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1.0

EXECUTIVE SUMMARY
1.1 Introduction

The Organization for Energy Planning, in conjunction
with the plant staff of the El-Nasr Coke and Chemical
Company, and with the technical assistance of Foster
Wheeler USA Corporation, have executed an energy audit
of the El-Nasr Company for Coke and Chemicals, Helwan,
Egypt. The field audit began in February, 1988, and
continued into April, 19s8s. Analysis of all
information was performed in the offices of OEP located
in cairo, Egypt.

The energy audit consisted of a detailed review of all
the processes in the Fertilizer Plant, excluding the
Ammonia Plant, plus the Coke Plant steam system. The
focus of the energy audit was in the Fertilizer Plant
and Coke Plant steam systems, as they represent the
areas of greatest energy expenditure, and therefore the
areas where the greatest energy savings can be made.
The Ammonia Plant was not included in the review of the
Fertilizer Plant as it will be replaced in the near
future. All sections of the plants were inspected.
Drawings of the processes were reviewed and energy and

..production data were collected. The. enerqgy .data has

been- checked - for consistency and ‘accuracy, - and
supported further by independent field measuremeats of
the necessary process variables.

This report serves to document the consumption of
energy, in all its forms, analyze whether this energy
is being used efficiently, and, if not, identify
opportunities to conserve energy based on quantitative
economic analysis.

Plant Description

The El-Nasr Company for Coke and Chemicals produces
nominally 1,000,000 tons per year of coke, 120,000 tons
per year of calcium ammonium nitrate fertilizer and
32,000 tons per year of tar as main products. It also
produces pure nitric acid, pure ammonium nitrate and
many other specialty chemicals.

Although the Coke Plant is an integral part of the
manufacture of fertilizer, the Coke Plant and
Fertilizer Plant operate as independent units. The
Fertilizer Plant, built in 1972, is a two train unit
and is fed coke oven gas, produced in the Coke Plant
as a raw material. The Fertilizer Plant consists of
the following sections:
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Design Capacity,

_Tons per year
Ammonia Synthesis 56,100
- . (Stamicarbon Process)

Dilute Nitric Acidl 182,160

(as 54% concentrate) ‘ ‘
Calcium Ammonium Nitrate » ) L11198;Obd 
Pure Ammonium Nitrate » “'V¥Lk»520,000f
Pure Nitric Acid2 16,500

The main products sold are Calcium Ammonium Nitrate, as
fertilizer, pure ammonium nitrate, and pure nitric
acid. The mix of products has differed from year to
yYear due to demand pattern.

The Coke Plant Steam System consists of 6 boilers
producing steam at 15 atm (1520 kPa), 350°C. and having
. the following capacities: . e s e maie

Design capacity,
Tons_per hour

Boiler #1 e 25
Boiler #2 - 28
Boiler 3 25
Boiler #4 25
Boiler {5 _ 30
Boller #6 50

Only three or four boilers are operating at any one
time depending on steam demand. Boiler #2 has been
shut down for repairs during all of 1987 and is still
not operating.

1 pilute Nitric Acid as 54% is 552 tons per day and as 100%
is 282 tons per day.

2 The pure Nitric Acid Plant is in the process of being
commissioned and has not been handed over to El-Nasr at the time
of this audit.
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1.3 Findings

The qualitative and quantitative findings at the El-
Nasr Company for Coke and Chemicals are given below.
These findings have been divided into categories deemed.
most appropriate to this energy audit. .

uracy o a at

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, EL-NASR) 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.

The fertilizer plant and the coke plant boiler
houses use mazout, coke oven gas and tar oil to
fire water tube boilers. Electricity is used for
varivus compressors, fans, pumps and other motors.

The total energy consumption for the Coke Plant
and Fertilizer Plant boilers for calendar year
1987 was 2.62 x 1015 joules. Approximately 68% of
this energy was used in the Coke Plant Boilers
where 70% of the steam is produced. The overall
energy cost to produce one ton of steam was

Us $3.78.

In the Fertilizer Plant boiler/steam systenm,
mazout accounts for 61.3% of the annual energy
consumption, in joules, coke oven gas for 37.7%,
and electricity for 1.0%.

The process units in the Fertilizer Plant,
excluding the Ammonia Plant, consume 3743.6 MWH
per month.

In the Coke Plant boiler/steam system, mazout
accounts for 34.6% of annual consumption, coke
oven gas for 59.3%, tar oll for 5.7% and
electricity for 0.4%.
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The average energy required to produce one ton of
3334 kPa, 400 °C steam in the Fertilizer Plant is
3.20 x 10° joules. The average enerqgy required to
produce one ton of 1373 kPa, 350 ©Cc steam in the
Coke Plant is 2.92 x 10° joules. Both of these
energy-to-steam values are above values that can
be expected in similar installations.

The amount of energy needed to make a ton of
steam does not reflect the fact that more steam is
being produced than is actually required by the
processes. Large quantities of energy cre lost
due to non-recovery of condensate, leaking steam
valves and flanges, damaged and/or missing
insulation, and non-operational steam traps. As a
result, there 1is substantial room for energy
savings.

With the exception of the new future ammonia
plant, the largest potential for future energy
savings lies within the steam systems of the Coke
and Fertilizer Plants. The largest cost savings
will result from maximizing the use of coke oven
gas and tar oil in the boilers.

t e io e emn

The instrumentation in the Coke and Fertilizer
Plants is in a state of disrepair. Most of the
instruments need new parts or total replacement to
make the service operational. Non-availability of
parts due to lack of foreign currency, technical
expertise, and commitment to vrepair the
instruments has lett the plant in an ongoing state
of disrepair, which must be improved. Of those
instruments found to be working, only those
required for production are calibrated and kept in
working order. Instrumentation required for
energy monitoring either does not exist, is not
calibrated reqularly, or is broken.

ollution an olluti Contro

The primary sources of pollution at El-Nasr are
coal and coke dust from the coke oven batteries
and ammonia from the ammonia synthesis plant.
Coal and coke dust have spread all over the Coke
Plant and Fertilizer Plant, and has detrimentally
affected almost all pieces of equipment to one
extent or another. A significant amount of dust
has worked its way into instruments, equipment,
buildings, machinery and the general surrocundings.
In the Fertilizer Plant, leaking flanges, valves
and pump and compressor glands are discharging

4



. ‘ | waves of ammonia into the atmosphere. In addition,
cooling pump failures in the dilute nitric acid
plant result in considerable atmospheric
discharges of nitrous oxide and nitrous dioxide
fumes.

The ammonia plant is old and obsoclete and is to be
replaced shortly. Good engineering practice and
maintenance should eliminate similar leaks in the
new plant.

Electrical

The El-Nasr chemical plant electrical system
consists of two 66 kV incoming feeders to the
utility's 66 -~ 6.3 KkV transformer sub-station
which feeds the plant via four 1000 A, 10%
reactors.

The metering, though perhaps adequate for
operation, is not suitable for power profile
monitoring and needs calibration and updating.

The Fertilizer Plant operations utilize several
synchronous motors and capacitors on two
.. substations to supply. plant and kVAr.demand.. The
"meters indicated a 0.98 power factor, though by’
calculation it appears to be approximately 0.95.

The Coke Plant in general appears to have a low
power factor of approximately 0.7. This is
apparently due to under-utilized motors, such as
large motor running at half load or variable load.

The best remedy would be to include variable speed
AC controllers in the existing Coke Plant power
system revamp.

The next best solution would be to include power
factor correction capacitors for largye motors with
proper relaying and switching equipment.

Compared to the Fertilizer Plant, the Coke Plant
meterings need upgrading for any reliable
readings.

Housekeeping

The majority of +the electrical and mechanical
equipment maintoanance calls are a result of the
high concentration of coal and coke dust that
accumulates on them. There does not appear to be
a coordinated effort to keep these items clean.
Instead, attention is focused only in those areas
where there is need for immediate repair. No

5
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effort is being- made to clean the surroundings of

dust, consequently, no improvement in useful
equipment life can be expected.

There are an enormous number of steam, condensate,

and boiler feedwater leaks. The plant, as a
whole, suffers greatly in this area of energy
loss.

Insulation in the Fertilizer and Coke Plant is not
good. There are many items of equipment and
piping that require the addition or repair of
insulation. Insulation at the steam boiler houses
is sporadic and in other cases, totally
ineffective due to damage, deterioration, or
improper installation.

There are a modest number of steam traps at El-
Nasr. Of these, only 30 percent were found to be
functioning properly. Items such as these,
though physically small, can lead to significant
energy loss over the course of a year.
Considering the number of steam traps, the time
involved in checking, cleaning, and repairing
steam traps, new procedures must be established
. .Wwhereby .at least 90% of the .cteam .traps., are
‘functioning properly all of the time at El-Nasr.-

Maintenance

The ability of El-Nasr to execute maintenance on
items in need of repair must be improved. Lack of
spare parts for various items of equipment has
made many machines and other devices redundant,
as it is easier to purchase new items than repair
existing ones.

Maintenance is performed on-the-run as opposed to
during scheduled shutdown and turnarounds. The
commitment of management towards production has
resulted in equipment being run until it breaks
due to lack of proper scheduled maintenance.

Management and Personnel

The priority of management is production-oriented.
Energy conservation is second, at best, to this
goal. The management and personnel are, however,
quite aware of where energy is being consumed and
how it could be improved. The ability of the
personnel to concentrate their effort towards
energy conservation without 1losing sight of
production goals is already present at El~Nasr.
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It is reasonable to state that energy conservation
measures are directly related to production rates
over an extended period of time. A piece of
equipment that is used in its most efficient
manner will out-perform and out-live a piece of
equipment that is not used efficiently and
effectively. The savings in both energy and money
per equal unit of production can be very
significant over a freriod of just one year.
Production need not sutfer 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, presented at the end of
this section, 1list those Energy Conservation
Opportunities (ECC) having a simple payout of five
years or less.

o) eepi te

Under the category of housekeeping ECO's, are
items requiring better maintenance, better
operations and improved scheduling. The total
ins‘zalled cost for housekeeping ECO's is leass than
LE 40,000. In developing a list of these ite s,
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) 1lines 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.

The implementation of all housekeeping itenms
identified would result in a minimum of 5,320
T.0.E. saved annually, and represents 8.4% of the
total energy used in the production of steam in
the Fertilizer and Coke Plants. In terms of
potential savings in mazout alone, it represents
20% of all the mazout fired in the Fertilizer
Plant and Coke Planrt boiler houses. This savings
does not take into account the energy savings
possible through the implementation of ECO's
26,33,34 and 35. While it is impossible to
quantify the energy savings realized from these
latter four ECO's, it is expected that they will
result in significant continuing energy saving.

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

-Co vest t ems

Items in this category are similar in nature to
housekeeping items; however, an expenditure of
over LE 40,000 is required to implement a
particular EcCO. All materials, labor and
engineering can be purchased in-country.
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' 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 in-country investment items identified refer
to the steam system and process insulation. The
implementation of all these items would save a
total of 18,188 T.0.E. per year, or 29% of the
fuel fired in the Fertilizer Plant and Coke Plant
boiler houses. In terms of potential savings in
the firing of mazout, it represents a savings of
essentially all of the mazout fired in these two
boiler houses. Thus, if the majority of the ECO's
in Tables 1.4A and 1.4B were to be implemented, it
may be possible to lower the use of mazout in the
two boiler houses by 80 to 85 percent.

Foreiqn Investment

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

~.Table. 1.4C, . Foreign.Investment, lists. those.ECO's.
- having a simple payout of less than five -years—
based on worldwide equipment and utility costs.

The energy savings that can be expected if all
ECO's were implemented is 14,522 7.0.E. per year.

Repairing turbogenerator and generating
electricity when letting down steam pressure would
result in an energy saving of 2995 T.0.E. per
year. This investment would pay out immediately.

Improving, adding and repairing instrumentation
alone would result in an indirect energy saving of
1,489 T.0.E. per year. This investment would pay
out in 4.05 years.

Improving the efficiency of the Coke Plant and
Fertilizer Plant steam boilers will save 8,640
T.0.E. per year, with 7,881 T.0.E. per year being
saved in the Coke Plant alone.

These FECO's should be implemented as soon as
possible to realize full advantage of the
investment.
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| other Items For Consideration

Considering the age, disruption of the steam
supply, and the frequent failure of Boilers #1,
#2, #3, and #4 in the Coke Plant, the installation
of a 75 ton/hour boiler to replace the above four
boilers should be studied further. This new
package boiler should make the steam system more
efficient and reliable. This ECO is discussed
further in Section 3.2, EcCO-11. The simple payout
is 6.5 years based on energy savings alone. Loss
of production due to boiler downtime, and the high
cost of maintaining these boilers will make the
actual simple payout of this ECO less than 6.5
years.

Although not covered by an ECO in this report,
The El-Nasr Company for Coke and Chemicals may
wish to study the installation of a catalytic
combustion unit in the Dilute Nitric Acid Plant.
Such a system will heat the tail gas to
approximately 670 ©C before expansion. This will
enable all the power required for compression to
be recovered, and the need for a make-up driver
can be eliminated.

Conclusions e

It is important that the Housekeeping items listed
in Table 1.4A be implerented 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 implementation of all ECO's
listed in tables 1.4 A, B, and C is 38,030 T.O.E.
This annual energy savings has a corresponding
value of U.S. $4,645,772. The investment cost to
implement all ECO's is U.S. $3,007,768 and results
in an overall simple payout of 0.65 years.
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ECO #

Fertilizer Plant
Steam System

02

Coke Plnnt
Steam Systea
7

L%

) Géﬁei-al

Eliminate the use of high pressure steam and use
desuperheated 16 atm steam for total steam
requirements in Calcium Ammonium Nitrate plant.

Repair steam, air, water, and condensate leaks
from valves, lines, flangas, etc,

Repair steaw, air, water, and condensaty leaks -
from valves, Llines, flanges, etc. :

Repair heat exchanger leaks and install necessary ;
non-return valves to avoid steam and condensate - )

contamination.

Institute a permanent program for steu trap -
testing. -

" $how the effect of lmulatim on hut lou -
“from pipes.. '

Table 1.4A HOUSEKEEPING ITEMS - ECO Summary

Plant: El-Nasr Company for Coke and Chemicals
------------------------------------- WORLOWIDE ~===ssccvecosoccaccnaacen | LOCAL
ANNUAL ENERGY SAVINGS SINPLE | SIMPLE
T T === INVESTHENT  ANNUAL COST PAYOUT, | INVESTMENT PAYOUT,
FUEL T.0.E. cesT, 8 SAVINGS, $ YRS | CosT, LE YRS
......... cacesormennann mceeese  cecvescaenn ceen i
1
I
573.0 tons mezout 556.0 13,952 . 64,216 _IMMEDIATE | - 31,253 1.95.
il
IMMEDIATE" |,‘;':'411,9‘5 IIHEBIATE,
sl
P
e 0.37
o ,
1 o 0.48
A ‘
.
e |
|- 3.29
a|
A
IMMEDIATE

e


http:testing.II
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Table 1.4A HOUSEKEEPING 1TEMS - ECO Summary (continued)

Plent: " El-Nasr Company for Coke and Chemicals
LT RN, - WORLDWIDE === === memeeas cemeeenee | eeemeeenelOCALeseeeeees |
ANNUAL ENERGY SAVINGS SIMPLE [ SINPLE ) l
. Coe . L eeeeeeee cmeeeeecsneesetnccncaaes INVESTMENT  ANMUAL COST  PAYOUT, | [INVESTMENT PAYOUT, . |
ECO#.. TITLE T FUEL T.0.E. cosT, 3 SAVINGS, 3 YRS | cost, LE ws - |
sememmeessssccsesis  seccessccnnaes oo TesTessesse . cscccacmaccsceces. esese | sessces escccocceeo sessecscres escsrenee | |
33 Develop and implement a formal eq.:lhent:; _— : L .- .- .- .- IMMEDIATE .- IMMEDIATE |-
: ’ maintenance program. o |
k73 form a comittee to plan and implement an energy - e i -- -- -- -IMMEDIATE == IMNEDIATE | -
conservation program in plant. . L B R 1
_ . R _ o |
35 Use of publicity, memos, newsletter, etc. to T e R R : Coee IMMEDIATE |
implement en energy program snd make personnet Do e S B o R |
ausre of the importance of energy conservation. R 5 s B |
s |
S e |
TOTAL : . .- 5.320 | 48,284 7616,11‘ ’ 0.03. 1 + 108,301 0.7 |
: o . ) [

NOTES: 1. Currency conversion -  2.25 LE/$ 3. Energy conversion 42.0 x 1069 J/T.0.E.

2. Boiler efficiency ’ 5%

4. Payout periods of less than 3 months have been labelled “IMMEDIATE® o
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Fertilizer Plent
Stesn System

01

07.

Coke Plant

Stean System

15

16

Recover heat snd produce steam from contfnuous
bofler blowdown in Dilute Nitric Acid Plant.

Installation of a condensate recovery system for
the Ammonia, Nitric Acid, Calcium Amoponium Nitrate
and Pure Ammonium Nitrate Plants.

Test, repair, and replace steam traps.

Add rew or repair existing insulation on steam
and condensate lines.

Installation of a condmute reemry mtu for

the Coke Plant.

Add new or repair exlstlng lmulation [
and condensate lines. .

Teble 1.4B IN-COUNTRY INVESTMENT ITEMS - ECO Summary

ANNUAL COST
SAVINGS, $

24,935

305,166

180,321

172,475

Piant: El-Nasr Company for Coke and Chemicals

------------------------------------- WORLOWIDE
ANNUAL ENERGY SAVINGS

------------------- semeccecesacace INVESTMENT

FUEL, T.0.E. COsT, 8

222.5 tons mazout 216.0 28,240
2723.0 tons mazout - 2646.0 233,480
1,609 tons mazout 1,562 < 224,500
1,539 tons mazout 1,49 . . 42,341

.?‘; 3,216 tu?_mou:

- 1,558 tons mazout

SINPLE
PAYOUT,
YRS

. ‘_'0.‘77i :

IMMED IATE

IMMEDIATE

.29

INVESTMENRT
COST, LE




T

EO¥ - TITLE
18 Test, repsir, and replace stesm traps.
19 Complete cocmissioning of new demineralized water

plant and put into service.

23 Improve insulation snd add drip legs to main low
and high presure steam headers in order to reduce
pressure drop and heat loss.

23 Recover heat and produce steam from continuous

boiler blowdoun.

Table 1.4B  IN-COUNTRY INVESTMENT ITEMS - ECO Summary (Continued)

. 383 tons mszout

Plant: El-Nasr Company for Coke and Chemicals
------------------------------------- UORLOWIDE -+ -+=eeemmencmscemcmmeas | LOCAL ===~
ANKUAL ENERGY SAVINGS SINPLE | . " SINPLE
Bt e R LB S INVESTMENT  ANNUAL COST  PAYOUT, | INVESTMENT PAYOUT,
FUEL T.0.E. COST, $  SAVINGS, $ YRS | cosT, LE ws .
........... cecemcmcncce comesaa emeccocacns csarccsance o= |
i
3151.0 tons mazout  3059.0 48,120 353,107 IMMEDIATE | -- --
L i
2277.0 tons mezout  2211.0° 0 255,183  IMMEDIATE |
, ST |
, 2055.0 tons mazout - 1995.0 ' . 410,877 230,303 .78
S
b
o P
I
B
-1
I

CTOTAL

Sl UOIESA,:»1.'mrrer|cy convergion Z.ZSLEIS

2. Bofler efficiency ~ [ TR

3. Energy conversfon’  42.0 x 1069 W/T.0.E.  ~ i
4. Payout periods of less than 3 months have been lebelled *IMMEDIA
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Table 1.4C FOREIGN INVESTMENT ITEMS - ECO Summary

f.ant: El-Nasr Company for Coke and Chemicals
------ TTTesesssesccscessscescccsvoco UORLOWIDE ==---essesesaccccscaccoae | eea ~LOCAL: I
ANKUAL EWERGY SAVINGS SINPLE | SINPLE |
R L eseeseceeceecsciecen. ceecceconannnn INVESTHENT  ANNUAL COST  PAYOUT, | INVESTMENT PAYQUT, |-
ECO.# Lo L TITLE 7T.0.E. CosT, ¢ SAVINGS, $ YRS | cosT, LE YRS [
Sesemmssesscsssescs corecimeccseneoen e R L L LI L e R T sresseess seceenecens seesesses | eemee RS == 1
Fertilizer Plant i |-
Steam System ] i
04 Irprove combustion efficiency of stesm boilers 782.0 tons mazout . T8 27,000 87,648 0.31 | . -- .- ]4:
1 Repair turbogenerator and generate electricity 11,880 mH_ 2,995 .- 16,780 ' 510,840 'lm!ATE;‘ | .- - |
when letting down steam pressure. N S : U Ok
Coke Plant - 1
Steam System | ‘ ]_:
13 Operate the turbogenerator at design capacity. 5544.0 MuH } 1393.0 717,18 238,392 3.00 | e bR I
, o
14 Improve combustion efficiency of steam boflers. 8,118 tons mazout 7,881 54,000 909,784 IMMEDIATE '_‘| B =
- | -
G‘“","l DA N ' v
) 32 Improve, add, or fix instrumentation to be able to 984 L 1,489 (5) - 750,970 . 185,537 4.05 '|,-‘ -
C properly monitor and control energy consumption. 556 tons mazout .- - o - ' |
{ Note 5 ) 64 tar oil N -
1,487,680 K3 coke gas |
10,500 M3 biast gas [ i
- e S — TSR ‘ eeean il
TOTAL -- .. 14,522 1,565,933 1,932,201 0.81 | - - |-
.......................... bttt bbb S bt b L R e A R e I AL LTS L LY - ¥ I
|
GRAKD TOTAL (Tebles 1.4 A, B, and C) -- ) 38,030 3,007,768 4,645,772 0.65 | - -- |
|
NOTES: 1. Currency conversion 2.25 LE/S 4. Payout perfods of less than 3 months have been {abel led "IMMEDIATE®

2. Boiler efficiency Fe? 4 5. Energy savings shown represent an indirect savings. Proper instrumentation will enhence
3. Energy conversion 42.0 x 10E9 J/T.0.E. the energy savings due to implementstion of the other ECO’s.



El-Nasr Company for Coke and Chemicals - Epnergy Audit
2.0 DISCUSSION

The Organization for Energy Planning in conjunction with the
El-Nasr Company for Coke and Chemicals and Foster Wheeler
USA Corporation have conducted an energy audlt of the El-
Nasr 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 El-Nasr plant was performed in
three steps, namely,

o Screening
o Preaudit
o Audit

The initial phase, screening, resulted in the selection
of the El-Nasr 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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El-Nasr Company for Coke and Chemicals - Eneray Audit
2.1 Qbijective 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 Enerqy is Used

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

Subactivities to this objective include:

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

‘0o - the careful scrutiny of records; ~and their
supplementation by fiuld measurements, as
necessary to establish the utility
consumption.

o particular attention to the energy
consumption of 1large 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 miszing or insufficient
insulation.

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

One important aspect of energy conservation is
being able to document plant energy consumption
and how it varies with time. In order to do this
properly it is necessary that the plant assign an
individual to keep and maintain a system of
records which document both past and present
energy consumption. These records should be kept
in an active file which goes back a minimum of

17
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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 t Ene C o ortunit

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

Again, the achievement of the objective includes
several sub tasks, which include:

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

1:0:.. - @valuation of = ECO's. .which require:..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.

etnod o roac

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

OEP, El-Nasr plant personnel, 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 thelr
location, 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
measurements, visual observations and all necessary

18
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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 systenms
operations engineer, and 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. Almost all of the
necessary plant data was collected in the first four
weeks, with the next two needs used for verification of
plant data where required.

During this period sketches were prepared for the-
various systems, as well as listings of equipment and
other technical data, as necessary for complete
definition of each of the EcO's. :

At the end of the seventh week, estimated sizing of
equipment was well under way.

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.

Equipment sizing, system design, energy savings, and
estimated investment for the various ECO's were
continued through the tenth week.

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

Weeks fourteen and fifteen were reserved for
presentations to OEP and then to the plant, culminating
with the finished report at the end of the sixteenth
week.

Goals and Special Consideratjons

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 60 percent reduction in yearly

19



El-Nasxr company for Coke and Chemicals - Energy Audit

consumption of mazout at the end of two vyears,
following partial implementation of housekeeping and
in-country investment items. Since coke oven gas and
blast furnace gas are each considered to have no cost,
they must always be used preferentially instead of
mazout. That is why this goal is expressed in terms of
mazout rather than all fired fuels. A second goal
would be a 30 percent reduction in the yearly
consumption of electricity at the end of a five year
program of implementation of foreign investment related
items.

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

It 1is necessary that the scheduling of planned
shutdowns be coordinated in such a way that energy
conservation recommendations can be implemented.

Analysis of Enerqy Consumption

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

The basic analysis of these variables is accomplished
through the use of a specialized computer program
developed by FWUSA, and employed in the preaudit and
audit phases of the work.

This program requires, as input, the quantities, unit
cost, and energy equivalent of all energy forms

supplied to the plant. This includes fuel oils,
electricity, natural gas, and other fuels, as
applicable. These data, which include production

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

Each of the following tables is produced with both
domestic energy prices and worldwide prices to permit a
true evaluation of cost and cost savings.
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El-Nasr Company for Coke and Chemicals - Eneray Audit

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 this calculation technique permits
direct plots to be made on the computer, to exhibit a
graphic display of the tabulated data, and to aid in
analysis.

The choice of curves to be presented is generally made
after » careful review of the tables, to detect trends
which would be meaningful as curves, when plotted.

Such trends may include those which indicate costs not
directly dependent upon production, such as
discontinuities in production or energy consumption,
and the like.

Generally, the plots of greatest interest will be
energy consumption, production costs per production
unit and energy consumption per production unit,
plotted against calendar time.

Tables 1A through 1F detail the energy cohsumption for
each of the six sections of the complex that were
audited. Tables 2A through 2F detail the cost of the
energy in both worldwide and local price structure.
Tables 3A through 3F detail the production of each
section, and the energy and energy cost required per
unit of production.

