343 37f 	 396 423 .451 479 507 534 58 600 634 672 .712 754 821 .963 
73 186 212 238 264 290 316 3. 	 369 396 424 452 480 507 541 573 607 545 685 727 794 .936 

LL 74 159 185 211 237 263 209 	 3:6 34 359 397 425 453 480 514 5.46 510 610 658 700 767 .909 
2 

31 342 370 308 429 453 487 .519 553 .591 631 .673 .740 892 
ccs 1 84 210 36 22 6A 

L 76 105 .131 157 .183 209 -.15 262 '88 315 343 371 399 426 460 492 526 564 604 652 713 855 
777 079 105 .131 .157 18' 2,9 236 2 ? 289 317 345 373 .400 .434 466 ! 00 530 578 620 6a7 .829 
78 053 079 105 131 17 18. 210 236283 291 319 347 374 400 440 474 512 552 594 661 .003 
' 026 02 018 104 .130 16 103 .209 236 264 292 320 347 381 413 447 485 .525 .567 634 .776

0 "U 000 026 052 078 .104 .130 	157 .153 210 238 266 294 321 355 307 421 459 499 541 600 .750 

1I 000 026 052 078 104 131 157 184 212 240 268 295 329 361 395 433 .473 515 582 .724 
12 000 020 052 078 105 131 .158 .186 214 242 269 303 335 369 407 447 .489 .556 698 
03 000 026 052 079 105 132 160 188 216 243 277 3U9 343 381 421 483 530 .672 
a 4 . 000 026 053 	 079 106 134 162 190 217 251 20- 317 355 395 437 504 .6.5 
a05 , .. 000 027 	 053 080 108 136 .164 .191 225 257 291 329 369 .417 .478 620
 

8 ... ... ... 026 053 081 109 137 167 190 230 265 301 43 390 451 .593 
...... 0027 055 082 Ill 141 172 204 238 275 317 364 425 567 

i ... .. 028 056 084 114 145 177 211 248 290 337 398 540 
0 9 .... .. 028 056 086 117 149 .183 220 262 309 370 512 

0 .... 	 028 058 009 .121 155 .192 234 2a1 342 .484 

91 .. . .. . . ... . .. 030 061 093 :27 164 2C 253 314 458 
9 .. ... 031 063 097 .134 178 223 204 426 
1 Fig. 7. Power.factor multiplier to deternine t'kV,\t nWelel ... ... .. 032 063 103 145 .192 253 .395 
It tocorrect a low pf. The multiplier is found at the intersection 	 f ............ 1 0 1
 

03 0 126 .18 320
 
the oriRinal pf and desired pf. This number multillirdl by the kV 

97 equals the aniount of kVAlts required t,,increase the existing pf ... .. . .. ... .047 .108 251 
98 to the desired pf. "................. ........ 061 .203 
99........................................................................ 	 ............ ... ... .142
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.piw,r factor control
i. Ii. Al autornaticunit. The far left 
Ih,oto
Shows the 
Cabinet
and the 
adljamt' htofl loo;hks 

Z inut, the interior where 
the rupaciturs, oil 
switches ariid current 
limiting reactors are 

.. nw.Ilh~tos courtesy 
(if Il.K. Po.rter Co., Inc. 
Ehsriral Div. 

Economic Study r.tvt 1ailtst ilisaipliviatiII of calacitors. Sonle Sources 

A\vfish flm %,1k •in, pti ;ll'I fr thil vi l t I, I i" tll, if "iiairnii ic v lla vt:;includ e traniriuiiers, static switching 
pr.... %ahltu ,i luturit .;t r Iri hih v' 1 Speed drives) andv'i i t , .. ll ,ulIt Il,, io .r ulies (LT S systeini , variable 

I,,. Iid,.li capi ItI , ,. , ol iV. 1i).T'it* ;.rcv,'.ll 1,irr:itqirs;. ik ii tasutriiiri-t of harrrrrie vorltages can lie ob. 

,rs fir the w.rit,!; , l tl ';h 1 ,I] it , O,, taliiti Mit1 ;I freituenci y s .,trrtil analyzer.I,t,rth f;cl 
I ;apavit.rs fi lit gi'nerniat' hiiarinonics; however, they21) 62 and 28.85, f,r the lirl, . awl third se'rivs. 

'Ii , presrnt vailiv(if till; futurr s IMl,,s l it as ;L riaci:tinl which varies with frequency by( 1ii:is 1.8) 
($3131:i 1, (20.6i2-11 08)($:N3) f 12S 8.,. 20.62($11301) X ll(2nft')Ilj) where j is a lihisr operator. Iligher order 

$Ill, lio hiarnoirs produ, prplortionally grter currents in the 
tihe hiwvr il ;irrle'(.A i ",pI- or.lii will r idut. ssiitllir rha (alarihir ihtare' if 

or a lritr ritt, 4 return fi, tilt,sil period,. LA:icitors ire ratel it carry 1:14 (if tihe nameplate
,*..r i i : l a k 

ptirri. 
hIwir ,t ilitiil r ). i turl %illil f rigreaterinitial kVAR to irclIuh tir' fft'Ct If hiarrririics and operating 

irn. stttre t for tI it ;, ,:i~l, i-k l,,ro,l. I',,r a hl ger pa%- viltage. 'ih' irt'it if rinillrilIte k\'A ls actually 

liirk. ; grater iii i;tl:,'t van i, tirlrialhl, with a tiritsli t drawin hy the tcipc:itor hank (tii le calculIted as follows: 

r. 't.,f rcturi. kVA s -(V,)- * :+ \',)2 + .. # 

Harmonics And Rosonanco whure V,, V, ai V., are the' furnI: rental, third and ifth 
harniriic vilhaes expreed as a fractiorn of the rated 

Af' ,truly if h:irrnr~ii rlfinv iiil~ ri.:rnin', ill .lil. 

rThe rins curretnt is equal to ilqare root of tiretiota ti 

kVAFts Load kVAFProble Wtlhout Sln of tile siuart of tih' hr:ilnonic currelnts:

I,Ou- l... t; It- , l; - 4(-f+.,i" +..t 


-iVAR Loidmtj Higher harurirnis di cttir a(i can be analyzed. lie 
M, , foliowing exilaniple will lie iiredil to tie fifth It rnluiric. Sup­

pose tile syslem vollage dlita at C5 it%Fig. 6 indicates a fun­
di11etal rif ll31., t third hrliari"i if 

2 
' aind a fifth liar­

~ach St,.; nionic of r% of rated voltage. Then tilt? kVAR hading is 
29<}-(315kVAR .) 1 x (.05)2 - 1.26 ur 121;% of tire rated 

. ___ L._.. _ __ . kilv:ir; Ill ViICulatiig til' total rilis current Using: 
0il?)0 120U 1800 

ITim. ol Day 

Fit.,. ii VAl ;r,,t., wIith 1-,r f;,-i,,r rrrc'n'ti ,, : K is the harlionir vollage' and Z is tire inipedance of tire 
tiv .I ii;ilintr link 1,, the' at.,vc Iro. at:Ik itri'ail, f caalicitior at tilte harrnrie frellilency. The inipedane nie­, ,
2 ,oi I ' ,rre et v , I 2 t, ,., 7h ', .creases priliortionally with ilrcreasing harnionic frequency. 

