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1.0

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 1located 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

As:.being used efficiently, and, if .not, identify. -
‘opportunities to conserve energy based on quantitative-

economic analysis.

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:
(1) 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

1l



Helwan Poxtland Cement Company - Energy Audit

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 o0il, coal or gas, while grinding consumes
mainly electrical power.

Secondary hea’ contained in the hot kiln exhaust gases
is wutilized 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 .hefore.
. entering the raw- mill and kiln. A small ‘amount of:
thermal energy may be needed as supplemental haat 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 cCapacity,

Kiln e

1 240

2 480

3 330

4 330
5 3130
6

840
Total 2350
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White Cement Plant - Wet Process, 2 kilns

Kiln

1l 100
2

Design capacity,
[}

180
Total 280
Facﬁ@tjﬁé{éibr?jprocess, 2 kilns
B f“,ﬁgf o Design Capacity,
SRR .+ B | B

I 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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Helwan Portland Cement Company - Enerqy Audit
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 eneryy 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.

Energy

The ‘primary sources of energy are' natural ‘gas" in
Factory 1 and No. 6 fuel o0il 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 energg
consumption per ton of clinker is 9.57 x 10

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

6
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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 enerq& consumption for Factory 2 averages

7.3 x 10 joules per month. The enerqgy
consumption per ton of clinker in the dry kilns
averages 4.53 x 10”7 joules. However, values of

4.25 x 10° 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. o
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.

7
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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.

Pollutjon 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 1limits 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

8
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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.

Instrumentation

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 1left in this state. Factory 2 is a
state-of-the-art dry process cement facility that
has the means to operate as efficlently 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. In 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 dust that accumulates
on them. There does not appear to be a
coordinated effort to Xkeep 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 bLoiler
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; ronly -
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.

Maintenance

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 the Helwan Portland Cement
Company from producing clinker at design rates
throughout the year.

10
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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, gquite 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 pilece of
equipment that is used in its most efficient
manner will out-perform and out-live a piece of
equipment that is not wused efficiently and
effectively. The savings in both energy and money
per equal production of clinker can be very
significant over a period of Jjust 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 1list those Energy
Conservation Opportunities (ECO) having a simple payout

of five years or less.

e tens

Under the category of housekeeping ECO's, 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 1leaks 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.O0.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.

~Count es s

Items in this category are similar in nature to
housekeeping items; however, an expenditure of

12
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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, 1lists 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.0.E. per Yyear, 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 EC0-22 is 40,868 T.0.E. per
year.

Eoreidgn Invescment

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.0.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.0.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

13.
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B 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 1is 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 Ttems 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.

clusjions

It is important that the Housekeeping items listed-
in Table 1.4A be implemented 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.0.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 1is U.S. $19,383,528 and results in an
overall simple payout of 1.43 years.

‘15"



9T

Teble 1.4A HOUSEKEEPING ITEMS - ECO Summary

Plant: Helwan Portland Cement Company
R Tt L WORLDVIDE --
ANNUAL ENERGY SAVINGS
: _ el I D TN INVESTHENT
" ECO#® CTITLE & .- FUEL T.0.E. cosT,
Pouer House
01 Repair steam, air, water, and condensate : 7 125.2 tons mazout 121.6 - 110
leaks from valves, lines, flanges, ete. .. e " RN :
08 Test, repair, replace steas traps.

Mazout Stesm Boiler
white Cement

10

1"

5
Mazout Steam Boflcr
‘Factory 2

o

_ Test, repair, replace steam traps.

" Repafr stesm, alr, uater, and condensate =

" Add new or repair existing fnsulstion on steam. .

203.9 tons mazout ' 198.0

: .34

Add new or repair existing insulation on steam. 4.
and mazout lines. :
8.7 tons diesel
AR .A,"'?"F:[«_t ¥
1325 tons diesel.

el -

Insulate bofler feed water tanks.

7 211.0 tons diesel” :
leaks from valves, tines, flanges, etc. e

and mazout lines.

2,410

SINPLE
ANNUAL COST PAYOUT,
SAVINGS, $ &S
14,031 IMMEDIATE
22,851 IWEDIATE |-




Table 1.4A BOUSEKEEPING ITEMS - ECO Summary (continued)

)

LT

Plant: Helwan Portiand Cement Company
L WORLDWIDE -=---- | ==~LOCAL--==>s=>o
ANNUAL ENERGY SAVINGS SIMPLE l SIMPLE
» . o : T eemeeeannane. emaceee D It INVESTMENT  ANNUAL COST  PAYOUT, | INVESTMENT PAYOUT,
ECO 8- R T"L_E ) FUEL T.0.E. CosT, $ SAVINGS, $ YRS | cost, LE YRS
----------------------------------------- - O
o . ) |
7 ) Insulate boiler feed water tanks. 22.8 tons diesel 2.3 4,329 3,435 ALY S Y W £ 4 4.59
: C . o
18 Insulate mazout day tank. 57.3 tons diesel 60.9 11,150 8,632 .29 ) 16,67 4.70
21 Test, repair, replace, add steam traps. 101.0 tons diesel 107.0 625 15,214 - . IMMEDIATE . |- 1,400 TMMEDIAYE
General |
-3 Show the effect of insulation on heat loss ... IMMEDIATE " |- - IMMEDIATE
- from pipes. FESIVI |
36 fore a comittee to plan end implement an energy i IMMEDIATE | - .- IMMEDIATE
’ conservation prograz in pient. T s | .
el [
Use of publicity, memos, newsletter, etc. to - IMMEDIATE | .- IMMEDIATE
fmplement an energy program and mske personnel ] 1~
asware of the importance of energy conservation. e
1
CromaL S 959.9  36925.0 . 127616.0 . - 0.29° ! 58530 1.29

- NOTES: 1. Currency conversion
2. Bofler efficiency 75!4 -

3. Energy conversion 42.0 x 10E9 J/T.0.E. -
4. Payout perfods of less than 3 months huve been labelled "HAHEDIATE'

~e



Table 1.4B  IN-COUNTRY INVESTMENT ITENS - ECO Sumsnary

81

Plant: Helwan Portland Cement Company
------------------------------------- VORLOWIDE ===-=+eveemsen | - --LOCAL-==~====== |
ANNUAL ENERGY SAVINGS SINPLE | SieLE |
I T SN INVESTMENT  ANNUAL COST  PAYOUT, | INVESTMENT PAYOUT, |
CECO® o oo TImME. FUEL T.0.E. COST, $  SAVINGS, $ YRS | cost, LE ws |
; s e e S O SR S O I
N 1 |
Power House - | |
S i : | -
02~ Add new or repair existing insutation on - - 493 tons mazout 7.9 5,702 5,525 1.03 | (8,268) = G99 * |
steam end mazout lines. o e : W ’ | I’
3. Insulate boiler feed water tanks. o . 67.7:tons mazout - 2.00 | (2,021 * (1.6 * |
Recovery of heat from continuous boiler blowdown, . © .. 217.0 tons mezout ' - . 178 | e o
Installatfon of a condensate recovery system for . ~.'216.0 tons.mazout - 1,52 |
existing mazout heater end drip legs. - 3 |-

. 5'_| ' -
: b
Improve combustion efficiency of kilns. 0 (6) 4,717,475 - I :
General = B ol
- 35+ .- Institute a permanent program for stesm .. . . 27 tofs mazout .. 24.0 Sioos 3,75 L 2,768 - 136 |7 (8,487) * (12.21) *'|
oL . trap testing. ‘ = B _-.. ) SN R - : "’m‘ SRR ' ;
S : R NE
© " TOTAL ) » . .- y L1427 104,733 4,781,872 0.02 | .- R T
¥
NOTES: 1. Currency conversion 2.25 LE/S . 4. Psyout periods-of less than 3 months have been labelled "IMMEDIATE™
2. Bofler efficiency ™ 5. An asterisk * represents a Housekeeping ECO that has a sizple payout exceeding five years based on
3. Energy conversion 42.0 x 10E9 J/T.0.E. local costs, but has 8 payout of less than 5 years based on worldwide equipment and utility costs.

6. ECO-22 {s aiready being implemented at HPCC. No additional investment cost {s required.
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Table 1.4C FOREIGN INVESTMENT ITEMS - ECO Summery

plant: Helwan Portiand Cement Compeny
-------------- seeseecceeecoccnoaeeae UORLDWIDE --- I LOCAL---
ANNUAL EMERGY SAVINGS SINPLE ] SIMPLE -
S LT - T eeeseecemmmcmcccccccceeens INVESTMENT  ANNUAL COST  PAYOUT, | INVESTMENT PAYOUT,
ECO® - - e : Lt TITLE FUEL T.0.E. CosT, $ SAVINGS, $ YRS | cosT, LE YRS
- . ceseccoane moeane aemccan  weecmes  ecastevaces  secsescmeens 1
. - 1
Pouer House i
. : o i
05 Izprove combustion efficiency of stesm boflers. 193,656 - -0.90 | -- -
o R e ‘
Mazout Steam Boiler B N
white Cement )
12 Isprove cosbustion efficiency of steam boilers. ©.7 4.6 tons diesel - - v Bk -
Mazout Steam Boiler R
Fectory 2 o I
19 - . Improve coabustion efficiency of stesa boilers: " 34 tons  diesel " 1 AT --
7 et Kites % ' S o
Factory 1 & White e .
2" . Improve combustion efficiency of kilns 21,738,685 M3-nat. gas - 1. , -
' e Ve T ; 4,519 tons mazout 5 )
. , o T DO ot :
T28 Energy savings through the use of slurfy thinner 4,703,205 M3 nat. gas I: -
) to reduce water content in the feed. - 982 tons mazout |
y - 1.
28 Energy savings by changing cement and raw milt . - 13,560 muh- | --
drive controls to variable frequency (speed) < 3 I
controllers. . r: |
1




Table 1.4C FOREIGN INVESTMENT ITEMS - ECO Summary (continued)

114

Plant: Helwan Portland Cement Campany
------------------------------------- WORLOWIDE ------sssevsccenccccococe | coceccecec|OCAL-====-=v= |
ANKUAL ENERGY SAVINGS SINPLE | SINPLE I
LNe e e, S INVESTMENT  ANNUAL COST  PAYOUT, | INVESTMENT PAYOUT, |-
ECO# : TITLE FUEL T.0.E. coST, SAVINGS, $ ™S | cosT, LE ws |
- emeenenenee meseenneses SerImmeenes e e e e | smeeeemses e |
- . ]
General . |
- _ [
29 Run generators in power house at or near on, e s -~ 1,589,200 372,603 4.27 |
nameplate capacity and send excess kW to main i ) : : i
power supply grid. DER |
308 Use of a 30 MW gas turbine electric generator. - o ’ - 14,629,100 4,784,000 3.06. |
30c¢C Use of a 30 M4 gas turbine electric generator with .- e ©o T eel 731,610,000 6,256,000 )
: waste heat recovery. Lo ' S e Y
31 Impreve, odd, or fix instrumentstion to be sble to 1,756 mth " 2,082.(¢5) 1 84,150 . .- 48,826 " N
S properly monitor and control energy consumption. 1,092 tons mezout S : R 5
CMOTE 5 ) 650,000 13 nat. ges ) I
2.32 tons diesel RN e
7 Installation of capscitors as required to fmprove 312 mn 787 0 103,620 138,281 L 0.TTC |
power factor. : . - e
b
TOTAL (Excluding ECO’s 30C and 34 - WOT ADDITIVE) . -- 35,980 19,241,870 8,680,470 22 ) .-
: ; = |-
GRAND TOTAL (Tables 1.4 A, B, and C) ’ - . 78,370 19,383,528 13,589,958 1.43 | .- -~ [
|
NOTES: 1. Currency conversicn 2.25 LE/S &. Payout periods of less than 3 months have been labelled SIMMED JATE® :
2. Boiler efficiency 75% 5. Energy savings shown represent an indirect savings. Proper instrumentation will enhance

3. Energy conversion 42.0 x 10E? J/7.0.E. the energy savings cue to implementation of the other ECO’s.



Helwan Portland Cement Company - Energy Audit
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)
currency,:..to purchase . materials,.. 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:

An overall energy picture for 1987
A discussion of the approach taken
A detailed description of each ECO
Supporting documentation as required

0000
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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 1list 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 Enexrqgy 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 records; -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.

0 a review of all 1losses 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. 1In 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

22
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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. 1In
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 Ene Conse t Opport

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 td '
housekeeping items.

0 evaluation of ECO's which recuire 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.

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 preser.tation.

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

23



Helwan Portland Cement Company - Eneroy Audit

measurements, visual observations and all necessary
information required for the audit report was gathered.
In addition to the FWUSA 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. buring this
period sketches were prepared for the various systens,
as well as 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 and usable report.

During the latter part of the eighth week report
preparation began and continued through the eleventh
week. S

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.

oals e onsid ons

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 itenms.

The results achieved each year are to be plotted and
compared against the base case (energy consumption
before any implementation wa- started) in order to
demonstrate the actual reduction in consumption versus
the predicted goal. Any deviation in enerqgy
consumption must be accounted for in terms of increased
production, new products, new units, etc.

24
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It is necessary that the scheduling of planned -
shutdowns be coordinated in such a way that energy :
conservation recommendations can be implemented.

2.4 Ana)ysis of Energy 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 enerqgy 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

-the .program produces a. variety of results..in.tabulax:
form. These include monthly cost of the energy scurces
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 rontained 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 "1" of this report. The
worldwide energy prices and T.0.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.

25



Helwan Portland Cement Company - Eneray Audit

Table 1A 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 1787 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.

26
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TABLE 1A - HONTHLY ENERGY CONSUMPTION

CLIENT: U.S. AID/OEP COMPANY: HELWAN PORTLAKD CEMENT COMPANY

DATAz  JAN-DEC 1987 UNIT  : FACTORY 1 AND WHITE CEMENT - VET PROCESS
ELECTRICITY * # 6 FUEL OIL NATURAL 6AS DIESEL - - TOTAL EMERGY
|PLRCHASED EQUIVALENT |PURCHASED EQUIVALENT |PURCHASED  EQUIVALENT |PURCHASED EQUIVALENT |
| ENERGY  ENERGY | ENERGY  ENERGY { ENERGY  ENERGY | ENERGY  ENERGY |
| | | | |
P omH Jx 10E9 Y.0.E.** | TONS S x 10E9 T.0E. | CU. M. Jx10E9 T.0.E. | TONS  J x 10E9 T.0.E.] J x 1059  T.0.E.e*
.................................................................................................................... . .-.-.-.--....l
JAN | T469.B 26891 1883.1 | 2447.0 99768 2375.7 | 11601804 432240  10291.7 | 27.0  1205.2 28.7 | 560104 Us?9.2 |
FEB | 7120.2 25633  17%4.9 | 2163.0 88189 2100.0 | 11257729 419421  9986.5 | 25.5  1139.3  27.1 | 534382 13908.5 |
MAR | 6816.9 24541 1718.5 | 2318.0 94508 2250.5 | 11320637 421765  10042.3 | 27.3  1218.9  29.0 | 542033 14040.3 |
APR | 6346.2 22846  1599.8 | 2337.0 95283 2268.9 | 10554973 393239 9363.1 | 26.8  1199.1  28.6 | 512567 13260.4 |
MAY | 5946.2 21406 1499.0 | 2230.8 90921 2165.0 | 11426311 425702 10136.0 | 27.0 12063 28,7 | 539235 13828.8 |
JUK | 6912.9 24886  1742.7 | 2415.0 98463 2344.7 | 10450280 389338  9270.2 | 26.9 1199.6 2B.6 | 513888 13386.1 |
JUL | &67.3 23282 1630.4 | 2247.0 91614 2181.6 | 11581394 446382  10628.4 | 26.6  1186.5  2B.3 | 562465 14468.6 |
AUG | 6835.8 24 1723.3 | 1996.0 81380 1937.9 | 11418101 425396  10%28.7 | 26.5  1185.9 28,2 | 532571 13818.1 |
SEP | 6101.5 21965  1538.2 | 2267.0 92429  2201.0 | 9570294 356553  BA8S.6 | 26.5  1184.5  28.2 | 472132 12256.9 |
OCT | 6426.3 23135  1620.0 | 2318.0 §4508  2250.5 | 10147492 378058  9001.6 | 26.6 1186.1 28,2 | 496887 12900.5 |
NOV | 5630.7 20271 1419.5 | 2327.0 94875 2259.2 | 10178497 - 379213 9029.1 | 27.2 1215.0 2B.9 | &§S574 12736.7 |
DEC | 5984.7 21545  1508.7 | 1943.0 80035  1905.8 | 10108546 376607  B967.0 | 26.9 11105  26.4 | 479297 12408.0 |
.......................................................................................................................................................... l
ANNUAL | | | o | | |
TOTALS | 78059 281011 19678 | 27028 1101973 26241 [130016058 4843913 115336 | 318.7 14237 339.0 | 624113 161592 |
....... D bt D D L T L T T Ty SRR l
MONTHLY | | | e | l | .
AVERAGE] 6505 23418 1640 | 2252 91831 2187 | 10834672 403659 9611 | 25.6  1186.4 28,2 | 5200%.5 13466.0 |
=meees Bt et SOt Lottt o |
1 | | : l - | : |
MOTES {3.6 x 10E9 J/MuM 140.7715 x 10€9 J/TOW | 37256270 J/cu. M. [44.6687 x 10E9 J/TON | 42.00 x-10E9 J/T.0.E.|
*  INCLUOES 500 MUH/MONTH FOR NORMAL QUARRY ELECTRICAL CONSUMPTION. “

“*  ELECTRICAL T.0.E. VALUES INCLUDE A TYPICAL 34X EFFICIENCY FACTOR AND CORRESPOND TO GENERATING ELECTRICITY USHIG A mENSllG STEAN 'I’IRB!HE SYSTEM.

.



:£4
- -
SoveNoOVAELN -

-
N

TABLE 1B - MONTHLY ENERGY CONSUMPTION

CLIENT: U.S. AID\OEP COMPANY:  HELWAN PORTLAND CEMENT COMPANY
DATA : JAN-DEC 1987 UNIT :  FACTORY 2 - DRY PROCESS
ELECTRICITY = # & FUEL OIL NATURAL GAS DIESEL o TOTAL EERGY
|PURCHASED EQUIVALENT |PURCHASED EQUIVALENT |PURCHASED  EQUIVALENT |FURCHASED EQUIVALENT | : 1
| ENERGY  ENERGY | ENERGY  ENERGY | ENERGY ENERGY | ENERGY  ENERGY | » |
] 1 | | 1 |
| 4 x 109 T.0.E. *%| TONS J x 10E9 T.0.E. | QU. M. Jx 1069 T.0.E. | TONS J x 1069 T.0.E.| J x 10£9 7.0.E.** |
AN |26847.1  96549.6 6763.0 |19834.0 BOBSSS  19256.3 | 0.0 0.0 0.0 =27 121.3 2.9 | 905434 25027.2 |
FEB |20821.4 74957.2 5249.0 [17229.0 702453 16727.2 | 0.0 0.0 0.0 | 63.4 3057.1 72.8 | 7 22048.9 |
MAR  [25057.1  90205.5 6316.7 [18345.0 747954 17810.7 | 0.0 0.0 0.0 ] 2.2 17.5 27.9 ! 839331 24155.3 |
APR  |20849.3  75057.6 5256.0 [16246.0 663190  15792.2 | 0.0 - 0.0 0.0 4.8 214.7 3] T2 21053.3 |
MAY [19140.2  68904.7 4825.1 |13361.0 544748  12571.8 | 0.0 0.0 0.0] 5.7 256.7 6.1} 613910 17803.1 |
JuN  |22803.0 £2090.9 5748.5 [15297.0 623682  14851.5 | 0.0 0.0 0.0] 2.2 98.0 2.3 | 70587 20602.3 |
JUL  [19893.0 71614.8 5014.9 [13034.0 533455  12702.9 | 0.0 0.0 0.0} 3.3 149.4 3.6 1 605219 17721.4 |
AUG [20048.7 T2175.3 5054.1 ]12097.0 493213 11744.7 | 0.0 0.0 0.0] 5.0 224.0 5.3 | 565613 16804.1 |
SEP  |23684.6  85264.4 5970.7 |17927.0 730911 17404.9 | 0.0 . 0.0 0.0] 33 149.3 3.6 | 816325 25379.1 |
OCT [24275.0 873%90.2 6119.6 |16306.0 664821  15831.1 | 0.0 0.0 0.0] 0.2 9.3 0.2 | 752220 21950.9 |
MOV  [24643.3  8871%.m 6212.4 |16653.0 678968  156168.0 | 0.0 . 0.0 0.0 3.7 163.4 3.9 | 767847 2238543 |
DEC |24764.2 B89151.C 6242.9 ]14939.0 609086  14503.9 | 0.0 0.0 0.0 ] 183 816.8  19.4 | 699054 20766.2 |
ANNUAL | I i - 1 | I
TOTALS | 272827 982177 68778 | 191338 7801143 185765 | 0 ., 0 0] 1440  6431.6 153.1 | 878972 254696.1 |
MONTHLY | | | - » S , H : i
AVERAGE] 22735 81848 5731 | 1585 650095 15480 - o 0 0] 12.0 536.0 12.8| 7AUM = 2124.7 |
""""""""""""""""" - . 2 B
I I | - I | . |
NOTES [3.6 x 10E9 J/MwH [40.7715 x 109 J/TON | 37256270 Jrcu. W, [44.6687 x 10£9 J/TON |  42.00 x 10E9 J/T.0.E.}

*  ENERGY USED IN THE QUARRY FOR MANDLING RAW MATERIALS FOR THE WET KILKS IS 500 MUH/MONTH. THE ELECTR!C METER ron THE DRY PROCESS XICU.DES TIIIS VALUE.
THE ’PURCHASED ENERGY’ COLUMNS DOES NOT INCLUDE ELECTRICITY USED FOR THE WET PROCESS.
**  ELECTRICAL T.0.E. VALUES INCLUDE A TYPICAL 34% EFFICIENCY FACTOR AND CORRESPOND T0 GENERATING ELECTRICITY USING A CONDENSING STEAM TURBINE SYSTENM.
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TABLE 2A - MONTHLY ENERGY COSTS

CLIENT: U.S. AID/OEP CCMPANY: HELWAN PORTLAND CEMENT COMPANY
DATA : JAN-DEC 1987 UNIT = FACTORY 1 AND WHITE CEMENT - VET PROCESS
ELECTRICITY * # & FUEL OIL NATURAL GAS DIESEL TOTAL ENERGY COST
. 3 e
|PURCHASED  cOST COST  |PURCHASED  COST COST  |PURCHASED cost COST  |PURCHASED  cosT COST | TOTAL {27 R
| ENERGY | ENERGY | ENERGY | ENERGY { cost cost |
! 1 | | 1 ]
| mm LE Uss | TONS LE . UssS | tu.m. LE Uss | Toss LE Uss| LE uss }
---------------------------------------------------------------- et et
JAN | 7469.8 186744 321200 | 2447.0 68516 274235 | 11601804 350374 904941 | 27.0 619 4064 | 607253 1504440 |
FEB | 7120.2 178004 305166 | 2163.0 60564 242407 | 11257729 339983 878103 | 25.5 1531 3843 | 580082 1430520 |
MR | 6816.9 170422 293126 | 2218.0 64904 259778 | 11320637 341883 883010 | 27.3 1637 4111 | 578846 1440024 |
APR | 6346.2 158455 272887 | 2337.0 65436 251908 | 10554973 318760 823288 | 26.8 1610 4043 | 564482 1362126 |
MAY | 5946.2 148455 255637 | 2230.0 62440 269916 | 11426311 3450675 891252 | 27.0 1621 4069 | SS7TTS0 1400924 |
JuN | 6912.9 172822 297254 | 2415.0 67620 270649 | 13450280 315598 815122 | 28.9 1612 4046 | 557652 1387071 |
JUL | 6467.3 161684 278096 | 2247.C 62916 251821 | 11981394 361838 934549 | 26.6 1596 400t | 588031 1468447 |
AUG | 6835.8 170896 293941 | 1996.0 55883 223692 | 11418101 344827 890512 | 28.5 1591 3995 | 573202 1412240 |
SEP | 6101.5 152538 262385 | 2267.9 63476 254063 | 9570294 289023 746483 | 26.6 1593 3999 | 506830 1266910 |
OCT | 6826.3 160657 276330 | 2318.0 63904 259778 | 10147492 306454 TI504 | 26.6 1593 3999 | 533408 1331612 |
MOV | 5630.7 140768 242121 | 2327.0 65156 260787 | 10178497 3073 93923 | 27.2 1632 4097 | 514947 1300928 |
DEC | 5984.7 149619 257344 | 1963.0 54964 219993 | 10108546 305278 788467 | 2.9 1492 3745 | 511352 1269549 |
e e D D L L L h T T PPN cces eccscsecammnna l
ANNUAL | | | ’ | i
TOTALS | 78059 1951464 3354518 | 27028 756784 3029023 [130016058 -'3925485 10141253 | 318.7 19124  4BO13 | 6453856 16574812 |
......................... et s tsetcncaceccecccctcccatecnccecac et e rccc e ecencetns st acanttrteracracaaaaasan |
MONTHLY| | | | | . i
AVERAGE| 4504.9 162622 279710 | 2252.3 63065 252419 | 10834672  ° 327207 845106 | 25.6 1594 4001 | 55488 1381234 |
| | ! ] : -
NOTES | 25.0 LE/MWH | 28.0 LE/TON | 0.0302 tEscu. M. | 60.0 LE/TON |
| 43.0 us s/ | 112.07 us s/ToN | 0.078 uUs $/CU. M. | 150.64 us $/TON SR B

INCLUDES 500 MWH/MONTH FOR NORMAL QUARRY ELECTRICAL CONSUMPTICH.



ot

[P——l
- 0 VR NV WN

-
~N

TABLE 2B - MONTHLY ENERGY COSTS

CLIENT:
DATA:

U.S. AID/OEP
JAN-DEC 1987

COMPANY: HELWAN PORTLAND CEMENT COMPANY
UNIT  : FACTORY 2 - DRY PROCESS

TOTAL EMERGY. COST

ELECTRICITY « # 6 FUEL OIL NATURAL GAS DIESEL

{PURCHASED  COST COST  |PURCHASED  COST COST  |PURCHASED .COST COST  [PURCHASED  O5ST €OST | TOTAL TOTAL |
| EMERGY } ENERGY | EMERGY | ENERGY | cost cost |
I | i | | ]
| LE UsSsS | TONS LE uss | .M. LE Uss | Tows LE Uss| LE uss |
TISNSTT emeries sssesesessoiiiiss seessses meeeeceieeecccenis seeeee e sresserese eeeecees seee -1 - I
JAN  ]25847.1  6T1178 1154426 |19834.0 555352 2222796 | 2.0 0 0] 2.7 68 17 | 1226598 3377339 |
FEB |20821.4 520536 895322 |17229.0 482412 1930854 | 0.0 0 0] 68.4 1711 2943 | 1004459 2829119 |
MAR ]25057.1 626427 1077455 |18345.0 513660 2055924 | 0.0 0 0] 2.2 656 1128 | 1140743 3134506 |
APR  |20849.3 521233 856521 [16264.0 455448 1822931 | 0.0 0 0| 4.8 120 207 | 976801 2719659 |
MAY [19140.2  &7BS0S 823028 {13361.0 374108 1497367 | 0.0 0 0] 5.7 144 247 | 852757 2320843 |
JUN  |22803.0  S70075 90530 §15297.0 428316 1714335 | 0.0 0 0] 2.2 55 S | 998447 2594959 |
JuL  |19893.0 497325 855399 [13084.0 365352 1466324 | 0.0 0 0] 3.3 84 %4 | 883761 2321867 |
AUG  |20048.7 501217 86209% ]12097.0 138716 1355711 | 0.0 0 0] 5.0 125 216 | 840059 2218020 |
SEP |23684.6 592114 1018436 |17927.0 501956 2509079 | 0.0 0 8] 33 .73 144 | 1094154 3027659 |
OCT |24275.0 606876 1043827 |16306.0 456568 1827413 | 0.0 0 of 0.2 5 9 | 1063449 CATi249 |
NOV  [24643.3 616082 1059681 |16453.0 456284 1664302 | 0.3 .. [} o] 3.7 1] 157 | 1082457 2926120 |
DEC J24764.2 619104 1065859 [14939.0 418292 1674214 | 0.0 0 o] 183 457 785 | 1037853 2739859 |
............................................................................. womsvese —ama .-.-------------...-l
AL | | i R | o
TOTALS | 272827 6820874 11731559 | 191338  S357464 21443250 | 0 [} 0] 144.0 3500 6191 | 12181738 33181000 |
------------------------------------------------------------------------- - R |
MONTHLY| { i i | |
AVERAGE| 22735 568389 776303 | 15945 446455 | 1785937 | 0o o o] -.12.0 300 516 | 1015145 2765083 |

| I l i i

NOTES | 25.0 LE/MWH | 28.0 LE/TON | 0.0302 LE/cu. M. | 60.0 LE/TON ]

| 43.0 us s/ 1 112.07 us s/Tom ] 0.078 uUs $/CU. M. ] 150.64 us $/ToN l,

®  ENERGY USED IN THE QUARKY FOR HANDLING RAW MATERIALS FOR THE WET KILNS IS 500 MIH/MONTH. THE ELECTRIC METER FOR THE DRY mocss lllCI.l.DES 'nus VALUE,
THE ’PURCHASED ENERGY’ COLUMNS DOES NOT INCLUDE ELECTRICITY USED FOR THE WET PROCESS.
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TABLE 3A - MCHTHLY PRODUCTION, COST AND EKERGY PER UNIT

CLIENT:  U.S. AID\OEP COMPANY : HELMAM PORTLAND CEMENT COMPANY

DATA :  JAN-DEC 1937 WIT FACTORY 1 AND WHITE CEMENT - WET PROCESS
| CLINKER | ENERGY COST PER UNIT |  ENERGY PER UNIT
|PROOUCTION | i

| ! |
| TONS JLE/TON USS/TOM |J x 10E9/TON T.0.E./TON

1 M| 60600  10.02 24.83 | 9.2
2 kB | 39150 | 9.81 2.18 | 9.03
3 R ] se200 | 9.78 24.32 | 9.16
& MR | sea30 | 9.93 24.84 | 9.35
5wy | 57251 9.7 24.47 | 9.42
6  Jmw | 5209 | 10.70 26.63 | 9.8
T | s300] 11.09 7.1 | 10.61
8 A | 51800 | 11.07 27.26 | 10.28
9 SEP | 49300 |  10.28 25.70 | 9.58
10 oot | 52300 10.20 25.46 | 9.50
1M wov | 52200 | 9.86 2.92 | 9.49
12 pEc | 51500 | 9.93 24.65 |7 9.31
Setenctcememmec s cemcccccc st s n v a e e man. e ne vesrascsnsscnmevonan .l
ANNUAL | ] |
TOTALS | 653225 | Jox
Stesasvasnssrrecmncanew ssesce - ’f
NONTHLY | ] |

AVERAGE |  S435 |  10.20 o241 9.87
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CLIENT:
“DATA

. TABLE 38 - MONTHLY PRODUCTION, COST AND ENERGY PER UNIT

U.S. AID\CEP COMPANY: HELWAN PORTLAMD CEMENT COMPANY
JAN-DEC 1987 wIT s EACTORY 2 - DRY PROCESS
| CLINKER | ENERGY COST PER UNIT |  ENERGY PER UKIT {
|PRODUCT oW | | ]
i ! | |
] Tous  JLE/ ToM  US S/ TON |3 x 10E9/TON  T.0.E./TON |
............................................................... .------..'
1 JAN ] 180960 | 6.78 18.66 | 5.00 0.144 |
2 FEB | 142812 | 7.03 19.81 | 5.46 0.154 |
3 MR | 193388 | 5.90 16.21 ] .. &.3% 0.125 |
4 APR | 173827 | 5.63 15.68 | 4.26 0.121 |
5 MAY | 124441 | 5.90 16.07 | 4.25 0.1233 |
6 Jud | 165400 | 6.04 16.29 | L.27 . 0,125 |
7 UL | 142800 | 6.06 16.28 | 4.24 0.124 |
8 A | 128200 | 6.55 17.30 | 441 0.131 |
9 SEP | 196206 | 5.58 15.43 § 4.16 0.119 |
10 ocT | 179047 | 5.% 16.04 | 4.20 0.123 |
1" MOV | 152744 | 7.09 19.16 | 5.03 0.147 |
12 DEC | 146169 | 7.10 18.74 | 4.78 0.142 |
................................................................... .0------~l
ANNUAL |
TOTALS | 1945454 | [=f
MONTHLY | | | . v .
AVERAGE | 162121 | - 6.30 L 453 - 0.132
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Helwan Rortland Cement Company - Enerqy Audit
2.4.1 Discussion of Tables
Table 1A

The monthly energy consumption for Factory 1
and White Cement Plant varied from a low of
472,132 x 109 joules in September to a high

of 532,465 x 10° joules
majority of fuel used

in July.

accounting for 78% of the

monthly energy usage.

is expected,

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

Table 2a

Attention

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,
of electricity. This
significant cost savings

is 17 times that
indicates
result by

substituting less expensive
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 33

enerqgy for

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 10
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 1B

The monthly energy consumption for Factory 2
varied tfrom a low of 565,613 x 109 joules in
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August to a high of 905,434 x 102 joules in
January. Fuel oil #6 is the major energy
source; its usage is approximately 89 percent

of the average total

consumed. Electric consumption is less than

one-tenth the # 6 fuel

consumption,

Diesel fuel usage varies greatly from r.nth
to month but is always an extremely small
quantity compared to the total enerqgy used.