Eighteen graphs have been plotted by the computer for
the El-Nasr Company. Energy consumption has been
plotted in joules in order to compare the energy
consumption figures to worldwide energy consumption
figures. The conclusions drawn from the eighteen
energy consumption tables and the eighteen graphs
follow the presentation of the tables and graphs.
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TABLE 1A - MONTHLY ENERGY CONSUMPTION

CLIENT: U.S. AID/OEP ) COMPARY: EL NASR FOR COKE AND CHEMICALS

DATA: JAN-DEC 1987 UNIT  : COKE PLANT BOILERS 1 THROUGH 6
ELECTRICITY # 6 FUEL OIL ’ COKE OVEN GAS TAR OIL. " TOTAL EMERGY
|PURCHASED EQUIVALENT |PURCHASED EQUIVALEKT [PURCHASED  EQUIVALENT |PURCHASED EQUIVALENT A . -
| ENERGY ENERGY | ENERGY ENERGY | ENERGY ENERGY | ENERGY ENERGY I . [
| I | ‘ | 1 |
| em J x 1069  T.0.E.** | TONS J x 1069 T.0.E. | CU. M. 4 x 1069 T.0.E. | ToWs J x 1069 T.0.E. | J x 1069 T.0.E** |
AN | 135.2 486.6 34.1 | 1018.0 41505.4 988.2 | 5980000  110155.4 2622.7 | 175.0 5494.8  130.8 | 157642.2 3775.9 |
FEB | 133.7 481.2 3.7 7.0 32494.9 TT3.7 | 4960000 91366.3 2175.4 | 0.0 0.0 0.0 | 124342.4 2982.8 |
MR [ 1149 413.8 29.0 | 1108.0 45174.9 1075.6 | 3384000 62335.4 1484.2 | 200.0 6279.8  149.5 | 114203.9 | 2783 |
AR [ 69.8 51.4 17.6 | 2048.0 83500.1 1988.1 | 4720000 86945.4 2070.1 | 352.0 11052.4  263.2 | 181749.3 4339.0 |
My | s9.1 212.9 4.9 | 1639.0 66824.5 1591.1 | 5780000  106471.3 2535.0 | S46.0 17143.9  408.2 | 190652.5 4549.2 |
JUn | 158.3 569.7 39.9 | 1485.0 60545.7 1441.6 | 4840000 89155.9 2122.8 | 674.0 21162.9  S03.9 | 171434.2 4108.1 |
o] 291.2 1048.5 73.4 | 1680.0 68496.2 1630.9 | 3560000 65577.5 1561.4 | 404.0 12685.2  302.0 | 147207.3 3567.7 |
AUG | 181.1 651.9 45.7 | 1855.0 75631.2 1800.7 | 3120000 57472.4 1368.4 | 225.0 7064.8  168.2 | 140820.3 3383.0 |
SEP | 174.1 625.8 43.9 | 1407.0 57365.5 1365.8 | 4655060 85748.1 2061.6 | 300.0 9419.7  224.3 | 153160.1 3675.6 |
ocT | 226.5 815.3 S7.1 | 1000.0 40771.5 970.8 | 4520000 83261.3 1982.4 | 125.0 3924.9 93.4 | 1287729 3103.7 |
NOV | 1742 627.1 43.9 | 657.0 26786.9 637.8 | 6220000  114576.3 2728.0 | 120.0 3767.9 89.7 | 145758.2 3499.4 |
oEC | 188.7 679.3 47.6 | 342.0 13943.9 332.0 | 53600C0 98734.6 2350.8 |  80.0 23511.9 59.8 | 115869.7 2m90.2 |
ANwuaL | | | . | | |
TOTALS | 1906.8 68543 480.7 | 15036.0  613040.7  14596.2 | 57095000  1051799.8 25043 | 3201.0  100508.2 2393.1 | 17722i3.1 425%2.8 |
MONTHLY | LT s | ] B | | |
AVERAGE| ~ 158.9 - S72.0 © ... 40.1 | .1253.0 - " 51086.7 1216.4 | 4758250 87650.0 2085.9 | 266.8 - B375.7  199.4 | 147684.4 3542.7 |
B T ey v . T
] R : : | o o l R | |
NOTES [3.6 X 1069 J/m - ~|-40.7715 x 10E9 J/TOM | 18420635 J/cu. M. , T} 31,3990 x 10E9 J/TON. | T 42.00 x 10E9 J/T.0.E.]
R Lo [ .A ; R R .

**  ELECTRICAL T.0.E. VALUES INCLUDE A TYPICAL 34X EFFICIENCY FACTOR AND CORRESPONDS TO GENERATING ELECTRICITY USING A CONDENSING !

TEAN TURBINE SYSTEN.
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TABLE 1B - MONTHLY ENERGY CONSUMPTION

CLIENT: U.S. AID\OEP COMPANY:  EL NASR FOR COKE AND CHEMICALS
DATA : JAN-DEC 1987 UNIT  :  FERTILIZER PLANT - BOILERS | THROUGH &
ELECTRICITY # 6 FUEL OIL > COKE OVEN GAS TAR OfL “TOTAL EMERGY
|PURCHASED  EQUIVALENT |PURCHASED EQUIVALENT |PURCHASED  EQUIVALENT |PURCHASED  EQUIVALENT | |
| ENERGY ENERGY - | ENERGY ENERGY | EWERGY ENERGY ] EMERGY ENERGY 1 1
| | ! { | |
| 4 x 1069  T.0.E. ** | TYONS J x 10E9 T.0.E. | CU.'M. J x 10E9 T.0.E. | TONS J x 1069 T.0.E. | J x 10€9 T.0.E* |
JAN | 196.6 707.8 49.6 | 392.0 15982.4 380.5 |2589380.0 47698.0  1135.7 | 0.0 0.0 9.0 | 64388.3 1565.4 |
FEB | 197.1 709.5 49.7 | 1510.0 61565.0 1465.8 | 174120.0 3207.4 76.4 | 0.0 0.0 0.0 | £5481.9 1591.9 |
MR | 192.4 &92.7 48.5 | 1381.0 56305.5 1340.6 |1041085.0 19177.4 456.6 | 0.0 0.0 0.0 | 76175.6 1845.7 |
AR | 201.2 724.2 50.7 | 761.0 31027.1 738.7 |2016500.0 37145.2 884.4 | 0.0 0.0 0.0 | 63896.6 1673.9 |
MY | 197.0 709.1 49.7 | 343.0 13984.6 333.0 |3143900.0 57912.6 1378.9 | 0.0 0.0 0.0 | 72606.4 1761.5 |
JUk | 197.0 709.1 49.7 | 334.0 13617.7 324.2 [2360990.0 43490.9 1035.5 | 0.0 0.2 0.0 | Sm17.7 1409.4 |
JuL | 198.1 73.0 49.9 | 1589.0 64785.0 1542.5 | 520230.0 95£3.0 228.2 | 0.0 0.0 0.0 | 75081.9 1220.6 |
A6 | 977 m.7 49.8 | 1313.0 53533.0 1274.6 | 997380.0 1&:72.0 437.4 | 0.0 0.0 0.0 | 72816.7 1761.9 |
SEP | 197.2 710.0 49.7 | 1763.0 T1e30,2 1711.4 | 0.0 a.2 0.0 | 0.0 0.0 0.0 | 72500.2 1761.2 |
ocT | 200.7 122.5 50.6 | 1829.0 74571.1 1775.5 | 6.0 0.0 0.0 | 0.0 - 0.0 0.0 | 75293.6 1826.1 |
NV | 196.0 705.6 49.4 |  891.0 36327.4 854.9 [1890590.0 34825.9 89.2| 0.0 0.0 0.0 | 71858.9 1743.5 |
DEC | 198.4 7143 50.0 | 618.0 25196.8 599.9 |2550950.9 46990.1 1118.8 | 0.0 0.0 0.0 | 72901.2 1768.% |
AsNuAL | | | . | D | |
ToTALS | Z369.3 8529.4 597.3 | 12724.0  518776.9  12351.8 | 17285105  318402.6 7581.0 | 0.0 - 0.0 0.0 | 845709.0 20530.1 |
! =9 .
------ XYy meacesrcncnsevassvenasrenvdessnnaccsner Teosase
MONTHLY | o ; | I | g o 1 |
AVERAGE|  197.4 710.8 49.8 | 1050.3 43231.4 1029.3 | 1440425 26533.6 6318 0.0 - 0.0 0.0 70475.7 1710.8 |

[ - |

NOTES [3.6 X 16E9 J/mm -] 40,7715 x 1069 4/7ON | 18420835 J/cu. M.

[

Sl ] 31,3990 x 1069 JTOM

S |
| 42.00 x 1069 J/T.0.E.|

_*®  ELECTRICAL T.0.E. VALUES leE >A:Tﬂ.’lul 34X EFFICIENCY FACTOR AND mzs#dms T0 mT!E‘G CLEmlClTY USING A >mElSlllG STEAM mBlNE SYSTEM.
€5 e , .



ve

TABLE 1 C - MONTHLY ENERGY CONSUMPTION

CLIENT: U.S. AID/OEP COMPANY: EL KASR FOR COKE AND CHEMICALS
DATA:  JAN-DEC 1987 UNIT = CALCIUM AMMONILM NITRATE
ELECTRICITY 34 KG/CH2 STEAM 16 KG/CH2 STEAM BLAST FURNACE GAS U TOTAL EMERGY <5
|PURCHASED EQUIVALENT |PURCHASED EQUIVALENT |[PURCHASED  EQUIVALENT |PURCHASED EQUIVALENT | S E
| EMERGY  ENERGY | ENERGY  ENERGY | ENERGY  -ENERGY ] ENERGY  ENERGY ) 2
| | | | R A
| wn J x 109 T.0.E.**| ToNs Jx 1069 T.0.E. | TONS 4 x 1089 T.0.E. [ CU. M.  Jx 1069 7.0.E.| J x 10€9 T.0.E.% [
1 x| 298.8 1075.7 75.3 | 1490.0 2616.4 62.3 | 2153.0 4166.7 98.7 | 93000.0 366.0  8.71| 8204.8 2%5.1 |
2 B | 2M.7 1024.9 71.8 | 13%4.0 2047.9 58.3 | 2051.0 3950.2 9.1 | 79000.0 3109 7.46 |  773S.9 DS
3R | 295.4 1063.5 76.5 ] 1521.0 2670.9 63.6 | 1561.0 1006.5 71.6 | 90000.0 356.2 843 ]  7T095.0 2131 |
4 APR | 255.8 921.0 66.5 | 1248.0 2191.5 s2.2 | 193z.0 3721.0 88.6 | 54000.0 212.5  5.08 |  7046.1 210.3 |
5 mr | 251.8 906.5 63.5 | 1260.0 2212.6 s2.7 ] 1477.0 3229.9 76.9 | 31000.0 122.0 2.9 | &71.0 196.0 |
6 | 268.0 964.8 67.6 | 1474.0 2588.3 61.6 | 2408.0 4637.8  110.4 | 45000.0 177 a2 8368.0 2i3.8 |
7 o | 2%2.6 8734 61.2 | 1332.0 2339.0 $5.7 | 1799.0 3464.9 82.5 | 29500.0 6.1 276 |  6FB.4 202.1 |
8 MG | 2715 977.3 8.4 | 1430.0 2511.1 59.8 | 1981.0 - 3815.4 90.8 | 31000.0 122.0 2.0 | 7425.8 222.0 |
9 SEP | 274.9 989.8 $9.3 | 1402.0 2661.9 58.6 | 2005.0 3851.6 91.9 | 23500.0 2.5 2.20| 705.8 22.1 |
10 ot | 296.7 1068.2 76.8 | 1433.0 2516.3 59.9 | 2046.0 3936.7 93.7 | 1559€.0 61.0 145 |  7582.3 229.9 |
11 MoV | 360.4 1297.5 9.9 | 1565.0 2748.1 65.4 | 2058.0 3563.7 94.4 | 20500.0 8.7 1.92| 8090.0 252.6 |
12 oEC | 272.8 982.1 68.8 | 1445.0 2537.4 60.4 | 1614.0 ©  3108.6 74.0 | 13000.0 512 122 6679.3 204.4 |
AVAL | | | | | !
TOTALS | 3373.5  12144.8  B50.5 | 16994.0  29841.5  710.5 | 23283.0 !’ 448k3.1  1067.7 [525000.0 2066.0 49.19 | 88895.3 26779 |
roNTHLY | | | | | | | |
AVERAGE|  281.1 1012.1 .9 | 1416.2  2486.8 9.2 | 1903 3736.9 29.0 | 43750.0 172.2 4.0 | 7a07.9 223.2 |
mss|36x1oe9.mm o & 17560x1059.|nm osumu] 19260x10£9.|nou oa.nulooosunm.vlw.u. i £z.oox1oe9.|no.5|

**  ELECTRICAL T.0. E. VALI.IES IICLLDE A T\'PlCAL 34X EFFICIENCY FACTW A CQRESPUDS TO GElERATllG ELECTR!C!TY uIIRG A CUIDENSWG STEAII TURBIHE SYSTEN.
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CLIENT:  U.S. AID/OEP

COMPANY

TABLE 1 D

~ MONTHLY ENERGY CONSUMPTION

¢ EL NASR FOR COKE AND CHEMICALS
DATA: JAN-DEC 1987 UNIT = PURE AMMONIUM NITRATE
ELECTRICITY 34 KG/CMZ STEAM 16 KG/DH2 STEAM BLAST FURNACE GAS TOTAL EMERGY |
|PURCHASED EQUIVALENT [PURCHASED EQUIVALENT |PURCHASED  EQUIVALENT |PURCHASED EQUIVALENTY {
| EMERGY EMERGY | ENERGY ENERGY | ENERGY ENERGY | ENERGY ENERGY |
| | ! | I
| m J x 10E9 T.0.E.**| TONS J x 10e9 T.0.E. | TOmS J x 10€9 T.0.E. | cu. M. J x 10E9 T.0.E.| & x 10e9 T.0.E.**
JAN | 134 48.1 3.4 | 0.0 0.0 0.0 | 236.0 454.5 10.8 | 0.0 0.0 0.0 | 502.6 14.19 |
FEB | 43.3 155.8 10.9 | 0.0 0.c 0.0 | 822.0 - 1583.2 37.7 | 0.0 0.0 0.0 | 1739.0 48.61 |
WR | 389 139.9 9.8 | 0.0 0.0 0.0 | 8rz.0 1691.0 40.3 | 0.0 0.0 0.0| 18309 50.06 |
APR | 40.4 145.5 10.2 | 0.0 0.0 0.0 | a38.0 1614.0 38.4 | 0.0 0.0 0.0 1759.5 4s.62 |
MaY | 39.9 143.7 10.1 | 0.0 0.0 0.0 | 708.0 1363.6 325 | 0.0 0.0 0.0 | 1507.3 42.53 |
JIN | 465 167.2 7] 0.0 0.0 0.0 | 800.0 1540.8 36.7 | 0.0 0.0 0.0] 1708.0 48.40 |
Jut | 20.1 7.2 5.1 ] 0.0 0.0 0.0 | 300.0 577.8 13.8 | 0.0 0.0 0.0 | 650.0 18.81 |
ASG | 18.5 66.6 4.7 | 0.0 0.0 0.0 | 263.0 506.5 12.1 | 0.0 0.0 0.0 | 573.1 16.72 |
SEP | 26.7 96.2 6.7 | 0.0 0.0 0.0 419.0 807.0 9.2 | 0.0 0.0 0.0 | 903.2 25.95 |
ocT | 60.7 218.5 53] 0.0 0.0 0.0 | 696.0 1340.5 31.9] 00 . 0.0 0.0] 1559.0 7.2 |
NV | 29.4 105.8 74| 0.0 0.0 0.0 514.0 990.0 3.6 0.0 0.0 0.0 1095.8 30.98 |
OEC |  43.1 155.0 10.9 | 0.0 0.0 0.0 | 580 1128.6 26.9| 0.0 0.0 0.0 1283.6 37.73 |
ARMUAL | . | . | R [ |
TOTALS | 420.7 - 15145 106.1 | 0.0 . 0.0° 0.0 | 70s0.0 13597.6 323.8 | 0.0.." 20,0 .- -2.0|  15112.1 429.81 |
HONTHLY| . ! [ R ] |
AVERAGE]  35.1 126.2 88| 0.0 0.0 0.0 | 5883 1B 27.0) . 0.0 0.0 - 0.0 | . 1259.3 35.82 |
I | | 2 | |

NCTES |3.6 X 1069 .mul

1.7560 x 109 J/7CN

DELTA K |  1.9260 x.10E9 J/TON DE!JA!I | ooo:sw..l x 1oe9/ CUM.

42.00 x 1069 J/T.0.E.|

**  ELECTRICAL 7. O.E. VALUES IHCLUDE A TYPICAL 34X EFFICIENCY FACTOR AND CORRESPONDS TO GENERATING ELECTRICITY USING A COMDENSING STEAM TURBINE SYSTENM.
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TABLE 1 E

- MONTHLY ENERGY CONSUMPTION

CLIENT:  U.S. AID/OEP COMPANY: EL NASR FOR COXE AND CHEMICALS
DATA; JAN-DEC 587 UNIT  : DILUTE NITRIC ACID
ELECTRICITY PRODUCED 34 KG/CM2 STEAM * 16 KG/CH2 STEAM BLAST FURNACE GAS "TOTAL ENERGY
|PURCHASED  EQUIVALENT | ENERGY  EQUIVALENT |PURCHASED  EQUIVALENT |PURCHASED  EQUIVALENT |
| ENERGY ENERGY | PRODUCED ENERGY | ENERGY ENERGY | ENERGY ENERGY |
{ | (Credit) (Credit)] H |
| J x 10E9  T.0.E.**| TONS J x 105¢  T.0.E. | TONS . Jx 1069 T.0.E. | CU. M. J x 1069 T.0.E.| J x 1069 T.0.E.*
JAN | 1503.2 5411.7 379.0 | 6052.0  -10627.3  -253.0 | 0.0 0.0 0.0 | 0.0 0.0 0.0 | -5215.6 125.9 |
FEB | 1522.3 5480.2 383.8 | 6104.0 -10718.6  -255.2 | 0.0 0.0 0.0 | 0.0 .0 0.0 | -5238.5 128.55 |
MAR | 1518.7 5467.2 382.8 | 5927.0  -10407.8  -247.8 | 0.0 0.0 0.0 } 2.0 0.0 0.0 | -4940.6 135.04 |
APR | 1232.9 4438.5 310.8 | 4898.0 -8600.9  -204.8 } 0.0 0.0 0.0 | 0.0 2.0 0.0 | -4162.4 106,03 |
MAY | 1270.0 4572.1 320.2 | 4025.0 -7067.9  -168.3 | 0.0 0.0 0.0 | 0.0 0.0 0.0 | -2495.8 ' 151.88 |
J | 1363.6 4909.1 343.8 | S5412.0 -9503.5  -226.3 | 0.0 0.0 0.0 | 0.0 0.0 0.0 | -4594.4 117.49 |
JuL | 1318.4 4746.2 332.4 | 4a91.0 -7886.2  -187.8 | 0.0 0.0 0.0 | 0.0 0.0 0.0 | -3140.0 144.59 |
AUG | 1470.2 5292.6 370.6 | 4584.0 -8751.9  -208.4 ) 0.0 0.0 0.0 | 0.0 0.0 C.o| -3459.3 162.24 |
SEP | 1473.2 5303.5 371.4 | 3567.0 -9775.7  -232.8 | 0.0 0.0 0.0 | 0.0 0.9 0.0 | -4472.2 138.63 |
oct | 1326.9 4776.9 334.5 | 5660.0 -9939.0  -236.6 | 0.0 . 0.0 0.0 | 0.0 0.0 0.0 ] -5162.1 97.85 |
NOV | 1326.9 4776.9 334.5 | 7001.0 -12293.8 -292.7 | 0.0 _- 0.0 0.0 | 0.0 0.0 0.6 | -7516.9 41.80 |
DEC | 1166.8 4200.3 294.1 | 4762.0 -8327.0  -198.3 | 0.0 - 0.0 0.0 | 0.0 0.0 0.0 | -4126.6 95.87 |
ANRUAL | ! | z | | 1
TOTALS | 16493.1 S9375.1  4157.8 | 0.0 -113899.4 -2711.9 | 0.0 0.0 0.0 | 0.0 0.0 0.0 | -54524.3 1445.92 |
POWTHLY| | | ~ | | |
AVERAGE| 1374.4 4947.9 3%6.5 | 0.0 -9491.6  -226.0 | 0.0 0.0 0.0 | 0.0 0.0 C.0 | -4543.7 120.49 |
| | | | ST O S |
NOTES {3.6 X 10€9 J/mM | 1.7560 x 10E9 J/TON OELTA B | 1.9260 x 1069 J/TON DELTA'H | 0.0039%4 J x 1069 / Cu.M. | 42.00 x 10E9 J/T.0.E.|
*  NEGATIVE VALUES (-) INDICATE A CREDIT DUE TO THE PRODUCTION OF ENERGY. .
-

ELECTRICAL T.0.E. VALUES INCLUDE A TYPICAL 34X EFFICIENCY FACTOR AND CORRESPONDS TO GENERATING ELECTRICITY USIIG A MEIRSIIG STEAM TURBINE SYSTEM.
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TABLE 'F - MONTHLY ENERGY CONSUMPTION

CLIENT: U.S. AID‘IGF COMPANY: EL NASR FOR COKE AND CHEMICALS

DATA:  JAN-DEC 1987 UNIT  : AIR SEPARATION PLANT
ELECTRISITY # 6 FUEL OIL COKE OVEN GAS TAR OIL TOTAL EMERGY

'MCNASED EQUIVALENT |PURCHASED EQUIVALENT |PURCHASED  EQUIVALENT IPURCHASED EQUIVALENT I I
| ENERGY ENERGY | ENERGY ENERGY | ENERGY ENERGY | ENERGY ENERGY | |
| | | : | ! |
| J X 1089  T.0.E.%* | TONS Jx 1069 T.0.E. | Q.M. Jx 1069 T.0.E. | Toms J x 1089 T.0.E. | J x 10E9 T.0.E.** |
N | 2142.4 ™me.7 540.1] 0.0 0.0 0.0 | ) 0.0 001 0.0 0.0 0.0 2.7 540.1 |
FEB | 1742.0 6271.0 439.1] 0.0 0.0 0.0 | 0 0.0 05| 0.0 0.0 0.0 6&Mn.0 439.1 {
MR | 1483.2 5339.4 3.9 0.0 0.0 0.0 | .0 0.0 0.0} 0.0 0.0 0.0 | 5339.4 3IB.9 |
APR | 2283.4 8220.1 S7T5.6] 0.0 0.0 0.0 | 0 0.0 0.0] 0.0 0.0 0.0 | 8220.1 575.6 |
MY | 1891.2 6808.4 476.8| 0.0 0.0 0.0 | 0 0.0 0.0] 0.0 0.0 0.0 | 6808.4 476.8 |
Jun | 1853.3 6671.8 7.2 0.0 0.0 0.0 | -0 0.0 0.0] 0.0 0.0 0.0 ] 6671.8 4s7.2 |
L | 2036.6 7331.9 513.4] 0.0 0.0 0.0] = -0 0.0 00}. 0.0 0.0 0.0 73319 513.4 |
AG | 2073.5 T464.7 s2.7{ 0.0 0.0 0.0} %0 0.0 0.0 0.0 0.0 0.0 ] 7464.7 522.7 |
SEP | 2019.6 7270.7 509.2] 0.0 0.0 00] . .0 0.0 0.0] 0.0 0.0 0.0 | T7270.7 509.2 |
ocT | 2153.0 7750.9 542.8 ] 0.0 0.0 0.0 | ;0 0.0 00| 0.0 0.0 0.0 | 7750.9 542.8 |
NOV | 2439.0 8mn. 614.9 ] 0.0 0.0 0.0} -0 0.0 0.0] 0.0 0.0 0.0 | 3780.4 614.9 |
DEC | 2518.8 s T 635.0 | 0.0 0.0 0.0} 0 0.0 0.0} 0.0 0.0 0.0 9067.7 635.0 |
ANNUAL | l | T i ! l
TOTALS | 24635.0  88489.8 6210.8 | 0.0 0.0 00| -@0. = 0.0 0] -0.0 0.0 0.0 | 83589.8 6210.8 |
MONTHLY | l oo ) IR A e | l
AVERACE| 2053.0 7390.8 5176 | 0.0 " 0.0 0.0 | 0 0.0 00| 0.0 0.0 0.0 |  7390.8 517.6 |

I BT EER ; 1 et ST,
NOTES [3.6 X 1029 4/ CL. - | 40.7715 x 1089 J4/TOM | 18420635 J/cu. M.