- Thus. for the third larnlnic, we hlave a harnonic voltage of 
ruln,, Savngs" in .. ct 01 Uility .9 ir unit (Ill) diviidhy tilt? ilrlieilaure, which is olle-Hnalo I(i~cia51+% 

EIn-. Pa A'd M eal, thiird that of the first hlarlnoric, hen'e the current beconies:CliW ­
$4M .2 .. if till.lllv

-$8 3 , j 

.,_:: ___ 'A: 
[ 1 2 121314 24 2526 36 Months ()i this hasis the total ris v'lrreiit is: 

-[ /ii:+i. ir-i.ri'T7t.45P 1.30 
Inlalleui COSl 

or I 10% if rated current. 
$10.00 The abohve exalillle illustrates the necessity of sizing

I switeh(.s, calehls andil fusing if the capacitor installation for 
i'ig. 1l0 ('aih f]l,w d1ilgri:ItmI S ill) thie liremt t value of future 
av rrrgstalist can li' ill. i r Ii iriprrive tire i1Mwer 

O Capaclois 

tlei )apacito-rs 
factor to .921in tlhe cirruit shwli in Fig. 6. (continued oi page 54) 
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Applying Capacitors Forensic Engineering
(continued fron page 18) (contired fron iage 46) 

125% of rated current as required by not protecting the Aelctrician from 
tire NEC. Ratings of equipmnierit Ibe- such a shock. It was nted that if there 
tweer the source and the capacitor G had been the proper green bonding
bank should be checked for adequate wire with the temporary wiring, tire 
capability tot
carry the total current ii- accident would most likely not have
 
/udi,y Ihario,,iic,. if hrenit. Alis, it INSTALL.. happened.
 
isinirtanit that the relay settini f,,r O, excutive of the ballast company

the circuit breakers lie checked sit that wh iattenld
A 0VOX certain of the courtroom 
the breakers can ride through ibe l. hearings realized that tire paper and

cirlattd itirush current at thet' high frv- rOOil condenser was from a vendor
 
,lileicy. If thtis iratter i , it. ;,rIh.r;v, whose productts were ltUrc'l,ased by the
 
iruisarie, rrippini v t-crrr, II MRranufacturer. Laterestingly,

Any ',mhirinati,if inilrctatie :idO I ui,(';ded the ballast4 E therattoreys whi 


Caaiita hs ,r,. turer ther hired a member of
i('h:11-acterist mAPACITO 
quenty at a hiclh there txirsat; ancilr'I our company to carry the case on to 
tin of enetry, c.alhrd resimant',, reva+ the manufacturer of the paper and foil 
tive, iii Iiltttrk, tht shutth.s h. 'X conldenser lhat was used within the 
tire eletrical i'.litirrurt. Fmt i. %i . was a second jolb forirwnr, ballast. 'lie rase 
inductanirr L, drtrala'itali't.C, . .it- our cmnpany, anI the second case did 
fr'etif'ry that may trilg''er thii,. " igoto court, ;id settlement was made 
Iriii 'irtrrlili.. tluil tio r in tire courtroon. 

. -1 ' Conclusion 

'hi, ,-illatiry 1o.1iit.11 if tit " Attirne,,vs are ii,,itortaut people. They 
aiivirt't,i'trsilt i iri't' 'tritlit synthesize tae knowledge ind irrforma. 
vai,':hhandliv rl tt l the, power tiolng~iven (Ilth,:in, ond frequently seek 

si'tei. Wlthei thit clrac,teristi, iar- this kiiwlelge frota outside con­
iSl .it t'xi;, ild ills.fli.'rerit sultaits. Attorneys will :espectyou for
 

liwilitiwle" Ol",,xill Soliciting
ting
,liriiii ,,it, tht' 'ircuit willll rrrelt tire help of c tiher expertsii'nriitll a when necessary. They do not expect 

niig. you to know ;llof the answers 

Iacitrir;, o;.r l 'iinnnpo t ai tite 
h'hit- 'rurrvkt:rrl, fataill) ca all of 

lt,,: . t titiie. There will bie tinies when you 
bhvt. "In ir lrilitfirevs think the cas, isunfair - and you can 
in..nnrl ihilit c., rk onrilt.Marty if the attorneys in suchl lii;niinr:, 

rra;it.r midi Cilnuntir ica .a.tii, " ...... cvi'.ls have culled us back oinother 
the. nilnriiilr~itn r ii,i;irrtIwith thi.nir. . acase!,. You wont need to be either 
ttill. .';ir hI, vit'vctiv iii tri til,it,. younig oir old toiparticiptate in forensic 
hitrri., ]ci'materienil;. detriral enginreering. Our experience 
i11r .. Ill:lill wirtlill tIn' i,.;,,r ii,tins area runs over 30 years and we
%Y;tll lri the ' i a."a r fiounrd work interesting andI'Iel . < - -have h ' the,yii,rr iibw ,,itm 'ld~ltr 'i I - .iI 

'rwrgy 
' 

i-. fiitn,tri-in nrrirC prroital.it U 
litllol';i In. pf lli'w . Roforoncos: 
Conclusion .larry M.iil, I.,m-yrzrs Desk leference. 

i'.Pw,,r ln;in-rt,,rs iii fivalinh) ' .. filrEid., ltiroft-Whitney Co., San Fran­
fir b vl,,it,; fir :i irlrr:triit i /,,,ririurr oi at',a 1179. 
tinl fairilitv l reart' ;;l

lihh, i l ai.l., 1m; -'t"rrtvr,-S rvtnicceDirectory: The No. 
Itrinnil I -stehr -f nn-rel.%in Er17Wrts, hutnjnv rirtjs r:ttiiig; :illil I -;,u ,", h I'c.r1er
h' , a,' *t* ti,.i ninn, intuit tlit!u,1tlindLega/l .SupportC.',vsullrrt.4
I,....tv,n# 


S,'r,,- , h ,',,.,' llS,..'n ,iniiiiqtt. F*airlawni, NJ. Natiounal Foren­tt,lvlr facl~tfr [lwrf, lrlli rv'l,f I' i lr mct (il lt) 90(. 

tricallh'fr,'Befo rll ;w vi Manual ) riri' J',rPotensi 
all l ;lh 

,

innl , itinl.ill iWi l h aInrh...tli .. A l

t
etril'ull Council of In­

'ilrriv-n .ih-tit iic.,. it tinjiitil') th,.ir iiwt:llarin.i.1,. La iltrh, Wahington, 

41lillti-s :icht-,il ,.1lllt l raf ;il ,,ifl il i 
pr~~r4_AI~"vvtii,. ati- dwic Thu Author 

aidiI, 1Vtii;lli'. li ttl i i i S0.it tV. 'er hViall his own Co(nisultingft-ctth is. rair,'i' lnii''iihn're,. 