Table 2B

The factory consumed 7,801,143 x 10° joules
of #6 fuel o0il, and 982,177 x 109
electricity; therefore the
usage for #6 fuel oil is approximately eight
times that of electricity.
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.
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 3B

joules of

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 10°
September to a high of 5.46 x 109
February. The clinker production rate ranged
from 128,200 tons in August to 196,206 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 energy costs per ton for

these months are do

joules in
joules in

inefficient operation due to power failure

problems.

Discussion of Graphs
Graph 1A

This graph illustrates the contribution of
the various forms of energy in Factory 1 and
the White Cement Plant to the total enerqgy
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picture. It - -aphically shows the large
usage of natural ;as as an energy source when
compared to ‘'f fuel oil, electricity, and
diesel.

Graph 23

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, raquired by the electric
company, and a lack of plant generated
electricity to compensate for this
occurrence.

Graph 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. e

The curve labellied "US 1540" most 1likely
represents the wat process at HPCC. Curves
for the US, Euroupe, and Japan represent
present day energy consumption per ton of
clinker.

Graphs 1B

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 o0il above
its pour point during these cold months.
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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. Therefcre, comparing
Factory 2 with the European fiqures 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. 7This 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 1longer 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:

Establish utility costs/economic criteria
Nevelop energy savings

..stimate investment cost

Decide if project is attractive

Q000

For this energy audit the utility costs are defined in
the Basic Engineering Data contained in Appendix 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 1listing for ~a ‘group’ of
potential projects.

As a part of the evaluation a simplified design and/or
equipment 1list 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
separutely in the sections which follow.

2.5.1 Value of Eperqgy 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=rgy savings would take
place if the ECO were to 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 "iv,

Estimating Investment Cost

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. 1In 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
censtruction manhours as a base 1line. 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 productivity realized in previous Foster

44



Hslﬂn.ﬁarﬁl@nﬂ&smens_ggmnanx-mwgﬁi;

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., 1local 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.

~All "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 neceded equipment to implement a
particular EcCO.

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 projects,
and a "front end" engineering package, as a
technical basis, on major projects.

s
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3.0 ENERGY CONSERVATION OPPORTUNITIES (ECO's)
3.1 Summary List

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

Power Houge

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. o .

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

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

0 - W e Cenme

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-11. Insulate boiler feed water tanks.

ECO-12. Improve combustion efficiency of steam
boilers. :

ECO~13. Combustion air preheat through'stack gas heat
recovery. _ Lo e

ECO-14. Test, repair, rep;acevépéqm?tggpg,: o
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Mazout Steam Bojler - Factory 2

ECO-15. Repair steam, air, water, and condensate
leaks fronm valves, lines, flanges, etc.

ECO-16. Add new or repair existing insulation on
steam and mazout lines. , g

Eco-17. Insulate boiler feed water tanks.
ECo-18. Insulate mazout day tank.

ECO-19. Improve combustion efficiency ‘ofwﬂsﬁééﬁf
boilers. T ey

Eco-20. Combustion air preheat through stack gas heahf
recovery. _ ; B

Eco-21. Test, repair, replace, add Steam.trqpéft

Drv Kilns - Factory 2
ECO-22. Improve efficiency of kilns.

.ECO-23. Recover heat. .lost . through clinker. cooler .
shell to preheat combustion air to kilnyti-ivie:

Wet Kilns -~ Factory 1 (Grey and White)
ECO-24. Improve efficiency of kilns.

ECO-25. Evaluate energy savings of feed preheat using
waste heat from stack gas.

ECO-26. Investigate the use of slurry thinner to
reduce water content in feed.

ECO-27. Investigate the use of roller mills to save
energy in processing clinker.

Eco-28. Investigate energy savings by changing cement
and raw mill drive controls to variable
frequency (speed) controllers.

ECO-29, Run generators in power house at or near
nameplate capacity and send excess kw to main
power supply grid in Factory 1.
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ECO-30A Investigate the use of an electrical
generating boiler package to supplement the
power supply.

ECO-20B Investigate the use of a gas turbine
electrical generator to supplement the power

supply.

.ECO~30C Investigate the use of a gas turbine
SRR electrical generator with waste heat recovery
to supplement the power supply.

;Eco-al. Improve, add, or fix instrumentation to be '
’ able to properly monitor and control energy
consumption.

ECO-32. Study the effect of insulation on heat loeegf
from pipes. ‘

ECO-33. Provide automatic fuel/air ratio controllers -
for steam boilers. ‘ ,

ECO-34. Installation of capacitors as required to
improve power factor.

- BECO~35...... Institute a permanent .program. forusteam:trap ©
testing.

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

EC0~-37. Use of publicity, memos, newsletters, otc. to

implement ar energy program and make
personnel aware of energy conservation.

a
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3.2 QQMWLQB

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 EC0-01, which ties it directly to
the 1list 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.




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

REPAIR OF STEAM, AIR, WATER Investment Cost, $ t 110.0
AND CONDENSATE LEAKS Payout: Simple, Yrs : 3 days
FROM PIPING. DCF, 5 : ~—
EC0-01

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 .
BFHW/condensate .: 1 (overflow line hetween .BFW.tanks)..:.

Total Leakage 227 kg/hr o1® 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.0.E. Tons 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 vtility costs.

INVESTMENT COST ANNUAL ENERGY COST SAVIN

S_ _LE_ 3

110 245 14,031 ;7%%3-
EC0-01 o V"Pagéi°vii'”



6.0 CONCLUSIONS S , N
For very little investment?fhié ECQ'pays Qut extremely faSt. 

7.0 RECOMMENDATION
This ECO should be'1ni£iqté&{iﬁﬁédiaﬁély.

ECO-01 ‘page 2
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POWER_HOUSE ' Annual Savings, TOE
$ :5,525

Annual Savings,
ADD NEW OR REPAIR EXISTING Investment Cost, $
INSULATION ON STEAM AND Payout: Simple, Yrs
MAZOUT LINES. DCF , ¥
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1.0 PURPOSE

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

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 not
.effective for heat conservation. S

The pipe sizes and lengths to be insulated were measured.
The 1lengths 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 progranm. 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 LIST/SIZE

The following tabulations 1list 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 Savings, kJ

0.75 3 127,550,000

Steam Piping - Header Conditions: 1863 kPa&(inkg/cmZ)
oo S . 210 ©C saturated
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Line Estimated Annual Energy
Size, in  Length, M Savings, kJ

1 151 346,092,000 (1000 Hr/Yr)
1.5 2 - 47,625,000 R
2 2 58,525,600 e

3 2 83,028,900

" Condensate Return - Header Conditions: 70 kpPa, 120 °c
e n s (0.7 kg/cm2)

Line Estimated Annual Energy
Savings, kJ

Length, M s
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 bé‘gaivanizédz
steel. - T

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
T.0.E, o out
47.9 49.3
5.0 §S0C D (0) \'/

The estimated total investment and annual cost savings for
applying the economiz thickness of insulation to all piping
is below. Figures are based on worldwide and 1locai
equipment and utility costs.

Investment Cost Anpual Cost Savings
S LE S LE

5,702 8,268 5,525 1,382

ECO-02 - . o " page 2



6.0 CONCLUSIONS

Insulation should be applied to bare 1lines in pl&nté'[
including those where insulation is in poor condition.

7.0 RECOMMENDATION
This ECO should be initiated immediately.

-



POWER HOUSE Annual Savings, TOE : 65.7
Annual Savings, $ s 7,587
INSULATE BOILER FEEDWATER Investment Cost, $ ¢ 15,187
TANKS Payout: Simple, Yrs : 2.00
DCF P : 33
ECO~-03
1.0 PURPOSE

The purpose of this ECO is to provide neﬁfihsﬁlafiéhgbnﬁtﬁgﬂg
boiler feed water tanks in order to - conserve ' energy . by
minimizing heat losses. - s PR

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 "Heatillzer" Economic~Insulation *
Thickness computer program.

The results of this program are summarized in this. Eco.

3.0 EQUIPMENT LIST/SIZE

The following tabulations 1list the insulation requirements
by vessel surface. ) '

BFW_Tank

Vessel Temperature - 5~ ¢ Design

Pexr Tank
Estimate | Annual Energy

Location Area, M2
Sides 57 586,472,400
Bottom 20 201,258,700
Top 20

1,035,180,300

TOTAL ENERGY SAVINGS : g2;070‘x 109 kJ (2 Tanks)

(Based on 7446 Hr/Year)
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4.0

EREDRICTED 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 §gvj,ng§
1.0.E.  Top magzout
65.7 67.7

N 5 - v

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
s LE 3 LE

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

CONCLUSIONS T e men e

Insulation should be applied to these bare vessels.

RECOMMENDATION R
This ECO should be initiated immediately.



POWER LOUSE Annual sSavings, 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, 3 : <1.0

ECO-04

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 1is improved by preheating
the combustion air and thus reducing the fuel consumption
of the boiler.

2.0 OCESS 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 1is reduced. This reduction of fuel

consumption occurs because the increase in combustion air
temperature from ambient to flame ...temperature . is
decreased. e

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 racovery 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 beiler 1load become smaller, it is more difficult to
justify investment in such equipment.

ECO-04 “'page 17"



3.0 EQUIPMENT LIST/SIZE

Please note that the equipment listed is‘fér‘ohly ohe.qi:Q,
preheat system, although the above investment  represents
the price for both air preheat systems: B

1 (one) forced draft fan

1 (one) induced draft fan

5 (five) forced draft oil burners ‘

1 (one) cast iron recuperative airféféﬂ§§§e#}
Alr and flue gas duct work ' E |

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 efficlency 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:

C Y \'/ S
- T.0.E. \ ou
549 566
5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION

The estimated total investment and annual cost savings for
purchasing and installing the equipment 1listed above is
listed below for both worldwide and 1local equipment and
utility costs.

INVESTMENT COST ANNUNL _ENERGY COSY SAVINGS
s LE___
1,206,000 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. I :

7.0 RECOMMENDATIONS

Implementation of this ECO is not . recommended, due to the
high investment cost. Tla “ B

v ECOm04 'page 2.
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POWER HOUSE ' Annual Savings, TOE

: 211
‘ Annual Savings, § : 24,319
RECOVERY OF HEAT FROM Investnment Cost, $ ¢ 43,360
CONTINUOUS BOILER : Payout: Simple, Yrs : . 1,78
BLOWDOWN ' o DCF : 3 : 39
ECO-05
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 CESS SC IO
The present system is to pump cold BFW directly into each
stear, drum while hot continuous blowdown is sent directly to
drainage. 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 S Z

Heat Exchanger - two required, locate at grade

22 kg/cm? (2160 kPa), 250 ©C design - tubes

z- kg/cm? (2350 kPa), 200 OC design - shell

6.5 M2 surface area. multitube type

carbon steel shell and tubes.
Instrumentation - as shown.
Piping

2" ¢ 15 M
" 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/cm? (98 kPa).

ECO~05 page 1
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4.0 PREDICTED ENERGY SAVINGS

The anticipated arnual energy savings for two boilefélafﬁer*f
this system is installed is below. = R

a e 8
T,.0.E ‘fons Magzout
211 217
5.0 SSoC E CONOMI UATIO

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

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

Investment Cost Annual Enexrqy Cost Savings
$ LE S —LE
43,360 97,120 24,319 6,076

6.0 CONCLUSIONS
It is good engineering practice to recover heat from

blowdown , through . heat exchange and/ar ..low.pressure..flash:...
drums to produce steam.

7.0 RECOMMENDATION

This ECO should be implemented during a convenient
turnaround/shutdown period. R

ECO-05 ° page 2.
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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, % : - :
1.0 PURPOSE
The purpose of this ECO is to improve the overall
efficiency of the pocwer house boilers. Combustion

efficiency of the power house boilers is highly effected
by the oxygen content of the flue gas or aoxcess air.
Additionally, combustion efficiency is effected by the
degree to which combustion is completed.

PROCESS _DESCRIPTION

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 1is 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 on°

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 accomplished with the burner
registers located on each burner. 1In 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 alr streams occurs. If a
very good degrce of mixing is not accemplished 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 1is 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

ECO-06 page 1



pection 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 1is 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 1low 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 EQUIPMENT LIST/SIZE

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

... .. .10. (ten) 0il.. only burners (as. supplied~ by«Johnuzinkucorp»
or Hamworthy Limited) miemay

2 (two) forced draft fans with vériable inlet vanes.
Short runz 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.

__AN G VING
T7.0.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 1listed above is
listed below for both worldwide and 1local equipment and
utility costs.

IH!E&IMEEI.QQ&I ANNUAL ENERGY COST SAVINGS
LE -5 . —LE __
174 600 391,200 193,656 48,384
ECO-06 page 2



6.0 CONCLUSTONS

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. '
ECO-06 page 3 '
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POWER_HOURE 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, 3 H -

ECO=07

1.0 PURPOSE

The purpose of this ECO is to install a condensate
recovery system for the existing mazout heater and
steam header drip 1legs to recover the condensate
presently discharged to the sewer.

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.

EQUIPMENT LIST/SIZE
The equipment required is listed below and 3éhqwn in the
sketch included at the end of this EcCoO. ‘ o
Atmospheric flash drum:

18" pipe diameter x 1850 mm T/T

3.5 kg/cm3g (345 kPa), 150 ©C design

carbon steel, 75 mm insulation
Vent Condenser:

| 2.0 M2 area _
3.5 ky/cm2g (345 kPa) shell design
5.3 kg/cn?g - (520 kPa) tubes design

- carbon steelrsheii;qpqgtubeé

ECO-07 " " page 1



" condensate Pump:

2.0 kg/cm? (196 kPa) 'i_d_i‘f'fé_r:e'ntiva'l'

0.5 M3/hr condensate

:instruments: as shown

1. Condensate piping withinvthékppwstfhbdse: o

Line size , ‘j;g'vEstimated length
1 - s0
1.5 . 10
. 2 ‘ 40
4.0 PREDICTED ENERGY SAVINGS
| —Annual Savings
T.0.E. Ton mazout
210 216 -
5.0 S N SsocC ONOMIC (0)
The total investment cost to purchase and install the
equipment and materials above is below.
Figures are based on worldwide and local utility costs.
vestment Cost Annual Eneray Savings
—s —LE__ -5 —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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POWER HOUSE " Annual Savings, TOE : 198.
Annual Savings, $ : 22,851,
TEST, REPAIR/REPLACE = Investment Cost, $ ¢ 2,410.
STEAM TRAPS B Payout: Simple, Yrs : 0.11
e DCF . 3 : -
ECO=-08
1.0 PURPGSE

Eco-08

The purpose of this ECO is to teét,"rébéir; dnd, replace
defective steam traps. ' Lo

PROCESS DESCRIPTION

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

The traps were checked by visual and sonic metheds. 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. e e e

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.




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 to wear at an accelerated rate and causes
the trap to fail in the future. A continuous sgeries of
abrupt discharges from a thermedynamic disc trap indicates
its failure in the open position.

The normal operation sounds of a float and thermostat'ic trap
are difficult to distinguish as it is a comstant flow device
with no cycle rate. By shutting off the inlet valve and
letting condensate accumulate, and then releasing a large
condensate load to thz 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. 1In the case of a completely
failed trap the inlet steam will be blowing through to the
trap outlet with 1little 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.

ECO~08 j‘pac‘;’e; 2



3.0 EQUIPMENT LIST/SIZE

The following are the results of the trap survey:

Location Type Number  Failed  Satisfactory
Mazout Heater T.D. - 2 _ 2 0

(Boiler 2)

Mazout Heater T.D. 2 =~ 2 0

(Boiler 1) - * ‘

Superheated Float = = 2 _‘1 0 2

Steam Header

As noted, 4 of the 6 btraps 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
gquantity 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 1leakage
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... ... ... S :

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 wera

blowing through an excessive amount of steam, estimated to
be 300 kg/hr.

Annual Enerqgy Savings
Tons of mazout

198 203.9

'ECO-08 " page’ 3. .



5.0 JINVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
The estimated total investment and cost savings are below.
Figures are based on worldwide equipment costs.

Investment Cost  Apnual Cost Savings
. —S . 79 7Y
2410 5400 22,851 5,709

6.0 CONCLUSIONS

The testing, repair and replacement of steamftrabé?ié a very
attractive EcCO. PR

7.0 RECOMMENDATION .
This ECO should be implemented imhediatéij:

ECO-08  ‘page’



MAZOUT STEAM BOILER Annual Savings, TOE : 2.68
WHITE CEMENT Annual Savings, $ s 379.6
Investment Cost, $ s 1940.

REPAIR OF STEAM, AIR, WATER Payout: Simple, Yrs : 5.11
AND CONDENSATE LEAKS DCF, % : 9.0
FROM PIPING

CO-

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. ,

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.

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)
c GY_SAV o

The anticipated energy savings, after repairingvthq steam
leak, is below:

ANNUAL ENERGY SAVINGS
I.0.E. TONS DIESEL
2.68 2.52

SSOCT D_ECONO V.

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
-5 LE__ s —LE
1940 4340 379.6 151.2

ECO-09 . ‘page .1



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 RECOMMENDATION
This ECO should be postponed.

ECO-09 ‘page. 2.
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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 : 3% 2 -

MAZOUT LINES.

ECO=30
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 c c ON

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. - a= 1w L

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 Eftects
of Insulation on Heat Loss From Pipes."

UECO-10 ‘page 1.



3.0 EQUIPMENT 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, kI
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 ¢
(0.7 kg/cm2)

~ Line Estimated Annual Energy
Size, in  Lenath, M
0.75 24 137,852,265

BFW Line - Header Conditions : 100 °C

Line Estimated Annual’ Energy
in . . Length, M = Savings, 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, kI
2 6 15,055,812
4 9 39,605,274

TOTAL ENERGY SAVINGS : 1.151 x 10% kJ
(Based on 7446 Hr/Yr)

Insulation to be mineral wool. Jackettingjto,ﬁeféalvanized
steel. ' o

‘ECO-10



4.0 PREDICTED ENERGY SAVINGS

The "Heatalyzer Economic Thickness" computer progranm
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 Savinas
T.0.E. Ton diesel

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. S

vest t C
S LE $ LE
2,782 4,034 5,167 2,058

6.0 CONCLUSIONS

Insulation should be applied to bare 1lines in plants
including those where insulation is in poor condition.

7.0 RECOMMENDATION
This ECO should be initiated immediately.

ECO-10 © ‘page 3



9.28

MAZOUT STEAM BOILER Annual Savings, TOE :

WHITE CEMENT Annual savings, § : 1,315
Investment Cost, $ : 1,410 -

INSULATE BOILER Payout: Simple, Yrs : 1.07

FEEDWATER TANKS DCF : ¥ H -

ECO-11

1.0 PURPOSE

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

2.0 QCESS

A detailed review was con.ucted 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 werki then:
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 1list the insulation requirements
by vessel surface.

BFW_Tank

Vessel Temperature - 100 ©C Design

Estimated Annuai Energy
Location Area, M2 Savinas, kJ
Sides/Heads 10 243,500,000
Vessel Temperature - 50 °C Design
Estimated Annual Energy
Location 2 savings, kJ
Sides/Heads 7 48,735,770
TOTAL ENERGY SAVINGS : 0.292 x 109 kJ

(Based on 7446 Hr/Year)

" Eco~-11 ' page 1



4.0 PREDICTED ENERCY 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 __

T.Q.E. Ton diesel
BFW Tank 7.73 7.27
Make-up Tank 1.55 1:46

9.28 8.73

5.0 JINVESTMENT 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
S LE S LE
BFW..Tank .. 859 1,246 1,095 .. ...436
Make-up Tank 551 799 220 - _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.

ECO-11 " page. 2.



WHITE CEMENT PLANT Annual Savings, TOE : 4.9
‘Annual Savings, $ : 693,
CHECK COMBUSTION EFFICIENCY ‘Investment Cost, $ H 1,060.
OF STEAM BOILERS Payout: Simple, Yrs : 1.53
DCF, : -
ECO=12
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 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 1load 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 boile:s are very small permanently installed oxygen
analyzers cau‘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 ENEPGY SAVINGS

A flue gas oxygen reduction from the present 12.1 pércent
to the proposed 3 percent will improve the overall boiler
efficiencies from 62.0 percent to 69.1 percent.

—ANNUAL EN
T.Q.E. s
4.9 4.6

. 'ECO-12 . ‘ page 1



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.

stme Annual Cost Savings
—LE - —LE.
1060 2385 693 276

6.0 CONCLUSIONS

This ECO will provide a sma11~'s§Vihgs ‘with a’ nominal
investment cost. ST Cee T

7.0 RECOMMENDATIONS
This ECO should be implementé¢ﬁgt7théfé&tliéét]opﬁdftﬁnity.
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WHITE CEMENT PLANT Annual Savings, TOE

: 0
Annual Savings, $ : 0
STUDY .THE FEASIBILITY OF Investment Cost, $ : 0
CGMBUSTION AIR PREHEAT Payout: Simple, Yrs : 0
FOR STEAM BOILERS DCF, 3 : ————
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 CES SCR

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 EQUIPMENT LIST/SIZE

No ecuipment is suggested due to. lack of investment
incentive. ‘ L

ECO-13 page ‘1

Qv



4.0 PREDICTED ENERGY SAVINGS

No enerqy 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 %otal firing
of this boiler is so small that even in the event that the
stack temperature was higher, it is not 1likely that
combustion air preheat would be feasible.

5.0 JINVESTMENT 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
Sc 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 °C above the upper 1limit of this

guideline.
7.0 RECOMMENDATIONS
. Thisdnevaluation;u:findsthhaﬁk,thisasEgo-éshoulduznotﬁAbe;J
implemented. B R
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MAZOUT 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 , ¥ H -
ECO-14
1.0 PURPOSE

The purpose of this ECO is to _tést;*vrépait5 5hd;ffépi5d§*
defective steam traps. Lo T E e e

2.0 PROCESS DESCRIPTION

All of the existing traps in the plant were teéted‘,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. - : G bl

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.

Ecomue o



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 tc 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.. - : o

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. 1In the case of a completely
failed trap the inlet steam will be blowing through to the
trap outlet with 1little pressure drop. Thus the stean
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. 1If
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 Le higher than normally expected thus
leading to an erronecis 2ecision on the condition »of the
trap. Thus a check of trap performance by temperature must
be carefully used.

ECO-14 ‘page ‘2



3.0

EQUIPMENT LIST/SIZE

Thé following are the results of the trap survey:

location Lype Number Failed Satisfactory

Mazout 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 pe
defective since they were blowing an excessive quantity of
steam. This quantity is estimated to be approximately 53
kg/hr.

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. Y

-Annual Energy Savings
T.0.E. Tons of Diesel
34.6 32.5

INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION

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

vestment Cost Annual cost_Savings
_LE S LE
2,410 5400 4895 1950

CONCLUS IONS

The testing, repair and replacement of~steam-ttépslhas a
very rapid payout. IR CEELL T

RECOMMENDATIO)N . L
This ECO shou:.d be implehented'1mﬁe§1§§§iy,?

ECO-14 - . ‘page .3



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, 1 : -

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.

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 condencate leak were present.

NUMBER OF STEAM, AIR, CONDENSATE LEAKS

(small steam 1leaks through
valves and flanges. .at main
steam header) - 20 kg/hr

Steam

"
S

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

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

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

ANNUAL ENERGY SAVINGS

T.0.E. ons ]
224.4 211.0

oC ONOMIC

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

INVESTMENT COST ANNUAL _ENERGY CQST SAVINGS
—8. xS —LE _
750 1,690 31,785 12,660
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6.0 CONCLUSIONS ; . :
For very little invés;heht‘this ECO is extremely attractive.

This ECO should be iniﬁiated i“‘°di=tely§g;

ECO-15 Cvadel fat!



MAZOUT STEAM BOILER Annual Savings, TOE : 143.3
FACTORY 2 Annual Savings, $ s 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.

ECO-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 cf 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. .. e

The pipc 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" Econonmic
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 LIST/SIZE

The following tabulations 1list 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  Lenath, M = Savings, kJ
2 135 2,403,532,501
4 15 471,126,731

_ECO-16 ‘'page - ‘1
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Condensate Refurn‘- Header Conditions: 70 kPa, 120 °cC
B (0.7 kg/cm2)

Line Estimated Annual Energy
Length, M savings, 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 galﬁéﬁiééd”a
steel. ,

4.0 c GY S G

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 Savinas
fl:,O,E. (o] es
143.3 134.7

5.0 INVESTMENT AND ASSQCIATED 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 1local
equipment and utility costs.

Investment Cost Annual Cost Savings
$ LE s LE

10,945 15,876 20,291 8,082

6.0 CONCLUSIONS

Insulation should be applied to bare 1lines in plants
including those where insulation is in poor condition.

7.0 RECOMMENDATION
This ECO should be initiated immediately.

ECO-16 page 2
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MAZOUT_STEAM BOILER Annual Savings, TOE : 24,3

FACIORY 2 Annual Savings, $ : 3,435.0
Investment Cost, $ H . 4,329.0

INSULATE BOILER FEEDWATER Payout: Simple, Yrs : 1.26

TANKS . DCF  , & --

ECO=-12

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
enerdy 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 requiread.

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 "Heatilizer" Economic 1Insulation
Thicknress computer progran.
The results of this program are summarized in this Eco.

3.0 EQUIPMENT LIST/SLZE

The following tabulations 1list the insulation requirements
by vessel surface.

BEW_Tank
Condensate Temperature - 100 °C Design
Estimated Annual Energy
Location Area, M2 Savinags, kJ
Sides/Heads 28 615,907,000
Make-up Tank
Vessel Temperature - 50 °C Design
Estimated Annual Energy
Location Area, M2 s
Sides/Heads 24 145,759,000
TOTAL ENERGY SAVINGS : 0.762 x 10° kJ

(Based on 6570 Hr/Year)

Insulation to be mineral wool. Jacketting to be galvanized
steel. L ,
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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.0.E. Ton diesel
BFW Tank 19.6 18.4
Make~-up Tank 4,7 4.4
24.3 22,8
5.0 JINVESTMENT 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 S LE
BFW Tank 2,462 3,570 2,772 1,104
Make-up Tank - . 867 2,707 . 663> -y 264
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 0 D 0
This ECO should be initiated immediately.
Eco-17 ‘page 2"



MAZOUT STEAM BOILER Annual Savings, TOE : 60.9
FACTORY 2 Annual Savings, $§ : 8,632
Investment Cost, $ : 11,150
INSULATE MAZOUT DAY TANK Payout: Simple, Yrs : 1.29
DCF ¥ : -
ECO-18
1.0 PURPOSE

The purpose of this ECO is to provide new insulation on the
mazout day tank in order to conserve energy by minimizing
heat losses. \ 3

2.0 PROCESS DESCRIPTION

A detailed review was condvcted 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
. «v..... temperature. . The .required insulation thicknesses..were.than..