“

"] 31.3990 x 1089 J/TOM

|- 7. 42.00 x 10E9 J4/T.0.E.|

.-

*  ELECTRICAL T.0.E. VALUES 'INCLUDE A TYPICAL 34X EFFICIENCY FACTOR AMD CORRESPONDS TO GENERATING ELECTRICITY USING A CONDENSING STEAM TURBINE SYSTEM.
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TABLE 2A - MONTHLY ENERGY COSTS

CLIENT: . U.S. AID/OEP COMPANY: EL NASR FOR COKE AND CHEMICALS

DATA :  JAN-DEC 1987 MIT  : COKE PLANT - BOILERS 1 THROUGH 6
ELECTRICITY # 6 FUEL OIL “»  COKE OVEN GAS TR OIL © TOTAL ENERGY: COST
I e ' X
| PURCHASED cosT COST  |PURCHASED  COST COST  |PURCHASED cost COST  |PURCHASED -~ COST. COST | TOTAL TOTAL
| ENERGY | ENERGY | ENERGY | ENERGY: : | cost cosT
| l | e | |
| LE usSs | Tows LE uss | cu.om, LE Uss | Tows LE uss | Le uss
"""""""""" - *tesevcassssnvansscnn bt il St cesecsccecasscapepea - - _—— cesrcsmens l -
o | 135.2 2298 5812 | 1018.6 28504 114087 | 5980000 0 0] 175.0 0 o] 30802 119899 |
FEB | 1337 272 SHT | ™7.0 22316 89320 | 4560000 o 0| 0.0 ] o] 24588 95067 |
MR | 1.9 1954 4962 | 1108.0 31024 124174 | 3384000 o 0| 200.0 ] 0] 32978 129116 |
AR | 9.8 1187 3003 | 2048.0 57344 229519 | 4720000 0 0] 3520 ] o] 58531 32522 |
MAY | 59.1 1005 2543 | 1539.0 45892 183683 | 5780000 ] 0] 545.0 o 0| 48897 186225 |
Jo | 158.3 2650 6805 | 1485.0 41580 166426 | 4840000 o 0] 67.0 ] 0| 44270 173229 |
] 9t.2 4951 12523 | 1680.0 47040 128278 | 3560000 o 0| 404.0 o 0| 51991 200801 |
AG | 181 3078 7787 | 1855.0 51940 207890 | 3120000 o 0] 2.0 ] o] 55018 215677 |
P | 1%, 2960 7487 | 1407.0 39396 157682 | 4455006 o 0| 300.0 o o] 42356 165170 |
ocT | 226.5 3850 9738 | 1000.0 28000 112070 | 4520000 ] 0] z25.0 ] o] 31850 121808 |
WOV | 17%.2 2061 7490 |  657.0 18396 73530 | 6220080 o 0} 120.0 o 0} 21357 81120 |
DEC | 188.7 3208 8113 | 342.0 9576 38328 | 5340000 ] 0] 200 o o] 12784 46441 |
e T LT T, : , ; seessescetesccmeaiorecens ==-{
ANNUAL | | | : - | ; : o |
TOTALS | 1906.8 32415 81991 | 15036.0 421008 1685085 | 57099000 o 0] 32010 L0 0] ASHAZ 1767075 |
. . e , o i
HONTHLY | | | o Gt R SR |
AVERAGE]  158.9 2101 6833 | 1253.0 - 35084 140424 | 4758250 0 - 0] 2668 . . 0 37785 147256 |
| R o I R R
NOTES |  17.0 L.E./MM | 28.0 L.E./TOM ] 0.0000 L.E.JOU. M. ) 0.0 LLE./TON " = ] -
|  43.0 us s | 112.07 us s/Tom | 0.000usSS/CU M. -7 ] 0.00USS/TON T
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CLIENT:  U.S. AID/OEP
DATA: = JAN-DEC 1987

TABLE 28 - MONTHLY ENERGY COSTS

COMPANY: EL NASR FOR COKE AND CHEMICALS
UNIT  : FERTILIZER COMPLEX - BOILERS 1 THROUGH &

o
ELECTRICITY # 6 FUEL OIL ¥ COKE OVEN GAS CTAROIL - YOTAL ENERGY COST . .
[PuRCHASED  COST COST  |PURCHASED  COST COST  |PURCHASED COST COST  |PLRCHASED - COST = COST | TOTAL TOTAL - |
| enereY | ENERGY | ENERGY | EneraY | cost cosT |
| | : ] ‘- | | R |
| o LE USS | Tows LE Uss | cu. . Le Uss | Tous LE uss | LE uss |
------------------------------------------------ . | |
M | 196 3342 84 | 392.0 10976 43931 |2589380.0 0 o] 0.0 0 0] w3s 52386 |
fE8 | 197.1 3351 &75 | 15100 42280 169226 |1044085.0 0 o] 0.0 0 0] 45631 177701 |
MR | 192.4 321 8274 | 1381.0 38668 154769 |2016500.0 0 0 0 0] 41939 16302 |
AR | 201.2 3420 850 | 761.0 21308 85285 [3143900.0 0. o] 0 0| 728 93936 |
MY | 197.0 3348 &70 | 343.0 $604 38440 [2360990.0 0. o 0 o} 12952 46910 |
| 197.0 3348 &70 | 334.0 9352 37431 |2360990.0 B RS N I 0 0| 12m0 45501 |
a | 1981 3367 8516 | 1589.0 44492 178079 | 520230.0 0. 0], 0 0| &7mse 186595 |
aG | 1977 3361 2501 | 1313.0 36764 147148 | 997360.0 o o) 0 0| 0125 155649 |
sep | 197.2 3353 8480 | 1763.0 49366 197579 | 0.0 o ‘0] 0 0| sz 206059 |
oct | 200.7 3412 8530 | 1829.0 51212 204976 | 0.0 o 0] 0 0|  sas 213606 |
MoV | 196.0 332 28 | 891.0 AN8 99854 |1890590.0 0. o]’ © 0 0| 262m 108283 |
DEC | 198.% 1373 8s32 | 618.0 17306 69259 |2550950.0 0 0 - 0 0| 2087 e |
B TR RIS ET T PORSRIRR IO ' et e R !
ANNUAL | | 1 S i 1
TOTALS | 2369.3 40278 101879 | 12724.0 356272 1425979 | 19474975 o 0] 396550 1527858 |
csesmesccencan . '" - - ---.I
MONTHLY | | | R : N I , |
AVERAGE| 197.4 . 3356 8490 | 1060.3 29689 118832 | 1622915 0 ) | 33046 127321 |
: R et L
| o : Y L | ot SRR TN U TP
NOTES | 17.0 L.E./mM - i | . 28.0 L.E./TON | 0.0000 L.E./CU. K. - “17 0.0 LEL/TOM:
| 43.0us snam | 112.07 US $/ToN e

|  0.000 us $7cu, M.
K

- ;:,;o‘.oq ;,i;,an&s'
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CLIENT: - U.S. AID/OEP

DATA: JAN-DEC 1987 UNIT  : CALCIUM AMMONIUM NITRATE
ELECTRICITY 34 KG/CM2 STEAM 16 KG/CH2 STEAM BLAST FURNACE GAS TOTAL ENERGY COST-:
JPURCHASED cosT COST | PURCHASED cosT COST  JPURCHASED cosT COST  |PURCHASED CosT COST |  TOTAL. TOTAL | =
| ENERGY | ENERGY | ENERGY | ENERGY | cost oSt | -
| | | ] | |
| wm LE uss | Tows LE Uss ! TONS LE Uss | cu. M LE us s | Lt us s |
------------------------------------------------------------------------------------ | sm memeeesoeene]
JAN | 298.8 5080 12849 | 1490.0 4857 1373 | 2153.0 6696 23877 | 9300C.0 0 o] 16633 54099 |
FEB | 284.7 4840 12242 | 1394.0 4544 16254 ! 2051.0 6379 22746 | 79000.0 0 0} 15763 51242 |
MAR | 255.4 5022 12703 | 1521.0 4958 17735 | 1561.0 4855 17311 | 90000.0 0 0} 14235 &TT49 |
APR | 255.8 4349 11001 | 1248.0 4068 14552 |  1932.0 5009 21426 | 54000.0 0 0} 15426 46979 |
MAY | 251.8 4281 10828 | 12%0.0 4138 w“wss2 | 1677.0 5215 18598 | 31000.0 0 0] 13604 117 |
JU | 268.0 4556 11526 | 1474.0 4805 17187 |  2408.0 7489 26705 | 45000.0 0 0| 16850 55416 |
JuL | 242.6 4124 10432 | 1332.0 4342 15531 | 1799.0 5595 19951 | 29500.0 0 0} 14062 435914 |
AUG | 2715 4615 11673 | 1430.0 4662 16674 |  1981.0 6161 21969 | 31000.0 0 0} 15438 50316 }
SEP | 2.9 4874 11822 | 1402.0 457 16347 | 2005.0 6236 22235 | 23500.0 0 S0 15480 50405 |
ocT | 296.7 5044 12759 | 1433.0 4872 16702 | 2044.0 6357 22668 | 15500.0 0 o 16073 52136 |
NOV | 340.4 6127 15498 | 1565.0 5102 18248 | 2058.0 © 6400 22823 | 20500.0 0 0| 17629 56569 |
DEC | 272.8 4638 11731 | 1445.0 [¥41] 16849 |  1614.0 5020 17899 | 13000.0 0 0 - 14368 46479 |
----------------------- Rt TR SR S [ [
ANKUAL | I [ - I B I I
TOTALS | 3373.5 57350 145062 | 16994.G 55400 198150 | 23283.0 ° 72410 258208 |525000.0 0 "0 ). 185161 - 601421 |
---------------- s mmmsessene eeeeccieieenne.. e LS ’ i
MONTHLY | | | | BREEEEFERTEN B |
AVERAGE]  281.1 779 12089 | 1416.2 4617 16513 | 19403 6034 21517 | 43750.0 e e . 50118 |
| | H R | 1 T
NOTES | 17.0 L.E./miH ] 3.26 LE/ TOM 1 3.11°7LE /7 TON | 0.0 L.E./CU. M :
] 43.0 us snum | 11.66 uss/ ToM | 0.00 US S/CU. M -

TABLE 2C - MONTHLY ENERGY COSTS

COMPANY: EL NASR FOR COKE AND CHEMICALS

| 1.09 “uss /1w
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TABLE 2D - MONTHLY ENERGY CLOSTS

: CLEENT: - U.S. AID/OEP - COMPANY: EL KASR FOR COKE AND CHEMICALS
“DATA: JAN-DEC 1987 UNIT  : PURE AMMONIUM NITRATE
" ELECTRICITY 34 KG/CM2 STEAM 16 KG/CH2 STEAM BLAST FURNACE GAS TOTAL ENERGY COST. -
|PURCHASED cosT COST | PURCMASED cosT COST  JPURCHASED cost COST  |PURCHASED cosT COST | TOTAL TOTAL - |
| ENERGY | EnERGY | ENeERGY | ENERGY i cosT " eost [
| | ! | | |
| Le USS | Tons LE Uss | Tows LE Uss | cu. N LE uUss| LE uss |
------------------------------------------------------------------- -- - - | |
| 134 227 576 | 0.0 o s 236.0 3% 2617 | 0.0 "0 0} 961 392 |
fE8 | 43.3 36 1861 | 0.0 0 o] &x.0 2556 9116 | 0.0 0 0| 3292 10977 |
MR | 339 661 1671 | 0.0 o 0] &78.0 2m1 9737 | 0.0 0 o] 391 11408 |
AR | 454 73?7 1725 | 0.0 0 0] 8.0 2606 9293 | 0.0 ° o] 3293 1031 |
MY | 39.9 78 1716 | 0.0 o o] 708.0 2202 7852 | .0 o 0| 2880 9568 |
U | 46.5 0 1998 | 2.0 o 0| &00.0 288 8872 | : o- 0] 3278 10870 |
wue | 204 34 852 | 0.0 ] 0] 300.0 933 3327 | 0. o} 127 4189 |
AG | 18.S 314 795 | 0.0 0 0] 263.0 &18 217 | "0 ol 13 e |
seP | 28.7 454 1149 | 0.0 o 0] 319.0 1303 4887 | 00| 1758 579 |
ocT | 60.7 1032 2610 | 0.0 o 0] 69.0 2185 my | 0L e 3196 10329 |
NV | 294 500 1284 | 0.0 0 6] 5140 - 1599 5700 | S0 T 2008 6954 |
DEC | &3.1 2 1851 | 0.0 ] 6] 58.0 1822 6499 § Jo e 2554 &350 |
............... e . - e eeee . - . | - |
ANHUAL | , | L | o | !
TOTALS |  420.7 7152 18090 ]. 0.0 - 0 0] 7060.0- 21957 i 946325 |
esrscecmanavenane . | . - I I
MONTHLY | ] B I T I : o { l
AVERAGE|  35.1 596 - 1507 | 0.0 .- 07 0] 5883 . 1830 | 8032 |
| 1 2

NOTES | 7.0 LE.AMM . ol oS T ey



TABLE 2E - MOMTKLY ENERGY COSTS

CLIENT: U.S. AID/OEP COMPANY: EL NASR FOR COKE AND CHEMICALS
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LATA: JAK-DEC 1937 UNIT  : DILUTE NITRIC ACID
ELECTRICITY PRODUCED 34 KG/CM2 STEAM 16 KG/CM2 STEAM BLAST FURNACE GAS . . TOTAL EMERGY COST - B
| PURCHASED cosT COST | ENERGY cosT COST  |PURCHASED cosT COST  |PURCHASED cosT o057 | - TOTAL - TOTAL - |
| ENERGY |PRODUCED  (credit)  (credit)] ENERGY | ENERGY | cost _cost - |
I | | | i R
| LE UsSS | ToNs LE USS | ToNs LE UssS | cu. M LE. Uss| LE Tuss ]
.............. cetmee  mmmmmeeiecsmeiees  ceememmmes  semeessmmcceeemeeee ] e B
JAR | 1503.2 25555 64639 | 6052.0 -19730  -70586 | 0.0 () 0] 0.0 0 0} 5826 5927 |
FEB | 1522.3 25879 65458 | 6104.0 -19899  -7T173 | 0.0 ()} 0] 0.0 0 0} 5980 S5 |-
MR | 1518.7 25818 65303 | 5927.0 -19322  -69109 | 0.0 (] 0} 0.0 0 0] 6496 ~3806 |
AR | 1232.9 20959 53015 | 4898.0 -15967  -57111 | 0.0 (] 0} 0.0 o 0| 4992 -4096 |
MY | 1270.0 21590 54611 | 4025.0 -13122 -46932 | 0.0 (] 0| 0.0 - 0. 0] 8469 7679 |
Jud | 1363.6 23182 58636 | 5412.0 S17643  -£3104 | 0.0 (] 0] 0.0 o .. 0] 5539 4488 |
JuL | 1318.4 22413 56691 | 4491.0 ~14641 52365 | 0.0 (] o 0.0 (] o] e 4326 |
AUG | 1470.2 24993 63217 | 4984.0 -162¢48  -58113 | 0.0 (] “ 0] 0.0 o o] 8745 5104 |
SEP | 1473.2 25044 63347 | S567.C -18148  -64911 | 0.0 (] 0| 0.0 0 0] 6895 -1564 |
ocT | 1326.9 22557 57057 | 5660.0 -18452 -65996 | 0.0 0 0] 0.0 0 0] 4106 -B959 |
NOV | 1326.9 22557 57057 | 7001.0 -2282%  -81632 | 0.0 0 0| 0.0 o o -266 ~24575 |
DEC | 1166.8 19835 50971 | 4742.0 -15459  -55292 | 0.0 0 0} 0.0 0 0] 4375 <5121 |
....... e eesvacessescscstcn evemmccces cmcccccome - - | |
Aunuat | | | ST | S I ‘ |
TOTALS | 16493.1 280382 709203 | 64853.0 ~211453  -756303 | 0.0 0" ‘o .00 .0 0| eeve9 ~47100 |
----------------- seeeecemas  eccmccmmeccccaeaes R ceeemeonees -. ' g Dt |
MONTHLY | | | e A R R TN R |
AVERAGE| 1374.4 23365 59100 | 5405.3 “17621  -63025 | 0.0 0. - 0] 0.0 | 5Tak -3925 |
| . i - Credit - i o
NOTES |  17.0 L.E./mM ] 326 LE/TON 1 [ 0.0 LE./cU. N
| 3.0 US s, | 1.66 uss/TIow | © - 0.00 US SrOM. N
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TABLE 2F - MONTHLY ENERGY COSTS

CLIENT: ~ U.S. AIO/OEP COMPANY: EL NASR FOR COKE AND CHEKICALS
DATA : . JAN-DEC 1987 UNIT  : AIR SEPARATION PLANT
ELECTRICITY . # 6 FUEL OIL COXE OVEN GAS ‘ . meon “TOTAL EMERGY COST
| PURCHASED cosT COST  |PURCHASED cosT COST  |PURCHASED cost COST  JPURCHASED COST - cosT | TOTAL TOTAL
| ENERGY | ENERGY | ENERGY | ENERGY | cost cost
{ ] I | |
| LE uUss | Toxs LE Uss | ou. M LE Uss | rTows LE.  uss | L uss
---------- TUTesseses messesesssccecoccones sesseree - | it |
1 AR | 2142.4 36421 92124 | 0.0 0 0} ‘0 0 0| 0.0 0 ol 36421 92124 |
2 FEB | 1742.0 29613 74904 | 0.0 .0 0| 0 0 0] 0.0 0 o} 29613 74904 |
3 MAR | 1483.2 25214 63776 | 0.0 ‘0 . ol .0 ] o] 0.0 0 0| 25214 63776 |
4 APR | 2283.4 38817 98185 | 0.0 <0 0] .0 "o 0] 0.0 o o 38317 98185 |
S MAY | 1891.2 32151 81322 | 0.0 e 0} 0 o 0] 0.0 -0 (| 32151 81322 |
6 JuN | 1853.3 31506 7690 | 0.0 LB o] 0 S0 0] 0.0 -0 0] 31506 690 |
T Jut | 2036.6 34623 87575 | 0.0 e BN 0. e 0] 0.0 - ] 0] 34623 87575 |
8 G | 2073.5 35250 89162 | 0.0 o N 0 0 0| 0.0 . 0 ol 35250 89162 |
9 SEP | 2019.6 34334 86844 | 0.0 0 - ol - 0 -0 of - 0.0 0 0] 34334 85844 |
10 oct | 2153.0 36602 92581 | 0.0 20 o N B 0 e 0 10,0 ] of 35502 92581 |
11 wNov | 2439.0 41463 104877 | 0.0 0 NI B 0 0| . 00 - 0 ol 41463 104877 |
12 oEc | 2518.8 42820 108309 | 0.0 0 S K [P - B 0., S0} .0.0 0 0| 42820 108309 |
................. ecracsresssnncscccnsaanane N B Co Lt " """""""“-l
ANNUAL | | I s I
TOTALS | 24636.0 418813 1059350 | 0.0. 0] S0 | 418813 1059350 |
------------------------ g P S - |
MONTHLY | | oo I R R |
AVERAGE| 2053.0 34901 88279 | 00 . 0. 0] 0] - 34901 ag2?y |
NOTES | - 17.0 L.E./mm Ul 28,0 LEL/TON e ] 0.0000 LLEL/QU. MG :0.0 L.E./TON"
| 43.0 us s,am Tl v2.0Tus s/t T o | 0.000 US S/cu. M. 0.00 US'$/TON"
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TABLE 3A - MONTHLY PRODUCTION, COST AND ENERGY PER UNIT

CLIENT: U.S. AID\OEP COMPANY : EL NASi_! FOR COKE AND CHEMICALS
DATA : JAN-DEC 1987 UKIT = COKE PLANT - BOILERS 1 THROUGH &

| STEAM | ENERGY COST PER UNIT | ENERGY PER UNIT

|PRODUCTION | . {
| | -]
| TONS | LE/TON USS/ TON|Jx 10E9/TON T.0.E./TOM
1 JAN | 50850.0 | 0.61 2.36 | 3.10 0.074 |
2 FEB | 48120.0 | 2.51 1.98 | 2.58 0.062 |
3 MAR | 52802.0 | 0.62 2.45 | 2.16 0.052 |
4 APR | 50350.0 | 1.16 4.62 | 3.61 0.085 |
5 MAY | 52800.0 | 0.89 3.53 | 3.61 0.085 |
6 Jui | 51120.0 | 0.87 3.39 | 3.35 0.080 |
7 JuL | 52660.0 | 0.99 3.81 | 2.81 0.068 |
8 AUS | 4B645.0 | 1.13 £.53 | 2.89 0.070 |
s SEP | 49770.0 | 0.85 3.32 | 3.08 0.074 |
10 oCT | 50455.0 | 0.63 2,41 | 2.55 0.062 |
1" MOV | 49840.0 | 0.43 -:1.63 | 2.92 0.070 |
12 DEC | 48400.0 | 0.26 ,0.96 | 2.39 0.058 |
---------------------------------- o |
ANNUAL | | s | |
TOTALS | 605812.0 | 2 | |
---------------------- - mecmees |
MONTHLY | | AR TR R |
AVERAGE | 504843 | 075 © 29292 . 1 0.070 |
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TABLE 38 - MOWTHLY PRODUCTION, COST AND ENERGY PER UNIT

CLIENT: U.S. A1D\OEP COMPANY : EL NASR FOR COKE AND CHEMICALS
DATA : JAN-DEC 1987 UNIT FERTILIZER COMPLEX - BOILERS 1 THROUGH &

| STEAM | ENERGY COST PER UNIT
{PrODUCTION |

| | :
| TONS | LE/TON USS /TON | J x 1069/TON  T.0.E./TON

ENERGY PER UNIT

1 | 22350.0 | 0.6 2.3 | 2.88 0.070 |
2 B | 226110 | 2.02 -7.88 | 2.9%0 0.070 |
3 mr | 2085.0 | 2.03 -7.50 | 3.69 0.089 |
4 AR | 20285.0 | 122 4.63 | 3.40 0.083 |
5 mv | 20823.0 | 0.62 2.25 | 3.49 0.085 |
6 s | 2910.0 | 0.55 2.00 | 2.52 0.062 |
7 | 22898.0 | 2.09 8.15 | 3.2 0.080 |
8 AG | 20908.0 | 1.92 7.4 | 3.67 0.084 |
9 sep | 23370.0 | 2.26 8.2 | 3.1 0.075 |
10 ocT | 24985.0 | 2.19 8.55 | 3.01 0.073 |
11 wv | 223010 | 1.27 4.8 | 3.22 0.078 |
12 pec | 21154.0 § 0.98 53,68 | 3.45 0.08% |
....................... ceseccerercaconna - l
ANNUAL | I - |
TOTALS | 255240.0 | (U i
.- ——- . 43 -}
MONTHLY | | . , ]
AVERAGE |  22103.3 | 148 C 320 0.078 |
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CLIENT:

DATA :

TABLE 3 C - MONTHLY PRODUCTION, COST AND ENERGY PER UNIT

U.S. AID/OEP
JAN-DEC 1987

COMPANY:  EL NASR FOR COKE AND CHEMICALS

WIT CALCIUM AMMOMIUN NITRATE *

; |

ENERGY COST PER UNIT |  ENERGY PER UNIT
i
|

ToNS * LE/TON  USS / TON | JXI10E9/TON  T.0.E./TOM |
ecssccnsssecscncrnsscnmamrsrssnan. wences oesaecs ecescana emearcencwa -.-.-..----l
] 6185.0 | 2.69 8.75 | 1.326 0.040 |
| 4766.0 | .0 10.75 | 1.623 0.049 |
i 4349.0 | 3.41 16.98 | 1.631 0.050 |
| 3124.0 § 4.62 15.04 | 2.255 0.067 |
| 2524.0 | 5.39 17.48 | 2.564 0.078 |
| 4033.0 | 4.18 13.74 | 2.075 0.050 |
| 4217.0 | 3.3 - 10.89 | 1.611 0.048 |
I 4803.0 | 3.21 10.48 | 1.546 0.046 |
| 4963.0 | 3.12 10.16 | 1.492 0.045 |
| 4220.0 | 3.81 12.35 | 1.797 0.054 |
| 6057.0 | 2.9 2.3 | 1,336 0.042 |
| 3281.0 | 4.38 14.17 | 2.035 0.062 |
| | . |
| 52523.0 | B
1 i R
] 4376.9 | 3.697 12,010 | 1.77 0.053

1.26% OF THE PROCUCTION TOTALS FOR' JULY THROUGH DECEMBER - °

P

HAS PURE AMMONIUM NITRATE.
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TABLE 3 D - HONTHLY PROOUCTION, COST AND ENERGY PER UNIT

CLIENT: U.S. AID/OEP CLMPANY 3 EL NASR FOR COKE AND CHEMICALS
DATA : JAN-DEC 1987 WNIT @ PURE AMMONIUM NITRATE

| | |
] PRODUCTION | ENERGY COST PER UNIT | ENERGY PER UNIT
] | o |
I TS | LE/TON USS$/TON| JXIOEP/TON  T.0.E./TON |
N 1 452.0 | 2.13 7.06 | 1.112 0.0314 |
FEB 1 1568.0 | 2.10 7.00 | 1.10¢ 0.0310 |
MAR | 1878.0 | 1.81 6.07 | 0.975 0.0267 |
APR | 1808.0 | 1.82 6.10 | 0.973 0.0269 |
my ] 1476.0 | 1.95 6.48 | 1.021 0.0288 |
W i 1547.0 | 2.12 7.03 | 1.104 0.0313 |
JuL I 549.3 | 2.32 7.63 | 1.183 0.0342 |
UG { 568.0 | 1.9 6.53 | 1.00¢ 0.029%% |
SEP | 809.0 | 2.17 7.6 | 1.116 . 0.0321 |
oct | 1743.0 | 1.8 - 5.93 ) 0.8%4 0.0271 |
Nov I 1271.0 | 1.65 5.48 | 0.882 0.02¢44 |
DEC ] 1650.0 | 1.55 5.08 | 0.778 0.c229 |
ANNUAL | | |
TOTALS | 153193 | N |
HONTHLY | | . RS R IR B
AVERAGE | 1276.6 | 1.95 - 646 . 1011 0.029
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TABLE 3 € - MONTHLY PRODUCTION, CCST AND ENERGY PER UNIT

AVERAGE | 4722.5 54053 | 129 06k | 0.7  o0.027

CLIENT:  U.S. AID/OEP COMPANY:  EL NASR FOR COKE AND CHEMICALS
DATA :  JAN-DEC 1987 UNIT  :  DILUTE NITRIC ACID
| 34 xG/eM2 | i . |
| acio STEAM | NET ENERGY COST PER UNIT | NET ENERGY PER UNIT . |
| PRODUCTION  PRODUCTION | | i
i | l |
| ToNs TONS | LE/TON USS/TON | JXI0E9/TON T.C.E./TON |
TSTemeesmessiessoiee ecseeecemeeeeeoiees e | aomeenness cemneeeaes [
JAR I 5263.0 6052.0 | 1.11 ~1.13 | -0.991 0.0239 |
FEB i 5368.0 6104.0 | 1.14 -1.06 | -0.976 0.0239 |
MAR | 5388.0 5927.3 | 1.21 -=0.71 | -0.917 0.0251 |
APR I 4259.0 4898.0 | 1.17 -0.96 | -0.977 0.0249 |
MAY | 3473.0 4025.0 | 2.44 2.21 | -0.719 0.0437 |
Jun | 4706.9 5412.0 | 1.18 -0.95 | -0.976 0.0250 |
JuL | 3905.0 4491.0 | 1.9 .11 | -0.804 0.0370 |
AUG | 4334.0 4984.0 | 2.02 1.18 | -0.798 0.037% |
SEP ! 4841.0 5567.0 | 1.42 -0.32 | -0.924 0.0286 |
octY | 4922.0 56560.0 | 0.83 -1.82 | -1.049 0.0199 |
ROV 1 6083.0 7001.0 |} -0.04 K -1.35 0.0069 |
DEC | 41233.0 4742.0 | 1.06 -2 | -1.001 0.0233 |
Acsccanccaccares ®terecsecranecccncans ceccsmcesssnnnncanareas escsssccnccccsee -l
ANNUAL 1 | i |
TOTALS | s6s70.0 64863.0 | » | |
foeenn |

MONTHLY | | . | l
|
]
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TABLE 3F - MONTELY PRODUCTION, COST AND ENERGY PER UNIT

CLIENT: U.S. AID\DEP COMPANY : EL NASR FOR COKE AND CHEMICALS
DATA : JAN-DEC 1987 WNIT AIR SEPARATION PLANT

|PRODUCTION | ENERGY COST PER UNIT | ENERGY PER UNIT |
| (Oxygen) | (OXYGEN) 1 (OXYGEN) i
| | | |
1 kM3 | LE/ M3 Us S/ kM3 | Jx10£9/G T.0.E./kG |
.......................................................................... ‘
1 JAN | 1528.7 | 27.41 69.33 | 5.80 0.406 |
2 FEB | 1177.9 | 25.14 63.59 | 5.32 0.373 |
3 MAR I 1225.7 | 20.57 52.03 | 4.36 0.30% |
& APR | 1231.4 | 31.52 .73 | 6.68 0.467 |
5 MAY | 1181.6 | 27.21 68.83 | 5.76 0.404 |
6 JUH | 1223.7 | 25.75 €5.12 | 5.45 0.382 |
7 JuL | 1253.0 | 27.63 69.89 | 5.85 0.410 |
8 AUG | 1274.6 | 7.66 £69.95 | 5.86 0.410 |
9 SEP | 1228.5 | 27.95 70.69 | 5.92 0.414 |
10 ocT | 1309.9 | 27.94 70.68 | 5.92 0.41% |
1 NOV ] 1679.3 | 24,69 (62,45 | 5.3 0.366 }|
12 DEC | 1869.1 | 22.91 57.95 ! 4.85 0.340 |
.............................................................................. l
ANRUAL | | | |
TOTALS | 15983.4 I - | i
eeravvcnrcreccancosmcanasannmaa -e Epupu. eea '
MONTHLY | | ] |
AVERAGE | 1332.0 | 26,36 . 66.69 | - 5.58 o 9.391'1

wsescmnererranene —eoe
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El-Nasr Company for Coke and Chemicals - Eneray Audit
2.4.1 Discussjon of Tables
Tables 1A, 2A, 3A -~ Coke Plant Boilers

The monthly energy consumption varied from a high °
of 190,652 x 10° joules in May to a low of 114,204
x 10° joules in March. On average, 59% of the
total energy consumed was derived from coke oven
gas, while No. 6 fuel oil accounted for 34.6%, tar
0il contributed 6%, and electricity contributed
0.4%.