The Author "'- "tr'imit'riig firn in (aklh, CA. lie 
' .J..e~i, ~.r a ri. IaIE de~t themihirt'n-nived ttgree. fronmtJ,..ph W. V+'at lpr,,- "fnivr Nity ifCalifo~rniai a l(.imv...r hI in Iferkeley, nnS';%;i& lliit ',.C ititiiclti.i'ii--r, is :I It'tistrt'tl P'rofe'ssiotnail Engine'r in 

.l"ritinii ....ffil)IhIt. 11.. lpt;ii. 1 iev'vr;tl states. lettina'r is ii inl'Iiber of 
,-t'tirit;rlvtiii'-.-rtl fir cniiim-rnil nil |IIEEE. IES. thiAntnr'rician Arbitration 
li)htinhrlutitl pr.,tecit. Ia)h is ;I K liS A'a.. unul iaservdtind as chairman of tIhe 
iht-r' i lit trmi* t -o, C if lay (Sai Francisco)frout l I eiilI i Ii,, it uiLcrtnilEr;L,' 
Ilrbanu -Climatniain ,,andnt i 1.i - i-rn-n'rvi t letri'al Enginvers. II.has taught
|'rtnfesimtt lEn giirner itt (nrlifm,rnin.it.' i varitriru r'tigine,ring courses anti has 32 
a neniler .f I'EEE arid IES. years of experienre.
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The Best Of Capacitor In tallations 
Can Have Side Effects 

Avoiding troubles 
fronm surges and resonance 

Althouglh it rarely ialmpiecs. miajior ,cigiicers. Iightii. televisilccl sets 

tl~gda o callIN- ,'iIsil Ilytracsicilts iid the weliIig appiarattus itself were 
slrges.irluve Ihy false trij'eriiig ,lfil,,vivtsiafllit'ced by tict-f u ns 


Wien aeiipacitors are useilto iinmprove swillhgear, oiioirs iall iac'il.rs. 

1c4iwer factor here ,Thes tic uit.l wIll .cl, lac circuits, 'lic vels llal l%% 

Ie side,effctst. Inll iit cas'.%, tilt' c," rtsmncrei iiiatthiig Ihe circui iluc.i 

latitors are tilevitims; iilthers, Lhy alilce aliiltailiaiitice tiptie freiliic 

are part (if theilt I (iftilt. re'r iiiel lcause. eithtr ta t, 1ilc's s.) that they n 

the electrical (ctlisul(alit shoull ii' ,'% iii lin. Ie.,rtent aprts 'if tile s't 
aware of tilt,iussiliiliti's alldtacke miiiice call lot il worseike tlii,ig 

iiecesiry ,tells ireveitt lv creatiig icutlsiai.; high voltagestic dlliage 
-
iicig tilt-ir 

Ilinici,.|lith tde ,e fgriw- if Irnllsilllls, hut lll :s"l c 
fromc surges ail frum tuciitliiiUc hUir- aiilu rreiits, clitillmo Icrglti 

effectsare I iils 

iiii prtaiwe becai;c of iir:eeI ircrhc logii i e il qUiillieilt
clies i,' 

e1l1icliuatiii elf chi Wa.wiv' Iquill. t!ie ;llcitieili of1rit,'cilailt currlit tiit 
unlct-- esi :1lly %iliciiciitrohlil rt''. 6i liz systiemi. 

ciclulrs acicclctcqitlters, fustsuch as lindlowiillirg. ;-vkeli l if illsillalliill 

octher nialfcini'timiuiuig ill 

tifier (tIT) (hives 

BtYMlol Zic;ki), P E 
Ptf',dllptand 
L :, M CI.iik Production Mallgei, 
M,muul luckicr hic 

;limmes (if luttrical ilc'lleoiis ape-
itcirei as faer ;itkas lite 190is, wheiI 
nilic'l x-ray niiclivis caustll ilislil 

licleces ill,w,ri lilies frlicl whihli l 
were fel. the ailiioli l line li il11ts 
ilisiturlitictes fromni lhirge' sct, letlers 
alidlflash welilers bliri i te flijkec 
irolilenms tit teilt- 4if elecitricaltteiiui 

-
-

a 
z 

i tihiose p;ys, pr'obclens were few 
]l si thatlVaclaillilIlargett,lllill (tile
 

I. dli hy iniivilu:il elgileer­
ilug auit in. Ar "furlites. large ree* 
tiljli:cfiriliis. 

litrs i l lirh hsl wer iliilultilll 

iitoirs realed sir.rge, ;illil1 his jllUip­

cilit ws ,c&liitiies iti'wlved inresi. 
iil il ejii lien . 

Rectifiers Alter Conditions 

'lTestir.e/lerliieelcit sv'ndreenie lI4p. 
I lilc l'e toililliiui i the 1960Us with 

the lsiiiell (if" ciheil.wlave eqlUill. 
litlit ( li;llhIlihiws113ily ;I pirtionll if 
tacit lialf-cycle f vltage teigel 
tihroUiihh nindtoe lia)ilt' Igiilrolis 
sacturbile reacthcus,ls i caiteit pripli. 
hein iicl. ilwwilaal s, rectifier systems 
sre-li as it'is are' tiseil with iliretling 

1lncil1ei11-yilil cc iii jiir catuse icr 
creatllg suirllc.id i-:1111iiitite ilifficul. 

iiis* Iriules wereew­

iitilliie vii withliui lieir calet'i­
leers, i'ailst. hiucfatiticll ft,elllihn, 
ctriiss'clrrcts. ,iltage ilisteirtiuic 
Icoth igli kw. ivrcurrt'lts 

tics. olw('r lillm 

hiiil cwiill 
were xpicritllii. 

New ill Ice '8IIs. ;ciwcr.listiirtiiig 
kIjiliieitl is iicicuniiig tvei, ¢Ilert cll. 
i ]o. witee elficie l cliilcer scliil. 
state luhllcasei titrc'lllt'ci switches, such 
;is SC Us, are cvii lel tised feer ci tit recl 
Iig cwl/irlllniiviiicg poer tie tit! 

vailailt sivedIielil lciaces (hNti illluc 
tiv, aeiiulresisikvc), a iiiiiterrcil lihlt 

powin solily (UPIS) systemis. AgI, rec. 
(tcmititici en ige 28 

FiI. 1.Line vopliage truiuiiits Isikel vausei 
Ipiwle3 

41i1litll ti, e lier a 
l)v iilc i Il)iiiilC lllit rillsg 

Theiystem is fed fron 

24 k Ah ill. 
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Capacitor Installations 
(ci'ntinuol from psage 21) 

lii,r firing circuits create probleims of 
surgi's And harmoiics. 