-+ 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/STZE

The following tabulations 1list the insulation requirements
by vessel surface. v

Hazout Tank
Vessel Temperature - 60 °C Design

Estimated , Annual Energy
Location AIQQL_Mz =¥
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.léqeékettihg to be galvanized
steel. Sl T T e .

ECO-18
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4.0 PREDICTEL 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
.0. Ton diesel
60.9 57.3
5.0 JINVESTMENT 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 utllity costs.

Investment Cost Annual Cost Savings
S LE S LE

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

6.0 o) ONS

Insulation should be applied to this bare veééélﬁb
7.0 RECOMMENDATION A >v_'f‘ o
This ECO should be initiated immediately.:

ECO-18
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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 1load 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 . ratiakmechanism 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

I.0.E. IONS DFISEL
3.6 3.4
ECO=-19 .. v o o page 1



5.0 JINVESTMENT AND ASSOCIATED ECONOMIC EVALUATION

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

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

Investment Cost Annual Energy Cost Savings
$ LE $ LE .
1,060 2,385 512 204

6.0 CONCLUSIONS

This ECO will provide a small éévingsfiwith a- nominal
investment cost, B I R ETET LS T P

7.0 RECOMMENDATIONS PR N s
This ECO should be implehéntéaiéﬁfﬁﬁéfgéfiiééﬁ*déﬁbffunity.
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MAZOUT STEAM BOILER Annual Savings, TOE : Not Required

FACTORY 2 Annual Savings, $ ¢ (See Text)
Investment Cost, $ : .oom

STUDY THE FE2SIBILITY OF Payout: Simple, ¥Yrs : "

COMBUSTION AIR PREHEAT DCF, - % H -

FOR STEAM BOILERS

EC0-20

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 S c [0)

As fuel is fired into the combustion chamher 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 1leave 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 U N ST/S

No equipment is suggested due to lack of investment
incentive. e ‘

ECO-20




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. o

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 °Cc 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.

ECO-20 'page: ‘2 "



MAZQUT STEAM BOILER Annual Savings, TOE : 107.0

FACTORY 2 Annual Savings, $ : 15,214.0
. Investment Cost, $ s 625.0

TEST, REPAIR/REPLACE, ADD Payout: Simple, Yrs : 15 days

STEAM TRAPS DCF , 3 : -

ECO=21

1.0 PURPOSE

The purpose of this ECO is to test, repair, or féplaééﬂ
defective steam traps and add new traps where needed, ng;'4Q

2.0 (0] S SCRI 0

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. S . .

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 1is 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.

ECO-21 - i page 17

A



A definite cycle rate can be heard when a thermodynamic disc
(TD) trap is operating rnormally 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 aormal 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
according to‘a set temperature differential.: -. - - - o v

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. 1In the case of a completely
failed trap the inlet steam will be blowing through to the
trap outlet with 1little 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 reccovery 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 then 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.

" ECO-21



3.0 [EQUIPMENT LIST/SIZE

The following are the results of the trap survey:

Location Type Number Failed Satisfactory
Steam Header T.S. 1l 1l 0

(Roilexr House)

Mazout Day Float 1l 0 1l

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 excesgive 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 Enerqy Savings
1.0.E, Tons of Diesel
107 101

ECO=21' _“'page’ '3 "
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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
-3 _LE -5 _LE
625 1400 15,214 6,060

6.0 CONCLUSIONS

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

7.0 RECOMMENDATION T ]
This ECO should be implemgptedfimﬁédi@téi&ﬁl
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DRY KILNS = FACTORY 2 Annual Savings, TOE : 40,868
Annual Savings, $ s 4,717,475
CHECK EFFICIENCY Investment Cost, H 0
OF KILNS Payout: Simple, Yrs : Immediate
DCF . 1 : -
\0_
1.0 PRURPOSE

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. 1In addition
to the normal variables that affect the thermal efficiency
of the kiln, such as excess alr, 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.

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.well.with the

general 60:40 ratio now used in modern designs.” Hdwever,

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.l 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

u.s.

1"Energy Conservation Potential in the Cement Industry,"
Dept. of Commerce, National Technical Information

Conservation Paper No. 26, pg. 161.

ECO-22 page 1
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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 D G S

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

u e a.

I.0.E.
40,868 42,094

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.

Investment Cost Annual_Cost Savings
- LB _L.E.
o] o 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.

ECO-22 ‘page 2"



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 . % H "

COMBUSTION AIR

ECO=-23

1.0 PURPOSE

The purpose of this ECO is to preheat primary combustion ai.l
to the kilns using the heat lost through the shell of the -
clinker coolers. . ‘ i

2.0 PROCESS DESCRIPTION
The rotary clinker coolers have a shell temperature of..
approximately 400°cC. 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
for each clinker cooler.

3.0 EQUIPMENT LIST/SIZE
See Section 6.0.

4.0 PREDICTED ENERGY SAVINGS
See Section 6.0.

5.0 S N SS v
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.

ECO-23 .page 1.

AN



WET KILNS - (GREY AND WHITE) Annual Savings, TOE : 23,670
FACTORY 1 Annual Savings, $ 1 2,202,062
~ Investment Cost, $ : 64,600
CHECK EFFICIENCY Payout: Simple, Yrs : 8 days
OF KILNS DCF , % : --
CO~-
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.

PROCESS DESCRIPTION

Fuel firing rates to the wet kilns at HPCC are adjusted
manually in accordance with feed flow rates and feed
quality. 1In 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. AN C

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 oxygcn 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 ©°C. 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 200 ©°c and therefore the possible energy savings per
ton of clinker is even greater than for the grey cement

ECO-24 page 1



process. The possible energy saving in the ﬁhite'cement are
algo 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 1levels 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
systam 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 EQUIPMENT LIST/SIZE

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. -
Temperature is an indication of the condition of the

refractory and chain system in the kilns and therefore

should be monitored frequently.

4.0 CT] E GY SAV S

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 Ene a s
White Cement Grey Cement
T.0.E. Tons Mazout T.0.E. M7_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.

ECO-24 % 7 'page 2'
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5.0 IB!E&IHEE[JNQLA&SQQIAIED_EQQHQHIQ_E!ALQAIIQH

The investment required to pirchase 8 oxygen analyzers isj

below.
ves Cos Anpual Cost Savings
$ 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 thrcugh methods described in
Section 2.0.

6.0 CONCLUSTIONS

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 paygut periods if. design:improvement .are-
incorporated. Poerem e e

'fﬁé9;24li
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WET KILNS (GREY) ) _ Annual Savings, TOE

Annual Savings, $

3,723
328,225

INVESTIGATE FEED PREHEAT Investment Cost, $ :t > 4,000,000
USING STACK GAS HEAT Payout: Simple, Yrs : > 10 years
RECOVERY : DCF , 3 : - .
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 DESCRIPTION

The enthalpies of the wet process, grey cement exhaust

stacks were determined through field measurements. Present
stack gas temperatures are approximately 200°cC.

Implementation of this ECO would lower stack temperatures to

approximately 160°cC.

3.0 EOU(PMENT 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 Enerdqy Savings
T.9.E, 3
3,723 4,208,401

ECO-25



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 equipment and
utility costs. ~

Investment Cost Annual Eneray Cost Saving=
- T —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.

 Eco-25"
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WET KILNS (GREY AND WHITE) Annual Savings, TOE : 5,125
FACTORY .1 Annual Savings, $ ¢ 295,040
Investment Cost, $ ¢ 388,100
INVESTIGATE THE USE OF Payout: Simple, Yrs : 0.76
SLURRY THINNER TO REDUCE DCF A H - :

WATER CONTENT IN FEED

ECO-26
1.0 PURPOSE

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 1lower energy
consumption per ton of clinker, since less heat is needed to
vaporize water In the kiln.

2.0 SS S 'ION

An investigation was undertaken to determine the feasibility

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

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 thls estimate, lime has been assumed to be a

suitable slurry thinner.

3.0 EQUIPMENT LIST/SIZE

The following new equipment and materials must be furnished

and installed. Refer to the attached sketch.

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

1 - s0M3 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 PREDICTED ENERGY 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:

ECO-26 page 1
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I1.0.E.
953 982 4172 4,703,205

5.0 JINVESTMENT AND ASSOCIATED ECONOMIC EVALUATION

The estimated total investment and annual cost savings - rox .
implementing this ECO is as follows:

Investment Cost Annual Cost Savings
s 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
»..i... type. and. amount..of .slurry thinner used. .- The.recommendation:

: below states a company that can help "in" fine tuning ‘this-
ECoO.

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 successrfully in plants in the U.S.
Mr. S.W. Tresouthick of Construction Technology
Laboratories, Skokie, 1Illinois, 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.

-ECO=26 -
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WET KILNS (GREY AND WHITE) Annual Savings, TOE : 4,410
FACTORY 1 Annual Savings, $§ : 755,940
Investment Cost, $ :t 6,863,200
INVESTIGATE THE USE OF A Payout: Simple, Yrs : 9.08
ROLLER MILL TO SAVE ENERGY DCF % H 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. o

1. © 8 roller mills, each with'a design cépacity*bf’ﬁO'TPHJ'

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:
I;Q;E&E —XHWh___

4,410 17,580,000

1 Electrical T.0.E. values include a typical 34% efficiency
factor and correspond to generating electricity using a
condensing steam turbine system. , . o

ECO-27 page 1
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ECO-27

INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION

The estimated total investment and annual cost savings forﬂ
implementing this ECO is as follows: ;

Investment Cost Annual Cost Savinas
$ LE S LE
6,863,200 15,373,600 755,940 298,860

CONCLUSIONS

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

RECOMMENDATION
This ECO should not be implemented.




WET KILNS (GREY AND WHITE) Annual Savings, TOE : 3,420
FACTORY 1 Annual Savings, $ H 583,080
Investment Cost, $ : 2,274,300 .
INVESTIGATE ENERGY SAVINGS Payout: Simple, Yrs : 3.9¢
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 frequencyff
speed controllers into the proposed Factory 1 new electrical
distribution system.
The variable frequency/voltage controllers (VFC) will match :
kW consumption to 1load 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 PROCESS DESCRIPTION
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, 1i.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.

ECO~28 "




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 [EQUIPMENT 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 equipment Reguired equipment
—VFC controllers
gec, 1 '
CM4 700 kW 6.3 kv ' 800 kW min,
WRM 500 KW 6.3 kV 600 kW min.
WCM 700 KW 6.3 KV 800 kW min.
sandmill 260 kW 3.0 kv : z550§.kw nin.
CCH 410 kKW 3.0 kv /500 kW min.
CM1 630 kW 500 <~f5d kW min.
CM3 560 kW 500 . 750 KW min.
RM2 S70 kW 500 ‘ 750 KW min.
RM3 560 kW 500 750 kW min.
RM1 635 kKW 500 750 kW min.
CM2 560 kW 500 V 750 kW min.

ECO-28 . .page’ 2.
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4.0

EREDICTED 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.

The final economic evaluation will be part of the;'ﬁéﬁi
Factory 1 power distribution system. The below investment:
evaluation is tn serve as a guideline only. - SRR

Investment Annual Cost Savings
§ s LQE!
2,274,300 583,080 230,520
CONCLUSTIONS

The incorporation of VFC's into the new Factory 1
distribution system will:

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

b) replace capacitors used on some motors, including
those recommended in EC0-33 for others.

c) eliminate need for reduced voltage starting
equipment.

d) improve process equipment control.

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.0.E values include a t§§16é1w34%ﬁéfficiency

factor and correspond to generating . electricity using a
condensing steam turbine system. , B
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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 , 3 : 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 syten.

The switchgear appears rather old and not suitable for plant

short circuit levels. e i e

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 systenm
interface equipment.

- ECO-29




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
" 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
TR1 breaker 1200 A 5 kv
TR2 breaker 4000 A 600 V »
1 - synchronizing control panel complete with 1load shd‘;
voltage control for steam turbine generators B
l1 - 3 mVA 6.3 - 0.5 KV transformer (part of new system) -
l1- 3 mvVA 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
ct ty Generated Ene;g¥ Consumed

MW MW/YR T.0.E, Ton Mazout
3.6 26,806 6,758 6,961

(7446 hr/yr)

1 Electrical T.0.E. values inciude_éftypical 34% efficiency
factor and correspond to generating ‘electricity using a
condensing steam turbine system. ST B
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5.0 INVESTMENT AND ASSOCIATED ECONOMIC RVALUATION
The estimated total investment and annual cost savings for
applying this ECO is as follows: .
:  ?
—S S~ _L.E. —S$  _L.E.
1,589,200 29.1 7.27 - 13.9 9.773,::?
—Annual Savings
—s —LE
372,603 260,818
6.0 CONCLUSIONS
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. e
The KVAR's generatéd in plant will reduce the kVAR 1level
from the utility's supply. : :
7.0 RECOMMENDATION
We recommend that this ECO bé“iﬁp1§m§hte§;
ECO-29 -
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GENERAL Annual Savings, TOE

Annual Savings, $ 2 2,116,475
INVESTIGATE THE USE OF Investment Cost, $ ¢ 22,045,800
AN ELECTRICAL GENERATING Payout: Simple, Yrs : 10.4
BOTILER PACKAGE TO SUPPLEMENT DCF ¥ H 3.0
THE POWER SUPPLY .
ECQ-30A
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 or.ng.product .
output, . : PR NE

- 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 OCESS 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.

ECO-30A - . page 1
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3.0 EQUIPMENT LIST/SIZE

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. B

2. All the necessary electrical wiring and controls 5
required to tie in to the utility substation. ' These
items are listed below. A R

1 - Breaker, 6.3 kV, with potential and- Curfént3Q
transformers. o S

1 - controllers and synchronizing équibment.‘

4.0 PREDICTED ENERGY SAVINGS

Energy savings will result from the plant being abla 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. e

5.0 JINVESTMENT AND ASSOCIATED ECONOMIC EVALUATION

The total investment cost and associated energy cost savings
to purchase and install the equipment and materials
described above is below.

Investment Cost Annual Enerxqy Cost Savings
$ S
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 CONCILUSIONS

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.

ECO-30A ' = ‘page 2



7.0 BEQQHHEHDAIIQH

We recommend that this ECO be abandoned and the more
attractive ECO-30B be implemanted in its place.




GENERAL Annual Savings, TOE
$

Annual Savings, : 4,784,000
INVESTIGATE THE USE OF Investment Cost, $ : 14,629,100
A GAS TURBINE ELECTRICAL Payout: Simple, Yrs : 3.065{
GENERATOR TO SUPPLEMENT THE DCF s % : 19.5; -
POWER SUPPLY e R
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, ey

- 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.

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 svstem through a new grid.

E NT LIST/SIZ

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

ECO-30B page 1
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éohtrbl room as required. (skid mounted)

2, 'Ali 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 1light fuel oil, as
convenient to the user.

c 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 EVAIIIATION
The total investment cost and associated energy cost savings
to purchase and install the equipment and materials
described above is helow.

Investment Cost Annual Enerqy Cost Savings
] S
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.

ECO-30B ' page 2 '
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6.0 CONCTUSIONS

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.

ECO-30B page 3 -
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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 70 SUPPLEMENT DCF , ¥ : 9.0

THE POWER SUPPLY .

1.0 PURPOSE

The purpose of this ECO is to investigate the use of a gaa
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 ‘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 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.
- BCO~30C . - page 1.
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3.0

EQUIPMENT 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, 12,800 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 ba completely pre-
packaged, and shipped on modules for field erection.

It ‘is estimated that the steam production  from‘'the" waste
heat boiler package will be 100,000 1lb/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 1local controls. No additional buildings
are required.

Fuel may be either natural gas or light fuel oil, as
convenient to the user.

PREDPICTED 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.

EC0O-30C page 2
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5.0

- 'Eco-30C

ZNVESTMENT AND ASSOCIATED ECONOMXC EVALUATION

. The total investment cost and associated energy cost savings

to purchase and install the equipment and materials -
described above is below.

Investment Cost Annual Enerqgy 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 cverall cost per MWH works out to be $16.94 when
using worldwide costs, and 8000 hour per year.

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.

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, "intermittent -
operation.




GENERAJ: 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

ECO-32

1.0 PURPOSE

The purpose of this ECO is to improvesadd/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. 1In
many cases, the existing instrumentation is inadequate -or
non-existent and in many cases the existing instruments are
not in working order.

3.0 U ! ST/S1Z

The equipment and material required to properly monitor and
control energy consumption are described below.  thai .07 &

Electrical:

&
2 - MW Recorders (1 each)
2 - KVAr Recorders (1 each)
2 - Ampere Recorders (1 each)

Kiln Combustion & Steam:
Powerhouse o
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
¥hite Cement
2 - Mazout FI's (2"%) mounted in Local Panel

Factory 1 .
6 - Nat. Gas FI's (6") mounted in Control Room

‘ECO=31"




4.0 PREDICTED ENERGX 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 Mazout
Annual E $ Apnual Energy Savings
—TI.9.E, Mwh T Q- E. Tons
442.4 1,754 1,060 1,092
Natural Gas Diesel
Annual Enexray Savinas
1.0.E. ~Su. M. 1.0.E. Tons
577 650,000 2.47 2.32
5 .0 JNVESTMENT 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
5 - L.E.
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.0.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, TOZ

: Not
Annual Savings, $ ¢ Applicable
STUDY THE EFFECT OF Investment Cost, $ : "
INSULATION ON HEAT LOSS Payout: Simple, Yrs : "
FROM PIPES. DCF P 1 : u
ECO=-32
1.0 PURPOSE

The purpose of this ECO 1is 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. :

CES 5SC

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 °C 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.

EOUIPMENT LIST/SIZE
The chart on the following page was developed.

. ECO-32 ‘page 1.



PN

OPTIMUM INSULATION THICKNESS AKD ENERGY SAVINGS PER METER

TEMPERATURE - DEGREES C (F)

PIPE SIZS  ~c-mececmmmcamccnciccccannane. L LT T TS L LT LT,
(INCHES) 50 (122) 100 (212) 150 (302) 200 (392) 250 (482) 300 (572) 350 (662) 400 (752) 450 (842)
S 0.75 -] -] P 37.5 37.5 62.5 b} b} el wn Thickness
. 164 567 1078 1726 2470 3399 4464 5710 7126 kJ  Energy Savings
37.5 37.5 162.5 el el el e Thickness
2109 3024 4167 5480 7000 8775 kd Energy Savings
375 - e2s TS 75 -3 75 = Thickness
2929 . . &274. . -5840 7671 9825 12350 kJ Energy Savings
%0 . ces 118 TS ] 75 e Thickness
C3607 5222 - T8 . 9404 12065 15190 kJ  Energy Savings
s T T 1 ars 10  m  Thickness
5116_ S (3 2 _10133_ . 13387 1738 21794 kJ Energy Savings
5 T - 1T 100 100 100 s Thickness
6398 9287 12N 16890 21757 27493 ki  Energy Savings
£2.5 LT s 100 100 100 e Thickness
9028 ‘IS‘I‘} 18051 24038 31046 39325 kJ Energy Savings
- £F -
62.5 87.5 %1000 . - 100 100 100 m  Thickn : s
11418 16704 ‘23034 34035 39551 50171 ki  Energy Savings
e 87.5 ++100 100 100 100 m  Thickness

13952 20358 28203 3N 48406 61473 kJ Energy Savings

REE 7.5 .00 0 . 100 © 100 s Thickness

1509 5180 10134 164k 23730 32809 43655 56599 71934 k4 Energy Savings
37.5 75 s T 87.5 . 100 100 00 100 = Thickness
1638 5622 11007 17653 3806 35699 47525 61642 - TEST1 ki Energy Savings
16 37.5 50 62.5 5 - 100 100 100 100 - 100w Thickness
1841 639 12382 19874 2162 40249 S3613 9570 88479 ki Energy Savings



4.0

5.0

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 Ly the
length of pipe (M) and then by yearly hours of operation to
obtain kJ saved per year.

D_ASSO T CONO
Not applicable to this Eco.
(0] U N

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.

RECOMMENDATION

This ECO should be implemented by having the plant use the
chart included in this ECO for all future piping insulation
application. i

ECO-32 ‘page. 2"
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GENERAL Annual Savings, TOE : Not
Annual Savings, $ ¢ Required
FUEL/AIR RATIO CONTRQLLERS Investment Cost, $ : (See Text)
FOR STEAM BOILERS Payout: Simple, Yrs : "
AND FURNACES DCF, % : "
ECO-33
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 combusticn air flow as boiler
loads are modulated.

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 1is 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
of 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 supoly line to the burners. The
ratio controller also receives a signal from a flow
transmitter that secnses 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

ECO-33 page 1

r'\



uncontrolled fire or explosion can occur. Where

fuel gas is used an explosion is very likely, if this
sequence of events is allowed to cccur. 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 1is 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 maintainea. 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.

EQUIPMENT LIST/SIZE
Assorted controllers, indicators, transmitters, meters,

actuators, electricals and pneumatics. Refer to the
attached sketch .

PREDICTED ENERGY SAVINGS

Indeterminate.

e page 2



5.0

ECO-33 ' " 'page’

ANVESTMENT AND ASSOCIATED :...NOMIC EVALUATION

Investment in a fuel/air rut’'  control system is not

recommended. Refer to Sections ¢ 2 and 7.0.

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 beiny able tv mnraintain excess air.
Fuel air ratio control systems require a good amount of
attention on the part of instrument technicians. If
this attention is rot given to the ratio control system it
is reasonable to assume that no improvement over a boiler
without a fuel ailr ratio system can be made.

RECOMMENDATIOLS

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.

ot
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GENERAL Annual sSavings, TOE : 787
Annual savings, $ : 134,261
CAPACITOR INSTALLATION Investment Cost, $ ¢ 103,620
TO IMPROVE POWER FACTOR Payout: Simple, Yrs : 0.77
(FACTORY 1) DCF r ¥ : -
co-3
1.0 PURPOSE

ECO-34

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 I2R 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.

PROCESS DESCRIPTION BT P LR

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. 1In 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 1's power factor should
then be approximately 90%.

EQUIPMENT LiIST/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.




—KVAL
sec. 1 .
CM4 700 kW 6.3 kV 200 7.2
WRM 500 KW 6.3 kv 150 7.2
WCM 700 kW 6.3 kV 200 . 7.2
sandmill 260 kW 3.0 kV ‘j§51ﬁff n”@;iéf'
CCM 410 kW 3.0 kV jiésjjf' - 4.16
CM1 630 kW 500 V 'f v:ii§f" ~ 0.575
CM3 560 kW 500 V ‘156   0.575
RM2 670 kKW  S00V . . 200  0.575
RM3 560 kW 500 V ‘71156ﬁ“fﬂy'yo.5751
RM1 635 kW 500 V Cas 0.575
CM2 560 kW 500 V- 150 01575

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
kWH (Table 1A} system losses kWh T.0.E,
78,059,000 4% 3,122,360 787

INVESTMENT AND_ ASSOCIATED ECONOMIC EVALUATION

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

Investment cost Annua}l cost savings
S LE - - T P
103,620 232,100 134,261 53,080

1 Electricity T.0.E. values include a typical 34% efficiency

factor and correspond to generating electricity wusing a
condensing steam turbine system.

ECO-34 page 2
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6.0 CONCLUSIONS

In addition to above noted energy savings, i.e. improved
system I2R losses, there are additional benefits.

a)

b)

c)

Improved electrical system capacity for future
expansions.

The reduced voltage drop may require 1lowering
transformer taps for proper system voltages.

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.

_ECO-34




GENERAL Annual Savings, TOE : 24
Annual - Savings, : 2,768

INSTITUTE A PERMANENT Investment Cost, § ¢ 3,754

PROGRAM FOR STEAM TRAP Payout: Simple, Yrs : 1.36

TESTING DCF , % : ==

ECO-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 PROCESS 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 cnce 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.

| ECO-35 - ; pagel
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Items to Inspect

Has trap failed in closed position?
Feel trap. If cold, trap is bad.

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.

* 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 properlv,

If trap is not functioning properly:

Use exact replacement parts as manufactured
by trap maker.

Replace all gaskets. Make sure that the

-« --»:matal surfaces are. absolutely clean before.

s applying gaskets. "

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 avallable to support hew 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.

ECO-35 page. 2.
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3.0 EQUIPMENT LIST/SIZE
- Bteam traps as required.
- Identification tags. )
-~ Ultrasonic tester (Sonic, Model 3000 M),
4.0 ENERGY SAV
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 asz follows:
Annual_ Enerqgy Savings
T.0.E. Tons mazout
24 24.7
5.0 INVESTMENT AND ASSQCIATED ECONOMIC EVALUATION
The estimated 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 Investment Annual_cost Savings
S _LE_ S —LE
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.
ECO-35 page 3
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7.0 RECOMMENDATION
This ECO should be initiated immediately and carried out
continuously.

EC0O-35



GENERAL Annual Savings, TOE : Not L
Annual Savings, : Applicable
FORM A COMMITTEE TO PLAN Investment Cost, : "
AND IMPLEMENT ECO'S Payout: Simple, Yrs : "
DCF , § "
ECO-38
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 1long range plans to implement the in-
country housekeeping and investment ECO's as well as the
foreign investment ECO's.

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 1least once a month (more
frequently when it is first gettinry started) = to establish a
specific plan for energy conservation implementation.— Its
first priority is to begin implementation of low cost in-
country housekeeping ECC'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. 1In 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.

EQUIPMENT LIST/SIZE

No new equipment and no new peruonnel are needed to forw the
committee.

ECO-36  page’ 1



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. :

- “ECO-36"




GENERAL Annual Savings, TOE : Not
Annual Savings, ¢ Applicable

PUBLICITY TO MAKE Investment cost, $ . "

EMPLOYEES AWARE OF THE Payout: Simple, Yrs : "

IMPORTANCE OF ENERGY DCF . % H "

CONSERVATION = !

ECO-37

1.0 PURPOSE

4.0

5.0

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.,

ocC CR: [0)

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 1s 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 aware of
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.

UIP T LIST/SIZE

No new equipment and no new personnel,fate;fneeded to
implement this EcCO. ‘ R

CTE GY SAV
Not applicable to this EcCO.

D_ASSO

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.

ECO-37 page 1



6.0 CONCLUSIONS

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 enerqgy
conservation committee, a program of employee awareness
should be initiated.

ECO-37 = -
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Organization for Eneray Plannina REF. Energy Conservation
Helwan Portland Cement Company DATE March, 1988
3.7 Basic Engineering Data: '

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:

Utility Cost (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 Generél'Petroieﬁm
Corporation. B T I,

Rule from Electric Billing

Specified by contract between the plantéian& thefEléCfric
Authority. R RN

s



Qrganizatior for Energy Planping REF. Energy Conservation
Helwan Portland Cement Company DATE March, 1988

ENERGY CONSERVATION PROJECT
BASIC ENGINEERING DATA
1.0 General:
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 310 _(wet)
. 274 _(dry)

2.1.2 Number of shifts per day _;+;1;g§y§1uggk_ibgthl

2;1.3 Normalized number of operating hours per year

§576 ~(dr)
2.2» $¢dnomic Evaluation Basis: |
Cfé;z;l F=rback priority list, simple basis ’ yes
2,2.2 Discounted cash flow ves o

Taxes 32%

Inflation 30%

Interest 14% R
Required R.0.I _6-8% (if:kﬁéyn)

Project Life__ 10 yr.
Depreciation strajght




organiiation for Energy Planning REF. Energy Conservation

Helwan_ Portland Cement Company DATE March, 1988
3.0 Q;ili;y Cost : ‘
Utility Units o Public Sectnr World
S pomestic Price Price -

- (L.E.)/Unit s/Unit(;)g

Fuels

Hazout (lsy

. Metric Ton.
Sular TA‘ L  {§¢£;15£§85:
:Electric Power ’Kﬁﬁl T
Natural Gas M3

Prophhe (1iquid) M3

Butane (liquid) M3

Steam (2)

(3) High Press. Metric Ton

(3) Med. Press. Metric Ton

(3) Low Press. Metric Ton |

Water »
Raw Metric Toniff
Cooling Hetric Ton”V:
Notes:

(1) Based on "Mid 1987 Prices" provided by the stanford
Research Institute (latest figures to date)

(2) Steam Pressures

HP - 40 ATM or more

MP - 10 ATM to 40 ATM Boiler efficlency assumed to
LP - 3 ATM to 10 ATM be 75% ,

(3) The price of condensate or boiler feed waterfi‘ﬁi0’%'o£
steam price. e e o




Qrganizatjon for Energy Planning REF. Energy Conservation
Helwan Portland Cement Company

DATE March, 1988

4.0 Meterological Data : ,
4.1 Meteorological Data: (Caitoflfea)
Temperatures: '
Minimum Dry Bulb 6 °¢
Design Dry Bulb 34 9¢
Design Wet Bulb 28 9¢

Note: For insulation calculations use d:yibulb

temperature at 20 °c.

Wind velocity and Direction: 0 - 15 km/hrlﬁandom'

direction

Winterization Area Classification: Néhéf?

Allowance for Earthquake Forces: None. -

Rainfall: Less than 10 cm/yr.

Design Humidity (relative): 64% (3449¢/§8¢°E),

5.0 Utility Information :

5.1 Fuel 0l1 #6 (mazout):

Yemperature (pour point) , ©F e -100.0

% - 37.8
Specific Gravity @ 15/4 °%¢ 0.990
Viscosity, R I @ 100 OF . .. 2000.0
Sulfur, % by wt. - 2.5
Heating Value, J/M Ton 4,077 x 1010

5.2 Diesel (sular):

Specific Gravity @ 15/4 ©c 0.840
Viscosity, R I @ 100 OF 60.0
Sulfur, % by wt. 2,0
Heating value, J/M Ton 4.467 x 101

max

Flash pPoint P.M. Closed, ©c 65.0

5.3 Natural Gas:

Specific Gravity e_15/4 ©c¢ -’[«9;56
Heating value, J/M3 37,256,270

Yair-:.