Coke oven gas and tar oil are byproducts of the
Coke Plant. Together, coke oven gas and tar oil
should be, and are, the major sources of energy to
the Coke Plant boilers. The wide variation in-
monthly energy costs per ton of steam directly
reflects the variation in the consumption of coke
oven gas.

An average of 2.%2 x 109 joules was needed to make
one ton of steam. This fiqure is consistent with
worldwide energy consumption rates of similar
systems. The average energy cost per ton was LE
0.75 or $2.91 based on local and worldwide utility
costs, respectively. . S

ables 1 2 3B ~ Fertilizer ant Boilers

The monthly energy consumption varied from a high
of 76,176 x 102 joules in March to a low of 57,818
x 109 joules in June. On average, 61% of the
total energy consumed was derived from No. & fuel
oil, while coke oven gas accounted for 38%, and
electricity accounted for 1%.

Coke oven gas is a byproduct of the Coke Plant.
Its use should be maximized at all times. The
months of September and October show a dramatic
rise in the cost of energy due to the absence of
coke oven gas as a fuel.

An average of 3.20 x 109 joules was needed to make
one ton of steam. This value is approximately 11%
higher than similar worldwide figures. The
average energy costs per ton was LE 1.48 or $5.71
based on 1local and worldwide utility costs,
respectively.

Tables 1C, 2C, 3C - cCalcium Ammonium Nitrate

The monthly energy consumption was relatively flat
for the year 1987, varying from a high of 8204.8 x
107 joules in January to a low of 6471 x 109
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El-Nasr Company for Coke and Chemicals - Enerqy Audit
joules in May. oOn average, energy derived from
steam accounted for 84% of the total energy

consumption, while electricity acuounted for 14%
and blast furnace gas added 2%.

An average of 1.77 x 10° joules was needed to
produce one ton of calcium ammonium nitrate.

Tables 1D, 2D, 3D - Pure Ammonium Nitrate

The monthly energy consumption was sporadic in
1987 and was directly related to production
figures. As & result, energy consumption varied
from a high of 1830.9 x 109 joules in March to a
low of 502.6 x 102 joules in January. On average,
energy derived from steam accounted for 90% of the
total energy consumption, and electricity wade up
the remaining 10%.

An average of 1.01 x 10° Jjoules was needed to
produce one ton of pure ammonium nitrate.

Electricity accounted for all of the energy
consumed in the dilute nitric acid unit.. _The.
Dilute Nitric Acid Plant is, however, a net ‘energy"
producer due to the energy of the steam produced
in the waste heat boiler. Net energy production
varied from a low of -2496 x 102 joules in May to
a high of -7517 x 109 joules in November.

An average of -0.947 x 10° joules of energy was
produced in making one ton of dilute nitric acid
at an average energy cost of LE 1.29 or =-$ 0.64
using 1local and worldwide utility costs,
respectively, and including a cost credit for the
production of steam.

Tables 1F, 2F, 3F - Air Separation Plant

Electricity accounted for all of the energy
consumed in the Air Separation Plant. After
varying considerably in the early months of the
year, energy consumption was relatively constant
from July through October and then experienced a
rise due to a coinciding rise in production.
Energy consumption varied from a high of 9068 x
109 joules in December to a low of 5339 x 109
joules in March.

An average of 5.58 x 109 joules was required to
produce 1000 cubic meters of oxygen at an average
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E]'HEEI'§§ﬁ2§D¥ for Coke and Chemicals - Energy Audit

2.4.2

cost of LE 26.36 or $66.69 using local and
worldwide utility costs, respectively. o

usg of G

Eighteen graphs have been developed from monthly.
energy and production data for 1987 and are
included above in this section. They show, for
each of the plants audited, how much energy was
used in each of its basic forms, the cost of
energy per unit of product, and the total energy
per unit of product.

Graphs 1A through 1F show the energy consumption
of the Coke Plant Boilers, Fertilizer Plant
Boilers, cCalcium Ammonium Nitrate Plant, Pure
Ammonium Nitrate Plant, Dilute Nitric Acid Plant,
and Air Separation Plant respectively.

Graphs 2A through 2F show the cost of energy per
unit of product for each of the audited processes.

Graphs 3A through 3F are significant in that they
show the actual energy consumption per unit of

..product ..at the El-Nasr . Company - for -Coke:. and

Chemicals.

The expected energy consumption figures for the
steam boiler systems in the coke Plant and the
Fertilizer Plant has been shown along with the
actual energy consumption figures on Graphs 3A and
3B. The current scope of work 1is such that
similar plots of expected versus actual energy
consumptions per unit of product are not possible
to develop. The soon to be replaced ammonia
production plant was excluded from the scope of
work in this audit, and therefore comparison of
the energy necessary to make calcium ammonium
nitrate, dilute nitric acid, and pure ammonium
nitrate against worldwide figures is not possible
to develop.

aphs - Co ant. lers

These graphs show the contribuition of the various
forms of energy consumed, energy costs and energy
per unit for the Coke Plant boilers. The total
energy consumption rose drastically from March to
June due to high steam production rates. Fuel
0il consumption was minimized during the latter
part nt the year, because coke oven gas
consumption was maximized.
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El-Nasr Company for Coke and Chemicals - Energy Audit

The ratio of fuel oil to coke oven gas directly
affects the production cost for one ton of steam.
The fluctuations in Graph 2A shows this effect in
which we see the cost per ton vary from a high of
$4.62 in April to a low of $0.96 in December. To
keep the energy costs down, maximum use should be
made of tar oil and coke oven gas, which are
byproducts of the Coke Plant.

Graph 3A shows the monthly fluctuation of steam
cost as compared to other similar steam systems.
It is intrresting to note that the s.hape of this
graph and the total energy consumed graph appear
to be identical. This is the result of relatively
stable steam production throughout the year with
fluctuations in energy consumption resulting from
changes in thermal efficiency, rather than from
swings in monthly steam production rates.

Graphs 1B, 2B, 3B - Fertilizer Plant Boilers

These graphs illustrate the contribution of the
various forms of energy consumed, energy costs and
energy per unit for the Fertilizer Plant boilers.
The total energy consumption was high, compared to
.other months, from February to April. . Fuel. oil.:
consumption was high in these months due to non-
availability of coke oven gas. The ratio of fuel
oil to coke oven gas directly affects the
production cost for one ton of steam. The
fluctuations in Graph 2B shows this effect. Coke
oven gas 1is a byproduct of the Coke Plant;
therefore, its wuse should be maximized to
minimize purchased energy.

Graphs 1C, 2C, 3C - Calcjum Ammopnium Nitrate Plant

These graphs show the contribution of various
forms of energy consumed, total energy costs in
U.S. dollars per ton of product and energy per
unit of calcium ammonium nitrate. The energy cost
per ton and the energy consumption per ton is high
in the months of April, May and June, due to high
consumption of 16 Kg/cm? steam in the plant during
-these months. Steam use should be carefully
controlled to keep the enerqgy costs 1low. Low
production rates should coincide with low utility
consumption rates.

D, 3D - t
These graphs show the contribution of various
forms of energy consumed, total energy costs in
U.S. dollars per ton of product, and energy per

61



El-Nasr Company for Coke and Chemicals - Eneray Audit

unit of pure ammonium nitrate. The monthly

energy consumption during July, August and -
September was exceptionally 1low due to

significantly reduced production rates. Figures

of energy consumption per ton remained relatively -
constant, showing some improvement at the end of -

the year.

G - Di c Ac

These graphs show the contribution of energy, both

produced and consumed, total net energy costs in
U.S. dolliars per ton of product and net energy per

ton of Dilute Nitric Acid Plant. The low net:

energy production per ton of product in May is
most 1likely due to low production rates while
using the same constant quantity of electricity.

Low production rates should coincide with low '’

utility consumption rates.

Graphs 1F, 2F, 3F - Air Separation Plant

These graphs show the contribution of energy
(electricity only) consumed, total energy costs in
U.S. dollars per ton of product and energy per

-anit for the Air. Separation Plant. The..lowest
monthly consumption of energy 1is during February

and March. The amount of energy per ton was
relatively constant from May through December.
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2.5

Economic Evaluatjon

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

Establish utility costs/economic criteria
Develop energy savings

Estimate investment cost

Decide if project is attractive

00O0O0

For this energy audit the utility cests 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 1is 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 .effactive:.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
separately in the sections which follow.

2.5.1 Value of Enerqy Saved

The first step in predicting the value of the
energy ¢:.v/ed for any ECO 1s 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 energy 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 "1v,

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

Construction manhours have been adjusted from a
baseline representing a U.S. Gulf Coast location
to the productivity realized in previous Foster
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- Wheeler projects carried out in Egypt. Once
again, worldwide experience was used as the
primary determinant on productivity adjustment.
Other factors were considered such as the size and
complexity of each item of work, the amount of
engineering that will be provided, the amount and
type of supervision and who will be executing the
work (in plant personnel, contractor, etc.).

Labor rates for construction crafts in Egypt were
obtained from Foster Wheeler's Labor Relations
Dept., 1local Egyptian contractors, and rates
published in Engineering News magazine.

Each estimate includes:

a)

b)

Indirect costs. These include construction
supervision, major tools, temporary
facilities, subcontractor's requirenments.

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 pioceed
with continuity and without interruption or delay
due to plant operation interference. It is
anticipated that plant shutdowns of sufficient
duration will be available, when necessary, to
install the needed equipment to implement a
particular ECO.

No provision is made for import duties or t.xes,
as these items require detailed information which
is normally nct 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 project, and
a "front end" engineering packuge as a technical
basis, on major projects.
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3.0 ENERGY CONSERVATION OPPORTUNITIES (ECO's)
3.1 Summary List
Fertilizer Plant Steam System

ECO-01.

ECO~02. Eliminate the use of high pressure steam and
use desuperheated 16 atm steam <for total
steam requirements in cCalcium Ammonium
Nitrate plant.

EC0O-03, Installation of a condensate recovery system
for the Ammonia, Nitric Acid, calcium
Ammonium Nitrate, and Pure Ammonium Nitrate

: plants.

ECO-04. Check combustion efficiency of steam boilers.

ECO-05. Repair turbogenerator and generate
electricity when letting down steam pressure.

ECO- 06. Test, repair, replace steam traps.

ahet s Brmisen PRV PN . . - e R b a4 e

ECO-07. Add new or repair existing "insdlation” on
steam and condensate lines.

ECO-08. Repair steam, air, water, and condensate
leaks from valves, lines, flanges, etc.

ECO~09. Combustion air preheat through stack gas heat
recovery.

Eco-10. (Number not used)

Coke Plant Steam System ,

ECO-11. Delete boilers #1, #2, #3, and #4, and
replace by a single high efficiency 75
ton/hour package poiler.

ECo-12. Combustion air preheat through stack gas heat
recovery at boilers #5 and #6.

ECO-13. Operate the turbogenerator at design capacity

- and recover energy that is otherwise wasted
across the letdown station.
B ECO-14. Check combustion efficiency of steam boilers.

Produce steam from continuous boiler blowdown
in Dilute Nitric Acid plant.
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ECO-15.
ECO-16.
ECO-17.

ECO-18.
ECO-19.

ECO-20.

ECO-21.

ECO-22.

ECO-23.

ECO-24, '

ECO-25.
ECO-26.
Beo-27.
sco-zs.
;séo-zs.

ECO0-30.

Installation of a condensate recovery system
for the Coke Plant. .

Add new or repair existing insulation on
steam and condensate lines. A

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

Test, repalr, replace steam traps.

Complete commissioning of new demineralized
water plant and put it into service.

Fix tubes in boiler #4 economizer and
superheater.

Improve insulation and add drip legs to low
and high pressure steam headers in order to
reduce pressure drop and heat loss.

(Number not used)

Recover heat and produce steam from
continuous boiler blowdown. :

Repair 'heat exchanger leaks' “and ' install
necessary non-return valves to avoid steam
and condensate contamination.

Institute a permanent program for steam trap
testing.

Study the effect of insulation on heat loss
from pipes.

Provide automatic fuel/air ratio controllers
for steam boilers.

Installation of capacitors as required toc
improve power factor in the Fertilizer Plant.

Installation of capacitors as reéuired to
improve power factor in the Coke Plant.

Investigate energy savings by changing drive
controls of variable load equipment to
variable 1icequency (speed) controllers in
the Fertilizer Plant.
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ECO-31.

ECO-32.

. EC0-33.
‘£ECO-34,

“ECO-35.

Investigate energy savings by changing drive
controls of variable 1load equipment to
variable frequency (speed) controllers in the
Coke Plant.

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

Develop and implement a formal equipment-
maintenance program.

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

Use of publicity, memos, newsletters, etc.,:.

to implement an energy program and make
personnel aware of energy conservation. ‘
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3.2

Detaijled ECO Presentation

For each of the housekeeping items and each of
the investment 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 of ECO is given an identification
number, as EC0-01 which ties it directly to the
list of ECO':, 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 rull text which defines that
ECO, 1including its technical description,
investment cost, savings, and payback can be
removed for easy use elsewhere in project
definition documents, financing discussions, and
the like.




FERTILIZER PLANT Annual Savings, TOE : 216

STEAM SYSTEM Annual Savings, $ s 24,933
Investment Cost, $ s 28,240

PRODUCE STEAM FROM Payout: Simple, Yrs : 1.13

CONTINUOUS BOILER DCF P : —

BLOWDOWN IN DILUTE NITRIC

ACID PLANT

CO~

1.0 PURPQSE

The purpose of this ECO is to produce steam from hot
continuous boiler blowdown.

2.0 CES SC (0)

The present system is to send the hot continuous blowdown
directly to drainage. The blowdown rate is 500 Kg/hr. The
system shown on the attached sketch will recover steam from
boiler blowdown, thereby reducing the energy consumption of
boilers.

Due to the very low blowdown rate, it is not believed Lhat
investment in a boiler feedwater/blowdown exchanger is
warranted. For larger blowdown rates, a considerable amount
of energy can be recovered by preheating boiler feedwater
using continuous blowdnwn.

3.0 EQUIPMENT LIST/SIZE
The following equipment is necessary to implement this ECO:
Drum:

16" 0D pige X 1100 mm T/T
5.5 Kg/cm* (540 kPa), 175°c. design

u t :
As shown on sketch, plus 1 - 1‘2}1?éﬁfﬁsy;f
: e R W
2" @ 25 M

4.0 PREDICTED ENERGY SAVINGS

The anticipated annual energy savings after this system is
installed are below:

Annual Epexqgy Savings
T.0.E.  Tons Mazout
216 222.5

Eco-dl page 1



5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION

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

Figures are based on worldwide and 1local equipment and
utility costs.

Investment Cost Anngsl_zngzgx_gggs_ﬁgzingg
S —LE
28,240 63,258 24 935 6 230

6.0 CONCLUSIONS

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

7.0 RECOMMENDATION

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

ECO-01 page 2.
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FERTILIZER PLANT Annual Savings, TOE

: 556.
STEAM _SYSTEM Annual Savings, $ : 64,216.
- Investment Cost, $ : 13,952,
ELIMINATE THE USE OF Payout: sSimple, Yrs : 0.22
HIGH PRESSURE STEAM AND DCF . % : —

USE ONLY DESUPERHEATED
16 ATM STEAM IN C.A.N. PLANT

1.0 PURPOSE

The purpose of this ECO is to eliminate the use of high
pressure superheated 34 atm (3,446 kPa) steam in the Calcium
Ammonium Nitrate Plant and use only 16 atm saturated steam
for the total plant requirements.

2.0 SS S

Steam required in the 1st Stage Evaporator requires 4.3
tons/hr of 7 Kg/cm? (687 kPa) steam. This steam is produced
by letting down and desuperheating 16 Kg/cm? (1570 kPa)
steam. Steam required in the 2nd Stage Evaporator requires
2.3 tons/hr of 14 Kg/cm? (1373 kPa) saturated steam. This
steam_ is produced by letting down and desuperheating 24
Kg/cm?2 (3446 kPa) steam.

Both evaporators require steam levels lower than~16an/cm%n~
This steam level should be used to satisfy the needs of both"
evaporators.

At present there would appear to be no savings in using only
16 Kg/cm? steam since this steam would be created through
the letdown of 34 Kg/cm? stean. However, once the Spanish
Concentrated Nitric Acid plant is commissioned, there will
be a waste heat boiler p.oducing 16 Kg/cm? steam, and at
that time there can be a savings of fuel necessary to
produce 34 Kg/cm? steam.

3.0 EQUIPMENT LIST/SIZE

Refer to attached sketch.

1 Pressure control valve (3" line).
5 M 3" piping.

4.0 ENERG \'

The energy savings is derived from the energy required to
rmake 34 Kg/cm? steam in_a fired boiler versus the enerqgy
required to make 16 kg/cm? steam in a waste heat boiler.

Annual Enerqy Saving
I.0.E, Tons. Mazout
556 573

ECO-02 page 1



5.0

INVESTMENT AND ASSQCIATED ECONOMIC EVALUATION

The total investment cost to purchase and install the
equipment listed is below. Figures are based on worldwide
and local equipment and utility costs.

Investment Cost Anhual Energy Cost Saving
S ~LE —S$ —LE
135,952 31,253 64,216 16,044

CONCLUSIONS

This ECO has a very attractive payout period. It is good
engineering practice to use steam as economically as
possible. Energy should not be wasted by using higher
levels of steam than are actually necessary.

RECOMMENDATIONS

This ECO should be impleménted after the'fSpanish
Concentrated Nitric Acid plant comes onstream. -~ '

ECO-02 " page’t 2
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FERTILIZER PLANT Annual Savings, TOE : 2,644.

STEAM_SYSTEM Annual Savings, $ : 305,166.
Investment Cost, ¢ 233,480.

INSTALLATION OF A Payout: Simple, Yrs : 0.77

CONDENSATE RECOVERY DCF A -

SYSTEM

ECO-03

1.0 PURPOSE

The purpose of this ECO is to collect the steam condensate
from the various units of the Fertilizer Plant and send it
hot to the deaerator. This helps conserve energy by
minimizing the need to demineralize raw water make up and by
lowering the steam requirment for heating the water sent to
the deaerator to its operating tempeirature,

2.0 PROCESS DESCRIPTION
At present, all the condensate from the Fertilizer Plant is
sent hot to the sewer. It is now proposed to provide for
the plant a new condensate return piping system, a new
condensate collection drum, a vent condenser to condense
flash steam and the pump(s) to return the condensate to the
existing deaerator. The normal condensate rate that can be
collected is 43 tons/hr. The steam condensate collection
system is shown in the sketches and tabulations which
follow.
3.0 T LIS
The equipment required is listed below and shown in the
sketches included at the end of this EcoO. o
1. Drum
Item No: D-1 ' .
Service: Condensate Collection Drum
Size : 1.85 M Dia. x 3.4 M long." -
Design Pressure: 3.5 Bar (345 kPa) R
Design Temperature: 160 ©c.
Material c.s
Insulation : None
2. Pumps
Item No : P-1 A/B I
Service : Condensate Pump & Spare. .
Capacity: 51 M3/hr. e
Head : 46 M
Motor H.P.: 15
Type : Centrifugal
Material: c.S
ECO-03 page 1



3." y§n;'g§nggn§gz

Type Shell & Tube

Area : 153 M2 L
Design: 5.0 Kg/cm? (490 kPa) 125. ©C shell &
tube ~ R
4. Piping S
A. Condensate Piping from various Units:
Line Size Estimated Length
: Met- s :
1 1/2% 40
2 ' 45
3 90
4 50
6 45

B. Condensate Header on the Main Pipe Rack:

Line Size Estimated Length
—lnches

6" 100

8 100

10 200

4.0 PREDICTED ENERGY SAVINGS

The -anticipated annual energy savings After "this sy&temis
installed is below:

Annual Enerqgy Savings

T.0.E, Tons Mazout
2,64 2,723

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION

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

Investment Cost u ner Cost_Savin
S -LE_ —S —LE
233,480 523,000 305,166 76,244

6.0 CONCLUSIONS

Installation of a condensate recovery system has a rapid
payout and is therefore a very attractive ECO. ,

7.0 RECOMMENDATIONS
This ECO should be implemented immediately.

EC0-03 page 2
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Annual Savings, TOE

FERTILIZER PLANT . : 759
STEAM_SYSTEM Annual Savings, $ ¢ 87,648

-~ Investment Cost, $ : 27,000
CHECK COMBUSTION Payout: Simple, Yrs : . 0.31
EFFICIENCY OF STEAM DCF, % : ——
BOILERS
1.0 PURPOSE

The purpose of this ECO is to improve the overall.
Efficiency of the fertilizer plant utility boilers.
Combustion efticiency of the fertilizer utility bollers is

highly effected by the oxygen content of the flue gas.’
Additionally, combustion efficiency is affected by the.
degree to which combustion is completed. B

2.0 PROCESS DESCRIPTION

The boiler firing rate is marually adjusted in accordance
with the required steam demand. Air entering through the
burner register 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
register by way of a forced draft fan. When normal load
changes of the boiler are made, air should be adjusted
with the damper located on the forced draft fan.

As the level of excess air is increased more fuel must be
fired to the boiler to heat up the additional air. The
excess air simply passes through the boiler and up
stack ieleasiry only a small portion of its energy to
the process. Stoichiometric combustion is not possible
(zero percent excess air) therefore, a small amount of
excess air is required to allow for complete combustion.
This small amount of excess air not only helps to force:
the combusti~n reaction to completion, but also acts to
aid in the fu«l -air mixing process.

The condition and design of the burners must be such that
complete mixing of the oil and air streams occurs. If a

high degree of mixing is not accomplished 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 therefore, do

not 1liherate hecat. The net result is an effective
reduction in the heating value of the fuel oil that is
sipplied.

Visible smoke in the stack exhaust or in the combustion
chamber of the boiler is an indication that combustion is
not complete. The existence of carbon monoxide is also an
indication of this condition. Monitoring of the flue gas
oxygen and combustibles provides the operator of the
boiler with the information that is needed so that

ECO-04 page 1



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 local to the
boiler firing controls.

Installation of oxygen analyzers in the stack of each
boiler and the possible replacement of the burners will
make it possible to operate the fertilizer plant utility
boilers at a stack oxygen level of 3.7 percent. It is
also suggested that the oxygen analyzers have attached
combustikle analyzers. Design improvements in burners
have made it possible to provide excellent combustion
efficiency at very 1low levels of excess air. If it
is later found that 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 or repair may be implemented
at that time.

I ST
3 (three) oxygen and combustibles analyzers (as supplied
by Thermox Corp. or Teledyne Analytical Instruments Corp.j)

cT NERG VING

Provided that ' the flue gas oxy:.2n ' levél-for "boiler #1 is*

reduced from 6.1 percent to 3.7 percent the
overall efficiency will increase from 85.6 percent
to 86.6 percent. For boiler #2 a flue gas oxygen
reduction from 14 percent to 3.7 percent will
increase the boiler efficiency from 72.5 percent to
86.6 percent. Boiler #4 cannot have a flue gas oxygen
reduction as the present flue gas c<xygen is 0.6 percent
representing 88.4 percent efficiency. The following
shows the total cumulative savings:

ANNUAL ENERGY SAVINGS
T.0.E. TONS MAZOUT
759 782

S DE OMIC EV.
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 ANNUAL ENERGY COST SAVINGS
—S —LE_ —LD

-
27,000 60,480 87,648 21,896

ECO-04 page ‘2_
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6.0

EC0-04

CONCLUSIONS . :

This ECO will provide a rapid and considerable payout.
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.

]



FERTILIZER PLANT Annual Savings, TOE : 2,995,
STEAM SYSTEM Annual Savings, $ : 510,840.

. Investment Cost, $ ¢ 16,780.
REPAIR TURBOGENERATOR AND Payout: Simple, ¥Yrs : 12 days

GENERATE ELECTRICITY WHEN DCF e %
LETTING DOWN STEAM PRESSURE : .

co-0
1.0 PURPOSE

The purpose of this ECO is to repair the existing
turboexpander/generator for letting down high pressure

34 Kg/cm steam and recovering energy in the form of
electricity that is currently wasted across the pressure
letdown control valve.

2.0 PROCESS DESCRIPTION

Due to a broken 1lube o0il pump associated with the
turboexpander/generator, high pressure steam (34 Kg/cm2) is
now let down to 16 and then to 4 Kg/cm? through control
stations, The intent of this ECO is to replace the
existing lube oil pump and enable the plant teo operate the
turboexpander/generator and produce electricity.

3.0 EQUYPMENT ILIST/SIZE
- Lube 0il_»ump And Spare
10.2 M3/ilx
4 Kg/cm? (392 kPa) differential.

4.0 PREDICTED ENERGY SAVINGS

By allowing approximately 17 tons per hour of 34 Kg/cm?
steam into_the turboexpander/generator and letting it down
to 4 Kg/cm?, 1.5 MW of nower can be generated. This power
would otherwise be purchiased from the electric company.

Additional Annual Energy
Electricity Generated §§vings
MY MWH/Year, I1.0.E. —MWH __
1.5 12,880 2,995 11,880

(7920 Hr/Yr)

1 Electrical T.0.E. values inclﬁde;aiﬁYﬁi&é}Lﬁ@%qeffidiency
factor and correspond to generating -electricity using a
condensing steam turbine system. ' TR R e e

ECO-05 page 1
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5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
The investment required for this ECO is below. - This must be

paid for in foreign currency, as the pump should be imported
from West Germany (original manufacturer was AEG/Seimens).