It shouhl Ie rec g izeI that rctifir 
t'tluillin iit onely distoi'to. wtVt, 

shapes; thist'quilpmoit also trequ ntly 
lowers plf,simsnetis stisstamititlly, 
thus creating the iced for lIfc-rrvc. 
tioi, which i doine by tie installation 
of t'.aliacitirs. however, Calmcitr.s 
may cause resoialt prubltms. It is iii. 
lirtant to switch caleiitsirs till"a line 

dhritig sturioshs fit' light htsalhisg. 


IRssgilhhi hg estrical
that dii'ahie 
lir,,hleis are ilrasii g, etpiihllasi 

.sh,,uhili',plaronl aialy/i it,a l"rlj 
tl's rircuit chsir'si'ts, ihs,4slk tor 

i'siNiilitllt' 

sit t'rvssltsgt's :tittl otvu't'trrssits. It ili*ts 

n-'t ii;ii that t-vsry its ll1 


l.,'silhh' that tmIliiis'ii't', 

ii',,allatim 

4Ii llh'uis; it silljly Itulis that thin', 
are, l,,, fe'et-iiern'siilt- raises' t'r ttll 
tlit,itnh-tituil c'i .Itltitts houhsl wal-h 
I't bi,' 

Circuit Analysis 


'lhC.e Are [ihrut' ilitlst |hiht'ltiilitl5 
that shmhiil lit. 1'vialit'sl i a t'is'i'til 

l tht,anal . ir t'i-t ra'st'i 
t':it.','il li ise sit allhtir lsfs' Ssnst 

;%kiihhisg I.tt''tilit'is ai iiivi'nirt,r
, 
lstltl i siislh,\ 'sic .f,:;witdilg 

listas , i'.i' .-liih tiii' 
ihs'+,.,.,. t;sI t'i'I'rtt lir'IriT'h , 

' 
,,lit' .,'al arii ( 1i 1;111iilt 
i ll114 lIi'it :iti1 ".i,I-i's't'4sluig iltilt 
illtl tli- l'silt'ifI", ,,t ,is ',\li 

ths' ltlt til l'>:1'h tillit,i;,1hgIs'. tl-
Iilsliry ,sitnr,'hti , tisislinstil liril 
imIw'\t c'i' li' , Ili' rst t, t' ' 
k" -1'01,11lNslit s'ss'tilt',h Ti.' .he'l 
('Ilvtltt 4~~>, h a wc ,'':1 fl,;t't l .d I ) , 

w lii' is Mvh;l 'i'.ts's 'sulks's ;'sl 
iissiilis' in tile- s;illildy sits'. .tslt g' (sti' 

lit I)g 'lsTs- sr),s'ilt tmvklis oit' 
allIlits ill. lisii l it hu t oti­, t ' ifthi. 

usltag. an| Current at S:i kVAIt cAiNi 

instlalhintm. in It planlt withlThe equipintit i,% 
a 30') Il). SCH ;ssis'ns'l isslsr i it '0o ft 
his, (4.41rssm a kVA suhstatiimiItUtt This 
picture shsows thi' u)ie' iil, iurvr'ith wiv' 
(tis' tlowniniittiihi' wivs- ths bhssuldilitjissts 
wave i,the vi,,iago-) thatare Irviditi th-i'l 

exciLation r'vina t circuit. '1ile I lit
toa 
harmntic isclearly seen inlt currt'sst wave. 

A it',sI iht,msmn' is that Ih. 
rectifier i1lf is flt-t'd pro.while 

vislliig a rea.'t ably ivaryinig sI'. 'Ihis 

reituir that the a' lines prunvid, not 

onilly
6l Iz curr'st toetilt' sail, hut alsoI 
'otiniuoius harmnirs wlich, wil put 
through the r-cliiier circuitry, cinie 
ultas a nearly flat ile. 'his, in turn, af-

I'cts tlt at' lritiary power Stl'rci,. 


'The third Ilh t.ussno is comina.
uis a 
tiionif iiucltart (L.) aiisl cli~acit:,ict 
(C), sfIwhich tailh circuit his dfiiiihe 

s'lecially thsein in large hanks, 
whte ther switchil ,11at once, or in 
silsall teps. 

0 SCIt drivts that lnw mre load 
t(mhli. ohier equiliment flitLie same 

Iw'voltage line. 
* Caliacitors that bring power factor 

:,lmivI 90% at full load, especially if re­
mainiug oil the line at light loat. 

I Caj'acits-' kWARt greater than 25% 
oI the tranisfor;ser kVA feeding it. 

atiots (regardhless sf iischie Callaci. Spikes 
ifet h itoiifitlit), which -;so ''eate' res. Spikes seet tllocause fuse blowing

5,:i15ce andI t'ilargi. vilage and turrelt ,i,'teoften than, ((I harmionics. I't ex. 
y intaliy tiltics (seet Fig. 2). 'lhthelec. ilain this, counsider the capacitor 

trical consulta t's jih is tis lusy' "dhevice" fuse connettected to ealh ca.il and 

onditios cre;ate 

tflt't'-exes i eirrent andi vtllsi's., liiitiig fuse (atsdistinguished from a 
I"t' t illhahve aslistis. rt'5s;iialrte .1iil slow-Iihiwi-ig circuit fuse), and it acts

iasmti.ics hisl tlho'(ll%'cs tis olaL.'' tsfillisolatir to take a capacitor tiff 

tlurrsS'lis, o that t;,In Iacitor. This is a fast-actig, current. 

urtrililnlt iy cssilIutathiii. 

Trouble Spots 
lit th, typical racti ry sir usific buihl 

tl, an illgamlderaIte aiiisistt of scitRs 

='itist. little troubh. IHoweve', cistli,
ti-l that i':,(iit' tirillesns aults stay 
shislil I(,iivv'silgatt'sl ire: 

a A tiw SC( drivt large illIes tl;at fe 
i'i'ltjs I 
sltic,, if these are sine sir two lrives 
rtisiits ti tlht,wtelr sysiem. l"ir in-

illit Ill irwhist' lssalls oulitt'ht. 
flit- t ai,'.i' k\'A l''s'iliing thion, 
thi t'iffrilll il tuing sliiki's may readhily 
Islhhw a:slss'sili'i,• 's lisssihly itillt'.fivtIts 

tis' 'als;iitst'li6r ii suI tii .
 