Organjzation for Energy Planning REF. Energy Conservation

Helwan Portland Cement Company DATE March, 1988
5.4 Propane:
Specific Gravity @ 15/4 °¢ - .51
Heating value, kcal/kg 11943
J/M Ton - 5.00 x 1010

5.5 Butane:

Specific Gravity e 15/4 Oc 0.58
Heating value, kcal/kg 11722
J/M Ton 4,908 x 1010

6.0 Rules for Electric pilling

The following rules for electric billing (or application of
rates) will apply 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 Demand_Factor

The demand factor envisions a base load for this complex,
which is kw, and allows excursions beyond the base
period 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 allewed).

6.2 Power Factur

The target power 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, as

well as a shutdown clause.

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 rute 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).



0 tion fo e REF. Energy Conservation
W Ceme DATE March, 1988 '

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 ghutdown 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,

6.3 Billing Rates:

The following rates are based upon a yearly billing basis,
and normally apply to a fiscal year from July to June.

The bill 1is 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 7.7s6¢ LE/yeur 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 lighting?.
O power tax, @ 0.0001 LE per KWH for 90% of KWH.

See Table #1 on next page,

1 assumed £o bé/id? §g3£§£§1Q




Organization for Energy Planning REF. Energy Conservation
Helwan Portland Cement Company DATE March, :988 K

KWH Rate Table #1 AT
1 2 3 4 5 6 1 .
Range Time Maximum Total Total Power Rate Cost .-
Rate Power Power Remaining R T

(measured) (calculated)

(hours)  (KW)  (KWH)/year (KWH) .(KWH) (LE) (1E)

1l 1000 0.0312
2 500 . ) 0.0294
3 1000 . . 0.0256
4 1000 : ' 0.0220
5 1500 v 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 ac
the power remaining is less that the power calculated.
When this occurs, colunm 7 is the product of the power
remaining (colrmn 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 hour:s. :

e
N
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PORTABLE INSTRUMENT LIST

Item Qty Instrument Type Model No. Serial No. Brief Description
¢ and Manufacturer
l. 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) R ’
4. lea Mercury Thermometer None ‘kﬁi,fyvNone Ditto
(0/330 F) e T
5. lea Infared Thermometer LT-lOOi‘if‘ e,011924 Hand Held
M-C Product (-20/2000 F) I O Digital
EINE R Thermometer
© 6. lea Flue Gas Test Kit****  10-8001 .  None Analyze Stack
n Bacharach Lo {f" T Gases
: lea Sample Test Cooler 11-7046;1t f }N6ne Accessory To
e Bacharach B S Test Kit
% 8. lea Digital Stack Gas 50 '?af§12122 Same as no. 6
Analyzer-Enerac REEE
C; 9. lea Anemometer None -  ,ﬁS .. 556098 Propeller driven
Davis . ' R Air Flow Indicato:
10, lea Air Velocity Meter **w. 400-10;? ; :f'5806 Pitot Tube
Dwyer B T Manometer
% 11. lea Sling Psychometer 1330 v ) ”None Measure Relative
Taylor ’ ‘ Humidity
: 12, lea Ultrasonic Leak 3000 ‘ 801621 Check for Steam
Detector-Sonic ' Trap Leaks
t‘13. lea Stopwatch R-8672~20 None Measure Fractions
» Cole-Palmer of Seconds
.. 14. 1lea Tachometer 363200 77GF00288 Measure Shaft
' Yokogawa . : Speed (RPM)
- 15. lea Lightmeter 214 154 - Measure Lighting
General Electric . Levels
16. lea Power Factor Meter Cos0512 f78267‘ : Meter to Indicate
Epic Inc. A Power Factor



Item
17.
18.

19.

20.

L2
LA R

khkk4

Qty 1Ins
and
lea KW/
Epi
lea Amm
TIF
lea Vol
Flu
4dea Vol
Rus

Includes

2ea
lea
lea
lea
lea
2ea

Includes
Includes
Includes
J6ea
3ea
Jea

2ea
Jea

Portable Instrument List

trument Type Moééi No;.* ' Serial No.

Manufacturer SR R S :

KVA Meter  KW4B02 - . - 78267

c Inc. PR R SRS RS P

eter . _¢**;1000‘;7*fv1;?f5707

t-Ohm Meter - 8021B - . 4330356

ke T e

t/Ammeter Recorder** 230 80022MH

track R 80023AH
80024 AH
80026AH

loose thermocouples and accessories

type J, 36" long thermocouples

type K, 4" long thermocuuple

type K surface contact thermocouple
armored extension handle

charger, 229vac

extra recharyeable batteries

extra chart paper(10 rolls amp/10 rolls volt)
additional red gauge o0il (1 quart bottle and
following consummables:
tubes of CO detector
bottles Fyrite CO2 indicator refill (11-0058)
bottles Fyrite C02 indicator refill (11-0057)

bottles Fyrite 02 .~dicator refill (11-0059)
bottles Fyrite 02 indicator refill (11-0169)

Pg 2/2

Brief Descriptidn;

Heasures Power
in Kilowatts

Measure electric <
current in Amperes

Meter Various
Electric
Measurements

Recording Meter

to Measure
Current/Voltage

5ea 3/40z. bottle)
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ENERGY CONSERVATION PROGRAM IMPLEMENTATION
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2. ENERGY CONSERVATION PROGRAM IMPLEMENTATION

2.0 INTRODUCTION

This section of the kit describes the initiation and
implementtion of an energy conservation program.
Section 2.1 is an outline of the elements of a pro-
gram. .t may be used as a guide to design your
own program, tailored 1o your company's require-
ments and capabilities.

Y or those interested in more detail, the remainder
cf Section 2, staning with 2.2, illustrates the im-
pertant steps in the program by a series of memo-
razda based on the intemal correspondence gener-
ated {3 several actual energy conservation pro-
grams. Many of these communications could be
accomplished verbally at stafl meetings and com-
mittes meetngs and then be documented in minutes.
All of your peeds may not be anticipated aad some
of the actions illustrated may not be necessary or

appropriate for your management structure but you
will find illusteated in this section most of the neces-
sary communications. Suggested methods and {orms
for recording and reporting olant survey data and
for tracking ths progress of the program are in-
cluded.

The memoranda are based on a hypothetical com-
pany, the ECONERGY Company, wh:ch bas two
preduction departments, a utilities department, a
maintenance department. and an admin’;trative serv.
ices department respoasible for the purchasing, ac-
counting, shipping, and receiving functions.

The formal organization chart for the ECON-
ERGY Company is shown below for refereace. The
names shown beneath the department blocks are
the names of members of the Energy Conservation
Committee.

D. 7. Parker
Plant Manager
Dept. Head Dept. Head Dept. Head Dept. Head Dept Head
Operations “A” Operations “8” Administrative Services Utilities Maintenance
Vi. 0. Smith A, B. Jones R. B. Robinson J. C. Baker, T. G. Manshall
Caordinator
2.1 PROGRAM OUTLINE
Refercnce Reference
Section Section
. TOP MANAGEMENT COMMITMENT 2. A coordinator appointed by and
A. loform line supervisors of: 2.3.1 feporting to masagement
1. The economic reasons for e Note: ll; smaller orgam?um;;.
nezd to conserve energy ¢ manager and bis st
. oy e . may conduct energy con-
2. Their responsibility fo' imple- servaton  activities as
meating energy saving acions in part of their manage-
the areas of their accountability ment duties
B. Establish a committee having the re-  2.3.1 C. Provide the committce with guide- 2.3.1
spousitility for formulating and con- lines as to what is expezted of them:
ducting an energy conservation pro- 1. Plan and participate in energy
gram and consisting of: saving surveys
1. Representatives from each de- 2. Develop uniform record keeping,
partment in the plant reporting, and energy accourting
2-1




D.

Research and develop ideas on

wars (o save energy

4. Communicate these ideas and

suggestions

Suggest touph, but achievable,

goals [or encrgy saving

6. Develop ideas and plans for en-
listing employee support and
participation

7. Plan and conduct a continuing
progran of activitics to simulate
interest in encrgy conservation
efors

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
Employ external assistance in sur-
veying the plant and making recom-
mendations, il necessary
Communicate periodically to em-
ployees regarding management’s em-
phasis on encrgy conservation action
and report on progress

1. SURVEY ENERGY USES AND LOSSES

A.

B.

Conduct first survey aimed at identi-

fving energy wastes that can be cor-

rected by maintenance or operations

actions, for example:

1. Leaks of sicam and other utilities

2. Furnace burners out of adjust-
meat

3. Repair or addition of insulaton
trequired

4 Equipment running when not
needed

Survey 1o determine where addi-

tional insuuments for measurement

of energy flow are nesded and

whether there is economic justifica-

tion for the cost of their installation

Develop an energy balance on each

process to define in detail:

1. Energy input as raw materials
and utilities

2. Energy consummed in waste dis-
posal

3. Energy credit for by-products

Reference
Section

2.8.1,
232

252,
2.6.1,
2.6.2

2.6.3

222

4. Net esergy charged to the mzin
product

S. Egergy dissipated or wasted

Note: Energy equivalents will nesd
to be developed for all raw
materials, fuels, and uclites,
such as electric power, sicam,
ex., in order that alf eaergy
caa be expressed on the com-
mea basis of Bru units.

Amlyze afl process energy baiances

in depth:

1. Can waste heat be recovered to

geaeTate steam or to heat water

cr a raw marerial?

Can a process step be eliminated

cr oxdiified in some way to re-

duce energy use?

Can an alterpate raw marerial

with lower easrpy content be

used?

1s there a way to improve yield?

Is there justification for:

2 Replacng old  equipment

with rew equipment requir-

iaz less energy?

Replacing an obsolete, in-

cfident precess plant with

a whole new and differeat

process using less energy?

2

- h

E. Cenduct weckead and night sur-

F.

veus pedodicaily

Plan surveys on specific systems and
equiFment, such as:

1. Stcam system

2. Coapressed air system
Elecoic motors

Narural gas lines

HRezdng and air conditioning sys-
tem

3.
4,
5.

UL IMPLEMENT ENERGY CONSERVATION

ACTIONS

A.

B.

Correst enzrgy wastes identified in
the firse survey by taking the neces-
sary mazintepance or operation ac-
tions

List all encryy conservation projects
evolving from energy balance anal-
yses, surveys, etc. Evaluate and se-
lect projects for implementation:

271,

Relerencs
Section

253

2.5
25.2

2.5.3

2,65




1. Calculate anoual energy savings
for each project

2. Project fitute eacrgy costs ed
calculate sant 3] dollar sav g3

3. Estimate project capital or ¢x-
pense cost

4. Evaluate investment merit of
projects using measures, such as
tetur on mvesaneat, eic.

5. Assign priovities to projects
based on invesuucat merit

6. Sclect conservation projects for
implementation and request cap-
ital authoriration

7. Implemeat authorized projects

C. Review design of all capital pro]ects

Referenex
Setuon

such as pew plants, expansions,

buildings. ete., 1o assure that eSicieat

udilization of energy is incorporated

in the design.

Note: Inciude consideration of ea-
ergy availability in new equip-
meat and plant decisioas.

IV, DEVELOP CONTINUING ENERGY

CONSERVATION EFFORTS

A. Measure results:

1. Chart energy use per unit of pro-
duction by deparumesnt
2. Chart energy use per unit of pro-
duction for the whole plaat
Note: The procedure for calculating
encrgy consumpuon per woit
of product is presested
“How to Protit by Conserv-
ing Energy™
3. Monitor and analvze charts of

Btu per unit of produce, taking

into consideration effests of com-

plicating variables. such as out-
door ambient air temperature,
level of production rate, nroduct

miK, v 2.

a. Compare Btu ‘product unit
with past perfcrmance and
theorezical Bru/ product unit

b. Observe the impact of en-
e1gy saving actions and pioj-
ect implemeatation oo de-

237
25.6

253

creasing the Buw/unit of

product

¢. lavestigate, identify, and cor-
fect the carse for meseases
thnt r© 1y occur in B unit
of product, if feasible

. Continne enerpy conservation rom-

1. Hold periodic meeting

2. Each conmittee member is the
communication link between the
committee and the department
supervisars represeated

3. Pedodically update eacrgy sav-
ing projec: liss

4. Plm and partcipar: in eerzy
taving surveys

5. Communicate energy consesva-
tioa tctmifues

6. Plan and conduct 2 contiuing
program of acuvities and com.
maaicatior to keep up interest in
€22TEY conscrvagon

7. Develop cooperation with com-
mnofy ocgmizdons in pro-
motng energy conservation

C. Involve employees

1. Savice on energy conservation

commines
2. Energy conservation  waiuing
coure

3. Handbook on energy conserva-
tin

4, Sopeestion awards plan

5. Recognition for eacrgy savisg
acdisvemenrs

6. Teckmical talks on Ughting, in-
suladon, sieam traps, and other
ojes

7. "mvErergy”
cisters

8, Pablicity in plant pews, bulle-
txs

9. Pcblicity in public news media

10. Leuers on conservation to homss

11. Talks to local organizadons

posters, decals,

D. Evaleate program

1. Review progiess in energy saving
2. Evaluate original goals

3. Consider program modifications
4, Revise goals, as pecessary

Refersn
Section

215

2158
2.74
264



22 FORMAT AND CONTENTS

Throughout this section, the icttess, reponts, forms,
and meeling agendas arc in time sequence. Where ap-
propriate, there are comments or explanations which
relate to the following memoranda.

Energy costs and cost projections, quantities of
eo2rgy, and cquivalent energy factors for utilities
bave been leht as blanks, rather than stated numerd-
cally, in order to avoid any implication that the Gg-
ures are typical. Such numbers will vary from indos-
try to industry, plant to plant, and region to region.
Each plant must make its own determination of
these figures.

Names ol individuals and of the com-- ny are, of
course, fiztitious,

Please note the definitions of the following sym-
bols used in this seciion:

k = thousand or kilo
= million or mega

23 PLANT MANAGER TAKES FIRST
/.CTION

The plaot manager has decided that energy con-
servation must become a specific part of the company
managemeut program. He takes action by appoint-
ing an coergy conservation coordinator and request-
ing the head of each department 10 select someone
to work with the coordipator. His actions are ex-
pressed in the following memoranda.

: 34 ,'
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ECONERGY COMP. ANY INTER-UFFICE CORRESPONDENCE

Dec=  Jamuary 7, 1974
- : ’ RS .
Department Heads:
Fro b, T. Parker, Plant Maniager

Bublect pormarion of Engrgy Conservation Comittee

The rising costs of energy and the allocations brought about by
shortages have become a Emblan of increasing concern. The need for
energy conservatioa has been discussed in previous staff meetings, but
frankly we are not getting the results we want.

Many campanies achieved 5 to 10% savings in energy usage last year by
ioplewenting formal energy conservation programs. Our plant uses
million Btu of energy yearly and our anrual bill for purchased
Tuel and electric power is about § _  at current energy prices. If
tre could achieve, for example, a 101 cut in our anmual consumptiom, -
that would be a saving of § -- an appreciable amount of money.
Consider also that energy costs are rising at a rate of about L]

per year.

¥e tmst initiate an ag;ressive energy conservation program at once. he
need to establish a committee with the responsib’lity for formlating
and conducting the program. 1 am appointing J. C. Baker to the fulltime
-respeasibility as committee coordinator, reporting directly to me, and
1 am asking that by onc week from today each of you assign sraeone to
Tepresent your department on the comnittee. That person should be
knowledgeable and influential. He will be the commmication link
between the comittee and the key supervisors in your areas. Appoint-
ment to this comnittee will be considered a major assigmment L i

a significant amount c¢f time, particularly during the early stages of
the energy conservation program.

savEnergy
2-5
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e expect the camittee to research and come up with ideas, to establish
an energy conservaticn goal, to camumicate suggestions on ways of
achieving that goal, ta develop a comnon economic base to work from, and
to do some Tecord keeping. The coomittee will need to compile lists of
energy conservation projects, their costs and benefits so that we can
plan our expenditures. .t will be the Iine supervisors, how.ver, who
must see to it that actians are taken to accomplish cnergy conservation.

T suggest that a good way to kick off tne program would be to conduct
surveys throughout our plant - tracing out the energy streams to identify
where our emergy is used so thit wasted encrgy can be reduced or elimi-
natec. Fixing leaks of steam and other utilities, adjusting furmace
burners, repairing sveam traps, and repairing or adding insulation are
some of the mainienunce and operating actions we can take immediately to
start realizing energy savings. The Energy Conservation Program Guide
for Industry and Camerce (EPIC) published by the U. S. Department of
Commerce will provide the guidance for developing our program.

I am thoroughly convinced that the continuing success of our company
requires that we use our energy supplies as effectively as possible. The
success of cur progran will depend upon the support and interest that we,
as managenent, demanstrate.

I think we should set a tough, achievable goal for ourselves. Llet's set
an initial target of 10t savings in energy this year. This goal can be
revised after ve corduct our surveys and estimate the actual potential
savings.
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ECONERGY C Oo‘VlRA” Y | MPLC‘ YEE ,BQ{LETIN
Date: Janua:yv1${§i97§:

Te: A1l Emplo}éegbf

from: D, T Parker, Plan? Manager )

swblect: 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 an American industry, including
the ECONERGY Company.

Not only are the costs of purchasing electricity and fuels soaring but
the availability of our vitzl 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 throughout the plant.

To accomplish this task I have apjointed Mr. J. C. Baker, Utilities De-
partment, to head the Energy Conservation Committee. This Committee
will formulate a program which will enable us to reduce our energy con-
sumption 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 cnergy use this year.

You will soon be seeing signs that say "“savEnergy." This is more than

a catchy slogan: i: is a reminder that energy will always be available
at home ai.d at work if we are careful i. the ways we use it.

savEnergy
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7.4 FIRST MEETING OF ENERGY
CONSERVATION COMMITTEE

As soon as the committee coordinator learns of
his pew assipnment, 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 bas the names of all members of the committee
and a plan in mind, he 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 committes
and no additioual topics were discussed, However,
if the comnittec agreed on some changes to the
plan and/or talked about other matters, minutes of
the meeting would be wrikien and copies given
to committee members.

2-8
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Date:

Yo:

From:

Sudbject:

27¢,
INTER-OFFICE CORRESPONDENCE

January 18, 1974

W. D. Smith, Operations "A"

A. B. Jones, Operations "B" A
T. G. Marshall, Maintenance ;
R. B. Robinson, Administrative Services"

J. C. Baker
Energy Conservation Coordinator

Camittee Assignments

D. T. Parker's letter dated January 7, 1974 outlines the formation of
the Energy Conservation Committee, 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 rust get started on several of the tasks immediately, so I have
developed a plan yor dividing these duties among us. The first priority
i %0 conduct 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. Jonzs, should be
responsible for developing a plant-wide plan for energy saving surveys.

Another area that requires early attention is the establishment of a
comion economic base from which to work. There will be energy saving
projects that will involve dollar expenditures which require financial
justification. We need a uniform method of calculating the value of
savings for our various forms of energy - electric power, fuel, steam,
and campressed air. As Utilities representative, I will undertake this
task.

I would appreciate it if K. 8. Robinson of Administrative Services
could obtain from 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 deve),
fuel and electric power cost projections for this year, three years ang*
five years into the:future.

We are going to need to communicate ideas and suggestions on energy con.
servation techniques upplicable 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 stary
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 communications through oy
comnittee.

1f all of you are in agreement with this plan, I suggest that each of ys
meet with the key supervisors in our areas this weck to inform them of

our program plans and to ask them to come up with energy caving 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

?lil-éa\"l-:hér'g\'y_ -
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2.5 SECOND MEETING OF ENERGY
CONSERVATION COMMITTEE
The week passes and the committee holds ts
second mecting. The coordinator gives each member
a copy of the agenda shown on the next page. Then,
in the sequence of the agenda, each member presents
his report, - giving n copy of his letter and attach-

mens 10 20 preseat. The following six letters docu- -

mer: the seports and proposals submitted at the
meciing. 1t s assumed that all these matters were
accepted or approved Uy the committee.

Note that in Section 2.5.4, and elsewhere in EPIC,
a tatio of {0,000 Bru/k\Wh is used for illustrative
purposes for the znergy used by a utility to generate
electricity. According to the Federal Power Com:
mission, the national average for 1972 was approxi-
mately 12,000 Btu/kWh. This figure wil vary {rom
region to region, however.

280.
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" Eacrgy Conservatien Camilttes

From J, C. Baker, COordim tor

Subject Agendé for Second Meeting of the Etiergy CanservatimComiate

1.
2.

(==

Report of plans for energy saving 'surve)'s
Energy equivalents for plimt utilitisrs

Present and projected future costs of energy
Monthly energy use for 1973 and 1974 -
Proposed forms:

a. Calculation of Btu per unit of production :
b. Tracking chart o

D. T. Parker
Plant Manager

o e sai;ﬂierg); |
22

INTER-OFFICE CORRESPONDENCE



282,

152
ECONERGY COMPANY ‘
. L INT£R70FFIC€ CORRESPONDENCE
Daté:  Jamuary 25, 1974
“3o ~ J. C. Baker, Energy Conservation Coordinator
L T. G. Marshall, Maintenance
R. B. Robinson, Administrative Services
from: Energy Saving Survey Team
‘ W. D. Smith, Operations '"A"
A. B. Jones, Operations "B"
Subject: Plans for First Energy Saving Survey

The first survey will be aimed at identifying energy wastes that can be
corrected by maintenance or operations actions. The attached survey
form indicates the types of wastes e 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 normzl daytime work hours,
but one or more night visits will be required to search for excess
nighttime lighting and HVAC (heating, ventilating, and air conditiun-
ing), as well as equipment running when rot 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 foreman, supervisor, or engineer desig-
nated by the department head. Findings of the survey of each area will
be recorded on the attached form and copies will be made available to
the deparment head, the maintenance department, and the Energy Con-
servation Comnittee.

Wor.: orders for correction of energy wast.s will be prepar * by depa t-
rent supervicors, 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 commmicate 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
2-13
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ENENGY SAVING SUNVEY

Surveysd by:

Department:

Date:
Fuel Goy | Steam | Compressed | Condansate | Water Damaged | Exeens Excens | Equipment | Burners Leaks of Date
or 0t | Lesks Al Leaks Leaks | or Lacking | Lighting | Utility | Nunning & Out et of Excens Ldeation Corrected
Leaks Leaks {nsulstien : Usage | Not Needed | Adjustment | of HVAC
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ECONERGY COMPANY
INTER-OFFICE CORRESPONDENCE

Dste:  January 25, 1974
To: J. C. Baker, Energy Conservation Coordinator

T. G. Marshall, Maintenance

R. B. Robinson, Adninistrative Services
from: Energy Saving Survey Team

K. D. Smith, Operations 'a»

A. B. Jones, Operations ''p"
Sutjezs

Future Energy Savings Surveys

After our first energy saving survey, which is aimed at correction of
the more obvious energy losses, there are other surveys which we fee}
certain will reveal additional *3ys to reduce energy consumption but
which probably will require capital investnment.

1. The Enerov Balance_

The basic data nesded for S1ergy conservation efforts is an energy
balance on each process and department. This study can be done by an
eagineer in the department concerned, who is thoroughly familiar with
the process flow sheet or the building energy uses. The object is to
define in detail the energy input, energy utilized, and energy dissi-
Fated or wasted. In some areas this will require improving measuring
capability. The cost of this 2dditional measuring capability must be
weighed against the potential savings. An example is shown on the
follewing energy Zlow diagran for a stean generating unit. Having
identified the individual cnergy wastes, the engineer can then deter-
nine methods for reducing or using these energy wastes. (The ECO
Checklist in EPIC can pe helpful.) The engineer's next task is to
evaluate the altermate methods and recommend the best one.

savEnergy
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2. Energy Surphs Survey

After the energy balances have been completed, same coordination by the
survey team is indicated. The survey team can contact the engineers wno
have prepared the energy balances to determine if there are energy wastes
that could be recovered economically but have no use within 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) genercte low pressure steam. Suppose that air preheat is impractical
because of fumace construction and there is no use for low pressure
stcam within that department. The swrvey team can commmicate through
the energy conservation cormittee to other deparuments and perhaps find a
use for the lov pressure steam.

3. Survev of Pressure Reducing Stations

Determine 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 pump or compressor.

4. SLrvey of Ccmpressed Air Pressure Requirements

Survey all users of plant air to find minimm pressure levels required.
Lowering campressor discharge pressure saves energy. If all but one or
two users can be satisfied with a lower pressure, an evaluation of the
feasibility of installing a separate campressor or a booster to supply
these higher pressure users should be made.

savEnergy
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S. Steam System 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? Should 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-up. .

c. Use of Lower Pressure Steam

Search for 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
extrsction or back-pressure turbines or a low pressure boiler separate
from the high pressure boiler. Of course, lowering pressure by a
pressure reducing valve offers no savings in energy.

6. Survev for Oversized Electric Motors and Faquipment

Electric motors and equipment, such as centrifugal pumps, operate with
best efficiency at rated load. If they are operating at reduced load,
efficiency suffers. Take ampere readings on motors and compare to rating.
Evzluste replacement of oversized motors a.d cquipment with proper sizes.

7. Ipsulation

Inspect insulation and furnace walls with infrared scanners to detect
excessive heat losses. Repair insulation and walls where needed.

§. Cozbustion Survey

Determine combustion efficiency in all furnaces. Evaluate economic fea-
sibility of replacing bumers with more efficient type and installing
oxvgen and combustibles analyzers on flue gas along with improved com-
Lusticn control system to maintain optimum excess air.

cc: D. T. Parker

Flant Manager
savEnergy
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ECONERGY COMPANY
INTER-OFFICE CORRESPONDEN!

Oats:  January 25, 1974
To: W. D. Smith,  Operations "A"

A. B, Jones, Operations "B

T. G. Marshall, Maintenance
. R. B. Robinson, Administrative Services
rom:

J. C. Baker, Energy Conservation Coordinator
Subiect: Energy Equivalents and Costs for Plant Utilities

We need a uniform method for calculating the value of our energy saving:
for our various utilities and I recammend we institute an accounting
system based on Btu usage. For our purchased electric power, dollar
accounting is simply a matter of using the §/kvh rate(s) we pay the
utility company. The matter is more involved, bhowever, for our Btu
accounting of electric power. One kWh is capable of producing 3412 Btu
of heat. But due to power plant inefficiency, approximately 10,000 Btu
of fuel are burned by the utility company to generate one kith. There-
fore, the "energy equivalent" for electric poder is:

10,000 Btu/ldvh

Following this example then, an ""energy equivalent" may be defined as
the number of Btu of fuel that are consumed in generating a unit of
utility, such as a kivh of electricity or 1000 1b of steam. Defined
this way, the "energy equivalent" is the factor we can use across the
board 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 from accounting.

Ruel Cost Energy Ecuivalent Cost/MBtu
Natural Gas  § /1000 cu fr  _ Bow/au ft  § /MBtu
Fuel 0il $ /gal Bt/gal $ /MBtu
Coal $ /ton Bto/1b $ /MBtu

sath_'ex'ngv .
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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 are the fuel Btu used

in generating steam based on the boiler efficiencies. The steam costs to °

be used in energy saving accounting are, therefore, the costs of the
energy equivalents. :

Steam Cost Energy Equivalent
400 psig $ /1000 1b Btu/1000 1b
150 psig $ /1000 1b T Btu/1000 1b

With regard to compressed air, water and treated boiler make-up water,
the costs are for electric power used for compressing or punping. The
energy equivalents take into accoumt 10,000 Btu/ldvh. .

Utility . Cost Energy Equivalent
Compressed Air $ /1000 c: ft Btu/1000 cu ft
Water $ /1000 1b Btu/1000 1b
Boiler Make-Up

Water $ /1000 1b Btu/1000 1b

then we save condensate and retura it to the boilers, we reduce the
boiler make-up water requirement and save the Btu difference between the
heat content of the condensate at F and of fresh water at its tem-
perature. Thus, our energy equivalent for condensate is Btu/1000 1b
and its cost is § /1000 1b.

cc: D. T. Parker
Plant Manager

savEnergy
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ECONERGY COMPANY

Date:  January 25, 1974
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To: J. C. Baker, Energy Conservation Ooordmator

W. D. Smith,
T. G. Marshall, Maintenance

From:  p_ B. Robinson, Administrative Services

subject: Fuel and Power Cost Projections

Operatirns “A"
A. B, Jones, Operaticns "B"

The Purchasing Section has provided the following information:

- Cost at Present

Electric Power $ /kvh

Natural Gas $ /1009 cu ft
Fuel 0il $ /gal
Coal $ /ton

Estimafed Cost

3 Years > Years
$____/Kh L

$ /1000 cu ft $____ 1000 cu ft
3;___/gal $__ /gal

$ _ /ton $____/ton

Purchasing has agreed to advise our committee whenever these costs are

revised.

cc: D. T. Parker, Plant Ma.nager'

| \(.‘(1/‘
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ECONERGY COMPANY Lo
) ﬂTERoOFFICE CORRESPOND.

Date: Jamuary 25, 1974

To: J. C. Baker, Energy wuuservation u)ordmntor
" W. D. Smith, Operations "'A" TR
A. B. Jones, Operatiocns "B"
T. G. Marshall, Maintenance

R. B. Robmson, Adninistrative Senrics

From:

Sublct: Monthly Use of Fuels and Power - 1973

o ‘fAThe attached form was developed and ‘submitted to’ Accounting . The
_‘hope to. have the :lnformation comp:.le w:.thin few days:‘

cc: D. T. Parker, Plant Manager

savEnergy
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MONTHLY PLANT ENERGY USE

ELECTRIC POWER NATUNAL GAS FUEL O1L COAL
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ECONERGY COMPANY

Date:

Ta:

From:

Subject:

INTER-OFFICE CORRESPONDENCE

January 25, 1974

. Smith Operations "A"

. Jones, Operations "p"

. Marshall, Maintenance

. Robinson, Administrative Services

- Baker, Energy Conservation Coordinator

s> =
Owo

& m
[e N -

Department Energy Unit Ratio and Tracking Chart

Attachment A is a copy of the do-it-yourself kit "How to Profit by
Conserving Energy" by the Sub-Council on Technology of the National
Industrial Energy Conservation Council. The fom in the kit details
a suggested procedure for calculating the energy content (Btu) of

a product.