Annual Cost

Investment Savings per MWH —Savings
—S s  __LE _S = _1E
16,780 43.0 17.0 510,840 201,960

6.0 CONCLUSIONS
The payout for this ECO is very attractive. The electricity

generated will be more significant in summer months when

electrical consumption countrywide is extremely high and..
power shedding may be required. '

7.0 RECOMMENDATIQNS
| This ECO should be implemented immediately.

ECO-OS Sopage’ 2.
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FERTILIZER PLANT . Annual Savings, TOE

: 1,562
STEAM SYSTEM Annual Savings, $ ¢ 180,321
Investment Cost, $ t 22,500
TEST, REPAIR, REPLACE Payout: Simple, Yrs : 0.12
STEAM TRAPS : DCF P : -
ECO=-06
1.0 PURPOSE

The purpose of this ECO is to test, repair and ;fepi$cai
defective steam traps. S e

2.0 PROCESS DESCRIPTION

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

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
maethed, it can only be accomplished, if the discharge is to
an open drain or if test valves to atmosphere are installed
upstream and downstream of the trap. No test valves were
observed in the plant.

"+~ The second method - of - testing used was ° an ultrasonte
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. Wwhen a trap has
failed open, a continuous high frequency sound can be heard
due to steam blowing thruugh its orifice.
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A definite cycle rate can be heard when a thermodynamic disc
(TD) trap is operating normally as the disc is lifted off
the inlet orifice allowing condensate to flow through the
outlet passagn, 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 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 distinquish 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
-accarding to a set .temperature differentialiin tn .. o ¢ e

We did not use a temperature measurement method as it is the
least accurate of all test methods. A surface measurement
can be made at the inlet and outlet of the trap. This is
merely an indication of the corresponding saturation steam
pressure upstream of the trap. In the case of a completely
failed trap the inlet steam will be blowing through to the
trap ontlet with little pressure drog. Thus the steam
temperature at the inlet and outlet will be much closer to
the same recading 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 be higher than normally expected thus
leading to an erroneous decision on the condition of the
trap. 7Thus a check of trap performance by temperature must
be carefully used.
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3.0 EQUIPMENT LIST/SIZE

~ Forty (40) steam traps were found during the energy audit of
the Fertilizer Plant. Only eight (8) were observed tc be in
the working condition. The remaining thirty-two (32) were
either blowing excessive quantities of steam or were cold.
The following are the details of the survey with recommended
trap types for the defective traps:

Replacement
Location Trap Type Number [Fajled Satisfactory
Steam Main T.D. 16 14 2
Drip legs
Boiler House T.D. 9. 8- .
Drains . ‘ :
Fuel 0il Bimetallic® &
Tanks/Heaters o
calcium Ammon. Float & T.S., 4
Nitrate R
Pure Ammon. Bimetallic 6 '
Nitrate - :
TOTAL . ‘ 40 a2 ‘%{9?;,

The bypass and upstream/downstream block valves are also in
poor condition and need to be replaced. : '

The total steam loss for the Fertilizer Plant is estimated
at 2224 Kg/hr.

Based on the results of the trap survey 32 out of 40 traps
required replacement. (

4.C PREDICTED ENERGY SAVINGS

The energy savings that will result from proper operation of
all steam traps is below.

ua e
T.0.E. Tons of mazout
1562 1609

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION

The estimated total investment and cost savings are below.
Figures are based on worldwide and 1local! equipment and
utility costs.

Investment Cost Anngﬁl__ggs_ﬁgxingﬁ

S __1E

22,500 50,400 1so 321 45 052
ECO-06 page 3



6.0 CONCLUSIONS .

The steam straps in the entire Fertilizer Plant, with the
notable exception of the Pure Ammonium Nitrate (P.A.N.)
Unit, are in extremely poor condition. The testing, repair
and replacement of team traps has a rapid payout and is
therefore a very attractive ECO.

7.0 RECOMMENDATION
This ECO should be implemented immediately.

 EC0-06 ‘page 4



FERTILIZER PLANT Annual Savinygs, TOE : 1,494.

STEAM SYSTEM Annual Savings, $ t 172,475.
Investment Ccst, $ ¢ 42,341,

ADD NEW OR REPAIR EXISTING Payout: Simple, Yrs : 0.25

INSULATION ON STEAM AND DCF P 1 : -

CONDENSATE LINES

ECO-07

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 and 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 provide new insulation where
none is currently installed on the piping and to replace
existing insulation in those locations where this insulation
is judged to be in bad condition and is visibly not
effective for heat conservation.

The pipe sizes and' lengtlis to be insulated’ were measured.
The 1lengths include flanges and valves that were not

presently 1insulated. The required insulation thicknesses
were then determined by use of the "Heatalyzer" Economic
Insulation Thickness computer program. The "Optimum

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

3.0 EQUIPMENT LIST/SIZE

The following tabulation summary 1lists the insulation
requirement by pipe size, insulation thickness, length and
annual energy savings.

Line Insulation Annual Energy
Size Thickness (mm) Meters s
172" 25 1 4,345,280
hRL 25 53 373,350,730
75 28 ‘ 1,521,219,510
2" 25 62 531,340,240
R : . 37.5 6. 97,575,370
50 56 . 1,125,955,980
75 42 4,020,293,415
© ECO-07 . ‘page 1
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Line Insulation Annual Energy

Size - _Thickpess (mm) HMeters

an 37.5 104 1,590,324,800
75 22 12,282,662,800
87.5 26 3,383,670,810
4n 37.5 29 692,408,560
100 74 11,213,566,600
6", e 224,506,220
: 27 5,615,673,000
gn 100 | 7 2,100,513,970
12" - 67:5 -~ 9 590,234,090
S 5 5 499,707,390
VLA 37.5 7 171,542,060
16" . 67.5 o5 448,288,220

Bare surface (vessels) ;7,:~~ﬂf
50 . .35 M2 562,520,850
Total Energy Savings : “‘ f?f'i4?.65:x1109 kJ/year

‘Insulation to be mineral WOoIJ*“ﬁadkéttihg“to’bé?QEIVEniZed

steel.
4.0 PREDICTED _ENERGY SAVINGS
The "Heatalyzer Economic Thickness" computer program
determines the heat saved in $/ft. of pipe for various line
sizes and at different operating fluid temperatures. It
also calculates the economic insulation thickness. These
heat savings are summarized as follows based on worldwide
coscs:
Annual Enerqy Savings
I.0.E. —Ton magout
1494 1539
5.0 T D _ASSOC E [80)
The estimated total investment and annual cost savings for
applying the economic thickness of insulatlon to all piping
is below. Figures are based on worldwide and 1local
equipment and utility costs.
s t _Cos
—LE __ —S —LE__
42,341 61,395 172,475 43,092
~'ECO0-07 page 2



6.0 CONCLUSIONS

Insulation should be" applied to 'bare ‘1ines “in plants
including those where insulation is in poor condition._ﬁ,;‘w =

7.0 RECOMMENDATION
This ECO should be initi@ﬁééfiﬁh &£8t§;2g§;

ECO-07 - '~ page -3
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FERTILIZER PLANT Annual Savings, TOE : 1,852

STEAM SYSTEM Annual Savings, $ : 213,800
Investment Cost, $ : 5,333

REPAIR OF STEAM, AIR, WATER Payout: Simple, Yrs : 9 days

AND CONDENSATE LEAKS DCF, % H -

FROM PIPING.

ECO-08

1.0 PURPOSE

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

2.0 3C (9]

A detailed survey was made of the steam, air, boller feed
water and condensate leaks in the fertilizer 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. An estimated quantity of steam was
assigned to each size of leak based upon published figures
and experience for the various hole sizes that were
estimated. Air leaks were noted but not gquantitatively
estimated, as the quantity of each was small as compared to
the steam, boiler feedwater, and condensate leaks.

3.0 NUMBER OF STEAM_AND CONDENSATE LEAKS'

We noticed a total of 144 leaks, which were identified by
means of 81 red tags within the various units of the
fertilizer plant. The source of the leaks are distributed
as follows:

Valves 82
Pipe lines 15
Flanges 47
TOTAL 144

Leaks from valves are through the glands and/or gaskets.
Leaks from pipelines are largely through fittings and holes
in the pipes. Note also that steam trap leaks are not
inclnded here as they are covered separately under ECO0-06.
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The le§ks are further categorized by size as follows:

Est. Leakage _______1gummgz_gx_gggk_lggg_z________
per leak tag 34 Kg/cm 16 Kg/cnm 3 Kg/cm Cond. &
—Ka/hx | ~Steam = __ _Steam _

Type Steam = _B.F.W,
Small 8 19 9 3 2
Medium 20 14 5 2 3
Large 35 4 3 3 2
Ex-large 80-160 [ -} 1 —_0
TOTAL 43 22 N 9 7
TOTAL LEAKAGE |

Type -RATE, Ka/hr
Small 264
Medium 480
Large 420
Ex-large 1,600

TOTAL 2,764

Annual leakage based on 330 operating daﬁs,_ ex
estimated to be 21,891 metric tons. C e

4.0 PREDICTED ENERGY SAVINGS

The .antinipated _energy savings“afterAfixtné?&li&ﬁg#fﬁé&&eéks; ‘
is below: R e e

T.0.E.
1852 1908

5.0 INVESTMENT AND ASSQOCIATED ECONOMIC EVALUATION
The estimated total investment and annual cost savings for

repairing the above leaks is below. Figures are based on
worldwide and local equipment and utility costs.

INVESTMENT COST ANNUAL ENERGY COST SAVINGS
—$ -LE_ S —LE
5,333 11,945 213,800 53,424

6.0 CONCLUSIONS
For very little investmeht this ECo is extremely attractive.

7.0 () D N

This ECO should be initiété@*iﬁﬁédiagéiy i

ECO-08 ~ . . .. .page;:2



FERTILIZER PLANT Annual Savings, TOE : 517

STEAM _SYSTEM Annual Savings, $ : 59,733
. Investment Cost, $ : 1,350,000

STUDY THE FEASIBILITY OF Payout: Simple, Yrs : - >10

COMBUSTION AIR PREHEAT DCF, % : -

FOR STEAM BOILERS

1.0 PURPOSE

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

2.0 OCESS DESCRI (0)

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 suvpplied 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 process sink does not exist to
cooldown the flue gases and thus sensible heat is lost to
the atmosphere. Combustion air at ambient temperature
provides a good cold sink.

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.

ECO-09
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3.0 EQUIPMENT LIST/SIZE
Please note that the equipment listed is for only one air
preheat syster although the investment represents the.
total price for three air preheat systems: '
1 (one) forced draft fan
1 {(one) induced draft fan

1 (one) forced draft oil burner RV
[ 2 (two) forced draft burners for boiler: §#4}

1 (one) cast iron recuperative air prehéét@#i5
Air and flue gas duct work '

Associated instrumentation and electricaié"

4.0 PREDICTED ENERGY S NGS

The predicted energy savings when the stack temperature of
boiler #4 is reduced from 272 ©C to 160 °C and boilers #1
and #2 stack temperatures are reduced from 302 ©C to 160
¢ are represented here. The approximate efficiency for
the three boilers would then be 89.0 percent. The figures
. shown. below represent.the. total for the three boilers::

ANNUAL, ENERGY SAVINGS
I1.9.E.

. TONS_MAZOUT
517 533
5.0 soc CONOMIC EVALUATIO

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

INVESTMENT COST ANNUAL ENERGY COST SAVINGS
$ LE NN - N —LE
1,350,000 3,240,000 59,733 14,924

The above figures are based on a conceptual estimate.
6.0 CONCLUSIONS

Although energy can be saved by installing air preheaters,
this ECO is not economically justified. : :

7.0 o) ONS
This evaluation finds that this 'Eéb‘-éﬁéﬁld{iﬁbt be
implemented. - S e
ECO-09 _;p599[3 f
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COKE_PLANT STEAM SYSTEM Annual Savings, TOE : 4,072

Annual Savings, $ : 470,021
DELETE BOILERS #1,#2,#3,#4 Investment Cost, $ s 3,041,000
AND REPLACE WITH A SINGLE Payout: Simple, Yrs : 6.47
HIGH EFFICIENCY 75 TON/HR DCF , ¥ H

PACKAGE BOILER

6-5 :

EGO-11

1.0

PURPOSE

Thea purpose of this ECO is to ensure that a reliable steamf
supply is available at all times for the Coke Plant. :

S SC [0)

Boilers #1, #2, #3, #4 were designed to produce 25 tons per
hour each of 14 Kg/cm2 steam at 330 °C. These boilers are
19 to 24 vyears old and kee} breaking down, requiring
extensive mechanical maintenance. Instrumentation on these
boilers is non-existent. Boiler #1 was shutdown over a year
ago. Parts needed to fix the boiler are no longer
available. Even after comprehensive repairs, the operation
of the boilers is far from reliable. Since steam is
extensively used in the Coke complex, its supply must be
dependable . to. avoid. process downtime. This in--turn will.- .
improve overall productivity. Tt

In general, only two (and ro more than th:i.e) of these
boilers operate at any one time. Therefore, the new boiler
package should have a capacity of 75 tons/hour.

PMENT LIST/SIZE

One Package Boiler.
- 75 Ton/Hr Design 14Kg/cm2, 350 ©cC

This boiler should be able to fire # 6 fuel oil; tar oil,
coke oven gas, or blast furnace gas. o ST

Boiler package to be energy efficient (91%‘O?“§rg§t9ti;

CTED R S

Considerable energy will be saved by using a modern, energy
efficient package boiler. It is anticipated that this new
boiler will be more reliable and give trouble free
operation. Based on ECO-14, the fuel savings by operating
one high efficiency boiler versus two of the existing
boilers is as follows:

ECO-11 : ‘page 1 .

ey, e b


http:dependable.to

Annual Enerqy Savings

1.0.E, ons ou
4072 4194
5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION

The investment required and annual energy savings for this
ECO are below. This package boiler must be paid for in .
foreign currency.

Investment Annual Enerqy Cost Savings
$ S LE
3,041,000 470,021 117,432

6.0 CONCLUSIONS

Substantial savings and process stability can be achieved ngf
installing a modern, energy efficient boiler in place of: -
existing boilers #1, #2, #3 and #4. I

7.0 RECOMMENDATIONS

This ECO should be investigated further. Consideration
should be given to the age and condition of the present
. boilers, as well aSmthe”presenbuanduiutugevmagdsa¢0r~gnx

reliable steam supply in the Coke Plant. - -
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COKE_PLANT STEAM SYSTEM Annual Savings, TOE : Not
Annual Savings, $ ¢ Required

STUDY THE FEASIBILITY OF Investment Cost, $ : (See Text)

COMBUSTION AIR PREHEAT FOR Payout: Simple, Yrs : -

#5 AND §6 STEAM BOILERS DCF, $

ECO-12

1.0 PURPOSE

3.0

The purpose of this ECO is to study the feasibility of
combustion air preheat for the #5 and #6 coke plant
boilers. Overall combusticn efficiency can be improved on
many steam boilers by axchanging stack gas sensible heat
with the combustion air and thus decreasing boiler fuel
firing.

PROCESS DESCRIPTION

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

Combustion air can be preheated by exthanging 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 at ambient temperature
provides a good cold sink.

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.

EQUIPMENT LIST/SIZE

No equipment 1is suggested due to lack of investment
incentive. Refer to Section 4.0. o e
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4.0

PREDICTED ENERGY SAVINGS

No energy savings can be realized for #6 boiler. The
stack temperature is 170 ©C and therefore nominal heat is
available for heat transfer. During this study #5 boiler
was not in operation and therefore it is not possible to
make any definitive comments with respect to thic boiler,
although in all probability the stack temperature is not
high enough to justify air preheat due to the more
modern design of this boiler.

] N SS0 0 V. o

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

CONCLUSTIONS

This ECO carnot be implemented due to a lack of available
heat in the stack gases. As a general rule the minimum
stack temperature for an oil fired boiler is between
160 °c and 177 ©°c. Acid dew point problems can occur at
temperatures lower tiian this range.

COMMENDATIONS

This “evaluation:x.findSa-thatu“thisiAEcor~shou1¢4:notnubew

implemented.

ECO-12 . -page’2
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COKE PLANT STEAM SYSTEM Annual Savings, TOE : 1,398
Annual Savings, $ : 238,392
. Investment Cost, $ ¢ 717,183
OPERATE THE TURBOGENERATOR Payout: Simple, Yrs : 3.01
AT DESIGN CAPACITY AND DCF , 3 : 19.5

RECOVER ENERGY THAT IS
OTHERWISE WASTED ACROSS A
LETDOWN STATION

CO-

1.0 PURPOSE

The purpose of this ECO is to utilize Coke Plant steam in .
the most efficient manner. This can be done by maximizing
power generation to the design output of 3.2 MW and
maximizing the exhaust steam header pressure to 5 Kg/cm2.

The plant personnel at El-Nasr advised FWUSA during the
comment phase of the report presentation  that although
additional electric generation is possible, the present
electrical system would not be able to distribute this
additional electricity.

2.0 PROCESS DESCRIPTION

At present, 14 Kg/cm? steam drives, the turboexpander/
..~~ generator to.generate..2.5 MW of powaer versus a design power
© output of 3.2 MW.- The steam backpressure-is-'now maintained' -
at approximately 3.5Kg/cm?. By operating the turboexpander
at design throughput, more power can be generated. In
addition, increasing the steam backpressure to
approximately 5 Kg/cm? will allow the pressure in the main
low pressure steam header to increase to approximately
5 Kg/cm2.

The new, higher, steam flow through the turbogenerator
associated with a higher pressure in the_low pressure header
will eliminate the injection of 14 Kg/cm? steam into the low
pressure steam header.

It is estimated that about 20 to 30 tons per hour of 14
Kg/cm? steam are injected into the low pressure steam header
to satisfy the need of its users. It is also estimated that
no excess 5 Kg/cm? steam will be available for export to
the Fertilizer Plant after elimination of 14 Kg/cm? steam
injection into the 5 Kg/cm? steam header. If & Kg/cm? steam
is then required in the Fertilizer Plant, then the letdown
station may need to be used.

36013 pager &



3.0 EQUIPMENT LIST/SIZE

The new electrical equipment required for interface with the
plant distribution system shall be supplied complete with
protective and synchronizing relays, meetering, potential
transformers and current transformers, etc. All switchgear
is electrically operated.

4.0 PREDICTED ENERGY SAVINGS

The overall steam balance in the Coke Plant will remaiﬁs
unchanged. However, an additional 0.7 MW of power will be

generated.
Additional Annual Energy
Electricity Generated a
MWH MWH/Yeax I.0.E. ~MWH
0.7 5544 1398 5544
(7920 Hr/Yr)
5.0 SocC

The investment cost for implementation of the electrical
equipment necessary to implement this ECO is conceptual due
to the late information from the plant personnel at El-Nasr.

The 'savings for generating the additiofial 077 'MW of power -
are below.

Investment Savings per MWH Savings pexr Year
-5 S LE , S LE
717,183 43.0 17.0 238,332 94,248

6.0 CONCLUSIONS

The payout for this ECO 1s attractive. This EcOo will
provide electrical power at no cost to the Coke Plant. This
ECO will also reduce wasted energy by eliminating 14 Xg/cm2
steam letdown through a control valve station.

7.0 RECOMMENDATIONS

This electrical system modification required by this Eco
should be investigated further before implementation. The
steam balance in the Coke Plant should be monitored so as to
maximize power generation and minimize steam energy that is
wasted across a control valve letdown station.

! Electrical T.0.E. values include a typical 34% efficiency
factor and correspond to generating electricity using a
condensing steam turbine system. . BT
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COKE PLANT STEAM SYSTEM Annual Ssavings, TOE : 7881
Annual savings, $ : 909,784
CHECK COMBUSTION EFFICIENCY Investment Cost, $ : 54,000
OF STEAM BOILERS Payout: Simple, Yrs : 22 days
DCF, % H -
ECO-14
1.0 PURPOSE

The purpose of this ECO is to improve the overall
efficiency of the coke plant boilers. Combustion
efficiency of the coke boilers is highly effected by the
oxygen c¢°ntent of the flue gas. Additionally,
combustion efficiency is effected by the degree to which
combustion is completed.

2.0 PROCESS DESCRIPTION

The boiler firing rate is manually adjusted in accordance
with the required steam demand. Air entering through the
burner register 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
register by way of a forced draft fan. When normal load
changes of the boiler are made, air should be adjusted
with the damper located on the forced draft fan.

As the level of excess air is increased more fuel must be
fired to the boiler to heat up the additional air. The
excess air simply passes through the boiler and up the
stack releasing only a small portion of its energy to the
process. Stoichiometric combustion is not possible (0
percent excess air) therefore, a small amount of excess
air 1is required to allow for complete combustion. This
small amount of excess air not only helps to force the
combustion reaction to completion, but also acts to aid in
the fuel/air mixing process.

The ccndition and design of the burners must be such that
complete mixing of the oil and air streams occurs. If a
high degree of mixing is not accomplished in the
burners, complete combustion cannot occur. This means
that some of the hydrocarbons that are supplied ir the oil
are not able to complete the oxidation reaction and
therefore do not liberate heat. The net result is an
effective reduction in the heating value of the fuel oil
that is supplied. Vicible smoke in the stack exhaust
or in the combustion chamber of the boiler is an
indication that combustion is not complete. The existence
of carbon monoxide is also an indication of this condition.

Monitoring of the flue gas oxygen and combustibles
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
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absolutely imperative that all boilers with a significant
load have permanently installed and operating oxygen

analyzers local to the boiler firing controls.

Installation of oxygen analyzers in the stack of each
boiler and the possible replacement of the burners will
make it possible to operate the coke plant boilers at a
stack oxygen level of 4.0 percent. It is also suggested
that the oxygen analyzers have attached combustible
analyzers. Design improvements in burners have made it
possible to provide excellent combustion efficiency at
very 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 or repair may be
required.

Referring exclusively to coke plent boilers 41, #2, #3,
and #4 it is 1likely that the oxygen 1level cannot be
reduced appreciably. Although | it is difficult to
quantify, it appears that the boilers may have
considerable casing leaks. If the leaks are considerable
it may not be possible to reduce the oxygen level in the
flue gas. Increased energy and material cost have caused
major advances in the design of boilers since the time
that these boilers where constructed. If it 1is not
possible to reduce the flue gas oxygen 1levels of these
boilers, replacement of the boilers may be necessary.

EOUIPMENT LIST/SIZE

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

E ERGY SAVING

Provided that the flue gas oxygen level for boiler #6 is
reduced from 16.0 percent to 4.0 percent the overall
efficiency will increase from 77.3 percent to 91.4
percent. For boilers #1 ,#2, #3, and #4 a flue gas oxygen
reduction from 18.5 percent to 4.0 percent will increase
the boiler efficiency from 68.5 percent to 91.9 percent.
It was not possible to take measurements on boiler #5.
The following shows the total cumulative savings
considering that boiler #6 and any two of boilers #1, #2,
#3, and #4 are operating at iny given time:

ANNUAL ENERGY SAVINGS
T:0.E, 0 ou
7881 8118

Although the above savings is quoted in terms of tons of
mazout each of these boilers fires coke oven gas in
combination with mazout and tar oil. Provided that the
overall energy consumption is reduced the firing of mazout
can be reduced first. Therefore, the savings can be

ECO~14 page 2



realized in mazout cost.
5.0 ] S (0) Vv,

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

INVESTMENT COST ANNUAL ENERGY COST SAVINGS
_$ _LE_ S _LE
54,000 120,960 909,784 227,304

6.0 CONCLUSIONS

The efficient firing of the Coke Plant Boilers will save a
large amount of energy for a very modest amount of money.
The payout period is immediate.

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.

Attempts. to reduce. that : oxygen level iniuboilersu#lyf#3q+
#3, and #4 should be made first with portable oxygen
analyzers. Possibly, additional sealing of the boilers
casing can be done. If these attemptrs are unsuccessful
than it may be nrecessary to replace the boilers with one
large boiler of mcdern design.

 Eco-14 “ page'3



COKE PLANT STEAM SYSTEM ~ Annual Savings, TOE

: 3,122,
‘ Annual Savings, 3 : 360,417.
CONDENSATE COLLECTION Investment Cost, $ ¢ 464,820. N
SYSTEM Payout: Simple, Yrs : 1.29
DCF PREEE T - '
ECO=1S
1.0 PURPOSE

The purpose of this ECO is to collect the steam condensate
from the various units of the Coke Plant and send it hot to
the deaerator. This helps conserve energy by minimizing the
need to deminernlize raw water make up and by lowering the
steam requirment for heating the water sent to .he deaerator
to its operating temperature.

2.0 PROCESS DESCRIPTION

At present, all the condensate from the Coke Plant is sent
hot to the sewer. It is now proposed to provide for the
plant a new condensate return piping system, a new
condensate collection drum, a vent condenser to condense
flash steam and the pump(s) to return the condensate to the
existing deaerator. The normal condensate rate that can be
collected is 55 ton/hr. The steam condensate collection
system is shown in the sketches and tabulations which
follow. e

3.0 EQUIPMENT LIST/SIZE

The equipment required is 1listed below and shown in the
sketches included at the end of this EcCoO.

1. Drum
Item No: D-1 ,
Service: Condensate Collection Drum
Size : 1.85 M pia. x 3.7 M'long. -
Design Pressure: 3.5 Bar (345 kPa) - o
Design Temperature: 160° C.
Material : c.s
Insulation : None

2. Pumps
Item No : P-1 A/B Ctiaoa
Service : Condensate Pump--& Spare' .
Capacity: 55 M3/hr. L
Head : 54 M .
Motor H.P.: 20 . .
Type : ~  Centrifugal:
Material: o CeS

 ?1Eco—15' : © " ‘page: 1l



4.0

3. - Vent Condenser
Type
Area
Desig

Shell & Tube
126 M2

: ‘ 5 kg/cm? (490 kPa), 1259C shell &
tube - 0T

o ee o

4. Piping
A. Condensate Piping from Various Units:
Line Size Estirated Length

110
230
60

O&UE

B. Condensate Header on the Main Pipe Rack:

Line Size Estimated Length
~—lnches M§§§I§

80 .
400
500

O @M N

1

T G VING

The anticipated annual energy savings after‘‘this 'system is’
installed is below: S et .

Agnual Eneggx §aying§
T.0.E. Tons Mazout
3,122 3,216
INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION

The estimated total investment and cost savings are below.
Figures are based on worldwide and 1local equipment and
utility costs. ‘

—Investment Cost Annual Enerqy Cost Saving
S LE $ —LE
464,820 1,041,200 360,417 90,048

CONCLUSIONS

Installation of a condensate recovery system has a rapid
payout and is therefore a very attractive ECO.