Rlt'vitilii'rs ,tislallyuisltiiig
, at 
i':st1 ( rtissne 5Wl%)rtilrihltisi.tllssn 

W;ti'h h'tre'itly swilt'hlt';icalailtirs, 

r k 

the line the instanlt it devel ls a short 
circuit. Slicvl is illitrtast to prevent 
cast' rtlitiire, aisd device fuses have an 
excellent recisrdi is ;srovihing such pro. 
tectissit. 

ht the fuse is nervous. Fuses (if
relatively small l't (it few thousand 

miilpert'- si't'ssuills) cmlinhility, as useed 
willIlt' ninw lrtvalet Unit cell Cn. 
strut'lil, will it' lhwn by spikes. 
Si fuse ;lillerag' Itas to lie Chosen 

caretully. Illllt' iys if good -tetl
 
wa',s, i'vliu aitl rules were satis. 
' lst' rating tintesfctth'y. A iif 1.67 
sItal-'sttt' current allowedrI marin 
list th tililrnitl variatioins in calacitor 
ctirrent: up liI.:5 tinies ratedl kWAlR, 
coisslutItll iy the f'actsrs fif1.15 times 
ratel micrisfarails. 1.I times rated 

illy 
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vilt age and 1.0t;additional harmot nics, 	 lines between the trarisfuriner and tire 
which are always prc, eirt to so m e ajal.ithr. 

degree. , Equivalent iiiedailce of the utility 
Wagged waves, how-ver, wil! bliw syslier belfore the trarirsforiner, a value

such fuses. In line with recen, frrse usually available either as Z or as 
manutacturers' thoughts, many tlec- short-circuit kVA from the hli utility. 
trical consultants now o * 'The kV A t rating inonsideler 2.2 toi 	 if capacitors 

2.5 to he tie nornral niultiplier. Soite t'iecircuit beig coihsilered. If they areinstallations go considerabily higher. 	 siread over the distribution circuit, a 
Our firm, wtieh MalIftiLurvs cal)ai-	 i madefirst al:l)roxim tion hay lie by
tors, his nio reports oifcell rup ture 	 consitlerin th,i ar1hcated at a had
when such ratings are used. center.
 

Spikes iray alSo rianralge L nitactors.
 
,31 .' 
 Power Factor Improvement 

r .e l iiiii limitfor sosetslpik, by
InIrmkers (of the lighting or resistanrce Vihi, improving the power factor of 
loiad conrtactris that shouul be tr-,.d for an existing lilant. to makeit is hellirul 
power-faclor contril capacitors liy field tests tii deterimine the reactance 
themselves, issix times rated current, 	 of tire systelu ly Irojecting back from 

knorriwmncapaciltarne arnd by obiserving
Spike Reduction tine frequency of oscillation ;.1siomcex­

'lhe electrical con ultant's jili is Io citatioiin is rlilied to the circuit. Ai 
specify fuses tihat will olerate u ler tw'cillisc.lie, lrreferal ily with a reten­nornrial conditions without jeoparrdiz- tive streen, will be useful to read theitrg tire capacitor, the coirtactor or, frequenrcy. The resulting oscillograrn 
even more imlortaint, eople-or else will providle a reciniing (if lint coidi­
to call or nieairs tii suilres tiins. '11..is irhticevhle variatin intirtrriII- e 

sients at tire capacitor. SIrikes can be wavs. iii nost I;Ilaits which makes theredued by the correct aliloliUt of use of hrmiric analilyzer scopes, while 
indlutnce or bly shunt .rulipressrrs cinvenient, somewhat questioalble(choppers) n,.'.r tire sensitive equip-	 b.etarse the anmlitudhie of one harnronic 

ment. Should a linenot have sufficient 	 (e.g., tile I Ith) relative to tire Sth, may
inductance in itsel ii luctancef, tile line have ciiged ly the ttne it is scanned. can be supplemented by silenoidail Ai interesting lhenonrenron is that, 
chokes. To oibtain iiptimun results, 	 in actual liractice, the risonanice is 
filters shliul be applit. 	 usually betwen :M0oand 750 IINl,the 

ratige in which tire piissilility (if iNcilla-Harmonics tion related t)solid-state rectificatiin 
larmonrics lend themselves t(ii ile vices is greatest arid gives the worst 

more a nalytictal treatneut than spikes coisleqnemrues. 
iii tire usual electrical systenm where Mo re specifically, for acircuit having 
lrtentialu,,, resonanit circuits can usuidly at 5.7% 1Z transfuormner (I CoMnnnrl

well identifiedI. 	 value) anrd acapa'itor kVA It rating (if 
R~enmembtier, that for hrnionic cur. aoiut 2511, of trainsformrier kVA rating,

rents or voltages to build up, there f (res liari fretluency)-,l,50 to 500 lIlz. 
must be both a resllri 'it-rl-c 	 Lsi ig kVAlUtrriis-.i11and e.- other capiacitor 

ilion. If both exist they will create former kVA ritire,the filhowing fre­
oscillations thlat cain cause troiule frim quencies are oltained: 
overcurrent or overvoltage. Let's liok :,(1% .51)ratio.f -,00 i llz 
at ti- two rquireni'erts. 	 ,101% f -350 h 4 Izruliii, 1 

1 hIdeterniilinig tie first criterion for
having atresuonant circuit, it is iroer-	 ; rialThe resnaint frequecey or -.­
taint L see the resonnt issolid­if' frequinilsyseis likely ho decrease 
mniatches excitation freiquency. lt'. - state r , fiifi tiii devices beco re 
nant frequency delieiils olrthe iirduct- moire ecniinomiical and liroliferate ril 
arice (L) and capaCitalnce (C) of Ilie srailler, we:iker systems. It is iripir. 
electric circuit: tWilt for ire electrical consultanit to lie 

nlert agrinst harmIronics when .maill 
2,10180 V und 2-11/208 V traisforriers 

I teil SCR loaIs. 
2-;i- The sec'll criterii nerled for a

harmionic l emhhintrv exist is havingliii 

v:here f is in cycles per second, 1,is in excitation frequency nnatchii g the cir­
henries anid C in falradis. cuft's natural freqluen'y. Alndl, ioit i ll 
Oi new projects, I.anl C rtlay e is the rite of exc-itatiin imolrtaint, hut 

found frorr: aitlthe aniulitrile, which imunist ie 
* 'T'rllfirnrier inirlldance (Z) rin tie ilarge enough to ext-red circuit hisses.
 

nialamelate, thuis ascertaining the mam- 'r'o determine ainelectrical system's

jor inductive eleinenit inaii electrical high freqluency excitation, al irivesti­
system. gation siould Ibemale of tihe lrads,
 