In our particular operations, we have no by-products, and our energy
use for waste disposal is negligible. Therefore, our prime concern is
raw material energy and conversion energy. Conversion energy is the
energy equivalent of utilities used in marufacturing the product. Raw
material energy content can be samewhat more involved. The raw material
suppliers may be able to provide this mmber, or an approximation is
available for most materials from the U. S. Department of Commerce. If
unavailable from these sources, it can be estimated as the heat of com-
bustion of the material. This estimate is alvays low. .ny energy spent
on the raw material in getting it to the point of use should be con-
sidered - 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 energy
content 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 use
of raw materials and utilities, for calculating Btu content of these
quantities, and for determmining the total Btu and the energy/productian
unit ratio in Btu per unit of production. As this information is
developed we will probably find that there is a need to install addi-
tional metering and to rehabilitate some existing meters, if economi-
cally justified.

savEnergy
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Attachment C is a graph for plotting the monthly Btu per wnit of
production 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

224



OBJECTIVE
GOAL.

PROCEDURE

ATTACHMENT A

HOW TO PROFIT

BY CONSERVING,

ENERGY

A Do-It-Yoursalf Kit

SUB-COUNCIL ON TECHNOLOGY OF THE
NATIONAL INDUSTRIAL ENERGY
CONSERVATION COUNCIL

X percem nductlon in anerqv coment expmud in BTU'Sf}f

Lo per unijt of product.

Use the energy calculator on page two to determine the -

current enecgy 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. i

*Energy content per unit of product includes energy content of
the raw material plus energy spent in converting or upgrading and
in waste disposal.

2-25
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“"DO IT YOURSELF KIT" For Calculating The Energy Content of A Product

GUIDELINES OF THE NATIONAL INOUSTRIAL ENERGY CONSERVATION COUNCIL
SUGGESTED PHROCEDURE FoOR CALCULATING ENERGY CONTENT (BTU'S) OF A PRODUCT

FOR THE PERIOD BEGINNING_S3muary 1, 1974 PERIOD EnDING __February 1 1974

CIUNINT N NEFPUNTIBLE TR TTN

The Dow Chemical Co. l 1. G. Snyder, Jr.

1 &lboucv LY 20T N
RAW MATERIAL ENERGY (LIST MAJOR RAW MATERIALS) > DR
r: Raw MATERIAL rec v X s vt | = rova orus
&t .

UNITE OF PRODUCTION
B LB, GaL, mIgCE, LVC,
c:
O+
ToTAL nu-:q '
CONVERSION ENERGY (LIST ALL MAJOR UTILITIES)
UTiLITY 1Grorsc wmns) xfarviont | 10 o7at aTus
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n.
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D+
£ B
TovaL IYU'I1q '
WASTE DISPOSAL ENERGY
T waASTE D TOTAL O13PO3AL BTUS / __TOTAL wasTen umiTs
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5.
D4
YDYALITU"1q£ l
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19 BY.PRODUCT Ao mins] x IMsres veir 1 X F 0780 870
.-

L1
IC .
C
E: ) Y
TOTAL BTU '3 l '

IL[Y ENERGY CONTENT OF PRODUCT (ITEwm 18 LESY ITEM 20) 2F‘ l'UTI
[EN!RGY CONTENT PER UNIT OF PRODUCTION (ITEM 24 DIVIDED BY ITEM ) ZE eTU'S UNIT I
GOAL {TARGETED ENERGY COHTENT FOR THIS PERIOD) 8TuU'S UNIT, & o e —-—2 “ADE

o 2 Tu
IF ITEM 28 1S EQUAL TOITEM 15, GOAL wAS MADE (CHECK ITEM - = -
fFITEM 26 1S NOT EQUAL TO ITEM 23, COMPUTE OEVIATION FROM COAL; D
ITEM 26 LESSITEM IS, _ _ _ _ _ - e - m - m———-—— - - - -——————D
ITEM 20 DIVIDED BY ITEM2S L Lo - - - o - o - - -
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GUIDE FOR FILLING OUT FORM ON OPPOSITE PAGE

I
2
3
4
S
é

10
)

12
14

15

17

19

20
2]

22

Finished product ready for shipment.
Product 1.D, No. is the mmerical‘idmtiﬁcation of the .;')foduct.
Units of the product {itsm 1) made during this time period,

The material that goes into producing and packaging the product (includes fuels used as raw
material).

Units of the raw material (item 4) that were used during this time period.

Every material has a specific energy content. Energy content is measured in terms of BTU'S, Raw
material supplier may provide this number or an approximation is available for most materials
from the U. S. Department of Commerce. If unavailable from these sources, it can be estirnated
as the heat of combustion of the material. This estimate is always low.

(Item 5) multiplied by (item 6).
Utilities include primarily electricity, fuel oil and natural gas.
Units of utility (item 9} used during this time period.

For fuel, this is the heat of combustion of the fuel. This number is available from supplier, For
other utilities, this is the energy necessary to generate one unit of the utility (e.9., 1 KWH), Use
10,000 BTU'S per KWH unless your supplier has a better number.

(ltem 10) multiptied by (item 11),

Waste i3 that material which has no economic value and which requires additional BTU'S to
dispose of.

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 a8 waste disposal plant.

Units of waste produced during this time period. Units of waste is not needed for the calculation,
but may be recorded for later reference.

By-products are those saleable materials which are made incidental to the production of the
desired product or products.

Units of by-product (item 19} made during this time period.

The usable energy in the by-product. As an approximation, use the ratio of ' the value of the
by-product to the value of the product multiplied by the gross energy content of the product
(item 18). . )

(Item 20) multiplied by (item 21).

2-27
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“DO IT YOURSELF KIT™ For Calcuiating The Energy Content of A Product

CUIDELINES OF Tag MATIONAL swDUSTRIAL ENERCY Conig
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1030 8TU'S/13 of 921wt provided by the gam mpolier,
The enevgy n the €ooling and the orocexs waier 13 e DOwer
NeCTUMY 10 pumMD the watar, The power n KWH'S/qasion was
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As energy is used more ‘:Hectively,'producl costs can be reduced and profits improved. This can be
accomplished even in the face of sharply increasing energy costs. Since industrial energy consumption
accounts for approximately 40% of total energy used in the United States, significant contributions
can be made to the national effart. :

The lirst step to meaningful energy conservation is measurement of all the energy that enters and
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 form, and then set goals for
improvement. The filled in example is for ethylene; but the procedure applies equally well to any
manufacturing operation, be it a grain mill pulp mill, steel mill, furniture tactory, or assembly line.

Though time consuming and challenging 1o make the initial calculations, it will be worth the
effort. Raw materials which conuin, and manufacwring processes which use large amounts of energy
will be pinpointed.

What To Expect — Once BTU content is determined, products can be ranked by BTU"S per unit,
BTU'S per dollar of sales, and BTU'S per dallar profit. Then, as energy availability becomes more
limited, it will be passible to quickly focus on the most profitable products.

Equipment associated with the large energy consuming steps will be identified. Once the
energy-hogging equipment is isolated, efforts can be focused on replacing old machinery and
equipment, using r.ore energy-conscious designs, and improving maintenance programs.

Less energy-intensive raw materials should escalate less in price as energy costs increase. Having
determined the energy content of raw materials, and given a choice, a better raw material selection
should be possible.

Stressing the importance of BTU'S per-unit-of-production to plant operating people siould
provide the incentive for them 10 chase down where all of the input BTU'S actuaily end up. Often, the
first attempt will account for less than 50% of the input B8TU'S. Simply the act of identilying the
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 as it escapes into the air,
but over time this can represent a sizeable quantity of energy.

3. Heat loss from equipment can sometimes be reduced with more'insulation once the losses are
identified.

4. Sometimes energy lost 1o the environment, either through coofing water ar through air, can be
used advantageously to heat inlet raw materials or process equipment.

5. The energy content of waste may be recovered in part or in total by treating and recycling the
waste back through the manufacturing process. inn some instances, it may be possible to burn
the waste and use the recovered heat in the process. ’

6. Temperature control eauipment may be alternately heating and cooling. This problem is often
corrected by a simpie adjustment of the controls.

7. Recognizing that it 1akes 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.

8. it may be possible to combine some manufacturing steps so that the product does not cool
down between steps and subsequently have to be reheated before it is processed further,

The energy snortage is a national concern. It can also be viewed as an exciting challenne, Those

companies that move guickly to meet the challenge will contribute substantially to the solution of a
national problem — and make money at it.

The first step is measurement.

2-29
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2.6 First Energy Saving Survey

The survey team's plun lor the first survey was
approved by the Energy Conservation Cemmiitee,
you recall. Novr we have a sequence of four letters
regarding the survey. The manager ordorses the
survey plan. The team submits their timetable 10
department Leads. Findings of the survey are re-
ported. Finally, the team suggests the need for fore-
man training in cnergy conservation, Note the appli-
cation of:

® Survey

* Employee involvement

* Top management commitment

2—34



2.6.1 ’
ZCONENGY CONiTANY

30

INTER-OFFICE CORRESFONDENR.

om: D T. Parker, Plant Manager

:First Energy Saving Suh’ey

You each have a copy of the January 25, 1974, letter from . D. Smith
and A. B, Jones detailing their plans for the survey 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 away, or fairly soon, and at little or no expense,

Saith ard Jones wil) centact you in the pear future regarding 2 tinme-
tzble for the survey. Ezch of you should inform them of thz nane of
the person you designate to accerpany thent and participate with then
in tiie survey of arsas under ycur respensibility.

Everycne's cooperation in this pregram is important. I urge thst you
put some real riority on this survey and on taking corrective azticns
a. . a5 practical.

cc: W. D. Snith, Operations "A"
A. B. Jones, Cperations ''B"



2.6.2

CCONERGY CO/PANY

I/VTEI?-OFFICE CiJRRESPOIIDENCE:

bete:  February 1, 1974

Ta: Dspartment  Heay

fram: . D, Smith, Oprations "A"
A. B, Jones, Operations_' "Bt

Sdbiecs:  First, Energy Saving Survey

The timetable for this survey is given below, If any of these
dates are not convenient, please contact us so that other ti-es
can be arranged. o

Furmaces - February 11
Snop , - February 12
He~t Treating - February 13
Shipping o February 14
Receiving o ) Fébmary 15
Laboratory ; February 19
Utilities o ~ February 20
Chemicals “ o Fébruzuy 21 |

Administrative Build_i;'ig, February 22

e

cc: D. T. Parker, Plant Manager

S a6
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ECONERGY COMPANY,

Do

To:

fremy:

INTER-OFFICE CORRESPONDENCE

Departrrent Hesus

W. D. Emith, Operctions "A"
A. B, Jones, Operations “p"

Results of First Energy Saving Survey

Attached are the findings of the survey. Some of the operating ite:s
have already been cortected by operations personnel. Department
supervisors have already written vork orders for a2 number of the
muintenance repairs. Those operating or maintenznce itens thet requice
process shutdown Lot correction have been added to the lists of jobs
to be cene st the first shurdown opporzunity by department supervisors,

It is important thzt we monitor the progress of work on correcti.”
these ensr; - 1stes by keeping up-to-date records; therefcre, it

~

is essentici \hat we are advised when each job is completed.
1: there are any Guesticns concerning the survey, plecase contact us.
As a result of the survey zn” _ome energy conservation projects lzing

proposed, we have developec an estimate of potential savings and we
suggest that our goal be increased to 12% savings in cnergy this year.

cc: D. T. Parker, Plant Manager
Energy Conservation Committee

savEnersy
| ﬁv} 2;37wﬁ
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INTED-OFFICE CORRESPONDENCE

February 28, 1974

. Baker, Encrgy Conservation Coordmator ‘

J. C

T. G. \L'u'shall Maintenance
R. D. Pobinson, Administrative Services °

¥, D. Snith, Opcrations VAN o
h. B, Jones, Operations "B" ‘ S

wead for Supervisor Training Program

nuring cur first cnergy savings survey we had opportunities to discuss
energy conservatien with the foremen accompanying us. We learned that
thece foremen should be made more aware of the costs of utilities

he potential of savings threugn conservatica, and the methods for
Saving onergy.

Therefere, we recommend that the [nergy Censervat ion Comnittee design
¢ COUrsT Oil energy Conserv ation to be included in the Supervisor
Troining Progrent.

cc: D, T. Parker
Plzat Manzger

“eavEnergy
2-39
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2.7 THIRD MLETING OF TUE ENERGY
CONSERVATION COMMITTEE
This meeting is the last 10 be recorced in this
section, On the following pages are four memo-
randa dealing with ths lopics shown on the agenda.
The last memorandum presents plans for special
activities cach month for (he rest of the year, Al
this point an active, cliective program should be
well into the prozess of implementation.

«v\\?
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£ 20.!ZRGY COMPANY
INTER-OFFITE CORRESPONDENCE

bme:  March 8, 1974
To: Energy CorsenationConmttee
From:  J. C. Baker, Ccotdi.nafoi'“:":

Subject: Agenda for 'rhiQ-c‘l":f’Seeti.‘rigiAdf ‘the Energy Conservation Committee:

1. Capital proje'.';f revievs

2. Energy saving project lists and project e\aluatxonsx.g-naz
3. Cormmication of ways to sav? energy o
4, Continuing progran

cc: D. T. Parker
Plant Manzger

sovenersy
241
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232
ECONERGY COMPANY
iNTER-OFFICE CORRESPONDENCE
{2} HLH
4epartm*f._e'n't F eads :
fem: D, T, Parker,Plan.bhrager

Capitzl Project Reviius

As you know, in our authorization procedure every capital project
rust be reviewed and approved with :gard to safety, fire protection,
polluticn abatement, and additional uriiity requirements. As of this
date, we arc aiding energy conservation to this checklist.

Every cepital ish vill be reviewed by the Coordinator of the

Eneryy Conservation Comnittee. Ca large jobs the interested

ccrnittee member will also particivate with the coordinator and project
team. The purpose of these reviews is to assure that there is
cfficient utilization of energy in the design. If the proiect has to
do with production, the design Btu per unit of production will be
calculated and cormpared with the historical Btu umit ratio. More

efiicient use of cnerg: is expec.cl.

cc: Energy Conservat’'n Comnittes

sa\Energ) ‘
o232
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273
ECONFRGY CONPANY
INTER-OFi |\CE COLR.SPJUNDENCE .

oot March 8, 1974
To: W. D, Enith, Coerations ‘A"

A. B. Jones, Operations ''B"

T. G. Marshall, Maintenance
] R. B. Robinsun, Administrative Services
rom; ) -
N o Baker, Energy Conservation Coordinator
Sclieer: Energy Saving Project Lists and Project Evnluatinﬁ Smmar)

Some of our energy conservation pro;ects will requ.u'e capital; others
czn be dene on expense. Therefore, we should have two separate lists
of projects. In order to have the ‘lists in a amifrm & vmat, the

~two attzched forms for capital and expense projects are prov1ded

for use by 21 departments.

The ratio of energy savings/year per dollar invested is an

indicztor of how good a project is, compared to other projects.

The higher the number, the better the project. In the forms, a colum
for rc ‘cent veturnt on investment is also included as an aid in
assigning pricrities on projects.

Alco ctizched is an evzluation sunrary form to be used for cach project.

Please sutmit cepies of these foms to the key super. isors in your area

and regquost that they enter their project information and return
co-':)ch 4 ccpies (lists and evaluations) tefore our next rmeeting one
rnontnh from today.

Cur mznager, Mr, Parker, has requested that we continue working on the
lists, revising and updating them monthly, adding new projects that
evolve and acdizicnal maintenance jobs that beccae necessary,

}

cc: D. T. Parker, Pl'ut Mznzger

savEns-gy
2-33
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ENERGY CONSERVATION PROJECT
EVALUATION SUMMARY

Capital

or Expense. _______

Department

Dats

Project o _______ Person Responsible

Project Titla:

Description of Project:

Lecaton:

[inareisd Cyalpation

Lrxigy sving (electiic povier KWh/yr  steem Ib/yr f'e‘t;:.;)

i

Wility or Rawv Material

o ]\"

R, - .

Total energy saving TR MBtul/yr
Totd cnergy coet eaving o o Slyr
Othiar cost saving tue to: ‘
Sty

Aoditionst cost due tue

Ehye
Het costsaving ST R Shyr
Cazt ol projoet PNt &




ENERGY CONSERVATION PROJECT
EVALUATION SUMMARY

Calculatad

“Return on investment

L

316,

[T
"

Pay back period

Qthet

. months

L.Ly/unit of production:  Now

Sl ‘After project lrﬁpieméﬁind 5

Cenefite'Protle: .3

Prcduct -uality

Froduct yield

Preducten rate

Celary

Pelluticn

Winunncemanpoveimateddaly -

LS THIY

Verling canditions

-

srploves atitude

r

"
‘r

"-,.-.-.-- Y.
Simmu Ty

o

Cikier Lanefin/preklems connecad vith implementz tion;
p d v Eztion:

Coaments:

frcjret iz Ing:

- :Fl:nr.:_d suthotizz lon chﬁgst':vival_-.-:
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2.4

ECOlERTY CONMPANY .
INTER-OFFICE CORRESPONDEIICE *

sae:

Te: . Energy "Cc‘xf‘,s‘e‘ryfatvioﬁ Cozmitree

From: T. G. )h.rshall,.\taintenance
Su3een Cozm&:itatidn of Ways to Save Energy

I have assembled a gro w of ECO's frem ’-‘vIC, which ere
Foreiavizrly epplicadble in cur cravatieon, 2long 3 with a few gc\.:l
articles frca the literature. 1 prezose thel we publich this zs
S0ilst for plant wide use by supervicors. A ccry of the 1iee
of Z00's chosen is attached hereso, AZter ezch of you has 1ssked

LA

ever the coov and indiczsed your gzrrovel, I will precesd-with

May T suggest thzt this tooklet could b= a Ls'“ul tool m a

training course &s suggssted m t.‘:e rcce')t 1=tter f.c"t W D Saith

znd A. B. Jcnes.,

cc: D. T. Parker
Flant Manager

savenergy
- 248
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LYST OF SUGGESTED ENERGY CONSEFVI'G OPPORTUNITIES
ECO
Euildir 7 and Greunds

Reduce Warchouse Ventilation Air : A C-03.2
Reduce Qutside Lighting . IR 3.3
Reduc: Air Conditicning Diring hon-.\orhng l-o.xr' ¢ '-'73.,2'.5’

Insulate Bare Ste a Lines
Retumn Stezm Condenszte to Bo:tle" Pld.'h.
Stzp Stemm Lesks SR
t éni Fepeir Stezm Traos

’
3

l

0

Eilninate Lezks in Combustidle Gzs Lines
h Lower Fressure of Corpressed Air to Minimm Nezes
ir nzte Ler ks in Coomreszed fdr Line
a1 for Ferscunel Cooling — Not Cerpresses 24

Terizce Worn znd Chsolare Centrols

R g OR

Dxilyv Monmdtering of Eailar Elficienzy

LI ee

Staniby at Reduced Terperzture

Shat Dovn Idle eating Equirment

Coass Specificaticns as 2 Scurce of E"xcr") avi
e Ezuirn . -t for Meximm Utilization |

W

57
IF:

.
o
133

O
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2.7.5
ECUCNERGY comipa y

INTER-OFFiCE coensspomosmc
Cuc: © March §, 1974

Te: Enérg)" Con'sen’at‘ibn Committee *

Fram:  J. C. Ealer, Energy Ct':;rLittge.Coqfd.i‘J:'éj’t"gfz :

Sutieen Continuing Progrzm

At this point we have cur rIosram well wnderiay, but I telieve yc'.
will azzree ther ve reed g Ccemimiing FTOgTan to raintain cur
FITENUN.  Farisdic energy soving SuTVveys are cne imrortene activity,
Cezmxnicztich zng cducaticn zleg peed Trhacis to Cevelop awareness,

I theughe it wmyuig te well to 1igr 2 elsments in shig &TEa, scre

¢ which we alrealy hzve iz gho =i znd prters e T2 wish to inzluda
1 rlins for the future,

' - . 1o . - - - - 3 -
1. Monzmo. R2eYAngs o Enzrpy Cc; s¢hvation Cenmitteo,
Ve et Py o gree] S e . .
2. Monzhiv MESIIngs of ezzh comivise mEmber wish Reyv
SUZeIvisors in tha nwas n2 raprecznte,
- e

o,
-l - - ~ s L 5 - -
57 emszervation car ze 2o be inc. ided in Stpervisor

.

v
7. sz ‘Enerey! decals for Plzcing atlight sy tches, typevriters,

Trzining progran,
S. Periziic tulletins o footures in the Plant Nzws tuslicizing
€1ersy sav: g Gerasvenzits and recomising incivicduals
e N - =3
responsiple.,
6. Posters on €nergy saving to be used in much the szme w2y as
afety rosters.

8. Technizal ralls Ol ezeroy saving zspects of stean traps,
lighting, ins: loticn, eze. ]

8. Letters to exployess znd their fanilies giving energy ssving
Tips for the jima,

10,  in public relatiens, ~=any ofs g s
on rzdio and in nSverer, talks oo mergy
greups,

Attached to this letter is the ciuatline of 2 Prorosed pregram of
activities for ezc) ronth for the rest of the year,

cc: D. T. Parker, Plant Managzer

SsavEnergy

Iz
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Planned Activities in Energy Censervation for
Ler:mmder of 1974

The following activities will take place each ronth and mll not be
repeated in the plans for individual ronths:

.\‘ec-ting of Erergy Conservatien Cormittee '
r2eting of each Comittee Menher with the key qmen'l-:rrs :Ln his arca
Uzdating of CRETEY saving project lists .
. Comzmicate progress with ucdzted plot of Btu/imit of pro:ucnm

Lot BN 4=
« e+ o

-
Lo

£, Pepartment supervision will conduct weskerd audit
l'.‘ '.,“
FOTLY 1. Distribuz tooklet of selezted ECO' 3
2. Review stztus of corrective actions regarding firse energ)" '
saving survey
3. Publish kulletin on energy saving tirs for driving
4. Techniczl tall on stezn traps
dav 1. Entergs contervaticn ceurse in Suzerviser Trzining
2. Dirzroments dev eicp cnerny balznzes .
3. chzr“sre Meovinerg!
<. Technical tzik en es
$. Lletter to emplovees
Juns 1. Treined forsmén stove nolding monthly neetingswith their recple
€1 cnergy confervation
2o Pullish bulletin ca air cenditioning Lot
3. Af aresult of enerpy belences, commitzes will condy 18T encooy
suryius surew
= Coordirater gives tall at high school
ol 1. Fostzr contes:
-. [Lulletzin en eniryy saving curing vecztiens ;
3. Survey of staan rressure reduzing stztiens ;
o Techniczl tzlk en lightirg :
suziss 1. Publicize Foster contest winner in plant znd cc:::mzt‘. e'.s's—.-.ne"
2. Distriture pos:ers
3. &wrvey compressed air g recuirerents
4. Eulletin - "Don't e compressed air for ccoling
S:zt. 1. Eu‘l etin ce heating svstems'
2. VeV ste o svsten
3, Cc ardinate 21k with slides fer local +echnicsl scciety
mesting
4. Cemittee rides threuzh plant at night znd suggesiscerrestive
actien on lighting

1. Demonstration of infrared Su1ey to detect excessive heat losses
2, Steam trap survewr :
3. Fulletin cn =*="1 t rcm

r 'SteEms
4. Technical rzil ¢l

AN
stion

2-51
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Survey oversized elactric rotors and equirment

Eulletin - Recognize somecne's energy saving achievemen<
Second .curse in Supervisor Training

Technical talk on electric motors znd power factor

Bulletin - "Use reflectors and reduce Christoas lighting”
Report achievements in reducticns of energy use and announce
goal for next year Co
Survey use of low  pressure steam

Plan pregram activities for next vEar

31
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<8 CONCLUSION

This scciion on program implementatin bezan
with a discussion of the importance of manazzment
interest and support. It seems appropriatz 1o in-
clude in the conclusion a letter from the manager
to his staff < onstrating his continuing concern
about energy « .nst vation. His rzquest for a con-
tingency plan is then answered by his department
heads with a report on the stats of the conlingsncy
plarning ia each deparmant.

2-53
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;ZIONERGYACPMPAN)‘ L o
Date: Marcix i: , 1974

from: D, T, _Par)v\'e,x;','“f'l‘kigx'i; 2!3nager

Eubjeze: Requ::s: for. Energ); C.:rtai..ment Contiﬁée:icjr ?lan‘ R

Yeu sheuld 211 be awere that energy supply is a very real and serious
-roblem t¢ our operctions. Briefly, our anticipated allozations of
fuel oil, naturzl ges, electric power, and gasoline are insufficient
te sumort our operation as they have in the past. ' Qur ability to

¢ @i te 7 iecessary use of thes' comrodities and to alloczte fuel to
vitzl funct: ns will ultimstely deteraine how severely our opsraticns
are xriailec.

Even more sericus is our inability to secure adequate qusmtities of
coal to ricet anticirated needs. Efforts during the past two ronths
have f2iled to increase deliveries, and inventaries are curantly at a
low leve:. Curvcent fuel suppliers are operating at their ultimate
Cpacity end they fzce problems associated with weather, fuel shortages

* for their mining :cuirment and ever increasin: strip mine regulations.

To date, we have been unsbl: to secure riditicnal suppliers zs those
wno are nining coal are sold out beyond their production czpabilities,

At this time it appears that some production curtailments rmay bz
access v, Earh  anervisor should review his operations: those
pieces I JUITMONT wi.iCh TC 'perating at iezs than acsircd efficiency
with respect to energy consumpcion should be icentiried ang plans made
“d resiri-t or cuartail their overaticn. 7The basic factors wiich n-

. nce tuel efriciency andfor energy utilization in all .rocesses
shicald be “dentified and inmmedl. .o steps taken to minimize cur energy
Te: 1iy mer s,

savEnurgy
s
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In anticipation of possible short tem reductions in energy supply,
for instance clectric power, we need a contingency plan. This should
include a list of the equipment that wouid be shut down and the
sequence of shut down in your department in case of 25%, 50%, 75%
and 100% cnergy curtailments.

Your plan for reducing energy requirements in your area should be
fornalized and available for review by me one week from teday,
Remember - NO SAVING IS TOO SMALL TO OE CONSID: .

cc: Energy Conservation Committee

. savEnergy .
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I NTE HOI'I'IC-‘-’ vgoRRESPONDENCE

March 27, 1074
D. T. Parker, Plant Manager
Department Heads

Reduc “ion of Energy Requirements and Contmgenq PlaﬁlStafﬁ:;: ; - i

~ Sirmificant reductions in energy use have been achieved in our

¢ 2rz ing wnits as follows:

Utilities
—_— .
It hzs been cur operating practice to fire all threz boilers even
though steam rezuirements could be provided bytwo boilers fully
lozded. In this way, a forced outage of one toiler could be handled
without decreasing stean output and causing interruption of cperaticns
of ¢_eam users.

‘We azve shut down +#1 boiler, the oldest and least efficient boiler, and

the result is a fusl saving of M Btu/hr. In case of a forced

outar of one of the two operating coilers, we have set up & ccmmumicatior
1 cedure t¢ curtail steam to certain units that can be shut down safely
and ouickly with the lcast impact on other operations in the plant and
re-started with a ninimun loss of productivity.

-5 MAM =nd B

Ce

i

Similarly, 'n both departments, we have bzen able to shut down cne
of three furminces by rescheduling throughput, The schedule is
extremely tight at our present production rate, and on occasion we
may need to fire up the third furnace in order to meet ccrmitments.
Fuel saving at present is M Btu/hr.

savEnergy
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Contince. =y 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 humidity
is required.

If a "brown out" occurs (voltage reduction in excess of 10%), rertain
notors trip off automatically and others must be tripped manually to
avoid damage. We are surveying all motors to identify the ones that
require menual tripping. Utilities will set up a commmicatiin
procedure to inform the app: .priat ' people vhen a "brown out' occurs.,

Follcwirg is a tabulation of shutdown:; sequeice for curtailments of
electric power:

Curtailment Shutdown Section
255 1
505 1,:
755 ) 1,2,3
100% 1,2,3,4 S

We have designated a mumber of units that will be included in each
o the four sections tut the plan is not com;lcte yet.

2. Fuals

For ezch fuel, we will have a tabulation like the one for electric
power. We are holéing meetings this weel to complete the designztion
of wits in each section for each tabulation. We hope to submit the
detziled plan to ycu next week.

a general, when fuel curtailment causes a cut-back in steam
neration, all stexn heated buildings will have thermostats reset
, F. Again, system interlocks will prevent inadvertant cperaticn
of Tre cooling systen, except where the controlled lower humidity
is required,

I et

oY
LI ¢
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EMPLOYEE KHOTIVATION AHD CCHMUMICATION HETHCDS

David M, Heller
Alr Products and Chemicals, Inc.
Paulstoro, liew Jerjey

ABSTRACT

This paser ciscutses the compelling reosons
fus invalving all employees In the plant energy con-
servation effort, offers suggestions on how to Imple-~
r 1t and raintaln a plant-wide, people orlented con~
¢ -vatlon precyrem and provides excmples to fllustran
{... ~ethods Involved and benefits possible, Three
arec wiil be sgressed: publicit., or cormunicating
¢e.n the ladder, through newsletters and the usc of
t tinctlve logos; cormunicating up the ladder, by .
r ns of ¢~plo -2 suggestion programs and discussion
forums; and tr. ning, necessary to free employees
{-rm a pre-irnirgo gpproach te manufacturing.