OMME (9)

This ECO should be implemented immediately.

ECO-15 - page 2
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COKE PLANT STEAM SYSTEM Annual Savings, TOE : 1,513.
Annual Savings, $ : 174,605.
Investment Cost, $ : 44,603,

ADD NEW OR REPAIR EXISTING Payout: Simple, ¥Yrs : 0.26

INSULATION ON STEAM AND v DCF PR
CONDENSATE LINES ‘

1.0 PURPOSE

The purpose of this ECO is to provide heﬁ5insﬁiation 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 and 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 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. R L TR

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 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/SIZ2E

The following tabulation summary 1lists the insulation
requirement by pipe size, insulation thickness, length and
annual energy savings.

Line Insulation Annual Energy
Size -Thickness (mm) -Meters s

0.75" 37.5 92 1,575,164,600
75 49 1,560,438,920
L 37.5 12 244,011,700
1.5" 25 3 13,228,970
: - 37.5 . ] 22,028,160
6205, 130 396,724,214
By |- T R 167,534,750

e metdiat



Line Insulation ‘ "»   Annual Energy
size ~ ~Thickness (mm) . Meters Savinag, KI

2" 37.5 a8 327,344,550
‘ 62.5 01 3,677,737,750
75 30 2,073,785, 660
an 37.5 87 . 3,284,791,510
o 75 37 7,863,873,450
Lk ‘ 43 3,530,155, 080
: 28 1,805,609,364
18 2,244,820,780
6" 18 1,831,777, 620
i 19 3,338,129,850
gn - 2 246,546,450
B 21 5,751,342,250
12 , 9 - 3,161,554,500
14n 100" 8 2,868,187,640
Bare Surface - 75 8.9 M2)  1,262,017,150
S 100 1.3 M2) 403,819,420

. Total. Energy. Savings... .. e 47,651 102.kT/year. ;s .

Insulation to be mineral wool. Jackétting to be galvanized

steel.
4.0 PREDICTED ENERGY SAVINGS

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

costs:
Annual Enerqy Savings
T.0.E. -Ton mazout
1513 1558

5.0 JINVESTMENT 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 local
equipment and utility costs.
Investment Cost Annual Cost Savings
$ LE S LE
H 44,603 64,674 174,605 43,624
ECO-16 page 2
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6.0 CONCLUSIONS

Insulation should be hppliédj:toﬁgba:ea;lines “in plants
including those where insulation is in poor condition.

7.0 RECOMMENDATION
This ECO should beinitiatedimmediately

BCo-16



COKE PLANT STEAM SYSTEM Annual Savings, TOE : 1,105
Annual Savings, $ s 127,536

' Investment Cost, $ : 5,278

REPAIR OF STEAM, AIR, WATER Payout: Simple, Yrs : 15 days

AND CONDENSATE LEAKS DCF, 3
FROM PIPING

ECO-17
1.0 PURPOSE

ECO-17

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 nf the steam, air, water ang
condensate leaks in the coke 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.
An estimated quantity of steam was assigned to each size of
leak based upon published figqures and experience for the
various hole sizes that were estimated. Alr leaks were
noted but not quantitatively estimated, as the quantity of
each was small as compared to the steam and condensate
leaks.

OF EAM AND CO NSATE LEA

We noticed a total of 122 leaks, which were identified by
means of 77 red tags within the various units of the coke
plant. The source of the leaks are distributed as follows:

Valves 58
Pipe lines 14
Flanges 50

TOTAL 122

Leaks from valves are through the glards and/or gaskets.
Leaks from pipelines are largely through fittings and holes
in the pipes. Note also that steam trap leaks are not
included here as they are covered separately under ECO-18.

W



The leaks are further categorized by size as follows:

Est. Leakage _____EHHBEBZQE_LEAK_Ibﬁg______ Total
per Leak Tag 14.5 Kg/cm 4.5 Kg/cm Leakage

Type Ka/hr Steam = Steam  _Cond, —Ka/hr

80

Small 8 1 6 3

Medium 20 13 19 5 740
Large 35 6 16 - 7 1015
Ex-large 80 ('] 1 _0 80
TOTAL 20 42 15 1915

Annual leakage based on 330 operating days, per year 1is
estimated to be 15,167 metric tons.

4.0 PREDICTED ENERGY SAVINGS

The anticipated energy savings after all the leaks are
repaired or replaced is below:

—ANNUAL ENERGY SAVINGS
T.0.E. Tons mazout
1105 1,138
5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION

The estimated total investment and .annual .cost savings for ..

repairing' the above "leaks is below. Figquresare“'based on -

worldwide and local equipment and utility costs.

INVESTMENT COST NERGY CO VINGS
—S__ —LE_ —$ —LE __
5,278 11,822 127,536 31,864

6.0 LONCLUSIONS

For very little investment this ECO is extremely attractive.

7.0 RECOMMENDATION
This ECO should be initiated. immediately.

ECO-17




CORE PLANT STEAM SYSTEM Annual Savings, TOE

: 3,059.
Annual Savings, $ : 353,107.
TEST, REPAIR, REPLACE ‘ Investment Cost, $ ¢ 48,120.
STEAM TRAPS , Payout: Simple, Yrs : 0.14
DCF ¢ ¥ : -
EcCo-18
1.0 PURPOSE

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

2.0 A c

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

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

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

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

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

ECQ#IB* f;ﬁﬁgé:
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A definite cycle rate can be heard when a thermodynamic disc
(TD) trap is operating normally as the disc is lifted off
the inlet orifice allowing condensate to flow through the
outlet passage, and then closes the orifice in the presence
of steam. A normal operation would consist in cycles at a
rate of one to maximum twenty cycles per minute (average 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. - .

We did not use a temperature measurement method as it is the
least accurate of all test methods. A surface measurement
can be nade at the inlet and outlet of the trap. This is
merely an indication of the corresponding saturation steam
pressure upstream of the trap. In the case of a coupletely
failed trap the inlet steam will be blowing through to the
trap outlet with 1little pressure drop. Thus the steanm
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 tnis 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.

BCO-18
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3.0 EQ!IBHB&I.LI&IL&IZE

Thirty-three (33) steam traps were found during the energy
audit of the Coke Plant. Nineteen (19) traps were found to
be either blowing excessive amounts of steam or were cold.
Fourteen (14) traps were in the satisfactory operating
condition. We noticed that the traps have been disconnected
at a number of locations. The plant personnel informed that
the original plant design required approximately eighty (80)
steam traps in the following size ranges:

Trap Size Number Required
1 48
1 1/2" 1
2n 31

Most of the steam traps in the plant are in the process
service. Only a few drip traps were noticed on the steanm
headers in the boiler area. There are no drip steam traps
on the long steam headers on the main interconnecting and
the unit pipe racks.

The following are the results of the trap survey:

Location No. of Traps Failed Satisfactory

Sulfate - Line 1
Acid - Line 1
Benzol - Line 1
Battery #1 & #2
Battery #3
Boiler Area

Tar Distillation
Benzol - Line 2
Acid ~ Line 2
Sulfate -~ Line 2

-

corPrO®@MLOOD

e

2.
40
1
0
0
2
Sl
1
“ ’ 1:‘
R AR

ol -
vul NHENMNANOEHHAN

_‘..-|
-9

TOTAL

The total steam loss for the Coke Plant“is estimated at
3,568 Kg/hr. &

Based on the results of the trap survey, 66, u. of 80 traps
required replacement. : S

4.0 PREDICTED ENERGY SAVINGS
The energy saving" that will result from proper operation of
all steam traps is below.
ihe \'4
o)
3059 3151
. Eco-18 page 3



5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION

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

Investment Cost Anpual Cost Savinas
—LE —9%  _L.E,
48,120 107,800 353,107 88,228

6.0 CONCLUSIONS

The steam straps in the entire Coke Plant are in very poor
condition. A majority of the traps have been disconnected
or removed over a period of time. Only about 40% of the
traps that still remain on 1line are in working condition.
The testing, repair and replacement of steam traps has a
rapid payout and is therefore a very attractive ECO.

7.0 RECOMMENDATION
This ECO should be implemented immediately.

- Eco-18




COKE PLANT STEAM SYSTEM Annual Savings, TOE : 2,211.
Annual Savings, $ : 255,183.

COMPLETE COMMISSIONING OF Investment Cost, $ : 0.0

NEW DEMINERALIZED WATER Payout: Simple, Yrs : Immediate .

PLANT AND PUT IT INTO SERVICE DCF ' 3 H -

1.0 PURPOSE

ECO-19

The commissioning and start-up of the 90 ton/hr British
water demineralization plant will increase the quality of
boiler feed water to the coke plant boilers. This will
consequently reduce the extremely high continuous blowdown
rate of approximately 20 tons per hour to an estimated
blowdown rate of 5 tons per hour, or approximately 5%.

SS DESCRIPTIO

The coke plant is equipped with three water treatment plants
for boiler feed water service. Plants #1 and 2 (the Russian
& Italian plants) are relatively old and do not produce a
sufficient amount of high quality boiler feed water. As a
result, a very high continuous blowdown rate is necessary to
maintain the total dissolved solids in the boiler at an
acceptable 1level. Plant # 3 (the new British plant) has
been erected and partly commissioned, but due to
contractual differences, the commissioning phase has not.
been completed. ‘It is'our understanding that:El'"Nasr is'in'‘
the process of expediting the commissioning of this new
facility. Oonce commissioned, this plant alone should
produce sufficient high quality boiler feed water for the
coke plant boilers.

EQUIPMENT LIST/SIZE

Once commissioned, no new equipment will be required to
implement this ECO.

PREDICTED ENERGY SAVINGS

It is conservative to assume that new Plant #3 will operate
using the amount of energy consumed by Plants #1 and #2
together, or less. Therefore, the energy savings is equal
to the heat that is lost to excessive blowdown.

Annggl Ene;g! §§VL[]QS
T.0.E. Tons Mazout
2211 2277

~
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5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION

Once commissioned, there will be no further investment cost.
Oonly reqular maintenance should be carried out to keep the
plant in good operating condition.

Estimated Plant Cost to Annual Energy
e (o) 88 ’
— — D 7Y P
0 255,183 63,756

6.0 CONCLUSIONS

The payout for this ECO is immediate. A considerabla amount
of energy is wasted every day that the new demineralized
water plant remains idle.

7.0 RECOMMENDATIONS

We recommend that tpis ECO be carried out as soon as

ECO-19 ‘" ‘page’’2:
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COKE PLANT STEAM SYSTEM Annual Savings, TOE : 0
Annual Savings, $ :
FIX TUBES IMN BOILER #4 Investment Cost, $ : 13 035.
ECONOMIZER AND SUPERHEATER Payout: Simple, Yrs : -
DCP . ¥ : -
ECO-20
1.0 PURPOSE

. Eco-

The purpose of this ECO is to evaluate the effect of the 14
pluggad economizer tubes and the 13 plugged superheater
tubes in Boiler #4.

PROCESS DESCRIPTION

Due to leaks in the tubes, the plant has plugged 14
economizer and 13 superheater tubes in Boiler #4. The net
effect of doing this is a reduction in the steam production
due to colder water leaving the economizer section. Since
the steam production is 1lower, less surface in the
superheater is required, therefore, the superheater is now
of adequate size due to the loss of economizer surface. The
overall efficiency of the boiler remains unchanged, as it
takes the same amount of energy to make a ton of superheated
steam, and the fuel firing rate will decrease.

T LIS 17 o
Economizer tubes:
14 - 3.4M, 28mm OD, Carbon Steel

Superheater:
13 - 3.4M, 38mm OD, Carbon Steel

PREDICTED ENERGY SAVINGS

No energy savings will result from - replacing the plugged
tubes listed in Section 3.0.

The boiler will, however, be able to produce approximately
0.32 tons per hour more steam. This is a 2% increase in
steam production and will require that 2% more fuel be
fired.

INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION

The investment cost to repair Boiler #4 is below, and is
listed in worldwide and local pricing.

Investment Cost Annua)l_ Cost Savings -
S LE S Lo Be
13,035 29,198 0 (o}
20 page 1
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6.0 CONCLUSIONS

Although no increase in boiler -efficiency will result from
replacing the plugged tubes, boiler capacity will increase.;

7.0 RECOMMENDATIONS

This ECO should be implemented if ‘an increase in- steam
production is required.

ECO-20 - ‘page "2



COKE _PLANT STEAM SYSTEM Annual Savings, TOE : 1,995.
Annual Savings, $ : 230,303.
Investment Cost, $ : 410,877.

IMPROVE INSULATION OF LOW Payout: Simple, Yrs : 1.78

AND HIGH PRESSURE STEAM DCF , 3 : 39.

HEADERS, AND ADD DRIP LEGS

ECO-21

1.0 PURPOSE

The purpose of this ECO is to reduce the amount of heat lost
from the high and low pressure steam headers by improving
the insulation. Improved insulation and the addition of
drip legs with steam traps will reduce the system pressure
drop and also reduce the amount of steam condensed in these

headers.

2.0 PROCESS DESCRIPTION
There are two low pressure { 5 Kg/cmz) steam headers, sizes
8" and 12", The steam to the low pressure header is

supplied through the turbogenerator. Steam from the 14
Kg/cm? steam header is also let down into the low pressure
header. Due to poor insulation, the amount of stean
condensed in the low pressure header is significant.

The 12" high pressure (14 . Kg/cm?) steam headar .is . also...

- poorly  insulated, and the amount of steam condensed' in ‘this’
header is significant.

Due to the length and importance of these headers, this ECO
recommends that the existing insulation be replace with
durable, imported, calcium silicate block insulation with
aluminum jacketting.

3.0 EQU SNT LIST/SIZE

The following 1is a 1list of insulation and drip 1leg
requirements for the three steam headers in the Coke Plant:

Insulatjon

12" High Pressure 1100 Meters, 4" thick (100 mm)
12" Low Pressure 1100 Meters, 3.5" thick (87.5 mm)

8" Low Pressure 550 Meters, 3" thick (75 mm)

All insulation 1is calcium siiicate with aluminum
jacketting.
New Drip Legs
12" High Pressure 10 required (every 100 Meters)
12" Low Pressure 14 required (every 70 Meters)

v 8" low Pressure 7 required (every 70 Meters)

. ECO-21 page 1



4.0 PREDICTED ENERGY SAVINGS

It is assumed that the new calcium silicate insulation will
be 10% more efficient than the existing insulation. This
higher efficiency is due to the poor condition of the
existing insulation and not directly due to the insulating
value of calcium silicate. The energy losses have been
calculated using the ‘“Heatalyzer Economic Thickness"
computer program.

Length, Heat Saved,
Header M —kI/yeax
HP 12% 1100 3.791 x 1010
LP 12% 1100 1.846 x 1010
LP g" 550 0.648 x 1010
Total ' 6.285 x 1010 kJy/year

This is energy that need not be put into making steam since
less steam will now be condensed. S

I.0.E.
HP 12" 1203 1239
LP 12" 586 604
Lp 8" 206 212
cw. . 1995 2055
5.0 ) D _ASSOCIAT 5CO C EVAL o

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

Investment. Cost Annual cost Savings
$ LE $ LE

Insulation 359,137 520,749 230,303 57,540
Drip Legs & Traps 51,740 115,900 - -
410,877 636,649 230,303 57,540
ECO-21




6.0 CONCLUSIONS

This ECO shows the detrimental effect that poor insulation
has on system heat loss. In addition, drip legs and steanm
traps will remove condensate that accumulates in the header
and prevent excessive pressure drop through the header.

7.0 RECOMMENDATIONS
The condition of the insulation should be improved

immediately. The drip legs should be added@ during the next
turnaround/shutdown.

ECO-21 '
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COKE _PLANT STEAM SYSTEM Annual Savings, TOE : 372.
Annual Savings, $ : 42,945,
Investment Cost, $ : 98,570,

RECOVER HEAT AND Payout: Simple, Yrs : 2.30

PRODUCE STEAM FROM DCF P : led '

CONTINUOUS BOILER BLOWDOWN

ECO-23

1.0

PURPOSE

The purpose of this ECO is to produce steam from the
continuous blowdown of boilers 1 through 6, and to preheat
boiler feed water using hot continuous blowdown. This will
help conserve energy to that would otherwise be wasted by
disposing of blowdown directly.

2.0 S IO
The present system is to pump boiler feed water directly to
economizer while hot continuous blowdown is sent to
drainage. The normal blowdown rate is 8 tons/hr; however,
rates as high as 20 tons/hour have been experienced. The
heat recovery system on the attached sketch will recover
heat from boiler blowdown thereby reducing the energy
consumption of each boiler.
3.0 EN ST/SIZ
The design of the proposed blowdown system is 20 tons/hour.
The following equipment is necessary to implement this Eco:
Flash drum
1250 mm diameter x 2800 mm T/T :
220 9c, 7 kg/cm? g (686 kPa) design -
Heat Exchanger
Area : 120 M2
12 Kg/cm? (1177 kPa), 350 ©C tubes
18 Kg/cm2 (1765 kPa), 125 °C shell
Carbon st<sel shell and tubes
Piping
15 M - 3" pipe (liquid)
5 M - 4" pipe (vapor)
Instrumentation
As shown on sketch.
plus: 1 - 1 x 1 1/2" PSV
ECO-23 : page 1.



4.0 PREDICTED ENERGY SAVINGS

The anticipated annual energy saving after this system is
installed is below, and is based on the normal blowdown rate
of 8 tons/hour.

. Annual Enerqy Saving
T.0.E, Tons Mazout
372 383

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION

The total investment cost to purchase and install’ the
equipment 1listed as well as the annual cost savings are
below. : L ‘

Figures are based on worldwide and locai .equipment and
utility costs. R

Investment Cost Annual Enerqy Cost Saving

_S _LE - S —LE

98,570 220,800 42,945 10,730
6.0 CLU S

This ECO has a very attractive payout. it is a good
. - . -.engineering. practice .to. recover -heat fram blowdown. through..
* - heat exchange and/or low pressure - flash* drums " to produce

steam.

7.0 ECO ONS
This ECO should be implemented during a turnaround/shutdown
period. : Lo

ECO-23
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COKE PLANT STEAM SYSTEM Annual Savings, TOE : 1,460.
Annual Savings, $ : 168,553.
Investment .Cost, $ : 9,111,
REPAIR HEAT EXCHANGER LEAKS Payout: Simple, Yrs : 20 days

AND INSTALL NECESSARY DCF P 1
NON-RETURN VALVES TO AVOID

STEAM AND CONDENSATE

CONTAMINATION

ECO-24
1.0 PURPOSE

The purpose of this ECO is to avoid condensate and steam
contamination by process streams. This will help conserve
energy by allowing the reuse of hot clean condensate, which
is presently contaminated by process streams.

2.0 PROCESS DESCRIPTION

The 5 Kg/cm? 1live steam used in the Coke Plant is now
operated at 3.5 Kg/cm? and sometimes even lower. This
results in the flow of higher pressure process streamg into
the steam system, thereby contaminating the steam/condensate
system. This problem can be avoided by installing non-
return valves in stripping steam lines.

Moreover, some .of..the heat exchangers in .reboller.-service.
are - leaking process fluids intc the condensate -thereby
contaminating the condensate return. Contaminated
condensate is presently drained to grade. If the condensate
were clean it could be recovered using the present plant
condensate collection header. This problem can be solved by
repairing the leaking tubes in the heat exchangers.

3.0 EQUIPMENT LIST/SIZE

Suspected leaky exchangers are:

1. Benzol plant #1 Reboiler
2. Benzol plant #2 Reboiler
3. Tar Plant #1 Reboiler
4. Tar Plant #2 Reboiler

Non-return valves required:
5 - 3% gize

2 - 4" gize
1 - 6" gize

“mco-z4



4.0 PREDICTED ENERGY SAVINGS

The anticipated annual energy saving after implementing -
above changes would be: o

u

T.0,FE.
1460 1504

Energy losses were calculated only due to 1leaky exchangers.
Energy savings achieved due to addition of non-return valves are
indirect and therefore no calculations were performed.

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION

The total investment cost to repair the 1leaky heat
exchangers and install 8 non-return valves and associated
piping is listed below. Figures are based on worldwide and
local equipment and utility costs.

Investment Cost :
s LE s LE
9,111 20,408 168,553 42,112

6.0 CONCLUSIONS
Condensate c¢ontamination should be eliminated by repairing
the leaking tubes and by installing non return valves in the
stripping steam lines.

7.0 RECOMMENDATIONS

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

“ECO-24 page 2



GENERAL Annual Savings, TOE : 347
Annual Savings, $ : 40,009

INSTITUTE A PERMANENT Investment Cost, $ : 14,610

PROGRAM FOR STEAM TRAP Payout: Simple, ¥Yrs : 0.37

TESTING DCF PR H -

ECQ-25

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
ECO-06 and ECO-~18, it is evident that a permanent program
should be started to test all steanm traps. Much of the
efforts to save steam in the plant can be wasted if the
steam traps are not working properly.

The program must be a permanent one and should be under the
control of the plant energy coordinator and his committee.
At a very minimum each trap must be tested once per year;
however, a more frequent period of testing is strongly
recommended. It is preferable to test traps operating over
1600 kPa (16 Bar) weekly, those operating from 200 to 1600
kPa (2 to 16 Bar) monthly, and lower pressure traps at least
once annually. A trap item number and permanent metal tag
must be assigned to each trap and reccvds maintained to
indicate testing dates, results and trap replacement.

A sample inspection check list is given on the next page.

ECO-25 "page 1
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Frequency: As noted on Page 1.
Items to Inspect:

' 1 -

Has trap failed in closed position?
Feel trap. If cold, trap is b&d.

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 steanm, trap is working. v .

Check system - using an ultrasonic

tester or stethoscope.

Intermittent sounds coming from a bucket.
trap, a thermostatic trap, and a
thermodynamic trap mean that trap is
functioning properly. '

. If trap is not functioning properly:

Use exact replacement parts as manufactured
by trap maker.

Replace ull gaskets. Make sure that the
metal surfaces are absolutely clean before
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:

ECO-25

Reduction in steam losses.

Life expectancy of a trap can be determined from plant
records before repair or replacement is required.

The best trap for particular services can be determined
by analysis of records of performance.

Cost figures are available to support how much a
particular trap is costing.

Only 5 percent of the plant steam traps will require
attention at one time, thus less maintenance is
required. “

page 2
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3.0 EQUIPMENT LIST/SIZE

—~ Steam traps as required.

- Identification tags.

- Ultrasonic tester (Sonic, Model 3000 M)
4.0 SAVI

From the steam trap survey covered by ECO-6 and ECO-18, it
was noted that the estimated steam loss at this time from
defective traps for the entire plant is 5792 Kg/hr.
Assuming that the traps are tested once a year, and the
average life expectancy of a trap ls 7 years, the steam loss
that can be avoided by instituting a permanent steam trap
testing program is estimated to be 408 Kg/hr.

Therefore, energy savings that result from a permanent steam‘g
trap testing program is estimated to be as follows: :

Annual Enerdqgy Savings
T.0.E. Tons mazout
347 357

5.0 INVESTMENT AND ASSOCIATED 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 17

Cost to replace traps, $ 11,950

Cost to tag traps and

purchase ultrasonic test equipment, $ 2,660
Total Investment Annual Cost Savings
s LE_ S LE
14,610 32,873 40,009 9,996

Representatives of steam trap manufacturers will offer a
service to survey steam traps in plants. This service costs
approx1mate1y $8 to $10 per trap. Since there are only 120
steam traps in El-Nasr, the cost of testing the steam traps
either by plant personnel or by the manufactureris
representative, is low.

ECO-25 “page. 3



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.

7.0 RECOMMENDATION

This ECO should be initiated immediately and carried outﬁ
continuously. e

ECO-25" * ‘page” 4’
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GENERAL " Annual Savings, TOE : Not
Annual Savings, $ ¢ Applicable

STUDY THE EFFECT OF - Investment Cost, $ : ".

INSULATION ON HEAT LOSS Payout: Simple, Yrs : "

FROM PIPES. DCF P H "

ECO-26

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.

2.0 PROCESS DESCRIPTION

A chart was developed using the Heatalyzer Econonmic
Thickness Insulation computer program which indicates the
optimum insulation requirements for different line sizes at
various temperature ranges. The chart covers a rance fron
50 °C ‘through 450 ©°C for line sizes 0.75 inch ciameter
through 16 inch diameter. Mineral wool insulation material
with galvanized steel cover is the basis for the chart.

This chart is to be used in the future by plant personnel to
specify insulation thickness on new or reinsulated lines.

3.0 U LIS Y/

The chart on the following page was developed.
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4.0 PREDICTED ENERGY SAVINGS
Refer to insulation table. . Energy savings between bare and
insulated pipe (kJ) is given in the insulation table for
each pipe size and temperature. Multiply this value by the
length of pipe (M) and then by yearly hours of operation to
obtain kJ saved per year.

5.0 JINVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
Not applicable to this kcCoO.

6.0 CONCLUSIONS
Based on the results of ECO's - 02, 10, and 16 which cover
the addition of insulation to the existing lines in the
plants, it 1is concluded that the use of the Insulation
Thickness chart should be followed by the plant when
installing new hot piping insulation.

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

ECO-26




GENERAL Anv.:al Savings, TOE : Not
Annuel Savings, $ : Required
FUEL/AIR RATIO CONTROLLERS Invesime~t Cost, $ ¢ (See Text)
FOR STEAM BOILERS Payout:: <lmple, Yrs : "
AND FURNACES JCF, % : "
ECO=-27
1.0 PURPOSE
The purpose of this ECO is to examine the need for fuel
air ratio controllers. Fuel air ratio controllers have

been used in the boiler and process fired heater industry
for many years to maintain combustion air flow as boiler
loads are modulated.

2.0 OCESS DESC (9)

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 gquantity of not only the
fuel flow rate should be adjustad, but the air flow rate
should also be adjusted. Provided that the optimum flue
gas oxygen level is maintained it can also be expected
that the optimum efficiency is achieved.

In general, fuel air ratio control schemes consist of a

. controller that recelves 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 supply line to the burners. The
ratio controller also receives a signal from a flow
transmitter that senses a DP cell installed across a
meter in the air supply duct. A damper in the duct work
or the inlet dampers of the forced draft fan are adjusted
with an actuator in accordance with the output of
the ratio controller.

A very essential part of the control scheme is the
lead/lag system. The lead/lag system prevents the

accidental detonation of the boiler or process fired
heater. The lead/lag system assures that if the fuel rate
is increased, the air flow rate is increased first. If
the fuel rate was increased before the air rate, it is
likely that combustible material would enter the
combustion chamber without sufficient air to complete
combustion. If the air rate |is then increased an

ECO-27 page 1



uncontrolled fire or explosion can occur. Where

fuel gas is used an explosion is very likely, if this
sequence of events is allowed to occur. Where fuel oil is
uged, a fire in the burner plenum could be expected.