* Ohnis inpledance (or the renctnce) especially rectific:tiiin devices. 
front textbook vlues for the electric When evaluating it rectifier's liar­
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Vol, 3. ('hart shiwing resonant fritque'icy vs. anmunt tif capi1acitance (blut' curve) in a 
circuit f., from a 1500TiVA substation ith a 14t0 A. 20()ft hIts with reactors. Almo 
s wii are tit-riviliat harwiliv fr uIe'itS that .histild Il'-av.iufei. The red curve 
shwi tw I, f N is1 sr,'V44 Its t-a!sitlillt is increa';ei.d. At tiies a cintailrliise ituSt ime 
m:lde tot'lc if itjrnraement slid e,,sure to liarminics. 

lii excitation, it will lic noted Unit 

usually th, 51,t. 7lIth, lli alI 3thi har-
lnics are affected. 'T'hese hartmi s 
have frequencies if :..t12). I;;0 Still 
720 liz respectively and are it' 
Irimary proleht' frequencies. 'The 9th 
harmntic is alislr.,d hy delta com-
netted equipmet. In octr 'xlwriet'.', 
'there is little chalwe of hartmtiic rli-
lells if ft- s;-1' rv: ,,lattvs at f;l;O Ilz 
(IIti hartmcic)-tr highevr. 

With oversitlilificatimii, the rectifit'r 
sviUIcrtt' square' waves (if current ont 
tile ttfItz .;sh.'ll The' amplittit' f 
each haritiol' is telattil to, Ihe inver,.e 
of tit fr'itlt'icy (i.v. tile itlI is 
greatest, 7th ly.;, atil si iiiill 
thriutgh estiv*=higher valuesitt tist' 
mtntiied, but thise valtesare ill such 
small ilegre' that they arte isitilly 
negligilthe). 

If the' getralil h:lriitiics cilitide 
with ally r'su.iancts i tll, siuliply i'ir. 
cuil, there %ill be iii'illliius, atd 
Iossible trouile'. The higher flit' frt-
quency, flit less thet'xcilatitm eiergy 
cimes frim th( rectifying devii'e 
(ulus.'lieval . '"; it iay sectii. Ilutse 
ttitits shiuhl i' cinsidervol as a current 
generator for tlt harniiics!). 
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Capacitor Level 

T'he electrical consultant ias some 
oltiltns if lie fillts cotditiots are 
favorailt for tscillations. Ote-the 
mlost direct-is to limit calmitors It 
safe levels. 'This is done by Iaving the 
caliacitor kVARt ratig less that 25% 
of the tratsfirmer kVA rating. 
Aitith'r is to Sttart with a ItiltnLlOml 
;,m,,u t of ealmeit,,r-s to avoid vireuit 
resistncte Isye Fig. 3) and tilet 
gradually itcrease the amount tttil 
the iesired power factir is attained or 
until there are signs of ttrulile. This re-
quires careful mnitring. 

Anitheur approiachtit avoiditg the 
critical resiant point is hy alilyirg 
either a little. mre or a little less tln 
th, target atunttit iife;actittce. This 
may It' Iwatlical if a system is 
static-bit ill a 'hallgig systert, Il-
ilay's s.ilutiiitt Itay li fi' tmitiurriw s'. 

Ai effec iveittbutttizi'tt'rtd 
tooIts rectifiers in Which the acIli, 
is divided ilt 12 or tmore circuits 
iefiire icitig rectifitit. This raises tIe 

level if harminie freqtuency extitathi 
tIl a ratl' wher.' it calt be latled bet. 
ttr. This oiitimi is economical only for 
large insfallatiits. 

Filter Application 
A more itracti'al apliroach is to use 

filters, or traps, either in !arge (substa. 
tiah) cajpacitor hanks or ill smaller 

A filter- call cosist simply of a
in series with each capacitor, 

near the lowest exlected oscil' 
laling frtluency. Most commonly thisis.- tie 5th iharmoic. 

'Ihese series-res.inant filters invite 
the harnionic cLrrents to stay in the 
capacitor.rectifier part or the circuit, 
relieving tle electrical power system 

the undesiredI excess resonance 
wlih' irovhling a sliooth dc to the 

'I',otrill) the 5th harmonic, a reactor 
of about 4% iompedance at 60 lIz is 
used. This increases the voltage oil the 

by 5%, which , in view of tile
it creaseed harmoic current that the 
capacitur must carry, leads to tile 
recommendation that 600tV capacitors 
lI used ott 480 V circuits. Because of
the derated capacitors and tile addition 
of reactors, tile cost increase mnust be 
evaluated. 

We have fountd the trapping method 
to lie effective even ot snall systems, 
especially whuU the callacitor.at.the. 
load I'hiiosophy is used witI r,'.dular 
trapped cniacitors near individual rec­
tifte Ielads.and switchied on and off tile 
lile witi thet. 

Conclusion 
Resona ice anid spikes may .ecomne 

more comtmtIoIn as rectification loads irt­
crease in use. Tile effects (if spikes can 
be mitigated its discussed. Resonaceproblens call be overcome by judicious 
selection of ratings for capacitors and 
traps. Costs mtust be weigied against 
bentefits. U 
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Power factor and conservation
 
You may look on PF improvement as a load easer in 
transformers, generators, and feeders, along with trimming. 
the rate structure and monthly billing. Now consider 
the sheer practical aspect of energy conservation 

Every plant'systems engineer should 
have a clear picture in his mind of just
what power factor means. This is a 
must, since pf, plant operation and 
energy economics go hand in hand. 
"That's line," you'll say, "but my plant
has been running for years and the elec-
trical system appears OK. Why should I 
start worrying about pl?" Well. pf is ira- our electrical system. You can under-
portant because good power factor 
means less load ots your feeders, better 
plant voltage, a good-sized dip in your 
monthly power bill and, it you buy 
power, probably lower electricity rates 
from the utility company. 

Interested? Of course you're always 
interested in and on the lookout fo. 
ways to cut costs. Your first step is to get 
a clear picture xs to what pf really is. 
Ve'rcnot going to cover pf calculations 
now. For the tonie being, let's settle for a 
cle;tr picture of what pt'is, in simple 
terns, and what you can do to imnprove
it in your plant. The saving in power 
losscs-transforiicrs, feeders and gener-
ators-ctn constitute a sizable energy
saving. 

What pf Is. |l1itk of your electric sys-
ten as onc carrying ts,otypes of power:
useful power (kilowatts) that goes to 
work pulling your load, and reactive 
power (k'var) that generates magnetism
within induction motors. The ny one 
of the two that drives load on the end of 
the shafl is the useful power or kilo-
watts. Nevertheless the generator, trais-
formers atid fceders carry both. 

You :an get a clear picture of this by
sttdying tue sklt.hes on the f.icing 
page. Th mtut,: of beer represents your
electrical system. 't.I,,o,is itade tp of 
two parts; the useful (liquid) beer and 
the suds. 