Current technicz) titerature is full of infor-
ration o7 hew to recuce erargy use. (Ccensider enersy
T o1ggeTment syfriems, w2sle eat recsvery or heat
§ a3 - al) tre fizets of ihe ¢asign, ¢eastructien,
ans ozeraticn of juch ecuizment and many other new
€e,-zes tancs ud 20 ever-increasing erount of our
H Y hn cne cun ceny tre tenefits achievable

;% wdital invesivent and aew tecnnalogies, but
wete are ctrer, oft-neglected aspects cof enercy an-

1 21 te te consicdered,  The cCevelecz=en: and use
+" 1 eifective energy manacerent orcanization and

. .nvolve=ent ef r'e entire plant in the conserva-
L 1 oeffers can . Sould go hand-in-hand with the
presical irprovencn: of the cpergtion,

I'3 1ike to «hare with you ry exzariences as &
* 'aer of cne verv successful erergy raracevent or-
gerizaticn - exxlaining how we are sc up (o irple-
rest ener:  contervation #1d cCetailing a nunoer o
I 35rans a bave found effective. ’

SENPINTICG 7

ENEAGY CONSEFVATICN

b ¢n e~2icved 23 Technical ¢ :pervisor at Alr
1ivzts and Chenicals' Pavlsbore, lew lersey plant.
ine Faclssern Flent is part of the Chenicals Group
P Air [rezueis. Ve are located in Scuthern hiew

tss, in ine CGreater Failacelzhia area. Cf our
Pemaleeacy, I3 are eremst and the talance hourly
e fC7esremsi. Ve procens varicus tooce of induse
ity with our rajor pre .2t being LASCY,
$oitae e foan cstalyse.

Fiuistero Flant has seen sharciy spiraling

Te €23ty over the last few years, as we all haw
1375 to 1381, our averace cost fer encrgy rose
“are than £7 percent. The impact of these costs

sl

PAULSBORO PLANT .
ENERGY MANAGEMENT
ORGANIZATION
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ENERGY SAVINGS

ricure 1

forced us to re-evaluate our conservation afforts
and two conclusions came to Vight., First, conserva-
ticn projects once glozsed over because of a low
rate of return no# lookco rore sttrazsive. It be-
caTe necessary to revocus our teshnics) eiforts to-
warcs auciting our process flows and examing heat
and raterial talances with the proverzial 'fine
.tooth comb.' Secondly, we came to resilze that in
orcer to be successful In reducing energy cnsts it
nade sense to involve : entire plant in the effert,
not Just a handful of engineers and technicians,

The Faulsboro Plant conservaticn effort was thus or-
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ENEESY USAGD NEMATNS cown

lers than the zame period
cn for en..gy waste. )

1rnt ¢« :ergy usage was 4.0%
a3 ar to kxeep your eyes op

+ v CUGSESTION DPAWING

TUIRL 0L

~'% winner of a $25 gift certi- .

jehke o5 this guarte
., fugyesticnz. ~nanis to everyone who submitted
v the last three menths.

etecn tzap inspecticns, Dave piriestzo will

povevat of <
Y- trzpe. The caps insulaze the traps by
a - sround the trap &nd proteczing it {zon
0D & yerr on cur siezn %ill. Plant otear
rec monthi.
' oI ITR SAVINGS

ta Thermal Oxidizer saved §20,000 in natural

¢ lvw eon toe pirete] b4
2 cr €CN,500 cver the encire year. A I ¥ buge cropped
weus  have been even greatsr.

weT LIGHT
SRS
¢ up to five times as ~uch lizht for the
lact 0 to 15 cimes lenzer.

ens lamps and le

peasuses She

\=p tha amount of 1ighs ~- it
she bulhm. 7The amount of licht is neasured
you need six 25-w;at bulls to ezual the
bulb.
twze ther Lg a surge of power when you
vou Jenwvae 3 rcom, eved for a minute, turn
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gaulzed along the lines shown In Flgure 1,

The Yectinicsl Department and Technica) Super-
vitor have mojor responsibllity for the program,

... The Tzchnical Supervisor serves a3 Plant Energy Con-
“vervaticn Coordinator; a part-time function at Pauls~
wro, but a position that requires full-time atten-
tion at larger facllicles. The Conservation Coordi-

nator's respoasibiligies include;’ developing and

- romunicating conservation techniques and ideas to
the employeas, sonltoring end reporting plant enerqgy
consunpt lon, developing plant programs, goals and
budgets and malsitaining & plant environment conducive
to energy consarvatlon,

The Proflt Improvemant Progran Is & suggestion
piogran for our technical peopla. This program en-
wursges new ideas and recognizes the contributors,

The Energy Conservation Comnittes Is composed
of representatives from Production, Maintenances,
Technical and Project Groups. The Conv. Ittas ments
wonthly to discuss and evaluste the scatus of the
plant conservation program. Ths Conmittes feeds In-
formation to the employees and communicates employe
ee's concerng to mansgemant. the most Important
function of the Commlttee Is to sorve as a place
where Inter-departmenta} problems Involving conser-
vation projects or programs can be resolved.

Hanagement comnltment I3 o major component of
nvr overal) effort, Hanagement communicates stand-
ards and goals and messures performance. Group and
Corporate management provide support through people
and capital, and acts as » clearing house for ideas.
On the plant level, management communicstes directly
with the employees through our newsletter and letwrs

~-38N¢ tOo the homes.

The poslition of Energy Coordinator, the PiP
program, and the Conservation Conmlttee hove all
been active for a number of years, | balieve the
fact that we have organized specifically for the
cnservution of energy has helped us keep the effort
allve and has resulted in a number of outstanding
innovations. Now, 1'd likp to focus on the last box
in our organization diagram - employeae awareness.

IKVOLVE THE ENTIRE PLANT

Propar rotivation of nperating, malntenance,
laboratory and clerical parsonnel can be one of the
Tost cost-effective energy conservatlon techniques.
fourly erployees have the closest contact with the
o>erating equipment and are often the most knowled-
vtatle about production problems and unit tdiosyn-
trazies. They will gee things that you as an engi-
"eer or manager might overlook and they will extend
YOUr eyes and ears to round-the-clock coverage,

These people are Just as concerned a3 you ara
a50ut the tontinued escalstion of energy costs and
the Implications of dependence on foreign oil, OQur
responsibility is to direct them to utlllize on the
Joo the same resourcefulness they demonstrote In
%esling with home energy problems.

¥hat kind of results can be expected? The
tfcety of Improved operations and maintenance are

52
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often diffic.lt to quantify - a steam Jesk reporte
ed a few days beforr o supervisor notices it, &
Spate pump turned off, a steam tracing line insula~
ted rather than lgnured, Then s9ain, an operstor
might suggest & process modification that could
vield large savings. There are also » number of In-
tangibles - an improved morale, an esprit de corps,
8 splrit of cooperation. The point I3 that the bou-~
fits will far outwelgh tha costs of organizing the
program and maintaining the effore,

There are many methods that can be used to mef
vate and communicate with your employees. The p=
proach should be one of €ommon-sense, stressing
facts, with Just enough plzrazzr so they are notlced,
without belng loughed at. 1'd like to stress thres
sreas - publiclty, or communicating down the lad-
der, communicating vp the ladder, and training,

PuBLICITY

The “Paulsboro Energy Hewsletter, (Figure 2)
was developed to publicize the plant program, The
NHewsletter has been published monthly since October,
1980 and is posted on plant bulletin boards, A va-
rlety of Items are prezented - updates on plant con~
servation projects, recognition of outstanding con~
tributlons, progress toward conservation goals, gnd
home energy tips,

The Hewsletter has been very well recelved by
our employees. One comment | 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 pres-
ence at the plant, | find employees asking me {f ¢
have any Informstion on air conditicner sizing,
solar heating, and other Items discussed in News~
letters,

®
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FISURE 3

Please notlce the emblem in the top left corn~
er of the Newsletter (Figure 3). One of the firse
steps In publiclzing Paulsboro's program was the
development of an energy logo. This is » recogni-
tion tool used on #ll our conservation Viterature.
Vs based ours on our corporate logo, adding the s)o
ple phrase "USE ENERGY WISILY" angd adding & gas
flame, an oll derrick, and electrical transmission



Vires to illustrate our plant encrgy sources. One
excellent way to kick off o conservation program |3
halc 3 logo design contest among employees, or

‘dr children.

The types of publicity vehicles you enploy will
denend en your imopination, and your ability to
'udze whet will be cffactive at your location. Hind~
ouls #nc pav cnvelope stuffers ean present useful
news, eirecially hen: eonservation tips. These
Items can be chtiined az » naninal price from pube-
Vie and private tnergy conscrvation organizacic is,
Your loccl vtitity emsunies should also be 3 good
tourcz of iaforroticn, This material s usually
presented en & sersens) barls - heating tips in
Jdanvary, air cancitioning iceas iIn July,

LISTICICS T1 gvreovier

Vhile csmunication do.n the laddor has boen
siressee in this polm, irput from the tourly em-
ploye=s sheuld nol Se icnored. lhe prograns alreaxdy
renticred will Lelp prouote a spirit of coozeraticn
£t yeur lestien and emloyeus will fenl better
SECUt 70 cning their supsrvisors with trneir
thueznlt and iceds.  Aad tie nemoer and quslity of
thece Jeecs vould prezebly surarise many cf you.

S0 helip tan thix sourca of infermotion, an
Laersy Censcrvaticen feacestion Program was tegun
at favlztor., Cur czsizci rxpenditire ccasisted of
0 thavl form and 2 tussesrion box., Each suggesior

330,

receives a personal reply thanking him pnd exglaina
Ing what the follow-up action wil) Involva. The g,
ply is most importent, unfeasible and even absury
svggestions are acknowlednad In order to show we
appreciate the intcrest a. . respect .he Input, fe-
sponsibility for acting cn worthy sugcestiony |y
assigned at Conservation Cormittee reetings,
(Figure &),

Buring the first full year of ogerustion tuenty.
five percent of our hourly perscnne! submitted fug- |
gestions and total suggestions numbered sixty. Qgr-
terly a randealy drown tuggestion wins o $25 gify
certificate at 3 locsl departrent store and 3 135}
certificate Is given cach year for the best sugges.
tion, After completicn of all projects and wori
orders resulting from last year's suggestions total
ssvings are erpected to be $25,000, 7 e sucoestieny
have included Iteas such as: installetion of light
switches in under-yt)lized roons, Installation of
skylights to reduce the need for light Fixtures
during the day, and liszs of areas requiring insylge
tion that were overlookec Juring energy audizs, e
kave receives only a few vorthy precess I=~provement
suggestlons to ¢ate. Process Irprovensnts esuld of
course save many tines over the $25,023 figure.

Trerc are pros and cons on the cuestion of
prizes. One of the rost-voiced cemplaints = when
prizes are disczntinued the slensl is given that the
Frogrim is ended. This is a valid point, and the
anteer nust be declced at each locazicn, baged en
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ast erperiences. Any publicity or motivational
jram is going to slack off after the first flush
snthusiasm.  This can be dlscouraning anc help
Fut & campar on everyone's cocnservation spirit. Let
re sugacst that this slackening of f is a sional to
*ransfuse some new ldcos into your pregrem,

I have always had an sversion to the use of com-
petition tetmeen shifts as & mean: of premotlng encr-
The key point In any swarcness pro-

gy canservation.
gram stould be cooperaticn, and cumcetltion, an
friendly &% you rmight try tc moke i, will often
ruin any codperative sairit., As an exomple, ot 2
olgnt wnere | vas foriwerly employed, we were inter-
esie? in sceinc which shift could preduce the high-
est rercentage of on-spec preduct. 11 was discover-
el tnal the operators on one shifr would cave In and

rearrance the setlings on a nusber of critical instru-
Just before

rents to setzings thay knew worked well,
tie snift enged, t =y would return the setzinas to
irese in use Sefor  they come on. OF ccurse, after
varirg lire<-aut for ssven and cne-half hcurs at
czadit ons tre unit would co to plecas
eqifr would rezeire several bours to

vt ezsin, Ve cecided after that to stiek
for inter-shifz compezition.’

SINEITUATICN ARAINING

taz. in the cocd old, sre-imdarce davs, it 2
a2t waciton for onzraters in the cnenical incdusiry
t> vse a tle extra eneroy to maintiin & safety
t cuality, Increasing the reflex
laticn colum is cne exapnle. Fore

Lvoervisors cnared the tlawe for

.cc they teal the lewas If the prod-
Unliortungtely, cld hasits die

ruet te re=trainecd to resgpect ener-

} renticnsd ecr
ary first scex,

Zuorecuired,

lier, 2a "enarzv-yaireness”
tu: scezific training

©rc 2SO ru-reid o nc wasre necessary, revige
i nrozedures o fotuy on censervetinn,

Aas grint in purifving @ procuct way beyond
tion. Ye ol.o exgpanced cur preventive
hat it would help

(ma 2! tne firs: s ocur sunervisors ¢id at
'

. w2 pian 1o Intradoce energy training
1V cmplevers, siniiar to a progrem we
vey troinine, A typical session ceuld
anaticon of the neeration cf 4 new
cent, informLticn on ko mozn A stesm
oot beo toorezort e, and a guastica-
P23 en enersy H

-
.
n
S
Pl
S
¥
n
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C srentlv, we cre feveloning n energy conser=
ties <dide rnee for presantatizn to all erclevees
peLtiny trainino sessions,  The progrim will ute
Sorocny srot at our plant o exglain cur energy
e, shoeing plent wsilizy tie-ins, the operation
nergy users, cxareles of encrgv wasters = surh
pledm Jeass, and uninsulated lines, methods f: -
“wiing eversy 1+ 2 and & review of plang ctility

.33,

costs, The slides will be accomsinied by a tape
recorded narration, Erplovees relate well tc this
typs of progreim since it is specific to their activ-
ities. At a cost of twenty to thirty collars per
skow,”honenade’ training aids are lcss erpensive and
mare cffective than ccurerciclly available programs,

A number of equipment ventors proesent skart
training seminars for obersting perscancl.  Receatly,
we hod @ steam trep manufacturer present inforration
on trap inspection and rcpair techaiques to our
maintenance men,

fnstruction in ccrscr.otior technicues showld
ke incluced In tne training of new employezs, but If
experienced men are use? to train the newcomersy, r$
is often the case, be sure the erperienced ovnes 3: .
not ¢olng to hand down a pre-imbargo approacn to
monufacturing,

In sum=ary, l've tried to preseat 3 “punch-lisgs"
cof technigues &nd tesls to Increaze the effective-
ness of ycur encrcy conservaticn proora=s, Ceonsizer
organizing for enercy ccaserveticn, Ani try to Find
cne persan in your orcanizétion wmo SNUWS an intare
est In conservaticn end formaliz= that interes: into
tre fosition of conservezicn coargindior. lany
retFa2s are evailatle tnat wiil rell your entire or~
canizazicn Into tne eficrt - newsletters, hancsuts,
gosters., Ffemarver to listan te vour emplovees to3,
threuen sussesticn presrans and forums.  And recrain

cur peonle to Zppreziate the imnast thati enercy is
havin; cn the cost of coing businests,

The nix of rethods vou use will of course, vary
with tre type and size of the acdienze &nd the re-
sourzes cvailetie, but | hooe vour have discovere?
one ¢~ tad teznniguas thet micnt te worth a try.
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Why You Should Consider CTL

When you need solutions to problems concerning structures, construction
processes, or materials, consider the specialized consuiting and engineering
resources of Construction Technology Laboratories, Inc.

As one of the largest technological centers in the world
devoled to the scientilic study ¢f conslitiction malerials
and applications, CTL is fully qualilied to solve your con-
struction, engineering, or manufacturing problems. constivction KI4 2

Our laboratories are equipped with state-of-the-art facil- Tr[l techaolog? B8
ities for struclural testing, fire testing, and materials analy- @ h} salollz
sis. We even provide highly specialized testing services labe
for products as diverse as railcar bolsters and soft 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 CTL client you receive the benelit of our more than 70 years of experlise,
lechnology, and data in research and engineering. Invesligations are handled ‘n
our Skokie laboratories or in the field at your jobsite. Our prolessional staff includes
structural, civil, mechanical, and chemical engineers, geologists, chemists, and
quality-assurance specialists. Our specialized consulting services also include
expert witness lestimony.

Many of our growing number of clients can be found in the Fortune 500 lis! 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 lrsthand look at our facilities and slaff, we invile you 1o visit us the next
time you are in the Chicago area. We are only a short distance from O'Hare Airport.

Walter E. Kunze, Pre

dent
Construction Technol nlorlos. inc.
(312) 965-7500

prasident

CTL officers (left lo right): Anthony E. Fiorato, vice
presidont, Materials Technology: W. Gene Corley,
vica prosident, Enginearing and Planning; W. E.
Kunze, president; J. VWur th Slade, vice president,
Administrative Services.

©198¢ Construction Technology Laboratorios, inc,

Walter E. Kunze,



M Sthructural Testing and Analysis

Structural engineers, architects, builders, owners, and contractors—
you can prove 2 yourselt what others in your lield already know. When
you need help finding answers lo questions concerning small and
targe structural members or coinponents, Construction Technology
Laboralories is your most reliable source.

Most experimental investigations are conducted in the structural
laboratory. A 56x121-1t test area pennits both large- and smali-scale
specimens to bo tested in a temperature- and humidity-controlted
environment. Specimens may be loaded in many ways to simulate the
elfects of gravity, wind, earthquake, or other
torces. Static and dynamic tests are conducted
on both smalt and large structural members or
components. Loading may be controlled man-
vally or with programed closed-loop test
systems.

State-of-the-art electronic equipment meas-
ures and records strains, deformations, and
loads. On-line compulers provide instant data
reduction.

The structural laboratory houses MAX-~the
world's fargest Multi-AXiattest facility. MAX has
the capability of resisting loads up 10 50 million
Ibs and can accoinmodale struclural elements
or components forerly considered too large to
test at fult scale.

The laboratory also includes a facility to test large-diameter
concrete pressure nipes al hydrostalic 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 10 test prestressing tendons,

Huney G, Russell,
execytive director,
Structurat Engineer-
ing Ceparument (lalt
1o tghty, Ralph G.
Cesterlo, manager,
Steuctural Anatylical
Section, and Donald
M Schultz, managel
Structural Develop-
mient Setion.

Herm Baneon prneep atengmeet,
Lo campator pranrams (o
i . ez oo stryclunes.,

CTLs pipa-tosting [acility can test a 96-m -dianncter pipe at
pressares ap 1o 700 psi

mandd e o e




I Structural Testing and Analysis (continued)

steel reinfircing bars, mechanical bar slices and anchorages, and any
other largs mechanicat part that requires tensile or compressive load-
ing. Sma'i testing machines are also available for lesting fiber-reinforced
products or other building components.

You can now have Conslruction Technology Laboratories’ experlise in
structural tesling and instrurentation on your job in the field. Electronic
syslems using automated data-acqursiion systems can measure
strains, delormations, ard temperatures in steel and concrete struc-
tures over long periods of time. These unique systems are ulilized lo
venily design assumptions, construction stresses, and overall struclural
performance.

Specialized struclural analytical design services are also available.
These services can be used to

* develop analytical models of reinforced or prestressed concrete

¢ predict elastic and inelastic response of structures lo seismic or

other dynamic loads

¢ predict response to thermal loads

¢ analyze behavior of unusual struclures using finite element pro-

grams

¢ perform third-party review ol design requirements or field and labo-

ralory testing programs

e review new designs for cost eflectiveness

Construction Technology Laboratories’ structurat engineers combine
field- and laboralory-testing experience with analytical ability 1o solve
your engineering problems. Their expertise in instrumentation, com-
puters, structural modeling, and tesling techniques offers unparalleled
qualifications in the areas of struclural lesting.

For more information, contact Dr. Henry G. Russell, executive director,
Structural Engineering Department.

Bilt Humnaerich,
dr, chief instru-
§ mentation techn
[ <ian. installs
slrain gages on
biidge pier rain-
[ forcement to
monitor struc-
tural behavior,

Bruco Morgan, principal engi-

Analysis ot deformations in

deep-space antenna struclurn neer, uses a dynamic analyzer
was conducted by CTL to determing behavior of
ongineers structures,
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Structural Evaluation,
Repair, Rehabilitation

Registered structural and professional engineers specialize in solving
problems in struclures caused by delects, deterioration, and accidents.
You deal directly with project engineers experienced in design, con-
struction, evalualion, and rehabilitation e
Often responding on short nolice, specialized engineering staff lake ST Sinee 1982, structural s
advanlage of CTUs unique spectrum of integrated services: SOl T e staltave boo.
e visual inspection and condilion surveys . . AT '..i“‘_".',’:'."":!,"""';"'J'"',':"l"r:";
. nonde;lruchve flaw deteclion and materials quality evaluation ring rediabilitatio
¢ coroston surveys RN major petrochamical |
» delailed review of documents and building codes B in tha Middle
¢ advanced structural analysis :
« full-scale load tests CIL has esuated
e laboratory tests of construclion materials ' enginecrad struc.

X i g ' ) . X tures on eight inajor
Data is analyzed in-house by project engineers i consultation with Mass 1ansit sys.

other staff experls in relevant disciplines. Resulls are reviewed by . e theeanghiout the
senior staff, and products of the evaluation may include conmtry Suce essful
* concise engineenng reports that can withstand the highest degree : prqentsintlode
of scrutiny ety G0 mbunineg

« rational repair procedures for restoration of struclural integrity and ) ”"','l"".f;‘ ',A',"f""'l"{'.’l'l'
durabilly ‘ :v:uj ':lul':-z’-l':,nn‘.f,";

e experience-temp sred repair strategies supported by cost estimales wansit e sliug.

¢ repair bid documents including technical specifications and wiras wed 15 pas-
drawings LONaL Caons

s expert witness testimony

When you seek engineering solutions lor structures impaired by
defects, deterioration, and accidents, calt on Construction Technology
Laboratories’ specialzed engineening expertise. For further information, ‘
contact Hans C. Kosel, manager, or Adrian T Ciolko, assistant manager, ST
Structurat 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, CTUs Fire/Thermal Technology
Seclior can provide the answers. Qur experienced engineers and tech-
nical support stalf can evaluate fire-damaged struclures, build and fire-
test specimens, analyze heal transfer in materials and building compo-
nents, and design special lest programs to aid in product development.
Our sophisticated computer modeling programs provide state-of-lhe-art
solutions to complex thermal problems.

The Fire/Thermal Technology laboratory testing facifities include

o three test furnaces for testing nearly any full-sized specimen

¢ a calibrated hot box for measuring heat flow through wall spece-

mens up lo 8% feet square

e a guarded hot plate for determining thermal resistance for tempera-

tures ranging from -255°F to 1150°F

o various environmental chambers for conditioning specimens at tem-

peralures as low as -300°F and as high as 2500°F

CTL taboratory facilities are recognized
by the Council of American Building Offi-
cials (CABO). This assures that your test
resulls will be ~ccepted by all major
building codes. Insurance agencies, fire
departments, and the Nuclear Fegulatory
Commission also accept CTL test
results.

The Fire/Thenmal Technology Section
has provided testing, specialized con-
sulting, and engineering analysis ser-
vices to utiities, manufacturers, bullding
owners, insurance companics, architects,
engineers, contraclors, and many gov-
erment agencies.

All clients benefit from CTUs service-onented policies thal include

e prompt scheduling of work

« same-day formatted test-data printout for many tests

o excellent turnaround time for final reports

The lollowing detailed information sheets that describe CTUs Fire/
Thermal Technology Section qualifications are avalable:

» Firg Testing and Evaluation ol Building Components

« Firo Testing and Rating of Penetration Seal Syslems

e Fire Technology Laboralory Furnace information

« Evaluation of Structures Exposed to High Temperaltures

o Evaluation Services in Heat Transler and Thermal Technology

For turther information, conlact Aonald G. Burg, manager, Firs/
Thermal Technology Section.

Plon Burg. ninget,
Fire/ Thorou! Technol-
ogy Section, qathers
finded bt o hsezand
014G winsto clarngy
bunldineg
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E Comprehensive Services in
Transportation Development

I you are involved in the design, construction. or maintenance of con-
crete pavements, industrial floors, railway track systems, rolling stock,
automotive components, or product packaging, CTLs Transportation
Development Section can offer you a wide variety of engineering
Services.
Transportation Development services include
e Jaboralory and fi2id tests to evaluate the effect of design factors on
highway and airheld pavements
e roadway and airfield pavement design, specili-
cation preparation and review and conslruction
quality control
e lroubleshooting of problems, design, and con-
struction supervision of concrete floors (slab on
grade) systems
» design, testing, and evaluation of rasltoad track,
crossties, slab-track systems, rails, and ballast
e Association of American Railroads approved
bolster- and side-frame tests
> dynamic testing of raidcar, truck, and automotive

componunls Section (el toubloshoahng
e fatigue 2valuation of new materials and Aty e GO et i sate
products

e vibralion, shock, and compression lesting of produclts and
packaging systems

In the: area of pavements and floor slabs, our transportation engineers
specialize in pavement testing and evaluation, pavement management
systems, evatuation of pavermnent matenals, foundation analysis and
design, and soil stabilization sludies

In raitway and aulomotive work, we olfer slructural analysis and lest-
ing of wack systerns, track components, and reling stock components;
testing and evatuation of truck, semi-tractor-tfrailer. and automotive
components

We can also test and evaluate products and packaging lor their
ability to wathstand *he tigors of shipping and bandhng. We can perform

Shitaz 1) Tayabyp manager,
Transportition Devetoppet
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prestupment testing of packaged products and assist in developing

ethe

ient packaging to meet spectfic needs

Laboratory and field testing facilities are equipped to handie static

CHL develeped and implomente
alield toetingprearamforthe Lot
folined Hanteend o ecatuite porfr,
neinee ol it cone et slaly tiack

loads, dynarmic and repetitive loads, and soll investigations. Dynamic
testing can also determine performance of components such as cross-
ligs, pavernent jonts, and paverment slabs. Equipment used in these
tests is also used to test ruck bolsters and railcar bulkheads, shipping
rantamers, and semi-tiactor traller components

Our dynamigc-load faciity can accornmodate almost any type of test.
tincludes a large 17x42-1t testing bed and a 500,000 Ib-capacity load
frame. Ten dynamic-load rams, ranging in capacity lom 15,000 1o
220.000 b, can be used independently or grouped together as needed.
Almost any type, frequency, and magnitude of load can be apphied.

Specimen behavior is monitored by sen  °s dunng laboratory and
field tests. Measurements are primanly recorded on a specially de-
signed, B64-channel computer-based, high-speed dala-acquisition sys-
temm. Datla are immedately reduced, analyzed, and presented in tabular
or graphic form

During field testing, the data acquisition systern and other necessary
support equipment are housed in a seif-comtained instrumentalion van
that also servaes as a mobile test laboratory and eleclronics shop.

CTL investigations have contnbuted to sulving a wide range ol trans-
porlation-reiated problems for government and industry clients. For
further infarmation, conlact Shiraz D. Tayabji, manager, Transportation
Development Section.
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I Construction Materials—
Design, Testing, Evaiuation

CTL's Concrete Mateiials/Technical Services Department has the exper-
tise and lacilities to solve your problems with concrete and concrete-
related construction malerials.

Our professional staff of engineers, chemists, petrographers, geol-
ogists, and technicians is available to conduct lield investigations,
evaluale concrete materials and admixtures, perfoirn petrographic
examinations, prepare concrete mix designs, and provide chemical
analysis of cement, concrete, and olher related malerials.

We can test any material that is used in concrete mixes, including
cement, aggregales, and chemical and minieral admixtures. We can
recommend concrete mix designs with special properties, such as very
high strength and resistance 1o freezing and thawing.

In addition to its testing services, the Concrete Materials/Technical
Services Department can

e develop products with special properties

 evaluate concrele in existing structures

« evaluate protective coalings

e recommend remedial rneasures lo improve performance

e provide inspection services

We can perform detailed analyses ol concrele by chemical and
microscopical techniques to determine cement, air, aggregate, and
admixture contents and water-cement ratio.

CTL's research in brick, concrete masonry, plaster, stucco, and lile
grouls provides practical benefits to industrial, commercial, and resi-
dential clienls. We deal with questions related to bond slrength,
resistance to water penelration, durability, and the effects of different
mortars, admixtures,and construclion practices.

Slalf engineers conduct field inspections and evaluations of masonry-
related problems. They also perform materials studies and onsite evalu-
ation ol historic buildings and recommend procedures for restoralion.

Test facilities include freeze-thaw, cement, mortar, concrele, and
physical testing faboralories and compression-testing machinery capa-
ble of one-miltion-pound loads. Petrographers work with state-of-the-art
equipment such as a scanning electronic microscope and X-ray diffrac-
tion unils. They resolve problems in concrele such as scaling, cracking,
alkali-aggregate reactivily, and sullate and chemical allack.

Other client services provided by staff professionals include evaluat-
ing architectural concrete problems, crealing special architectural fin-
ishes, and consulling on such problems as cracking, blistering, fire
damage, and chemical altack. They can also provide expe:t wilness
testimony.

For further information, contact David C. Stark, manager, Concroete
Malerials Section, or Agostino Alonzo, manager, Technical Services
Section.
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Creative Expertise Provides New
Processes, Developments, Services

Developing new products and processes and providing effeclive
support to marketing product impravements and innovations are major
thrusts of the work conducted by Construction Technology
Laboratories.

CTUs widely recognized stalf ol engincers, chemists, and scientists
employs state-of-the-art apparalus and a pilot plant facitity for
comprehensive studies to provide a worldwide clientele with innovative
approaches.

Process-development work has given a wide variely ol companies

e increased capacity and » ~oroved products

e increased efficiency and energy savings

o improved process control and simulation using computer modeling

s innovalive approaches to mothcdolngy

New devilopinents explore the uses of cement, concrete, and other
malerials in the construction and process industries. Work also involves
poterntial uses of industrial waste, new applications for existing
materials, and hazardous materials solidification programs.

Analysis and lesting is performed lo determnine

« physical performance of materials

e chemical properties of cements and nonmelallics

« parliclo size distribution in powders

« rheological properties of liquids, slurries, and pastes
Scanning electron and light microscopy of cemenls, clinkers, concrele,
and other nonmaetallic materials and X-tay dilfraction, luorescence, and
chromatogiaphy are utilized in the analysis process.

Problem solving services cover
cements, cement products,
concrete products, productlion
difficulties, and ranufacturing in
nonmelallics fields.

in addition, CTL provides
forensic expertise, standard
reference malerials and pure
compounds, consultation, and
expert testimony.

For mare information on these
services, contact Stewart W.
Tresouthick, director, Chemical/
Physical Research Departinent.
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. . Fig. 1. Data colleetion provides information on the need for

Vi twas) ting capacitors. After capacitors are Installed, data should be taken W see
: if they are operating correctly (as shown at left), providing the

necessary kVAR, and not contributing to serious harmonic problems.