The lead/lag system also assures that if the fuel demand
is decreased, the air rate is decreased after the fuel
rate. If the air was decreased first the possibility of
combustibles entering the combustion chamber without
sufficient air to complete combustion 1is 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 1intention of these systems is to malntain
the flue gas oxygen level at a minimum so that the highest
level of efficiency can be maintained. Additionally, the
systems are intended to provide a high 1level 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-uiriside -
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
nre frequent and erratic. In general, fuel air ratio
systems become economical when operator attention is at a
minimum, and the instrumentation cost can be offset by
reducing manpower.

3.0 NT T/S
Assorted controllers, indicators,transmitters, meters,
actuators, electricals and pneumatics. Refer to the

attached sketch .

4.0 PREDRICTED ENERGY SAVINGS

Indeterminate.

ECO-27 ~page-2.’
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5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION

Investment in a fuel/air ratio control system is not
recommended. Refer to Sections 6.0 and 7.0.

6.0 CONCLUSIONS

Fuel/air ratio control systems can save a considerable
amount of fuel and operating cost. However, if boilers are
properly att nded by operating staff the same savings can
be realized without investment in a fuel air ratio control
system. In the coke and fertilizer plants boiler 1loads
do not change from one 1level of operating load to another
at a rate rapid enough to prevent operating staff from
being able to maintain excess air. Fuel air ratio
control systems require a good amount of attention on the
part of instrument technicians. If this attention is not
given to the ratio control system it is reasonable to
assume that no improvement over a boiler without a fuel air
ratio system can be made.

7.0 co DATION

This ECO is not recommended. 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.,

ECO-27 " page 3.
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GENERAL Annual Savings, TOE : Not
Annual Savings, § : Required

CAPACITOR INSTALLATION Investment Cost, $ ¢ (See Text)

TO IMPROVE POWER FACTOR Payout: Simple, Yrs : "

IN THE FERTILIZER PLANT DCF , % H "

ECQ-28

1.0 PURPOSE

The purpose of this ECO is to improve the existing
electrical system power factor from the current value.

The proposed capacitor banks installation (i.e. improved
higher power factor) will reduce electrical system voltage
drops and associated IZR losses in system cabling
transformers, reactors, etc.

This ECO as well as ECO-30 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
The E1 Nasr chemical plant electrical system consists of two
66 kV incoming feeders to the utility 66 - 6.3 transformer
substation which feeds the plant via four 1000 amp, 10%
reactors. vy
The metering, though perhaps adequate for operation, is not
suitable for power profile monitoring and needs calibration
and updating.
The plant operations utilize several synchronous motors and
capacitors on 2 substations to supply plant and kVAr demand.
The meters indicated a 0.98 power factor, though by
calculation it appears to be approximately 0.95.

3.0 U N I 2
Not applicable.

4.0 PREDICTED ENERGY SAVINGS
Not applicable.

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATIONS
Not applicable. ‘

ECO-28, = .




6.0 CONCLUSIONS

A power factor of 0.95 is excellent. Further improvement
woutld be unrealistic. No capacitors are required in the
Fertilizer Plant.

7.0 RECOMMENDATIONS v
This ECO need not be implegénted..

ECO-28 _ page 2



GENERAL Annual Savings, TOE : 299.
Annual Savings, $ s 51,027,

CAPACITOR INSTALLATION Investment Cost, : 565,600,

TO IMPROVE POWER FACTOR Payout: Simple, Yrs : 11.08

IN THE COKE PLANT DCF , ¥ : < 1.

ECO-29

1.0 PURPOSE

The purpose of this ECO is to improve the existinc
electrical system power factor from the current value.

The proposed capacitor banks installation (i.e. improvec
higher power factor) will reduce electrical system voltage
drops and associated I%R 1losses in system cabling
transformers, reactors, etc.

This ECO as well as ECO-31 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 nct additive.

2.0 PROCESS DESCRIPTION

The present Coke Plant 6.3 kV distribution system appears in
need of up-grading. Replacement with modern gear should
include proper metering for power flow monitoring. and two
+ -~ 2=-step - capacitors- for each double ended--switchgear--and/or
variable frequency drives for power factor improvements.
Based on verbal information, there are plans for upgrading.

Based on observations and verbal information, the plant gas
exhausters, pumps and crushers are running at 2/3 and below
of full load, thus contributing to a low power factor of
approximately 0.7.

Lacking proper documentation, this ECO can only provide
approximate quidelines for a power factor correction 2-step
capacitor system, connected to a 6.3 kV bus via switch gear
breakers, and controlled by power factor (55) relays.

3.0 EQUIPMENT LIST/SIZE
The electrical equipment required for this ECO will be two
2-step capacitor banks of required kVAr and voltage rating,

P.F. relay coatrolled circuit breakers, fused switches and
cabling as required.

ECO-29 . ' . page’ 1"
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4.0

‘The equipment required is listed below.

Capacitor Banks Switch gear Controllers
KVAX kv Steps
SWGR1 4x750, 6.3 2 4 2
SWGR2 4x750, 6.3 2 4 2
PREDICTED ENERGY SAVINGS

Based on old plant estimates of a 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.

Coke
Plant Annual Reduced estimated Annual Energy Savings =
KWH system losses KWh__ T,0.E,1
29,667,000 43 1,187,000 299
SSOCIATED EC 0

The estimated total investment and cost savings are below. - :

Figures are based on worldwide equipment and utility costs. 8

Investment cost Annua) cost savings
_S . , S _LE
565,600 51,027 20,174
CONCLUSIONS

In addition to above noted ~nergy savings, i.e. improved
system I%R losses, there are additional benefits:

a) Improved electrical system capacity for future
expansions.

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

c) Improved voltage drop during large motor startups.

RECOMMENDATION

This ECO can be implemented with 6.5 XV switch gear
upgrading work. .

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

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

ECO-29 page 2
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GENERAL ~ Annual Savings, TOE

H Not
Annual Savings, $ : Required
INVESTIGATE ENERGY Investment Cost, $ : (See Text)
SAVINGS BY CHANGING DRIVE Payout: Simple, Yrs : "
CONTROLS IN FERTILIZER PLANT DCF . & H "
ECO~30
1.0 PURPOSE

The purpose of this ECO is to incorporate variable frequency
speed controllers into the plant electrical distribution
systen. The variable frequency/voltage controllers (VFC)
will match kW consumption to load requirements and thus. .
provide considerable kW/kVAr savings.

This ECO as well as ECO-28 both serve to provide a more
economical and efficient electrical systenm. 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 verbal information received from plant personnel,
and visual observations of running ammeters, there are no
apparent requirements for variable freyuency controllers at

the El-Nasr Fertilizer Plant. All running motors appear to
run above 80% of full load.

3.0 EQUIPMENT LIST/SIZE
Not applicable.

4.0 PREDICTED ENERGY SAVINGS
Not applicable.

5.0 INVESTMENT AND ASSOCIATED ECONOMIC ANALYSIS
Not applicable.

6.0 CONCLUSIONS

No significant energy saving is achievable through upgrading
of existing drive controls.

7.0 RECOMMENDATIONS
This ECO should not be implemented.

ECO-30 . .. page 1
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GENERAIL Annual Savings, TOE : 435
Annual Savings, $ : 74,242

INVESTIGALE ENERGY Investment Cost, $ : 2,192,100

SAVINGS BY CHANGING Payout: Simple, Yrs : 29.5

DRIVE CCHTROLS IN DCF i <1.0 -

FERTILIZER PLANT

Eco-31

1.0 PURPOSE

The purpose of this ECO is to incorporate variable frequency
(speed) controllers into plant electrical distribution
gsystem. The variable frequency/voltage controllers (VFC)
will match kW consumption to load requirements and thus
provicde considerable kW/kVAr savings.

This ECO as well as ECO-29 both serve to provide a more

economical and efficient electrical system. Only one of
these ECO's 1is necessary to achieve this outcome. Results"
from these ECO's are not additive.

2.0 PROCESS DESCRIPTION

Based on verbal information and power factor (PF) spot
checks, the motor drives in coke plant appear under-utilized
at apparent 2/3 of full load or less.

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

a) Soft start 1.e., no star-delta or start-up
" = resistor controllers are required. - > e o e
b) Corrected inotor power factor.
c) Energy savings by matching power consumption to
load requirements.
d) Savings by eliminating restrictive control vanes,
throttling valves, recirculation systems.

Controllers do require reasonably clean, ventilated rooms,
as in a normal substation area. The variable frequency
controller (VFC) would replace existing control equipment.
Before implementation a more detailed study is reqguired for
each piece of equipment to determine the status of existing
equipment to be deleted and/or retained.

ECO-31 page 1



3.0 EQUIPMENT LIST/SIZE

The variable frequency/voltage controllers 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 loads.

Controller

kW kv
2 pumps 400 ea. 500 ea. 6.3
2 initial crushers 250 ea. 300 ea., 6.3
2 crushers 500 ea. 600 ea. 6.3
1 crusher 400 500 6.3
1 gas exhauster 400 500 6.3
2 gas exhauster 630 ea. 750 ea. 6.3

4.0 PREDICTED ENERGY SAVINGS

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

Depending on load, a 5-15% savings of the power consumption
is a reasonable expectation. :

ua E \'4
—T.0.E.+  _kWh -
435 1,726,560
5.0 S SSOCIAT 0] V [¢)

The final economic evaluation would be part of the power
distribution system revamp, hence the below investment
evaluation will serve as a guide only.

The investment cost is based on worldwide pricing. The
energy cost savings is based on worldwide and local utility
costs.

Annual Energy

$ S  __1E _
2,192,100 74,242 29,352

1 Electrical T.0.E. values include a typiéai 34% efficiency
factor and correspond to generating electricity using a
condensing steam turbine system. : B
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N

The incorporation of VFC's into new plant distribution
system will:

a) reduce power 1losses in distribution system and in
processing equipment;

b) reduce capacitor's size, as recommended in ECO-29;

c) eliminate need for reduced voltage starting equipment;

d) improve process equipment control.

7.0 RECOMMENDATION
This ECO could be implemented as part of the electrical

power distribution system upgrading, or by installing
individual controllers selectively.

ECO-31 . .~ page'ﬁjkrfy



GENERAL Annual Savings, TOE : 1,489.
Annual Savings, $ : 185,537.
IMPROVE, ADD OR FIX Investment Cost, $ : 750,970. ‘
INSTRUMENTATION TO BE Payout: Simple, Yrs : 4.05
ABLE TO PROPERLY MONITOR DCF P : 12.00 .
AND CONTROL ENERGY CONSUMPTION :
ECO-32
1.0 PURPOSE

The purpose of this ECO 1is to improve/add/fix
instrumentation, as required, to help conserve energy and to
properly mcnitor 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 EQUIPMENT LIST/SIZE

The estimated equipment and material required is described
below. The material of construction is.carbon steel, except

+» where ‘it is specified:dirferently. « Refexr:toAppendix:8:ifor:
location of individual instruments. '

6 Temperature Recorders

1 Multi-point temperature indicator
66 Temperature indicators

2 Flow Recording controllers
64 Flow indicating controllers

. 4 4" Rotameters - armored

13 2" Rotameters

4 3" Rotameters
12 Level Recording Controllers
10 Pressure Recorders
76 Pressure Indicators

3 Alarms

7 Conveyor Rope Switches

6 2" Contrcl Valves

Electyical:
Permanent metering and recording equipmentwto monitor

MW, KVAr and current (amperes} inboth theVCOke and
Fertilizer Plants.: wh e

ECO-32. . page ‘1::



4.0 PREDICTED ENERGY SAVINGS

The instrumentation in the Coke and Fertilizer Plants is
in very poor condition and require majors revamping to
effectively monitor energy consumption.

Since this ECO covers the plant in its entirety, there is no .
specific energy savings that can be pinpointed. A
conservative assumption 1is to infer that proper
instrumentztion will reduce the yearly energy consumption by -
at least two percent. The resgulting energy savings are

listed below.

Electrical Mazout
Anngal_nggxgx_ﬁgxingg Annual Epergy Savinas
T.0.E, Mwh T.0.E, Tons

248 984 540 556

Coke Oven Gasg Blast Furnace Gag
Annual Enerqy Savinds ' Annual Eneray Savings
T.0.E. cu, M. : T,0.E. cu, M.
652 1,487,680 1.0 10,500

Tar 0il TOTAL

T.0.E. Tons T,0.F. Top Magout  _MWH

48 64 - 1489 1278 984

5.0 ND ASSOC CONO 0)

Annual cost savings are based on the total energy_ksaved
having the cost of purchased mazout. -

The total investment cost to purchase and install ‘the
necessary instruments and the associated piping and
materials described is below:

Investment
S LE S L.E.
750,970 1,682,170 185,537 52,512

1 plectrical T.0.E. values include a typicai 34%‘efficiency
factor and correspond to generating electricity using a
condensing steam turbine system. . ,

ECO-32 page 2



6.0 CONCLUSIONS
We strongly recommend that all the instruments shown in the:
preceding tabulations be added or repaired, not only to.

help conserve energy, but to properly monitor its:
consumption. '

7.0 RECOMMENDATIONS _ ,
This ECO should be implementeddﬁithoutigny;déléy;»

ECO-32 © .




GENERAL Annual Savings, TOE : Extensive
Annual Savings, $ : "
DEVELOP AND IMPLEMENT A Investment Cost, $ : 0
FORMAL EQUIPMENT Payout: Simple, Yrs : Immediate
MAINTENANCE PROGRAM DCF P 5 : "
CO0-3
1.0 PURPOSE

The purpose of this ECO is to outline some basic elements of
a formal equipment maintenance program for a chemical plant,
such as that of El Nasr Coke and Chemical Company.

2.0 PROCESS DESCRIPTION

Maintenance is a very important and essential adjunct to
efficient and profitable operations in a chemical plant. If
maintenance is neglected, unexpected and untimely failures
occur with costly interruptions to plant operations. It has
been demonstrated by world class chemical plants that the
availability of operating facilities producing a premium
product can be increased to a very high level, approaching
100 percent, with a well planned preventive maintenance
program. This remarkable achievement has been brought about
in part by careful inspection and meticulous documentation
of operating hours, service life and failures. With a
quantitative data base and the application of statistical
analysis, - breakdowns or component failure ~are ~accurately
predictable, and scheduled repairs are made in a minimum
amount of time without interruption to operating schedules
and unnecessary delays. These efforts payback in terms of
superior product quality, performance and profitability.

ADMINISTRATION

There are a few basic elements that makeup an effective
maintenance program. For one, it is assumed that a
structured organization is in place to provide the
administrative and supervisory skills required on a
day-to-day basis. As a separate and distinct
administrative unit, the maintenance organization
generally functions independently, but cooperatively
with operating management to achieve cost and
production standards as well as mutually satisfactory
scheduling requirements.

SPARE PARTS

At the heart of any maintenance program is an adequate
complement of spare parts, which can be provided either
as in-house spare or by immediate access to pre-
arranged vendor stocks. Spare parts should be
categorized as critical spares and consumable spares.
Critical spares are those 1lony delivery items
identified with Kkey operating units, whereas

 ECO-33 page 1
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consumable spares are those components with a
predictable or rated service life, such as bearings,
etc., that are usually available "off the shelf" from
suppliers. It is obvious that it is the critical
spare part that must be ordered well ahead and kept on
hand in the event of an unscheduled maintenance
failure.

SPARES CONTROL

All spares should be cataloged, using something as
simple as a manually maintained card index file, where
the spare part is completely identified and, where
appropriate, related to a bill of material on an
engineering drawing. This kind of system will allow
for inventory control and repurchases. A more
sophisticated system would store this type of
information in a computer along with a drawing index
for each facility. It is vital that management knows
what spares are on hand and their location to avoid
the time-consuming search for a missing part.

Cc S ES 0
It has been demonstrated that a central storage area

for plant-wide spares is very cost effective, as
opposed to scattering spares all over the plant in

. unprotected and poorly secured environments without any.

particular control. A central sparesconcept -avoids
duplication of parts, thereby minimizing the number of
spares cuin hand with consequent savings in inventory

costs. A central spares storage enhances the ability
to control disbursements and purchase of replacement
parts. Typically, a central spares storage area is a

warehouse type of structure equipped with numerous bins
and racks for such items as gears, couplings, shafts,
motor coils, contactors, relays and many other such
itens. Central spares functions separately and
independently of the plant storehouse. It is usually
manned around-the-clock with clerical type workers who
maintain spare part records as well as dispense spare
parts on a shift-by-shift basis. As an example, many
chemical plants maintained spares on a departmental
basis, with each department handling its own
procurement and storage. It was found that this
practice resulted in much duplication from one
department to another. For instance, each department
kept its own complement of spare motors, when many of
the motors were duplicated in other areas. With the
consolidation of spare motors into a central pool, the
total plant inventory could be reduced by as much as
50 percent with consequent savings. This same
principle generally holds true for every commodity used
in the plant. It is apparent that the central spares
concept allows for better housekeeping and the
protection of an eipensive inventory of spare parts.

page 2
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DIZ 0

There are inherent advantages and cost savings
associated with standardizing equipment and component
design throughout the plant. This is primarily an
engineering responsibility working with maintenance and
operating personnel on new designs or rearrangements as
well as procurement. A standardization program will
facilitate the training of maintenance personnel and
technicians because there are fewer dissimilar types of
equipment to work with, which should reduce the total
amount of work. Over time, a standardization program
will reduce the amount of spares required to support
the operations, but it must be remembered that any
standardization program must be tempered by tha usual
competitive nature of purchasing. It is unlikely that
anyone would want a single source of supply for any
commodity, except in very unusual situations.

IRAINING

One important but often neglected facet of a
maintenance program 1is training a work force.
Acquainting maintenance personnel with proper job
procedures and making them familiar with operating
facilities is aided by formal classroom instruction,
using competent teachers, service manuals and as much
hands-on experience as a classroom can .provide. This
is:- particularly - important. where new .and ' more '
sophisticated facilities are introduced into the plant,
which can only operate at an acceptable 1level of
performance and product quality with adequate routine
maintenance of the machine and instrumentation. This
can best be achieved by taking the time to train the
whole work force, because the same philosophy pertains
not only to maintenance personnel but to operating
crews as well.

TOOLS

Together with trained workers and adequate spares, it
is equally important to have sufficient tools and
supplies for effectively accomplishing the routine
maintenance tasks or repairing of major breakdowns.
Many times, tool and supplies are housed in an attended
maintenance tool room to provide close control. Tool
repairs are usually done in this type facility, also.

INSPECTION

Inspection programs implemented on a regqular basis are
vital to ongoing plant maintenance actiwvity. This
enables work to be scheduled in an orderly manner, and
many times potential problems can be uncovered before
breakdowns occur or resources are wasted. This is the
antithesis of the "if it isn't broken, don't fix it"

page 3
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philosophy. Periodic inspections and good records lay
“‘the groundwork for a viable preventive maintenance
program,

LUBRICATION

Lubrication schedules should be established for all
operating facilities, including overhead cranes.
Catastrophic failures can occur through simple neglect
of lubrication.

ous G

Cleaning schedules are setup, particularly for rotating
electrical equipment. Motor and generators are blown
clean with air, thoroughly checked and painted, many
times on annual basis. This is done to remove a
buildup of dust, common in coke plants, that can cause
motors to fail. Housekeeping standards are enforced
for motor rooms and substations and most other areas of
the plant.

With a dedicated maintenance organization in place,
supported Dby the factors discussed above, good
maintenance beccmes a ritual or accepted philosophy,
particularly when the benefits become visible to senior
plant management.

‘2.1 PHYSICAL WORK_REQUIRED
It is not expected that there will be any quantifiable
arount of physical work associated with the initial
iy lementation of the ECO. However, as the plant expands in
the coming years, additional maintenance facilities wiil be
required for spares storage, specialized repair areas, tools
and miscellaneous test instruments for maintenance of new
facilities.

3.0 EQUIPMENT LIST/SIZE
No new equipment is required for the initial implementation
of the ECO. ,

4.0 PREDICTED ENERGY SAVINGS
Good maintenance practices will unquestionably yield
generous cost savings. Although the savings may be
unquantifiable, as viewed in total scope. However, as
individual cost reduction projects are undertaken, they can
be individually evaluated in terms of payout.

5.0 INVESTMENT AND ASSQCIATED ECONOMIC EVALUATION
Not applicable.

ECO-33 .page 4
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6.0 CONCLUSIONS

Good maintenance practices should be adopted immediately as
a matter of course, because sophisticated machinery will not
operate if neglected. Controllers and instrvmentation must
be regularly calibrated and adjustments continually made.
The sooner new practices are adopted and old habits -
abandoned, the greater the 1likelihood of high levels of
performance and profitability.

RECOMMENDATION S

7.0
This ECO should be implemented.
EC0O-33




GENERAL Annual Savings, TOE : Not
Annual Savings, $ : Applicable
FORM A COMMITTEE TO PLAN Investment Cost, ¢ (See Text)
AND IMPLEMENT AN ENERGY Payout: Simple, Yrs : "
CONSERVATION PROGRAM DCF , % H "
CO~
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 formation of a
committee who will be given the responsibility to establish
short range and long range plans to implement botl the in-
country housekeeping items, in-country investment items, and
the foreign investment ECO's.

2.0 PROCESS DESCRIPTION

Plant management must show its commitment to energy
conservation by appointing a committee consisting of
representatives from each department of the plant. The
chairman of the committee is the energy coordinator for the
plant, who should report directly to plant management.

The committee must meet at least once a month (more
frequently when it is first getting started) to establish a
concrete plan for enerqgy conservation implementation. = Its-
first priority is to begin implementation of in-country
housekeeping items 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 continue to
closely 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.

3.0 EQUIPMENT LIST/SIZE

No new equipment and no new personn91 a:e,needéd'tb'form the
committee. e i

- ECO-34 | page "1
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4.0 PREDICTED ENERGY SAVINGS

This will be a function of the committee's effectiveness in
seeing to it that the ECO's recommended in the Audit Report
are implemented in a timely manner.

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
None, not applicable to this Eco.

6.0 CONCLUSIONS

The formation of the committee and the appointment of an
energy conservation coordinator are crucial initial steps in
the establishment of an effective program of energy
conservation.

7.0 RECOMMENDATION
Formation of the committee and appointment of the energy

conservation coordinator should proceed without delay. This
should be the first implemented in-country ECO.
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GENERAL Annual Savings, TOE : Not
Annual Savings, $ : Applicable

PUBLICITY TO MAKE Investment Cost, $ ¢  (See Text)

EMPLOYEES AWARE OF THE Payout: Simple, Yrs : "

IMPORTANCE OF ENERGY DCF P 1 : "

CONSERVATION

C0-3
1.0 PURPOSE

The purpose of this ECO is to make all employees of the:
company aware of the importance of energy conservation
through the use publicity, memos, newsletters, etc. Doing
this will help insure that each employee will contribute
toward making the overall energy conservation program a
5*.ccess.

2.0 PROCESS DESCRIPTION
In any effective energy conservation program, ideas must
flow in two directions, from management to the employees and
back up to management. Management must take the first step
by showing its commitment to energy conservation through
publicity such as posters, memos, newsletters, suggestion
Loxes, and contests/awards for the best energy conservation
ideas submitted by employees. Once all .employees. see that
energy - conservation 1is being ' treated —-as»a -'serious-'and
important matter by their company, they in turn will act in
the same way.
Responsibility for seeing that emplnyees 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 the Appendix. :

3.0 EQUIPMENT LISY/SIZE
No new equipment and no new persdnhei “are  needed to
implement this EcoO. s T

4.0 PREDICTED ENERGY SAVINGS
Not applicable to this ECO.

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
A modest annual budget of approximately LE 2,000 should be
established to pay for the publicity material (posters,
newsletter, etc.) needed to implement this ECO.

ECO0-35 page 1
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6.0  CONCLUSIONS
Although it. may not be possible to precisely measure the
effectiveness of an ewmployee awareness program, it is
nevertheless a most necessary step in establishing the

proper mental attitude needed to initiate an effective and
comprehensive energy conservation program.

7.0 RECOMMENDATION

Immediately following the formation of the energy
conservation committee, a program of employee awareness
should be initiated as the second implemented in-country
housekeeping ECO.

ECO-35
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.at or_ Ene la REF. Energy Conservation
=] X Coke And Chemicals Co, 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.'and7developed
by Foster Wheeler from data obtained from Stanford
Research Institute. o

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 cbtained by
Stanford Research Institute. e

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. - TR

Sular specifications - Per Egyptian Generﬁi_éetfdlgum
Corporation. e T P

‘the Electric

Authority.

\‘a‘j(



Qrganization for Energy Planning REF.  Energy Conservation

1.0

2 cals Co DATE March, 1988
ENERGY CONSERVATION PROJECT
BASIC ENGINEERING DATA
General:
This form defines the basic engineering data which wil1l

provide the technical and economic basis for the evaluation
of energy consarvation opportunities (ECO's) for the audit.

Economic Guidelines:
2.1 Operating Time:

2.1.1 Number cf operating days per year 330

2.1.2 Number of shifts per day _3. 7 days/week

2.1.3 Normalized number of operating hours
per year 7920
2.2 Economic Evaluation Basis: S
~.2.2.1 Payback priority list, simple basis %?f'xggj
:: 2.2.2 Discounted cash flow __ yes - |

Taxes _32%
Inflation 30%
~interest 14%
Required R.0.I _6-8% " (1f known)

Project Life__10 yr.
Depreciation __straight

Salvage Value _ 2.5% (initiaifiﬁgéStﬁent)

W



Organization for Energy Planning

El Nagx For Coke And Chemicals Co.
3.0 Utility cost :
Utility Units
Fuels o :
Mazout (#6) 1fiﬁéf?iéiféﬁ;}
Sular s Hﬁiﬁéﬁfié”faﬁg
Electric Powef ‘.Kﬁﬁn o
Natural Gas M3
Propane (liquid) M3
Butane (liquid) M3
Steam (2)
(3) High Press. Metric Ton
(3) Med. Press. Metric Ton
(3) Low Press. Hetric Tonv$
Water |
~ Raw Hetric Toni%
: iéboiihgj , Hetric Toniy
Notes:
()

REF.

DATE March, 1988

Publio'Seétor

World

. Domestic Price Price
© (L.E.)/Unit $/Unit (1)

.28 112.07

60 150,64
$0.017 0.043

’ 0.078.

65 33:

’11 09

;10.43

£0.006

0.015

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
LP - 3 ATM to 10 ATM
(3) The
the steam price.