Beer and pf. Compare the liquid beer 
with useful power, kilowatis or waits, 
used to drive the load inyour plant. 
Then compare the f'o.' r suds to the 
reactive kva flowing Ihrotgh your plant
feedems and transformers. Now what is 
pi7 Well, we could say the pfof the mug
of beer is the ratio of the usetil beer 
(liquid)ito the total volume of tire iiug.

Let's apply the same definition to 
your clecirical system. I.ooking at it in 
the same light, you will find that lsf is 
nothing more tIrat the ratio of the use-
fulpower (kilowatts) to the plant's total 

kva. Translating that, we may say that other inductive equipment. Remember
kva is voltage tultiplied by amperes that this reactive power is roughly con.
(flowing in a single-phase circuit), di- stant between low and rull load of an
vided by 1000. 

Coming back to our homely beer-
inub analogy, we can readily see that 
we're much better off with less suds in 
the beer mug and less reactive power in 

stand this at a glance by just looking at 
the sketches once again,

Reactive power. For the moment, It's 
look at electric power flowing between 
generator and motor as through it were 
beer. It doesn't take a genius to realize 
the size of the generator and trans-
former, as well as the feeder, must be 
large enough to handle both liquid beer 
and froth. \We're saying that an induc-
tion motor needs both froth and liquid
beer; this certainly holds true in com-
paring beer to electricity, since your in-
duction motors need both real power,
kilowatts, and reactive power. 

Now the froth flowing through the 
pipe causes loss in the generator, traits-
formers and feeders similar to that 
caused by the liquid beer. Such is also 
the case in your electrical system, where 
the reactive power causes power loss all 
along the linejust as real power does. Pf 
in your plant i:low when there's a lot of 
frth (kve'r) tlowing. 

What to do. Now thre thought itight 
occur to you that it would be wise if we 
could place a machite next to our nio-
tor just to supply the froth. And that is 
often the way pf is improved inthe iii-
dustrial plant. By supplying the froth 
front a source other than the original 
generator, tire load ott the system i3re- chronous motor will supply mechanical
duced. 

Realize that you're not going to im-
prove pf and then buy a smaller gener-
ator, iransformer and feeder for your 
plant. What you have already installed 
will probably remain there. 'The point 
is, by improving pf you reduce the reac-
live power flowing in your system, and 
wind tip with ample electrical room to 
add additional load without going to 
bigger feeders and transformers. This is 
in addition to reduced losses within the 
gencralor, transformers and feeders. 

We mentioned before that reactive 
power supplies the magnetism in your 
induction motors; this also holds for 

induction motor. Naturally the useful, 
power, kilowatts, drawn by the motor 
will be much less at low load than at 
full load. On the other hand, since the 
reactive power to the motor is prac­
tically constant, you can see that pf or 
the unloaded or lightly loaded motor 
will be low. In other words, the portion
of useful power will be low when com­
pared to total kva drawn. 

Over-motoring. This all leads to the 
first rule for establishing good pf in 
your plant. And that is,don't "over-mo. 
or" when using induction motors. 

Of course, the best time to analyze
ovcr-motoring is when you select mo-


The 
possible rearrangement of induction 
motors in your plant. Along these same 
lines, think of the synchronous motor 
when selecting motohs for slow-speed 
application. 

CapacItors. Now for a word about 
shunt capacitors. They are stationary
devices whose main function is to de­
liver froth or reactive kva to the indue­
tion motors and other induction equip­
mient in the 'rhesc the job 

tors. next thing to remember is a 

plant. do 
nicely and require little attention in the 
way of maintenance or operation. Don't 
overlook the fact that they can be in­
stalled practically anywhere without 
disturbing production. 

Synchronous motors. Take another 
look at the sketches. Remember, there 
is a big difference bctw,cn a synchro­
nots motor and a capacitor. The svn­

power output aI! -ci! reacive ,vcras 
to induction !.ltors in the plant. In 
other words: 'File roluticn to your nrob­
lemnmight be to install a synchrocnous 
motor along with smaller induction mo­
tors to make up the total shaft horse­
powca required.

On liteother hand, the capacitor is 
strictly a froth machine. It is tied onto 
your line (osupply this reactive kva to 
induction motors in the plant. You will 
have iomake a detailed cost study to 
determine whether the synchronous 
motor, shunt capacitor or a combination 
of the two is the best bet in your par­
ticular case. a 
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aBaileyControl Systems Product SpecificationE65-65-1 

Type OL110 Oxygen Analyzer 
O3 r/L- ) r0 0  

Bailey 	 I f 

A8331 

FIGURE I - Type OLIIO Oxygen Analyzer. 

The Bailey OL10 Oxygen Analyzer Is designed
for duct mounting with a choice of single point or 
average sampling systems. An alr-powered 
aspirator draws a sample of gas from the boiler 
flue or process stream through the sampling 
systen and past the 02 sensor. This sensor 
provides Independent and continuous percant.by-
volume measurement after analysis. The sample
Is never transported more than a few Inches from 
the duct. 

FEATURES 

* 	In.house maintenance. Present Instrumenta. 
tion technician can easily maintain the OL 
Analyzer. 

Copyright 0 1985 by The Babcock &Wilcox Co. 

Troubleshooting display. 3tatus lights In the 
electronic enclosure monitor sensor and 
temperature status. 

Range change hy switches with no recallbra. 
tIlon required. 02 range switches are on the 
electronic!, boards. 

Reduced analyzer maintenance. The patented
floppy filter keeps Itself from becoming plugged
while keeping largo particles out of the highly
reliable sample transport system previously 
proven In our Type OJ Analyzer. 

Averaging sample system. A three-point sampling
system Is available for obtaining an av3rage sam­
pie from multiple burner combustion processes. 

Bailey Controls 
Uabaoka Wilcon.a tro,r, 
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flue 	 PRINCIPLES OF OPERATION* 	Gas temperatures. Handles gas 

temperature to 1500°F1816°C. Special probes 
OL110 Oxygen Analyzer measures on a 

are available for gas temperatures up to The 
wet basis. This means that sampling system

3000OF/1649oC. 
heaters prevent water vapor from condensing on 

* 	Duct mounting. Mounting on duct or process the sampling surfaces. Analyzers which measure 
on a dry basis cool the sample gas so that most

eliminates long, troublesome sample lines. 
water vapor Is condensed and removed. The sep­
sor assembly o; the Oxygen Analyzer connects to* 	Accuracy of 02 measurement Isnot affected by 
a duct or process wall via an Insulated/heatedflue gas temperature, particulates or variations 

In water vapor or C02. The absolute accuracy mounting nipple which encloses the probe and 
exhaust stream. The probe extends Into the flue

of the OL Is dependent upon the accuracy of 
gas flow. An air-powered aspirator draws a sam.