Photo courtesy of Capacitor Products Dept., General Electric Co.

Low power factor can be a plague to any industrial or
commercial business in the form of excessive utility
charges. Some power companies adopt rate structures
penalizing i enstomer for low power factor while providing
a bonus for high power factor, Low power factor results in
higher peak KW requirements, thus affecting cquipment
atilization. A greater pereentage of equipment kVA ratings
is needed to supply magnetizing currents. The material that
follows lays the groundwork for remedial action in the form
of power capacitors,

Data Collection

Plant pf can be measured with portable metering instru-
ments (see Fiy. 1), Chart recorders tracing the load cycles
over a 24 hour period for one week are recommended. The
two wattmeter method may be applied to loads with stable
demand, Utility metered kW and kVAR data will suffice for
the service entrance. Rtate schedules are available from the
atility and should be studied for choosing an ceonomical
solution. Figure 2 is a typical utility rate structure showing
how an electrieal system's pfmay affeet a client’s utility bill.
Data eollection should include harmonic voltage levels,
which ean e measured with frequency speetrum analyzers.

Causos Of Low Powaer Factor

Partially loaded induction motors create the largest
reactive power demand on the system sources. A conser-
vative motor size is usually selected in anticipation of the
maximum accelerating and torque characteristics of the me-
chanical load. The variation of moter power factor (pf) with
changes in shaft load is represented graphically in Fig. 3.

The phasor diagram in Fig. 4 illustrates the cffect of
adding capacitive kVARs to a load having a lagyzing pf. The
tw: main reasons for installing capacitors are power capaci-
ty release and reduction of utility charges. An analytical tool
for calculating the kVA, kVAR and pf variables is the power

By Joseph W. Fay, P E.,
Syska & Hennessy, Consulting Enginuers
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Applying Capacitors To
Improve Operations |

Importance of evaluating, planning and
aconomics is discussed

triangle, shown in Fig, 5. Trigonometric formulas will com-
plete the triangle with knowledge of any two parameters.

Capacitors On Motor Feedors

The optimum location for power-factor correction ca-
pacitors is at the terminals of an induction motor. This ar-
rangement, illustrated in the single-line diagram of Fig. 6°
(capacitors C4 and C8), insure proper matching in time and
magnitude of capacitive kVARSs to the inductive kVARs of
the motor for the desired power factur. Common circuit pro-
tection and switching can be utilized to serve the combina-
tion of motor and capacitor. fn some instances, the feeder
cable size ean be reduced as a result of the decreased line
eurrent.

Motor Starting Effects

When switehed into & power system, the capacitor bank
will draw a high-frequency inrush eurrent, charging in one
cycle or less. For an isolated capacitor, the inrush current
and frequency can be cateulated from the equations:

li=(V?2) [(%/%’(Av% amps

La={l)|1+ S——————-‘"’gg‘kl{kw\] amps

fr-f; Short Ckt. kVA Hz
CkVAR

Where:
I, =steady state peak current (crest value)
1,y =peak inrush current
fr=transient frequency
fy=steady state frequency
CkVAR = capacitor kVAR
V. =line voltage in kV

To prevent nuisance tripping of the circuit breaker
because of the short-time, high-peak inrush, harmonic
restraint devices may be applied to the protective relay for

Sl
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the circuit breaker to ride through the inrush period. For ex-
ample, assume the short cireuit capability at the Jocation of
C4in Fig. 6is 75 MVA. Then the calculated peak inrush cur-
rent i3 898 A with a transient frequency of 1039 Hz. The
derivation follows:

LV | CXVAR | |y 41)| 250 1.q9 A
( )[(ﬂ)(v.) (4h {1.73)(4.16)

La(l) hfgw.ug) 1+|7_5M -898 A
CkVAR 250

l"-(f.) \lShort Ckt. kVA - (60) \l75,000 =1039 Hz
CkVAR 250

Moutor starting effects with capacitors applied usually
do not improve the voltage more than 5%. The nameplate
kVAR rating of the capacitor bank can be used for
calculating the voltage drop during starting conditions. Ap-
plying the percent voltage drop method (not describied in
this article because of space limitations) to the 1090 hp load
of Fig. 6, the percent voltage drop is 6.5% without capacitor
C4, and 6.2% with the capacitor added. For the 480 V,
200 hp motor, the drop is 6.1%, improved to 5,.9% with
capacitor CG. Therefore, with shunt capacitors on the cir-
cuit, the voltage improvement is a small 3% to §%.

Steady-State Voltage Operation

One of the myths in power capacitor applications is the
belief that system voltage problems will disappear with a
dramatic voltage rise. In reality, capacitors are not pur-
chased to remedy low voltage. With the exception of
overhead distribution systems and associated high reac-
tance, the voltage improvement will usually be small, pro-
ducing a rise of between 2% and 5%.

When the system resistance/reactance (l/X) ratio is less
than 1, an approximate formula for the voltage rise can be
applied:

WV rise « (CKYARNK)
10 > (kV)?

Where:

CkV AR« capacitor nameplate rating in kilovars,

and X =system reactance in ohms from the source to the
capacitor location and incorporates the reactance
of all clectrical system components, e.g., trans-
formers, buses and other conductors. The system

v reactance must be caleulated on the basis of one
standard voltage level for the entire electrieal
system.

For example, the voltage rise at the 480 V bus in Fig. 6
can be calculated for a pf correction from .75 to 92 using

Domand Charge: Per kilowat! of maximum demand, $5.00
Energy Charge: All kilowalt-hours, per kWh, $0.07

Power Factor Adjustment (power tactor to be compulead at
the wme of peak kilowatt demand.)

Penalty: A penalty, based on the number of percentage
poinls beiow 85% of an instaltation’s powor taclor, will be
charged. based upon: (85 minus aclual pl)ipeak kWj{ae-
mand charge)

Bonus: A bonus {rebate) based on the number of
parcentage poinis an instuliation’s power laclor is above
85%, will bo deducted from the uhibty bill and witl be based
upon: (actual p! minus .85) (peak kW){demand charge)

Fig. 2. A typical utility rate structure. Not only do different
utilities have different rates, a number of utilities have different
rates for different areas they serve. A rate structure must be
evaluated carcfully to carry cut an economic analysis.

July/August 1982

100
Power Factor /\
kW

Wilh Capacitors
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KVA //
16 1

[ Motor Power Factor ~
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KVA

N/
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Motor Load

Fig. 3. Typical charncteristics of a 16 hp induction motor.
Changes in load affect all the parameters.

340 CkVAR of capacitors. In the one-line diagram shown in
Fig. 6, the system reactance is based upon the 480 V level
and has been calculated to be 0.0145 ohms.

BV risen ___(BW0(O15) o
oV rise = o (480 x 105 - 2%

Alternatively, the percent method of voltage drop
calculation can be used as another method (based on the dif-
ference of voltage drops) for finding the percent voltage rise
because of eapucitors being added to the system. This
method can be used as a check to the above formula.

%V drop=100(1--2+.
2,
where Z, =impedance of the load, including capacitors,
and Z,~total system impedance, including Z,

%V drop (w/o cep)=4.11% drop
%\ drop (w/ cap)=1.97% drop
2.14% voltage rise

The actual kilovars generated by a capacitor installation
will vary with the applied voltage as follows:

2
actual CKVAR = rated CKVAR x | operating voltage
rated voltage

NEMA standards require capacitors to carry 135% of
rated kilovars including the fundamental and harmonic com-
ponents.

Sizing Capacltor For Connection At Motor

The CkV AR rating of eapacitor banks should be careful-
ly selected sv as to produce maximum power factor correc-
tion, while minimizing the possibility of transient overvolt-
ages. This is accomplished by choosing a nameplate CkVAR
vitlue that is slightly below the motor no-load magnetizing
requirements, available from the manufacturer or by test,
The tabulated data in Fig. 4, from the article on motors,
page 22, can be used as a guide line for this selection.

Transient overvoltages may result if excessive correc-
tive kilovars are connected to the motor terminals. Upon
opening the circuit breaker the load inertia will maintain
rotation while the stored energy in the capacitor discharges

9
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to provide field magnetization. This results in induction
generator aetion. With the conservative values of Fig. 4,
(pg 22) selected for capacitor sizing, and normal decelera-
tion of the load, this problem is eliminated. Article 460-7a of
the NEC governs the maximurn size allowable for the shunt
capacitor.

Circuit Protection

Common circuit protective devices can be utilized if
some adjustments are made. The overload relay will be
desensitized because of the reduced line current with the
capacitors connected. Therefore, a new setting is required,
responsive to that component of the line current which is
due to motor loading. Article 460-9 of the NEC references
overcurrent protection.

When steady-state harmonic currents exist, the extent
to which they add to the circuit loadings depends on the
magnitude and frequency of the systemn harmonic voltages.
If o third harmonic current flows, the resulting total rms
current is:

‘/‘(r.)frms + (]—,jrﬁm

where (I)? rms i for 60 Hz and (15)Trms is for 180 Hz. Ad-
justment of the lung time trip element nay be necessary to
prevent the new full load current from exceeding equipment
shermal ratings.

Transient Tarque

This condition results from the closing of a cireuit
breaker into a eapacitor-corrected motor cireuit having a
residual voltage. It is similar to the paralleling of syn-
chronous generators with out-of-phase voltages. Therefore,
reeloging and motor jogging applications are not recom:
menrled. Reduced-voltage starting equipment may produce
transient torques when transfer is made to the full voltage
tap. Sufficient time should be allowed for the stored energy
of the capacitor to discharge prior to reconneeting to the
system. Sclection of capacitor sizes from the table in Fig. 4,
(prr 22), will deerease the chance of having transient
torques resulting from overcorrection and excessive capaci-
tive hilovars.

Clrcuit Losses

Electrical cquipment losses are reduced with capacitors
by the change in the square of the line current. By itself, this
Joss savings is seldom sufficient to justify the purchase of
capacitors, However, the savings in losses serves as an add-
od benefit, The kW loss component of total power will re-
main virtually unchanged, but the kVA is reduced and the
assaciated 1R loss will also be reduced. This results in the
shaving of peak kW demand and lower kWh energry costs.

The kW losses in a typical plant vary from 2% to 6% of
the load kWh, depending on the load factor and vperating
officiency. As a measure of the reactive line losses, the per-
cent of total losses beeause of reactive power flow equals

Ic
Capaclgf ~~—~—--
Currant Corrected 0
I >
3L 0~
Onglnat @™ ~. *\ f:;l:clod
-~ 1) Current
Original ~~ | E
Load s ™ Capacitor
Current Reactive
Current

Fig. 4. A phasor dingram. The power factor, which equals cosine
@, is improved when the reactive load is decreased.
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Corrected
kVAR
Original Otlginal
° Clreult
kVAR of kVAR
Power Factor = cos @ 2;5:3"0"

Fig. 5. A power triangle. Using sume of the known parameters,
trigonometric calculations will reveal missing data.

gin’0 where 8 is the power factor angle. For example, if the
power factor is .75, 9=41.4 degrees, sin?0=.44 and 44% of
the total losses are reactive,
The kW percent loss reduction from an improved power
factor can be caleutated: ;
%kW loss reduction =(100)[1- _p_l'_o_rgmgl_)
pl corrected

The monthly kWh saving is computed by the following
equation:
kWh saving ={(peal kW loss)(% loss reduction)-capacitor

foss](720)(luad factor)($/kWh)
Where:

!
kWh per month

Load factor=
rad factor (peak -kW)(720 hr per month)

Sometimes ~verlovked 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 paper film capacitors. This should be
considered in all energyleconomic studies.

Using the one-line dingram shown in Fig. 6 and the
typical rate structure in Fig. 2, an exumple of circuit lpsses,
energy savings after pf improvement and resulting cost
benefits follows:

Given:

1000 ft 1-3/C No. 2/0 cable, where R=0.107 chms per
phase

1000 kVA load @ .75 power factor

340 CkVAR capacitors

corrected power factor =92

monthly lond factor=.5

Computation:

capacitor losses =(340 kVAR)(0.5 WIkVAR)
=170 W=0,17 kW

2
PRI sses o] LU0OKVA_ 17 (3 1hages)(.107 ohms/phase
osses =l 1o ky)| P g phase)

=(149)7(0.321) =6202 W =56.202 kW
3
% kW loss reduction = (100)|1- (%g) ~(100)(1-.665)

=(100)(.335) = 33.5%

Savings per month:
kW demand ={(I*R loss in kW)(% kW loss reduction)
-capacitor loss| (demand charge)
=[(6.202)(.335)-.17)(35/k W) = $9.54

Energy Savings =[(peak kW loss)(% loss reduction)
-capacitor loss] (720 hr/mo)(load factor)($/k Wh)
«[(6.202)(.335)-.17)(720)(0.5)(0.07) = $48.07

Total savings per month=$9.54 + $48.07=$57.61
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‘l.old Centor Capacitors

The purpose of locating capacitors at the scrvice en-
trance and power distribution centers is for the addition of
kilovars that are necessary to correct the system to the
desired pl, recognizing that, at times, not all pf improve-
ment is carried out by capacitors at motor circuits. This type
of installation can be justified when a large number of
motors are supplied, inhibiting the purchase of individual ca-
pacitors on each feeder. Or, simply, when the economic
study reveals this arrangement as a preferred alternative.
Outdoor rack mounted, indoor metal clad, or vault located
capacitors are available for this application.

Capacitor Reloase

The kVA loading of electrical apparatus is represented
in Fig. 5 as the vector sum of the kW and kVAR power re-
quirements. By reducing the reactive power demand on the
source, the length of the kVA vector becomes smaller.
Therefore, additional kW of load can be added without ex-
ceeding the original kVA demand. In other words, new
Inads can be installed utilizing the existing equipment
capacity. Shunt-connected capacitors reduce the reactive
power demand and can be used to relieve overloaded
transformers, cables or other equipment.

‘The capacitor kKVAR required to accominodate a new
toad and increasing the pf to .92 without exceeding the cir-
cuit capability can be computed as follows:

CKVAR = VRVA- kW) - VIKVADE W)

Where subseript 2 indicates the total new circuit kW and
kVA, and subscript 1 indicates the circuit capability.

To Utinty Supply

va Ly, 5000 kVA kWIKVAR

e 2 -:'J"'- Utility Metaring

Demand = —"_,}—7’3 s e
5000 kVA 2
t=.75 : e

p -|_ 4
2
4.18 kv Bus To Bus
Tie Bkr.
'lor ,T\ !
Other
'
Loads 3
1000 11
1.)c #2/0

A ok 1000 kva

Y 2 a8y,
fY Originat

< Demand =
1000 kVA
kVAH= C1 = €2 = C3 pl=.75
V{750 kW)
/ 480V Bus [,
I : T I To Dus
Tie Bkr.
¢) D--f.--—— To New
] J (o] Load of
0ot v T 300 kVAR 180 kVA
1dc 1330 —w N ToBe pl=02
ce Timo Added to
0 Control Handle
KVAR o Module  Now Load
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For example, if 180 kVA of new load is expected at the
480 V bus in Fig. 6, prevention of overload equipment re-
quires:

CkVAR = VTTTED-(OI5) - VTTOU0P-(U15)* =298

Where 1153 equals the existing kVA of 973 plus the new
load of 180 kVA. ‘The 1000 kV A equals the circuit capability
and the 915 kW equals 750 kW plus the new load of 180 kVA
at .92 pf which equals 750 kW + (180)(.92) kW =750 + 165
=915 kW,

Since 298 kVAR does net correspond to a standard
capacitor rating, choose one 300 kVAR bank. As there
already is one 40 kVAR capacitor on this circuit, the total
amount of eapacitor rating equals 340 kVAR.

For another way to determine the capacitor kVAR
rating for improvement of the circuit power factor, refer to
Fiyz, 7. The circuit kW is multiplied by the appropriate factor
read from the table. For example, to correct from 75% to
92% with 760 kW of load, find 453, then (750)(.453)
=340 kVAR.

Automatic Switching

Capacitors are available in single and multi-step banks,
Consideration should be given for connecting them to
automatie controllers governed by parameters of time,
voltage, or kilovars (see Fig. 8). The choice of control
deperds on the cyclical nature of the load. In Fig. 6,
capacitors C1, C2, C3 and C5 are connected to control
modules. Time-switched capacitors may be fitted to the base
load kVAR, When this is done, the kVAR contro! module
automatically matches capacitor londing to the varying in-
ductive loads, The capacitor banks can be purchased com-
plete with the controller, fuses, load break switch, potential
and current transformers,

The design tool used for selectiva of automatic switch-
ing is the lond kVAR profile, an exaniple of which is shown
in Fig. 9. The profile is developed from the time-charted
data of kVAR fiow and adjusted for motor capacitors added.

A greater degree of flexibility is achieved using steps of
kVAR switched into the system. The point of diminishing
return is reached when the cost of an additional step to the
capacitor bank outweighs the advantage of correcting to the
desired power factor for a given load.

For plant load cycles that result in a fairly constant
profile of kVAR versus time, fewer increments of kVAR
switched would he sufficient to correct the power factor at
peak load and some value at partinl peak. The size and
number of steps are tailored Lo the kVAR profile so that
each plateau corrects the power factor to a value no greater
than the desired level while attempting to minimize the
number of steps and the difference between desired and ac-
tual power factor,

Economic Study

An expenditure for power factor improvement will pro-
dure future income from the savings in energy, peak kW,
and power factor penalty charges. An economic study will
pravide the payback period for a given investment, or deter-
mine the permissible purchase cost for a given payback.
period. In the example below, a dollar value for the installed
cost of capacitors is caleulated assuming a three-year
payback period, annual utility rate increases of 12% and a
stipulated rate of return of 15%. Taxation benefits are not
considered making this study a conservative one. For this
example, please refer to the single-line diagram of Fig. 6,

¥ig. 6. A onedine diagram of a hypothetical electrical system.
The data given is uséd i a number of examples presented in the
article. L
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the utility rate structure of Fig. 2, and’the cash flow
diagram in Fig. 10, e

Given:

peak kW =3750
power factor ».76
load factor =.5

kW circuit losses =27

Proposed:

power factor = .92
capacitor kKVAR= 1715
capacitor losses= (1716 kVAR)(0.5 W/kVAR)

Monthly Savings with Capacitors:
B Determination of percent loss reduction (JoLR)
/ 2 Y
GLR = (100) [1-( 24PLN | ooy [1-[10) | w93.5%
new pf 92

B Reduction In Demand Charge (RDC)

RDC = [(kW loss)(%sLR)-capacitor lossKdemand charge)
RDC =[(27)(.335)-.858)(85/k W) = $41

W Power Fuactor Penalty Elimination (PFPE). This repre-
sents the elimination of low pf penalty charges by increasing

the pf from the originai low value to a value up to or ex-
ceeding the utility break-even value of .85 pf and is based on

=857.5 W
- 858 kW

a 1% decrease in demand charge for each pf percentage im-
provement up to .85 pf.

PFPE «(.85-original pf value! ‘peak kW)(demand charge)

PFPE =(.85-.70)(3750)(3$5/k W ~$1875
B Power Factor Improvement Bonuses (PFIB). This is the
utility's incentive for a customer to further enhance his pf
improvement beyond the 85 pf break-even point and is
based upon a bonus of 19 of the demand charge for each pf
pereentage improvement beyond the utility .85 pf break-
even point, Because the peak kW will deerease with pf im-
provement, this change must be taken into account, The
reduction in peak kW demand equals (kW losses)(% loss
reduction) less capacitor loss = (27)(.3356)-.858 < 8 kW

PFIB s{(improved pf value-.85)(original peak kW
=reduction in kW demand)|(demand charge)

PFIB =(.92-.85)(3750-8)($5/k W) « $1309
Ist year monthly savings=$41 + $206 + $1875 + $1309

) . . = $3431
B Reduction In Energy Charge 2nd year monthly savings »$3431 x 12% rate increase
REC = [(kW loss)(ToLR)-capacitor loss)(720 hr/tno) = $3843
(load factor)(rate) 3rd year monthly savings = $3843 x 12% rate increase
REC =[(27)(.335)-.858)(720)(.5)($.07/kWh) = $206 = $4304

DESIRED POWER FACTOR IN PERCENT

ORIGINAL POWER FACTOR !N PERCENT
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Economic Study

A cash low diagram, prepared for the caicatation of the
present value of future savinges, or for the am ant which ean
be invested meapacitors, soahown i By 1L The present
worth factors for the series of positive e flow are 110K,
20062 and 28 80, for the Girst, second and third series.

The present value of this future savings equals (11.08)
(B3I o (2062-T108)EISE8) + (2885 20.62)(31304)
<3110, 100

A lesser expenditure will produce o smaller payhack
period, or apreater rate of return for the siune period. A
lower stipubated rate of return will allow for @ reater initial
iestment for the same paybick period. Foraclonger pay-
back, a preater investiment can be tolerated, with aconstamt
rate of return.

Harmonics And Resonance

A system study of harmonie effeets and resonance will

Clrcuit
kVAHS Load RVAR Prolite Without
Capacilors
1500 -
—— kVAR Loading
WWith Capacitors
1000 -

l \ Each Step =

29) 375 kAR
| L
0600 1200 1800
Time of Day

.

Fur 9 Lol RVAR profite with power factor correction using i
multy step capaeitor bank In the above plot, a peak demand of
2500 R s corrected ta 92 from 75 pf.

Effect OF Utility
RAatn Increases
7 Greater Revenue

Fulyte Savings in
Ennrgy, Paak kW Ang
PE fenalities \

e L II ”“"J‘J]—” ............. f.suoa

[1 2 121314 242526 38 Months

[

inatatled Cost
Ot Capacitors
$110.100

iy 100 Cash flow diagram show ing the present value of future
savings that can be mvested in capacitors to improve the power
factor to .92 in the circuit shown in Fig. 6.
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w Fig. 8 An automatie

power factor control
unit, The far feft

) photo shuws the
cabinet and the
adjacent photo looks
inta the interior where
the capacitors, oil
switches and current
limiting reactors are
shown. Photos courtesy
of H.K. Porter Cu., Inc.

protect against misapplivation of capucitors. Some sources
of harmonie voltages include transformers, static switching
power supplies (UPS systems, variable speed drives) and
penerators. A measurement of harmonic voltages can be ob-
tamied with o frequency speetrusn analyzer,

Capacitors do not generate harmonies; however, they
act as o reactance which varies with frequency by
X=[1E2afO)3) where jis a phiasor operator. Higher order
harmonics produce proportionally greater currents in the
caparcitor because of the lower impedanee.

Capacitors are rated to carry 1357 of the nameplate
KVAR to include the effect of harmonies and operating
voltage. The pereentare of nameplate kVARs actually
drawn by the capacitor bank can be caleulated as follows:

KVARS =(Vy)2 ¢ (V)T v Vo)
where V), Vy, and V, are the fuml.ununl.ll third and fifth
harmonic voltages expressed as a fraction of the rated
voltage,
The total rms current is equal to the square root of the
sum of the squares of the harmonic currents:

Ltotal V0 F 3 (G v (e -

Higher harmonies do oceur and can be analyzed. The
following exmmple will be limited to the fifth h: rmonie. Sup-
puse the system voltigre data at Ch in Fig. 6 indiciates a fun-
damertal nf 103490, a third harmonic of 26% and a fifth har-
monie of 5% of rated \nll.lyc Then the kVAR loading is
(L3 ¢ 3 % (260 + 5 x (05)2a 126 or 126% of the rated
kitovars Tn ealeuliating the total rms current using:

K

a 2L
gt

E is the harmonie voltage and 7 is the impedance of the
eapacitor at the harmonie frequency. The impedance de-
creases propourtionally with inereasing harmonice frequency.
Thus, for the third harmonie, we have a harmonic voltage of
25 per unit (pu) divided by the impedance, which is one-
third that of the first hiarmonic, henee the current becomes:

a4

22w Th pu.

n ool

On this basis the total nss current is:
VIO + (307 7 .eh)P2=1.30

or 130% of rated current. i .
The above example illustrates the necessity of sizing
switches, cables anid fusing of the capacitor installation for

(continued on page 54)
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Applying Capacitors
(continued frum payge 18)

125% of rated current s required by
the NEC. Ratings of equipment tw-
tween the source and the capacitor
bank should be checked for wdequate
capalnlity to earry the total current in-
cluding harmonics, if present. Also, it
i3 important that the relay settings for
the circuit breakers be checked so that
the breikers can ride through the cal-
culated inrush current at the high fre.
quency. If this matter is not addressed,
nuisanee tripping may oceur,

Any combination of inductanee and
capacitanee has a chimacteriste Ire-
quency at which theree exists an oscilli
tion of cuergy, called resonance, reac-
tive in nature, that shuttles between
the electricad equipment. For a known
inductance L, and capacitanee C, che
frequency that may trigprer this ple
nomenon is equal to:

1

2V
This  e=edlatory  condition, il not
alleviated, results o larpe current
values and overvoltipees i the power
system. When the characteristic har-
monie voltapre exists, and in suflicient
mayprnitude, the veeillating current will
depend on the etreait ime constant,
These currents can fatally damage ca
pacitors, overload equipment or, at
best, open crrenit fues.

Resonant shunts, eowsiesing of o
reactor amd eapacttor i series, with
the caombunationan parallel waith the cire
cuit, ean be effective i trappans the
harmonte currents, thereby ehimnmat-
e oseillation  witiin the posver
system. Uhuadly  the exehanpe of
energy s between the customer’s cie
pacitors aind the low pfdeviees,

Conclusion

Power capacilors can fll'l|ll|‘l\”)‘ ol
fer benefits fur an industrad/commer-
cial facility They are aviulable in
virtous ratinges and can be conmeeted
to control syrtems toelowely folfow the
power factor performiancee of an elee.
trical system. Before installing capaci
tors, an economie analyss show s be
carvsed out to justify their imstallation,
Pl for a capaeitor instalfation ve-
quites acheck on equpinent ratings,
protective deviee settings, barmonies
and resonanee effeets
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Forensic Engineering
(continued from page 46)

not protecting the electrician from
such a shock. it was noved that if there
had been the proper green bonding
wire with the temporary wiring, the
accident would most likely not have
happened.

An exceutive of the ballast company
who attended certain of the courtroom
hearings realized that the paper and
foil condenser was frum a vendor
whose produets were purchased by the
ballast - manafacturer.  Laterestingly,
the attorneys who defeided the ballast
manufacturer then hired a member of
our compiny to carry the case on to
the manufacturer of the paper and foil
condenser *hat was used within the
ballast. The case was a second job for
our company, and the second case did
0 to court, and 2. scttlement was made
in the eourtroom..

Conclusion

Atturneys are important people. They
synthesize the knowledge and informa.
tion given to them, and frequently seek
this knowledge from outside con-
sultants. Attorneys will respect you for
soliciting the help of cther experts
when necessary. They do not expect
you to know all of the answers all of
the time. ‘There will be times when you
think the case is unfair — and you can
back out. Many of the attorneys in such
cages have called us back on other
cases. You won't need to be either
young or old to participate in forensic
electrical engineering. Qur experience
in this arca runs over 30 years and we
have found the work interesting and
profitable, n
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Harry M. Philo, Lawyers Desk Reference,
6th Ed., Bancroft-Whitney Co., San Fran-
ciseo. 1UTY,

19580 Forensic Servace Directory: The Na.
tinal Keqster of Forensic Experts, Litiga.
tion Consultants  and  Legal Support
Speeralists, Fairlawn, NJ. National Foren-
sie Center, 19RO,

Manual oy Prarctice for Forensie
Laboratorws,  American Council of In-
dependent Laboratories, Inc., Washington,
e JOR2.

Tho Author

Seoct Beamer heads his own consulting
emeineering firm in Qakland, CA. He
received a BSEE degree from the
University of California in Berkeley, and
is o Registered Professional Engineer in
reveri) states. Beamer is a member of
IEEE, IES, the American Arbitration
Assoe, amnd has served as chairman of the
Couneil of Eas: Bay (San Francisco)
Electrieal Enginvers. He has taught
various engineesing courses and has 32
years of experience.

Electpecal
Consultant

At
A\


http:prroital.it
http:1o.1iit.11

The Best Of Capacitor Installations
Can Have Side Effects

Avoiding troubles
from surges and resonance

When capacitors are used to improve
power factor on ae cireuils, there can
be side effeets. In some cases, the e
pacitors are the victims; in others, they
are part of the cause. In cither case,
the electrical consuttant  should  be
aware of the possibilities and take
necessary steps to prevent dunuye
from surges and from continuous har-
monics. Buth these effeets are of grow-
iy importance because of inereasel
application  of  chopped-wave  equip-
ment—especially sihcon-controfled ree-
tifier {(SCR) drives.,

By Myron Zucker, P E,

Presidunt, and

Lewis M Clark, Production Manager,
Myron Zucker, Inc

Although it rarely happens, mijor
damage can be caused by transients
prostuced by false trigeering of deviees
such as controls and computers, fuse
blowing, breakdown of insulation and
other matfunctioning in transformers,
switchgear, motors and capacitors,

These events can be mile wo e by
resonance, nutching the eireait inducet-
ance and capacitanee to the frequency
of the pulses so that they are amplilied
over certain parts of the system. Reso- .
manee can not only make things worse
by creating unustidy high voltages
and eurrents, compounding the prob-
lems of transients, but can also add
averheating of lines il equipment by
the addition of reconant current to a
60 Hz system.

Glimmers of clectrical problems ap-
peared as fur back as the 19305, when
medical x-ray machines caosed distur-
bances in power lines from which they
were fed. In the 1H0s additional line
disturbances from farpge spot welders
and fash welders brought the tlicker
problems to the attention of clectrical

Pnzts courtety of Myton Zicuer 1%

engineers.  Lighting,  television  sets
amd the welling apparatus itself were
afflicted by the surges.