the test gas '.'sed to calibrate It. 
pie gas through heated passages within the 
manifold block. The sample Is diverted to a 
zirconium oxide 02 sensor where It is analyzed for 
oxygen content. After analysis, all sample gases 
and aspiration air are returned to the duct. Elec­
trlcal (analog) output from the sensor Is converted

FUNCTIONS/APPLICATIONS 
Into a linear (4-20 mA dc) output signal that 

The Type OLl10 Oxygen Analyzer uses a zir- represents the amount of 02 measured. 
In most cases, a gas sample Is drawn throughconium oxide sensor for contInous sampling and 

a 	single point probe and a patented floppy filtermeasuring of excess 02 in flue gases. It consists 
up to 1500of: (1) a sensor assembly (see Figure 2) that 	 which Is suitable for process gases 

*F/816"C. The floppy filter oscillates to removeflange-mounts to a duct or process wall so that 
the probe protrudes Into the flue gas stream; and particles filtered from the sample gas stream for 

trouble froe operation. For applications Involving(2)an eWec!rnnics assembly with attached flexible 

conduit that permits the electronic enclosure to large ducts fed by exhausts from several burners,
 

a 	multisamplobe located away from the hot environment around 	 the analyzer may be fitted with 
probe which will be available in late 1984.the sensor assembly. 

:y. 	 02 Sonsor 

Probe" 
Choc~k 

;AI 	 r 

r......... .,,,.... 

T.,1 . 

.... , ., ........................................
 

4'.""j , ;
 

FIGURE 2 -lype OLI JO Oxygen Analyzer Sensor Assembly, Interior. 

136 



SPECIFICATIONS 

Switch Ranges Linear 02 Output: 0.1.1%, 0.1.10%, 
Selectable 0.1.25%, 0.1.50% 

Accuracy 	 Linearity: ± 2% of span 
Repeatablity: Less than 0.1% of 
span 

Measurement C02, none; water vapor. none; par. 
Errors Due to ticulate?. none; temperature, none. 

Flue Gas Vari. 
ables 

63% (undamped) Less than three seconds 

Response Time 


Deviation from 02 combined zero and range: s: 1% 
Calibrated Value et span. There Is no permanent devla. 

lion. 

Probe Single point probe with floppy filter: 
Temperature 	 1500"F/816"C to* single burners. 

Special high temperature probe
° 

available for 1500 to 300U F (consult 
factory). 

Ambient Sensor Assembly: - I! to 200Fl - 26 
Temperature to 93'C. 

Limits Electronics Assembly: - 15 to 160'Fi 
-26 to 71 C. 

Temperature Linear 02 reading' 2.5% of span 
Effect per 100FI56C. 

Approvals/ Factory Mutual (FM) approved against 
Certlilcat;on 	 tlashback into duct. Canadian Stan. 

dards Association (CSA) certified for 
use in ordinary non.hazardous toca. 
lions. 

'Factory calibrated range 

Supply Pressure 	 Aspirator: 15 psig 6, 0.22 sclm,103 
ka a 6.2 1/mn. 

Supply Voltage: 	 120 ± 12 V ac. 50 60 Hz, 525 W start. 
up, 270W operating 

Supply Voltage Linear 02 unit. ± .18% of span per 
Effect volt 

Output Load I to 600 ohms
 
Capability
 

Output Signal 	 4.20 mA dc with adtustable damping 
1 to 7 seconls 

Radio Frequency Less than 1.0'%' output shillt when
 
Interference subjected to MIL-STD 462 test RSOI,
 

F502, R$03 and CS01.
 

OLl10 NEMA 4 (watertight and dustlight 
Hlouslings or outdoors) 

Wiring 12 It 13 66 m) Ig flexible cable with 
military-type connectors, standard. 
Optional 75 ft. t22.9 m) cable Is 
available. 

Humidity 	 95% R.H at 158*F170*C (non. 
condensing) 

Weight Sensor 	 Assembly* approx. 15 lbs 
(6.8 kg)
 

Electronics Assembly: approx. 10 tbs.
 
(4.5 kg) 

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE. 

,~jiY
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QUOTATION/ORDERING INFORMATION 

List each Item 
application column. 

IDENTIFYING 

PART NUMBER OR
 
NOMENCLATURE 


OLI10 

6634528.12" 
66j4528.75 


66353981 
10514694 

19514169 5 

1951469 6 


6635526-4 


6635664-.1 


6635526.5 


6635664.2 


6635526-6 


1,63566l - 3 

56 ,51 I.I 

6635733.1/635398 t 

58239.1 


2511274.1 

called for In the appropriate 

DESCRIPTION 

ANALYZER 

12 FT. CABLE ISTANUAIIUI 
7 5 F T ,AtT%'r 
FOR SING Lk POINT SAMPLL 

SINGLE FILTER WHEN USING THESE PROBES 
4"PROBE
 
7'PROBE I500tF max.
 
1O'PROBE
 

FOl A 3 POIN r AVERAGE SAMPLE, 


Manifold Asv I000 'Fmax r o 10'Duct 

Probes Filters included 

Maniold Ary 1000'F ma 10 to 15'Duct 

ProbLs Filters included 

Manifold Aiy 1000'F max. 15' to 20'Duct 

Probes Filters included 

I-TEMP PRHORE20nO"F max. 

DUAL FILEli 15UUV max . 
:

ADAPTER I LANGE KI I 
REGUIlRED FOR 3" or 4" 

Ft ArJGE MOUNTIN( 

TEST GAS KIT 
INOT FOR AUTO CALl 
3 GAS CYLINDEIS 
IEG VALVE. HOSE & 
CARRYING CASE 

ANALYZER PACKAGE SELECTION 

BOILERS TUNNEL 
PROCESS LIME KILN/ 
HEATERS KILN REHEAT 

GAS/OIL ANY FURNACES 
& COAL FUEL GAS/OIL 

'X'-REGUIRED EQUIPMENT 

X X X
 
X X X
 

OPTIONAL OPTIONAL
 

Select single 
point sample and 

a probe length oL 
a 3 point average 
slmple Itid aduct width•. ,
d width. 

. X 

OPTIONAL
 
but required lo X
 

3 point sample 

OPTIONAL OPTIONAL OPTIONAL 

Wlckliffe, Ohio 44022. adlvllon of THE BABCOCK A WILCOX COMPANYBalley Controls. 

Bailey Conlrls AusIrala Ply. Ltd, Rlegents Park, N4 W. Ausfals, Sailey Controls, DlV.of 88W Industries Ltd., Burlington, Ontario,Canada 
ftlley do Basil. So* Paulo. aralil Bailey Japan Company. Ltd.. ShsiuoksKen. Japan 

repreenflavea In Other Prlnc.palCities
Form CE65-65-1A LIlIlho In U.S.A. 785 
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