In those days, problems were few
and Targe enough so that each one
coulid be solved by individual engrineer-
g attention, Are furnaces, large reee
tifiers and high horsepower induetion
motors creited surges, and this eguaip-
ment wits sometimes involved in reso-
nint combintions,

Rectifiers Alter Conditions

The surgelliarmonic syndrome be
sune more common in the 1960s with
the spreading of chopped-wave equip-
ment (that allows only a portion of
cach hall-eyele of  voltage  to get
through 1o the load), lgnitrons amd
siturable renets also caused probe
lems and, nowadays, rectifier systems
sueh as SCRs sre used with inereasing
frequency amd are o major cause of
creating surge and resonanee difficul
ties, Power line noise troubles were en-
conntered even without power capaci-
tors, False operation of equipment,
cross-currents,  voltage  distortions
Both high and low, and overcurrents
were experieneed,

Now in the "8ts, power-distorting
equipment is beeomingg even mare con:
mon. More efficient and eheaper solid-
state phasecontrolled switehes, such
as SCRs, are widely used for control-
fing and/or providing power 1o de
motors, a¢ motors (Imlll constant and
ariable spead), furnices (both indue
tive andd resistive), and uninterruptible
poiver supply (U1°8) systems, And, ree:

{continued on page 28

Fig. 1. Line voltage transients (spikes) causes
by commutation of an SCR unit powering a
400 i de motor, The system is fed from a
2000 kVA substation.
Efectrics
Consu{tar
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Capacitor Installations
(continged from page 24)

tifier firing circuits create problems of
surges ind harmonies,

[ should be recopnized that rectifior
cquipment not only distorts - wave
shapes; this equipment also frequently
lowers pf, sometimes  substantially,
thus creating the need Tor pl corree.
tion, which 13 done by the installation
of capacitors.  However, capacitors
may cause resonant problems. 1Cis im-
portant to switch capacitors off a line
during periods of light hading.

Reeopmizinge that the above electrical
problems  are inereasing,  emplhasis
should be placed on analyzing a proy-
vet’s cireait charaetensties, looking for
possible resopinees that e inerease
overvoltapes and overcurrents, It dees
st mean that every installation is ful)
ol problems; it simply means that there
are possible causes Tor concern that
the electrival consultint should wisteh
out for,

Circuit Analysis

There are three distinet phenomens
that should be evaluated inoa circait
anadysis. First, there are transients
cutsed by one form or anather of
switching, Rectifiers and invertors e
nettfect acomples series of switching
coreutts that poinseily wee solid <t
devieess They tihe cureent first from
ante line of anie power eireant sund then
Teom the nest and so on--feeding cach
et b the siame outpat wires, with
the nutput benge de, Faceh time that the
primary current is bansferred from
v swire to the next, the two wires ire
ersentradly short cieaited The shot
crrvust Lasts only o traction of s second,
but this s what creates spokes sl
notehies e the supply line voltage fsee
Fige 1) These surpes are the bicas of
all thealls hsted at the stet of this arti-
l"l'A

Fig. 2. Photo of a CRT manitoring the line

voltage and current at a 130 kVAR capacitor E

installation. The equipment is in n plant with
a 309 hp, SCR powered motor on a 200 ft
bus, fed from a 1000 kKVA substation, This
picture shows the spiked in the current wave
(the low amplitude wave—the hygh amplitude
wave is the valtage) that are providing the
excitation to a resonant circuit. The 11th
harmonic is clearly seen in the current wave.,

28

A reeomd phenomenan is that the
rectifier asell is affected while pro-
viling o reasonably unvarying de. Phis
requires that the ac lines provide not
only G0 Hz current to the lowd, but also
continuous ivrmaonics which, when put
thronugh the rectifier circuitry, come
out as a nearly flat de. ‘Phis, in turn, al-
feets the ae primiry power source,

The third phenomenon is i combing-
tion of inductance (L) and capaeitance
(), of which cach circuit has definite
amuunts (reggardless of diserete capraci-
tor equipment), which can ereite resoe
nance and enkirge voltage and current
hy iy times (see Fige 2), The elec-
trical consultant’s job is to loeite and
correet the conditions that ean ereate
exeessive currents sl voltagres,

OF the above aspeets, rescoanee sl
harmonies lend themselves o meas-
urement by computation,

Troublo Spots

I the typical factory or office huild-
ing, a mederate amount of SCRs will
cituse little wrouble, However, comdi-
tions that may cause problems and
should be investigated are:

o A Tew SCR drives that are large in
relition to the power system. For in-
stanee, i there are one or two drives
whose Toads amount to about §0% of
the teanstormer KVA fealing them,
the compatatingg spikes may readily
Mow eapacitor fuses ad possibly pune-
ture capacitor insubation,

* Rectifiers usually  operating ot
preat (more than H0%) retardation.,
Wateh trequently switched capacitors,

especially  those in large  banks,
whether switched ol at onee, or in
small steps.

* SCR drives that draw more toad
than the other equipment on the same
low-voltiyze line,

* Capacitors that bring power factor
above 9U4% at full lond, especially if re-
maining on the line at light load,

o Capacitur KVAR yreater than 25%
of the transformer kVA feeding it.

Spikes

Spikes seem to cause fuse blowing
mare often than do harmonics, To ex-
plain - this, consider  the capacitor
“device” fuse connected to each ca-
pacitor, This is a fast-acting, current.
limiting fuse (as distinguished from a
slow-hlowinge circuit fuse), and it acts
as an isolator to take a capacitor off
the line the instant it develops a short
cireuit, Specd is important o prevent
ase rupture, and device fuses have an
excellent record in providing such pro-
teetion,

But the fuse is nervous. Fuses of
refatively small 170 (0 few thousand
nmperes? seconds) capability, as used
with the now prevalent vnit cell con-
struetion, will be blewn by spikes,

So fuse amperage has to be chosen
arelully. In the days of good sine
witves, conventional rules were satise
factory., A fuse rating of 1.67 times
steady-state current allowed margin
for the nornid variations in capacitor
current: up to 130 times rated kVAR,
computed by the factors of 1,15 times
rated microfarads, L1 times rated

Electncal
Consultani



WcGRAVY-EISON

Electrical Apparatus
Sales Representativos
Allsntic Rogion

Fouar MCCAIntn Inc
Bridgevdin A (412) 541 4000
Hurrcuno WV XH) 15T 6A4S
Frazwe & Conpany

RChinond, VA [E04) 7844124
Hylad & Moy Afsociaten
Niraos MA8)2) 7822485
LE Warila Company

Motth Boston HY (1718)849-71(CD
Farport 1Y (716) 223-4420
Hatwnal £ lectne Puower Agencies
How York, HEJ12) 9043192
Slahings & Astonatus. MMT Ing
Biooknaven PA{N15)U12.3870
Taulmann Asuiates

Cental vaitey NI OQ28-341,
John £ Wetwkxgin & Associates
Sumenid, LN 27 14024
YAtson Associaley Inc

Daiimara W (301) 2064200
Gult/Southasst Regi:n

Askang 3n Industial Macimary Ine
Hoanuitte Nock AHISON 758 2749
htemmpms THE901) J63 2200
Auttin Brown Atsaciatirs Ing
Atlanta. GA (404} 457 6381
Feiham AL 1209 6634820
Gatiaher 3 Aruccates inc
Marpvdlo. TH{B15) B84.7340
Charlws 0 Loe Associatos. lne
M FLIJMI444.7414
Folytech Servees Ing

Chariatte NC (704) 3724161
Schelb-Hanng Campany tnc
Mutane LA {<4) 837-7837
Baton Houge LA1S04) 20116558
Chrton, MY 160114247894

Van & Smih Compar

Tampa. FL mmunx:fn
Jacksonwitia FLIOOA) 2042378
Orlando FL1305) 89838520
Mid-West Regron

Powertcan

Worthington OHI014) 6845822
Crawatts (1 600) 2826010
Leo Dutter & Asscutes inc

Eix Grove Vilage, 1L 13121 437-7600
Antich 1L 1332) 3950480
Marqueno Hoghts, 1L {200} 382- 2014
Contwran-Cennt Inc
Nobleavily 1IN (17) £49 0890
Cubbes .~ Controly

Toloths L 41414039 5530
Goorga R Hoene & Compary
Uvarbormn, M1} 4811360

i Sa'ey

St Pwul MPB12)227-242%
Cranttech Sivatema, ing

Mary g Hewghty MU(JM!HY&\MB
hary L Shumaa 3y 8 Ascociales. Ing
L = Mowngs 1A {518} 285 0/04
PaL ac Regon

frtael chlnt, nc

Er .mvyune CA1413) 347 0804
Cuemminghum Company Inc
"tosnow.at CA{200) 3501401

A M Heal Sales

Phoomn AZ 1G02) 254 311]

Stevens Coles Company
SHtLake City UT (D01} 487 8371
Boma 1012000 1L0-H3G4

Spwoctaty Proifucts Inc
Honokub, HIEBOM) 5210800

JA Tutor & Avacaatoy. Inc
Sedltle WA 2001682-74.4
Sehane. WA (5040 3013328
Eugene. 011501681242
Forflang. QR 4503) 2L 55154
Ancharagn, AR IVIL 2434041

Plaint/ Bouihwest Hagion

Electrcal 8 Instiumen # Sales Company
Wtsa, OK (918) 664 000
Hubeit Kaub & Compan:

Englowoad CO{! m”l{l 5091

HE Maitu Sales Agcnr,
Altanpserque. Nuu.mlzcmau
Goorga Pearson Comn

Inc
Prate village, KT {0131 M4148210
Wichita X5 1310) Co5-4 700

471 Woedrutt Company
Houston, 1X(713)467 8483

July/August 1982

voltape and 1.06 additional harmonies,
which are always present to some
degree.

Ragged waves, how over, will blow
such fuses. In line with recent fuse
manufacturers’ thoughts, many clee-
trical consultants now consider 2.2 to
2.5 to be the normal multiplier. Some
installations po considerably  higher.
Qur firm, which manufactures capaci-
tors, has no reports of cell rupture
when such ratings are used,

Spikes may also damage Cntactors.
The nominal limit for spike s, set by
makers of the lighting or resistance
load contactors, that should be yeed for
power-fuctor control capacitors by
themselves, is six times rated current.

Spike Reducticn

The eleetrical consultant’s jub is to
specify fuses that will uperate under
normal eonditions without jeopardiz-
ing the capacitor, the contactor or,
even more binportant, people—or else
to call for means to suppress the tran-
sients at the capacitor. Spikes can be
reduced by the correct amount of
inductance or by shunt uppressors
(choppers) near the sensitive equip-
ment. Should a line not have sufficient
inductance in itself, the line inductance
can be supplemented by solenoidal
chokes. To obtain optimum  results,
filters should be applied.

Harmonics

Harmonics lend themselves to a
more analytical treatment than spikes
in the usual eleetrieal system where
potential resonant circuitls cin usunlly
e well identified,

Remember, that for harmonic cur-
rents or voltages to build up, there
must be both a resonant eireuit and ex-
ettation. If both exist they will ereate
oscillations that can cause trouble from
overcurrent or overvoltage. Let’s look
ut the two requirements,

In determining the first eriterion for
having n resonant cireuit, it is impor-
tant to sec if the resonant frequency
matches excitation frequency. Rego-
nant frequency depends on the induet-
ance (L) and capacitance (C) of the
eleetrie eireuit:

o2t
eV LT

v:here fig in cycles per second, L is in
henries and U in farads.

On new projeets, Loand € may be
found from:

s Teansformer impedance (7) on the
numeplate, thus ascertaining the ma-
Jor inductive element in an electrical
system,

¢ Ohms impedance (or the reactance)
from texthook values for the clectrie

lines between the transfurmer and the
vapeitor,

e Equivalent impedance of the utility
system before the transformer, a value
usually available either as Z or as
short-circuit KV A from the locat utility,

* The kVAR rating of capacitors in
the circuit being considered. 1M they are
spread over the distribution circuit, a
first approximation nay be made by
considerinyg them all located at a load
center,

Power Factor Improvemont

When improving the power factor of
an existing plant, it is helpful to make
ficld tests to deteriaine the reactance
of the system by projecting back from
known capacitance and by observing
the frequency of oscillation as some.ex-
citation is applicd to the circuit. An
vecilloseape, preferably with a reten-
tive sereen, will be useful to read the
frequeney. The resulting oscillogram
will provide a recording of line condi-
tions. TLere is noticeable variation in
wiaves in most plants which makes the
use of hitrmonic analyzer scopes, while
convenient, somewhat questionable
hecause the amplitude of one harmonie

Se.gz., the T1th) relative to the Sth, may

have changed by the time it is scanned.

An interesting phenomenon is that,
in actual practice, the resonance is
usually between 300 and 750 Hez, the
range in which the possibility of oseitla-
tion related to solid-state rectification
devices is greatest and gives the warst
l'(l"s('(lu(.'lllf(' 5

Mure specifically, for acireuit having
a H.7% 7 transformer (@ common
vilue) and a capacitor KVAR rating of
about 20% of transformer KV A rating,
f (resonant frvqucnv\')-'l 50 to 500 Haz.
Using other capacitor KVAR/rans.
former kVA ratius,the following fre-
quencies ire obtained:

J0% ratio, =400 to 450 Hz
S0% ratio, [ =350 to 400 1z

The resoml frequencey of Geetrical
systems is likely 1o decrease as solid-
state rectification  deviees  become
more economical anmd proliferate on
smaller, weaker systems, It is impor-
tant for the electrical consultant to be
alert meainst harmonics when gmall
240/480 V and 240/208 V transformers
fecd SCR towls,

The seeond criterion needed for a
harmonie problens Lo exist is having an
excilation frequency matching the cir-
cuil's natural frequency. And, not only
is the rate of excitation important, bhut
also the amplitude, which must be
large enough to exceed cirenit losses,
To determine an clectrical system's
high frequency excitation, an investi-
gation should be made of the loads,
especially rectification devices,

When evaluating a rectifier's har-

i
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Figg. 3. Chart showing resonant frequency vs, amount of capacitancee (blue curve) in a
circuit fed from a 1500 kVA substation with a 1000 A, 200 ft bus with reactors. Al
shown are the resonant larmonie frequencies that should be avoided. The ped curve
shows how pl is improved as capacitunee is increased. At times a compromise must be
made between plimprovement and exposure to harmonies.

monie excitation, it will be noted that
usually the Sth, 7th, T1th amd 13th har-
monics are affected. These harmaonies
have frequencies of 300, 420, 660 and
720 Hz respectively and are the
primary problem frequencies. The 9th
harmonie is absorbed by delta con-
nected equipment. In our experience,
"there is little chanee of harmonie prob-
lems if the system resonates at 660 He
(11th harmonic) or higher.

With oversimplification, the rectifier
wiil create square waves of current on
the 60 Hz system. The amplitude of
cach harmonie is related to the inverse
of the frequency (i, the Hth s
greatest, Tth less, aml so on up
through even higher values than those
mentioned, but those vadues are in such
small degree that they are usually
negligble).

If the generated harmonies eoineide
with uny resonanees in the supply cir
cuit, there will be oscillations, and
possibile trouble, The higher the fre-
quency, the less the excitation energy
comes  from  the rectifving  deviee
(uubdlievable as it may scem, these
units should be considered as a current
generator for the harmonies!),

2

Capacitor Level

‘The electrical consultant has some
options if he fimds conditions  are
favorable for oscillations. One~the
mest direct—is to limit capucitors o
safe levels. This is done by having the
capacitor KVAIU rating less than 25%
of the transformer kVA  rating,
Another is to starl with a minimum
amount of eapacitors W avoid eircuit
resonance (see Figo 3) amd  then
pradually increase the amount untit
the desired power factor is attained or
until there are signs of trouble. This re-
quires careful monitoring,

Another approach to avoiding the
eritical resonant point is by applying
vither a little more or alittle less than
the targret amount of capacitance, This
may  be practical if a system s
static=but in a changing system, to-
day’s solution may not be tomurrow s,

An effeetive but expensive aption is
to use rectifiers in which the ae powe
is divided inta 12 or more circuits
before being rectified, This raises the
level of harmonie frequeney exeitation
to o rangre where it can be hatdled het.
ter. ‘Thig option is econamical only for
large installations,

Fliter Application

A more practical approach is to use
filters, or traps, either in large (substa-
tion) capacitor banks or in smaller
units, A filter can consist simply of a
reactor in series with each capacitor,
tuned near the lowest expected oscil-
lating frequency. Most commonly this
is the 6th harmaonic,

These series-resonuant filters invite
the harmonic currents to stay in the
capacitor-rectifier part of the circuit,
relieving the cleetrical power system
of the undesired excess resonance
while providing a smouth de to the
loal,

‘Tu trap the 5th harmonie, a reactor
of about 4% impedunce at 60 Hz is
used. This increases the voltage on the
capacitor by 5%, which, in view of the
increased harmonie current that the
capacitor must carry, leads to the
recommiendation that 600 V capacitors
be used on 480 V circuits. Because of
the derated capacitors and the addition
of reactors, the cost increase must be
evaluated,

We have foursl the trapping method
to be effective even on small systems,
especinlly when the capacitor-at-che-
loadd philosophy is used with radular
trupped capacitors near individual rec-
tifier loads and switched on and off the
line with them,

Conclusion

Resonanee and spikes may become
more common as rectification loads in-
creasce in use, The effects of spikes can
be mitigated as discussed. Resonance
problems can be overcome by judicious
selection of ratings for capacitors and
traps, Costs must be weighed against
benefits,
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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

Bvery plant-systens engineer should
have a clear picture in his mind of just
what power factor mecans. This is a
must, since pf, plant operation and
energy cconomics go hand in hand.
“That's fine," you'll say, “but my plant
has been running for years and the elec-
trical system appears OK. Why should |
start worrying about pf?"* Well, pf is im-
portant because good power factor
means less load on your feeders, better
plant voltage, a good-sized dip in your
monthly power bill and, il you buy
power, probably lower electricity rates
from the utility company.

Interested? OFf course you're always
interested in and on the lookout fo.
witys o cut costs. Your first step is to get
a clear picture as to what pf really is,
We're not going to cover pf calculations
now. For the tune being, let's setile for a
clear picture of what pr' is, in simple
termi, and what you can do to tmptove
it in your plant. The saving in power
losses—transformers, feeders and gener-
ators—can constitute a sizable energy
saving. T

What plis. Think of your electric sys-

. ftem as onc carrying two types of power;
uscful power (kilowatts) that poes to
work pulling your load, and reactive
power (kvar) that generates magnetisin
within induction motors. The only one
of the two that drives load on the end of

. the shaft is the useful power or kilo-
waltts. Nevertheless the gencrator, trans-
formers and feeders carry both,

You can geta clear picture of this by
studying the sketches on the facing
page. The mug of beer represents your
clectrical systemn. t, too, is made up of
two parts; the useful (liquid) beer and
the suds.

Becr and pl. Compare the liguid beer
with useful power, kilowatls or waits,
used to drive the load in your plant,
Then compare the froth or suds to the
reacuive kva flowing thuugh your plant
feeders and transformers. Now what is
P! Well, we could say the pf of the mug
of beer is the ratio of the useful beer
(liquid) to the total volume of the mug.

Let's apply the same definition o
your clectrical system. Looking at it in
the same light, you will find that plis
nothing more than the ratio of the use-
ful power (kilowalts) to the plant’s total

Power, Mgy 1913 o

kva. Translating that, we may say that
kva is voltage multiplied by amperes
(flowing in a single-phase circuit), di-
vided by 1000,

Coming back to our homnely beer-
mub analogy, we can readily see that
we're much better off with less suds in
the beer mug and less reactive power in
our electrical system. You can under-
stand this at a plance by just looking at
the sketches once ugain.

Reactive power. For the moment, lot’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 hiquid beer
and froth, We're saying that an induc-
tion motor needs both froth and tiquid
beer; this certainly holds true in_com-
paring beer to electricity, since your in-
duction motors nced both real power,
kilowatts, and reactive power.

Now the froth Nlowing through the
pipe causes loss in the generator, trans-
formers and feeders similar to that
caused by the liquid beer. Such is also
the case in your clectrical system, where
the reactive power causes power loss all
along the line just as real power docs. Pf
in your plant iz low when there's a lot of
froth (kver) Howing.

What (o do. Now the thought might
oceur to you that it would be wisc if we
could place a machine next to our mo-
tor just to supply the froth. And that is
often the way pf is improved in the in-
dustrial plant. By supplying the froth
from a source other than the original
generator, the load on the systen is re-
duced.

Realize that you're not going to im-
prove pf und then buy a smaller gener-
ator, transformier and feeder for your
plant. What you have already installed
will probably remain there. The point
is, by itnproving pf you reduce the reac-
tive power flowing in your systetn, and
wind up with ample electrical room to
add additional load without going to
bigger feeders and transforiners. This is
in addition to reduced losses within the
generator, transformers and feeders.

We mentioned before that reactive

power supplics the magnetism in your
induction motors; this also holds for

other inductive equipment, Remember
that this reactive power is roughly con-
stant between low and full load of an
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
feaclive power to the motor is prac-
tically constant, you can see that pf of
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 kv druwn.

Over-motoring. This all leads to the
first rule for establishing good pf in
your plant, And that is, don’t “over-mo-
tor” when using induction motors.

Of course, the best time to analyze
over-moloring is when you select mo-
tors. The next thing to remember is a
possible rearrangement of induction
motors in your plant. Along these same
lines, think of the synchronous motor
when sclecting motors for stow-speed
applicution.

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 induc-
tion motors and other induction cquip-
ment in the plant. These do the job
nicely and require little attention in the
way of maintenance or operation. Dor'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 ki difference betwzen a synchro-
novs motor and a cupaciter. The svn.
chroncus motor will suppiy mechanical
power otiput as weil as reactive nower
to induction mctors in the plant. In
other words: The soluticn to your nrob-
lem might be 10 install a synchrenous
motor afong with staller induction mo-
tors to make up the total shaft horse-
powet required. .

On the other hand, the capacitor is
strictly a froth machine. It is tied onto
your linc to supply this reactive kva to
induction motors in the plant, You will
have o make a detailed cost study to
determine  whether the  synchronous
meotor, shunt capzcitor or a camnbination
of the two is the best bet in your par-
ticular case, »
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Bailey’Control Systems

Product Specification
E65-65-1

Type OL110 Oxygen Analyzer
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The Bailey OL110 Oxygen Analyzer is designed
for duct mounting with a cholce of single point or
average sampling systoms. An alr-powered
asplrator draws a sample of gas from the boller
flue or process stream through the sampling
systerm and past the 02 sensor. This swnsof
provides Independent and continuous percent-by-
volume rineasurement after analysis. The sample
Is never transported more than a few Inches from
the duct.

FEATURES

¢ In-house maintenance. Present instrumenta-
tion techniclan can easily maintain the OL
Analyzer.

Copyright © 1985 by The Babcock & Wilcox Co,

FIGURE | — Type OL110 Oxygen Analyzer.

* Troubleshooting display. Status iights in the
electronic enclosuie monitor sensor and
temperature status,

Range change hy switches with no recalibra-
tlon required. O2 range switches are on the
olactronics boards.

Reduced analyzer malntenance. The patented
floppy lilter keeps Htsol! from becoming plugged
while keaping large particies out of the highly
rellable sample transport system previously
proven {n our Type OJ Analyzer.

Averaging samplo system. A three-point sampling
.system Is available for obtaining an avarage sam-
ple from multiple burner combustion prucesses.
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e« Gas temperatures. Handles (lue gas
temperature to 1500°F/816°C. Speclal probes
are avallable for gas temperatures up 1o
3000*F/1649°C.

« Duct mounting. Maunting on duct or process
eliminates long, troublesome sample lines.

o Accuracy of 02 measurement I not affected by
flue gas temperature, particulates or variations
in water vapor or CD2. The absolute accuracy
of the OL Is dependent upon the accuracy of
the test gas -1gsed to calibrate It

FUNCTIONS/APPLICATIONS

The Type OL110 Oxygen Analyzer uses a zir-
conlum oxlde sensor for continous sampling and
measuring of excess O2 In flue gases. It consists
of: (1) a sensor assembly (see Figure 2) that
{lange-mounts to a duct or procsss wall so that
the probe protrudes Into tha llue gas stream; and
(2) an e@’ectronlcs assembly with attachad flexible
conduit that permits the electronic enclosure to
be located away from the hot environment around
the sensor assembly.

PRINCIPLES OF OPERATION

The OL110 Oxygen Analyzer measures on a
wet basis. This means that sampling system
heaters prevent water vapor from condensing on
the sampling surfaces. Analyzers which measure
on a dry basis cooi the sample gas so that most
water vapor Is condensed and removed. The sep-
sor assembly oi the Oxygen Analyzer connects to
a duct or process wall via an insulated/heated
mounting nipple which encloses the probe and
exhaust stream. The probe extends into the fiue
gas flow. An alr-powered aspirator draws a sam-
ple gas through heated passages within the
manlfold block. The sample Is diverted to a
zirconium oxide O2 sensor where It is analyzed for
oxygen content. After analysis, all sample gases
and asplration air are returned to the duct. Elec-
trica! (analog) output from the sensor Is converted
into a linear (4-20 mA dc) output signal that
represents the amount of 02 measured.

In most cases, a gas sample Is drawn through
a single point probe and a patented floppy liiter
which is suitable for process gases up to 1500
*F/816°C. The tloppy filter oscillates to remove
particles filtered from the sample gas stream lor
trouble-tree operation. For applications invoiving
large ducts fed by exhausts from sevaral burners,
the analyzer may be fitted with a multisample
probe which will be avallabla in late 1984,

XN Lpen
'.l-"{‘#'..

e

R DT

Mﬁﬂ Ve ',\'l‘l. %K*F"ﬂ‘"‘"f'

R R R DYV
P b gamp

) (‘k‘ﬁ piliPre !

wY

4 o2
g
JEn

R
! Tes! Gas',
gy o)

N s
ik a"“{;‘ pasi
K S L S e SRl
W e AL b

DK - .
e
. ie. v

- - .

= %{3»”3'5)” YIAR
A3 ”?.._ R0 LRt
'ﬂ‘ " L PR Y

S A

-yt

-

B e

P30y

I eyl ‘fe)&f;z'
Y

’-

P PN U1 AT S DI
SWREEV IS R YR

136

FIGURE 2 — Type OL110 Qxygen Analyzer Sensor Assembly, Interior,

AN

i



SPECIFICATIONS

Swilch Ranges

Linear O2 Qutput: 0.1:1%, 0.1-10%,

Supply Pressure

Aspirator: 15 psig @ 0.22 scimi103
kPa @ 6.2 Umin.

Supply Voltage:

120 = 12V ac, 50-60 Hz, 525 W slart.
up, 270 W operating

Etrors Due to
Flue Qas Varl-

ables

Selectable 0.1-25%°, 0.1-50%

Accuracy Linearlty: 22% of span
Repoalability: Less than 0.1% ol
span

Measurement COz, none; water vapof, none, par-

liculale®. none; lemg.arature, none.

Supply Voltage

Linear O2 umit; = .18% of span pur

83% (undamped)
Response Time

Less than three seconds

Effect volt
Qulput Load 110 600 ohms
Capabliity

Output Signal

4.20 1nA dc with adjustable damping
1to 7 seconas

Deviation from

02 combined zero and range: 1%

Radio Frequency

Less than 1.0% outpul shill when

Certlfication

fiashback into ducl. Canacian Stan.
dards Assoclation (CSA) certified for
use in ordinary non-hazardous foca-
tions.

Calibrated Value of span. There Is no permanent devla- interference subjecled to MIL-STD 462 test RSO1,
tion. RS02, RSO3 and CSO1.
Probe Single polnt probe with floppy fliter: OL110  NEMA 4 (watertight and dusttight
Tomporature 1500°F/816°C (o' single burners. Houslings  for outdoors)
Spectal high temperature probe
avaliable lor 1500° to 3000 °F (consult Wirlng 12 1t (366 m) Ig. Hexible cable with
factory). military-lype conneciors, slandard.
Optional 75 1. {229 m) cable Is
Amblent Sensor Assombly: - 1£ 10 200°F/ - 28 available.
Temperature t093°C. - -
Limits Electronics Assembly: - 1510 160°F/ Humidlty 95% R.H. at 158°F/70°C (non-
~—26to71°C. condensing)
Temperature Linear O3 reading: £2.5% ol span Welght Sensor Assembly: approx. 15 Ibs
Effect per 100°F156°C. (6.8 ko)
Electronics Assembly: approx. 10 1bs.
Approvals!  Factory Mutual (FM) approved against (4.5 kg)

*Factory calibraled range

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.
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QUOTATION/ORDERING INFORMATION

List each item called for in the appropriate ANALYZER PACKAGE SELECTION
application column,
BOILERS TUNNEL
PROCESS LIME KILN/
HEATERS KILN REHEAY
GAS/OIL ANY FURNACES
IDENTIFYING & COAL FUEL GAS/OIL
PART NUMBER OR
NOMENCLATURE DESCRIPTION *X' = AEQUIRED EQUIPMENT
j oo ANALYZER X X X
€614528.12° TITY. CABLE ISTANDARDY X X X
IFELYLBE TEFY TAUY COPIIONAL QPTIONAL OPTIONAL
FOR SINGLE POINY SAMPLE .
66153981 SINGLE FILTER WHEN USING THESE PROBES
19514694 4’ PROBE
1951469 5 7'PROBE  1500°F max,
1951469 6 10’ PRODE
FORA 3 POINT AVERAGE SAMPLE Select sinal
66355264 Mamfald Assy  1000°F max & 1o 10° Duct p;,:, somole and
6515664 _1 Probes Filters inctuded & probe length ot
8 3 poini aversge
66155265 Manitold Assy  1000°F max. 10" 1a 15 Duct sampls and & ,
6615664..2 Probys Filters included duct width. -
6635526_6 Manitold Assy 1000°F man. 15’ 10 20° Duct N l
6635664 .2 Probes Filters included
5635511.1 HI-TEMP PRORE 30N0°F max. HE . X
6615733.1/6635398. 1 DUAL FILTEN 1500 F max. — T X
2582391 ADAPTER FLANGE Kil OPTIONAL
REQUIRED FOR 3" 0r 4™ but required for X X
FL.ANGE MOUNTING J point sample
258274.1 TEST GAS KIT OPTIONAL OPTIONAL OPFTION
INOT FOR AUTO CAL)
3 GAS CYLINDERS
HEG. VALVE, HOSE &
CARRAYING CASE
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