Boiler efficiency assumed to
be 75% L "

price of condensate or boiler feed water’is 0 % of

\

Energy Conservation

102 28;f
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Qrganization for Eneray Planping
El_uagr_E_r_

o e '
or Coke And Chemicals Co,

4.0 Meterological Data :

4.1 Meteorological Data: (Cairo.Arqa{g

Temperatures:
Minimum Dry Bulb
Design Dry Bulb
Design Wet Bulb

REF. Energy Conservation
DATE March, 1988

6 °c
34 ©¢
28 ©c¢

Note: For insulation calculations ﬁse3d£§ bd1b
temperature at 20 ©c. B

Wind Velocity and Direction: 0 - 15 km/hr Random

direction

.Winterization Area Classification: None.

Allowance for Earthquake Forces: None.

Rainfall: Less than 10 cm/yr.

Design Humidity (relative):

5.0 Utility Information :

5.1 Fuel 0il #6 (mazout):

64% (34 °c/28 %)

Temperature (pour point). ,-OF.  ° - 100.0:
. % 378

Specific Gravity @ 15/4 ©c
Viscosity, R I @ 100 OF
Sulfur, % by wt.

Heating value, J/M Ton

Diesel (sular):

Specific Gravity @ 15/4 °Cli
Viscosity, R I @ 100 °F;u:;;‘; (-

Sulfur, % by wt. o

Heating Value, J/M Ton .
Flash Point P.M. Closed,

Natural Gas:

Specific Gravity e lé/i,PCy
. Heating value, a/M3. "~ -

0,990
. 2000.0 .

- T2,8
© 4.077.x 1010

 0.840
2,0

4,467 x 1010
%c . 65.0

7 0.56 (air = 1.0)
37,256,270 .- .



Organization for Energy Planning REF. Energy Conservation
El Nasr For Coke And Chemjcals Co, DATE March, 1988

5.4 Propane:

Specific Gravity @ 15/4A°¢f,,V"75,0351

Heating value, kcal/kg -~~~ ' 11943: °

J/M Ton ~ '5.00 %1010
5.5 Butane: SR

Specific Gravity e 15/4 O ' . 0.s8

Heating Value, kcal/kg = " 11722~uﬂ
J/M Ton 4.908 x 1010

6.0 Rules for Electric Billing

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 allowed).

6.2 Power Factor

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 rate of 0.5% increase (factor 0.005) on each
percent of power factor less that 0.8 (i.e. a penalty of
10 x 0.5% or 5% for a PF equal to 0.7).



Ene REF. Energy Conservation
Che C DATE March, 1988

Additionally; if the power factor is 0.6 or less, a
second 0.5% increasc per 1% of P.F. is additive, for a
total penalty of 1% of P.F. below 0.6.

6.2.3 Shutdown for Power Factor:
The billing systenm 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. o

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 is based upon the sum of several elements, which
consist of three major categories, thereafter ratioed up or down
by the power factor rate adjustment.

The three major elements are:

a) cocnstant annual charge, based on the maximum stated
demand, and priced at 7.7S¢ LE/year for each kw.

b) a cost per KWH consumed, on a sliding scale, in accord
with table #1. .

c) taxes, which are the sum of:
O broadcast tax, € 0.001 LE per KWH for lightingl.
© consumption tax, @ 0.005 LE per KWH for lightingl.
O power tax, @ 0.0001 LE per KWH for 90% of KWH.

See Table #1 on next page.

' assumed to be 101 of total.
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El Nasx For Coke And Chemicals Co, DATE March, 1988

KWH Rate Table #1 - ‘
1l 2 3 4 5 6. 7 ,
Range Time Maximum Total Total Power '~ Rate Cost

1 1000 " 0.0312

2 500 0.0294

3 1000 0.0256

4 1000 0.0220

5 1500 0.0167

6 note 7 0.0143

Noteg :

1. column 1 represents hours at the stated demand rate, i.e.
first 1000 hours, next 500 horus, etec. 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, 1n'xwu, for the
billing year (enter at range 1 position only). :

4. column 4 is total power calculated, as the product of
columns 1 & 2.

5. column 5 is remaining power, as column 3 - column 4 for
range 1, and thereafter the entry for the previous range
minus the entry for the previous range minus the entry in
column 4 for the current range, i.e. power in KWH not yet
accounted for.

6. column 7 is the product of columns 4 & 6, until such time as .
the power remaining is less that the power calculated.
When this occurs, colunm 7 is the product of the power
remaining (column 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:

Rate Power Power Remaining . -
(measured) (calculated)’ SR o

(hours)  (KW)  (KWH)/year (KWH) (KW) ~ (LE) (LE)

365 x 24 - 5,000 = 3,760 hours.
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PORTABLB'INSTRUMENT LIST

.

:Item Qty Instrument Type Model No. ‘Serial No. Brief Description
: \ and Manufacturer _ S .
1. lea Digital Thermometer * Micromite 48614-1-1 T/C Thermometer
Thermoelectric 3115300000 . w/ Accessories
. 2. lea Dial Thermometer None None Temperature
(0/220 F) : . Indicator
lea Dial Thermometer None - 'None - ‘Ditto
(-40/160 F) Lo
lea Mercury Thermometer None ‘7ﬁéﬁq&f " Ditto

(0/330 F) | .
‘lea Infared Thermometer LT-IOOAf_ " Kand Held
M-C Product (-20/2000 F) R Digital
Thermometer

lea Flue Gas Test Kit**** 10%@001 Analyze Stack

Bacharach . Gases
7. 1lea Sample Test Cooler 1147046' Accessory To
Bacharach o Test Kit
8. lea Digital Stack Gas 50 . Same as no. 6
Analyzer-Enerac .
9. 1lea Ancmometer None - . Propeller driven
Davis T Air Flow Indicator
10. 1lea Air Velocity Meter ***. 400-10- Pitot Tube
Dwyer - Lo Manometer
.11, lea Sling Psychometer ‘ 1336ﬁf;7t:1:’;ﬁ§ﬁé'i Measure Relative
Taylor g e : Humidity
f12. lea Ultrasonic Leak Qdefnff”- ?« §01621 Check for Steam
' Detector-Sonic - e B : Trap Leaks
“13. lea Stopwatch : R;867252Q " None Measure Fractions
Cole~Palmer A R of Seconds
14. 1lea Tachometer 363200 = 77GF00288 Measure Shaft
Yokogawa el R T Speed (RPM)
15. 1lea Lightmeter ZIAJ‘J V'O;ISAi;? Measure Lighting

General Electric Levels
Meter to Indicate

16. 1lea Power Factor Meter €COS0512- -
‘ SN L T Power Factor

Epic Inc.



[tem Qty Instroment Type ‘Modél'No.r;;
§ioe and Manufacturer SRR
17. lea KW/KVA Meter  Kw4B02
. Epic Inc. Do e

'18. lea Ammeter

TIF

19. lea Volt-Ohm Meter [fébéiéﬁ

Flu

fﬁO. 4ea - Volt/Ammeter Recorder*tgzaquﬂ

Rus

* Includes

2ea
lea
lea
lea
lea
2ea

**  Tncludes
*** Tpcludes
**%  Tpncludes

36ea
3Jea
3ea

2ea
3ea

ke

track

Porfable Instrument List

: Seria1 No.

78267
4330356

. 80022AH
' 80023AH

~80024AH

80026AH

loose thermocouples and accessories

type J, 36" long thermocouples
type K, 4" long thermocouple
type K surface contact thermocouple
armored extension handle
charger, 220vac

extra rechargeable batteries

extra chart paper(10 rolls amp/10 roils y§fﬁf

Pg 2/2

Brief Descriptidh

Meésures Power
in Kilowatts

Measure electric
current in Ampere

Meter Various
Electric
Measurements

Recording Meter
to Measure
Current/Voltage

additional red gauge oil (1 quart boffié?&ﬂd‘5é§:3)4oz. bottle

following consummables:

tubes of CO detector

bottles
bottles
bottles
bottles

Fyrite 702 indicator refill
Fyrite €02 indicator refill
Fyrite 02 indicator refill
Fyrite 02 indicator refill

(11-0058)
(11-0057)
(11-0059)
(11-0169)
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270.

2, ENERGY CONSERVATION PROGRAM IMPLEMENTATION

2,0 INTRODUCTION

This section of the kit describes the initiation and
implement ation of an energy coaservation prograi.
Section 2.1 is an outline of the elements of a pro-
gram. it may be used as a guide to design your
own propram, tailored to your company's require-
ments and capabilities.

1 or those interested in more detail, the remainder
of Section 2, staring with 2.2, illustrates the im-
pertant steps in the program by a series of memo-
rasda based on the intemal correspondence gener-
at:d i1 several actual energy conservation pro-
grams. Many of these communications could be
accomplished verbally at staff meetings and com-
mittes meezings and then be documented iu minutes,
All of your needs may not be anticipated and some
of the actions illustrated may not be necessary or

appropriate for your management structure but you

will find illustrated io this section most of the neces-. -

sary communications, Sugaested methods and forms

for secording and reporting plant 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 has two
production departments, a utilities department, a
maintenance department. and an administrative serv-
ices 'department responsible for the purchasing, ac-
countiog, shippiog, aud receiving functions.

The {ormal organization chart for the ECON-
ERGY Company is shown below for reference. The
pames shown beneath the department blocks are
the pames of members of the Energy Conservation
Committee.

D.T.Parker
Plant Manager

l

Dept. Head Dept. Head Dept. Head Dept. Head Dept. Head
Operations "A" Qperations “B*” Administzative Services Utilities Maintenance
V. 0. Smith A, B. Jones R. B. Robinson J. C. Baker, T. G. Marshall
Coordinator
2.1 PROGRANM OUTLINE
' Referenve Refereace
Section Section
I. TOP MANAGEMENT COMMITMENT 2. A coordinator appointed by and
A. Inform line supervisors of: 231 Teporting o management
1. The economic reasons for the Note: Iul:smnllcr oxga:lzfluons,
need to conserve energy m:yn::::::ig::crt::x:)crl;;lys :::;ﬁ
b Tk sty o o sesien s
> their m:
thc. areas of (‘hcir accc.:unnbﬂhy ; g::“ :idcf.m mAnage:
B. Establish a commitec having the re-  2.3.1 C. Provide the committez with guide- 23.1

spousitility for fcemulating and con-

ducting an energy conservation pro-

gram and contistiag of:

1. Representatves from eusli de-
partment in the plant

lines as to what is expected of them:

1. Plan and partcipate in energy
saving surveys

2. Develop uniform record keeping,
reportng, and energy acccunting



Research and develop ideas on
wass to save encrgy
Communicate these Ideas and
suggestions

Suggest tough, but achievable,
goals for encrgy saving

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

7. Plan and conduct a continuing
program of activities to stimulate
interest in energy conservation
cforts

Set goals in energy saving:

1. A prefiminary goal at the stant
-of the program

2. Later, a revised goal based on

savings potential estimated {rom

results of surveys
Employ external assistance in sur-
veving the plant and making recom-
mendations, if necessary
Comumunicate periodically to em-
ployees regarding managemsnt’s em-
phasis on energy conservation action
and report on progress

1L SURVEY ENERGY USES AND LOSSES

A.

B.

Conduct first survey aimed at ldenti-
fving energy wastes that can be cor-
rected by maintenance or operations
actions, for example:

1. Leaks of steam and other utilities
2. Furnace burners out of adjust-

ment

3. Repair or addition of insulation
required

4 Equipment ruoning whea not
aeeded

Survey to determine where addi-
tional instruments for measurement
of cnergy flow are needed and
whather there is economic justifica-
tion for the cost of their installation
Develop an encrgy balance on cach
process to define in detail:

1. Energy input as raw materials
and utilities

Energy consumed in waste dis-

posal
3. Energy credit {or by-products

2.

Reference
Sccdpn

7.8.1,
232

252,
26.1,
2.6.2

2.6.3

2.5.3

2=2

4. Net encrgy cbarged to the main
product

_ 5. Energy dissipated or wasted
- Note: Energy equivalents will nezd

F.

to be developed for all raw
materials, fuels, and ucliges,
such as electric power, sieam,
ex., in order that all energy
<n be expressed on the com-
mon basis of Btu units.

Amlyze all proczss energy baiances

in depdh:

1. Can waste hezat be recovered to

271,

Refere.
Sectic

2.5.

2.5,

geaesate steam or to beat water

cr a raw marenial?

Can a process step be climinated
¢xr modified in some way w0 re-
duce energy ose?

Can an alternate raw macerial
with lower eaergy comtent be
nsed? '

4. 1s there a way to improve yield?
Is there justification for:

2. Replacing old  equipment
with pew equipment requir-
iz less eacrgy?

Replacing an obsolete, io-
eficient precess plant with
2 whole pew and differeat
[Eocess using lass energy?
Cenduct weekead and gight sur-
e pesiodcally

Plan surveys on specific systems and
equirment, such as:

Stzam system

Comrpressed air system
Blezic motors

Narural gas lines

F=adng and air conditioning sys-
ten

2

- b

“z W

ACTIONS

A. Correzt ensrgy wastes identified in

the firsz survey by taking the neces-
sary maini¢pance or operation ac-
tions

. List all energy corservation projects

evolving from energy balance anal-
yses, surveys, ete. Evaluate and se-
lect projecis for implementation:

2.7
2.5
2.5

UL IMPLEMENT ENERGY CONSERVATION



1. Calculate anooal esergy saviogs
for cach project

2. Project {utute eaergy costs e:d
caleulate aoni.al dollar sav ugs

3. Estimate project capital or ex-
pense cost

4. Evaluate investment merit of
projects using measures, such as
teturn on fvestment, etc.,

S. Assign priorides to projects
based on mvestment mecrit

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

7. lmplement authorized pro;ccu

C. Review design of all capital projects,

Reference

Scrtion

1
u
o

such as aecw plants, expansions, |

buildings, ctc., to assure that efficieat

utilization of energy is incorporated

in the design.

Note: Include considesation of ea-
ergy availability in new equip-
ment and plant decisioas,

IV, DEVELOP CONTINUING ENERGY

CONSERVATION EFFORTS

A. Measure resulis:

1. Chart egergy use per unit of pro-
duction by deparunent
2. Chart energy use per it of pro-
duction for the wbole plant
Note: The procedure {or calculating
enerpy consumption per umit
of product is presented in
“How to Proiit by Comerv-
ing Encrgy”™
3. Monitor and analvze charts of

Btu per unit of produce, taking

Into consideration efiests of com-

plicating variables. such as out-

door ambieat air temperature,
level of production rate, product

mix, etc.

a. Compare Biu-product unit
with past performance aod
theorezical Btu/ product unit

b. Observe the impact of ean-
ecgy saving actions and proj-
ect implementation on: de-

creasing the Bw/unit ol

product

257
25.6
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¢. lavesugate, identify, and cot-
rest the canse for increases
that r 1y occor in B unit
of product, if feasible
B. Contnne encrgy counservation com-
1. Hold periodic meetings
2. Each conmittee member is the
communicarion link between the
comminee and the departument
supcrvisars represented
3. Peoodically update eaergy sav-
ing project lisis
4. Plan and partcipate in exerzy
saving sutveys
5. Communicate energy conserva-
tion tectmigues
6. Plm and conduct a2 continuing
program of acdvides and com-
municatior to kesp up interest in
ea=TgyY counservaton
7. Develop cooperation with com-
manity orgamiratons in pro-
moting energy coaservation
C. lavolve employees

1. Sexvice om entrgy conservation
conmiues

2. Enpergy conservation  training
courss

J. Handbook on epergy conserva-
ton

4. Sopgestion awards plan

5. Recopnidon for eacrgy saving
achievements

6. Tectmical talks on lighting, in-
sulazion, steam traps, and other
sabjez1s

7. “savErerpy™  posters, dezals,
sicrevs

B. Pablicity in plant news, bulle-
trs

9. Pcblicity in public news media

10. Leuers oo conservation to homss

11, Talks 19 local organizations

D. Evalvate program

1. Review progress in energy saving

2. Evaluate original goals

3. Consider program modifications

4. Revise guals, as necessary

2-3
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Section

215

215
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22 FORMAT AND CONTENTS

Throughout this section, the letters, reporis, forms,
and meeting agendas are in time sequence. \* here ap-
propriate, there arc comrments or explanations which
relate to the [ollowing 1nemoranda.

Enpergy costs and cost projections, quantitics of
energy, and equivalint eoergy factors [or utlitics
bhave been left as blanks, vathzr than stated oumeri-
cally, in order to avoid any implication that the fig-
ures are typical. Such numbers will vary {rom indos-
try to industry, plant to plant, and region to region.
Each plant must make its own determination of
these figures,

Names of individuals and of the company are, of

Please pote the definitions of the [ollowing sym-
bols used in this section:

k¥ = thousand or kilo
M = million or mega

23 PLANT MANAGER TAKES FIRST
/.CTION

The plant manager has decided that cnergy con-
servation must become a specific part of the company
management program. He takes action by appoint-
ing an energy conservation coordinator and request-
ing the bead of each deparument 1o select someone
to work with the coordinator. His actions are ex-
pressed in the following memoranda.
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ECONERGY COMPANY INTER-OFFICE CORRESPONDENCE

- ** . Department Heads
Fo™ n T, Parker, Plant Manager

Subiect Fommation of Energy Conservation Comuittee

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

Many comwpanies achieved 5 to 10% savings in energy usage last year by
ioplementing formal energy conservation programs. Our plant uses
million Btu of energy yearly and our annual bill for purchased
Tuel and electric power is about § _ _ at current energy prices. If
vre could achieve, for exzmple, a 10% 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 1

per year.

¥e tmst initiate an ag-ressive energy conservation program at once. ke
need to establish a committee with the responsib’liry for formulating
and conducting the program. I am appointing J. C. Baker to the fulltire
.respcasibility as committee coordinator, reporting directly to me, and
1 an asking that by one week from today each of you assign soneone to
represent your department on the committee. That person should be
knowledgeable and influential. He will be the commmication link
between the comittes and the key supervisors in your areas. Appoimt-
pent to this comittee will be considered a major assigmment requiring
a significant amount cf time, particularly during the early stages of
the energy conservation program.

savEnergy
2-5



We expect the camittee to research and come up with ideas, to establish
an energy conservaticn goal, to canmmicate suggestions on ways of
achieving that goal, tu develop a comnon econumic base to work from, and
to do some Tecord keeping. The committee will need to compile lists of
energy conservation projects, their costs and benefits So that we can
plan our experaitures. at will be the Iine supcrvisors, however, who
mist see to it that actions are taken to accomplish energy conservation.

I suggest that a good way to kick off the program would be to conduct
surveys throughout our plamt - tracing out the energy streans to identify
where our energy is used so that wasted energy can be reduced or elimi-
natec. Fixing leaks of steam and other utilities, adjusting furnace
burners, repairing stvesam traps, and tepairing or adding insulation are
some of the maintenance and operating actions we can take immediately to
start realiring energy savings. The Energy Conservation Program Guide
for Industry and Camerce (EPIC) published by the U. S. Department of
Comeerce 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.

1 think we should set a tough, achievable goal for curselves. Llet's set
an initial target of 101 savings in energy this year. This goal can be

revised afzer we corduct our surveys and estimate the actual potential
savings.

Csntrry

2-6
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232
ECONERGY CONPANY .
" EMPLCYEE BULLETIN
pste:  January 15, 1974
T ALl Eublayé:s :
fom  D. T, Parker, Plant Manager
"t'::sd‘bvluc::

Initiation of Energy Conservation Program

Television, radio and newspapers are filled with reports on the energy
shortages. This problem has implications far beyund the inconvenience
we experience at our local gasoline service stations. This energy
problem has a potentially serious impact on American industry, including
the ECONERGY Company.

Not only are the costs of purchesing clectricity 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 accumplish this task I have apjointed Mr. J, C. Baker, Utilities De-
partment, to head the Energy Conservation Committee. This Committee
will fonmulate a program wiich 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: it is a reminder that energy will always be available
at home ar¢ at work if we are careful i: the ways we use it.

savEnergy
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2.4 FIRST MEETING OF ENERGY
CONSERYATION COMMITTEE

As soon as the commitntee coordinator learns ol
his pew assignment, be starts planning how the
committee can go about accomplishing the tasks
set forth in the plant manager's lester (2.3.1). When
he has the names of all members of the commiltee
and a plan in mind, he calls a meeting of the com-
mittee and submits to them the proposed plan in the
Iollowing letter.

For simplification, we are assumiug that the plan
and assignments were accepted by the committee
and no additional topics were discussed. However,
if the committee agreed on some changes to the
plan and/or talked about other matters, minutes of
the mecting would be writicn and copies given
to committee members.

2-8
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ECONERGY COMPANY

Date:

To:

From: ~

Subject:

. : 278.
INTER-OFFICE CORRESPONDENCE

Jamuary 18, 1974

¥W. D. Smith, Operations "A"
A. B. Jones, Operations "B"
T. G. Marshall, Maintenance '
R. B. Robinson, Administrative Services S

J. C. Baker
Energy Conservation Coordinator

Comuittee Assignments

D. T. Parker's letter dated January 7, 1974 ocutlines the formation of
the Energy Conservation Committee, to which we have been appointed, and .
indicates some of the actiors we are to undertake., As he suggests, ‘
each of us should become thoroughly familiar with the program sugges-
tions and energy conservation opportunities described in EPIC.

We must get started on several of the tasks immediately, so I have
developed a plan for dividing these duties among us. The first priority
i <o conduct a survey of present energy usage and to begin reducing or
eliminating waste. Because of their familiarity with these problems,
our cperations rcpresentatives, W. D. Smith and A, B. Jones, should be
responsible for developing a plant-wide plan for energy saving surveys.

Another area that requires early attention is the establishment of a
common economic base from which to work. There will be energy saving
projects that will involve dollar expenditures which require financial
justification. We need a 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 R. B. 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 wnit of production is necessary to help
us monitor the progress in our plant-wide energy conservation effort.

savEnergy
2-9
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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 apng’
five years into the:future.

We are going to need to commnicate ideas and suggestions on energy cop.
servation techniques applicable to our plant. Since T. G. Marshall of
Maintenance has had broad experience throughout the plant, I am asking
that he assume responsibility for coordinating this function. To stany
with, we have several literature references and the Energy Conservation
Opportunities (ECO's) in EPIC. As time goes along, we surely will have
generated additional ideas deserving of broad communications through our
comittee.

If all of you are in agreement with this plan, I suggest that each of us
meet with the key supervisors in our areas this weeck to inform them of
our program plans and to ask them to come up with energy caving projects,

Let us meet again ih my office one week from today, at the same time, to :
report our progress. If you are unable to attend that meeting or amy
future meeting, please ask an alternate to attend in your place.

cc: D. T. Parker
Plant Manager

2-10



2.5 SECOND MEETING OF ENERGY
CONSERVATION COMMITTEE

The week passes and the committee holds jts
second meeting, The coordinator gives each member
a copy of the agenda shown on the next page. Then,
in the sequence of the ageada, each member presents

“His report,-piving a copy of his letter and attach-
ments 1o 2fl present. The following six letters docu-
mem the reports and proposals submitted at the
meeting. It s assumed that all these matters were
accepted or approved by the committee.

Note thxt in Section 2.5.4, and elsewhere in EPIC,
2 rato of 10,000 Bra/k\Vh is used for illustrative
purposes for the coergy 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/k\WVh, This figure will vary from
sexion to region. however.

280.
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ECONERGY COMPANY
. ‘ INTER-OFFICE CORRESPONDENCE

Omte:  Jamuary '25,‘.[974

From: J,  C. Baker, Coordinator

Sules. Agenda for Second Meeting of the EnergyCmservationComitt
1. Report of plans for énerg} s:\'i.ng“sux?ve)?s
2. Energy equivalents for plant utilitics
5. Present and projected future costs of energy4
4. Monthly energy use for 1973 énd'lgu
5. Proposéd forms: ) R
a. Calculation of Btu per wnit ofproductmn
b. Tracking chart

cc: D. T. Parker
Plant Manager

" savEnergy .
o212
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ECONERGY COMPANY :
. INTER-OFFICE CORRESPONDENCE
Date:  Jamary 25, 1974
To: J. C. Baker, Energy Conservation Coordi:ﬁfof
T. G. Marshall, Maintenance R
R. B. Robinson, Administrative Services
From: Energy Saving Survey Team
W. D. Smith, Operations "A"
A. B. Jones, Operations ''B"
Sublect: 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 we 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 normi:l 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 rnt 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 coopera-
tion with and accompanied by a foreman, supervisor, or enginecr 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 department head, the maintenance department, and the Energy Cm-
servation Committee.

Wor.: orders for correction of energy wast.s will be prepar * by depa:t-
rent supervisors, 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 requestin; 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 SURVEY

Survayed by:
Depstiment:
Date: *
Fuel Gos | Steam |Comprassed | Condansats | Water Damaged | Excess Excess | Equipment | Burners Leaks of Oate
or OIf | Leaks Alr Lesks Leaks | or Lacking | Lighting | Utitity Runnizg & Out o! or Excess Ldcation Cortected
Leaks Leaks Insulation : Usane | Not Needed | Adjustment | of HYAC

“€8¢
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ECONERGY COMPANY
INTER-OFFICE CORRESPONDENCE

e January 25, 1974

To:  J. C. Baker, Energy Conservation Coordinator
T. G. Marshall, Maintenance Coe
R. B. Robinson, Administrative Services

From: Energy Saving Survey Team
W. D. Smith, Operations A"
A. B. Jones, Operations 'B"

Subiest: 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 feel
certain will reveal additional ways to reduce energy consumption but
wiich probably will Tequire capital inv ent.

1. The Energy Balance

The basic data nesded for Siergy conservation efforts is an energy

balance on each process and department. This study can be done by an
engineer in the department concerned, who is thoroughly familjar with
the process flow sheet or the building energy uses. The object is to
define in detzil the energy imput, energy utilized, and energy dissi-
Fated or wasted. In some 2reas this will require improving measuring
capability. The cost of this add.itional measuring capability must he

weighed against the potential savings. An example is shown on the

.

following energy flow diagram for a Steam generating unit. Having
identified the individual energy wastes, the engineer can then deter-
mine methods for reducing or using these energy wastes. (The ECO
Checklist in EPIC can be helpful.) The engineer's next task is to

evaluate the alternate methods and Tecomuend the best ope,

savEnergy
215
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2. Energy Surplus Survey

After the energy balances have been completed, scme coordination by the
survey team is indicated. The survey team can contact the engineers who
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 furnace construction and there is no use for low pressure
steam within that department. The survey team can commmicate through
the energy conservation committee to other departments and perhaps find a
use for the low pressure steam. ,

3. Survey of Pressure Reducing Stations

Determine location of ali steam and high pressure gas, pressure-reducing
valves, unsiteam 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. Survey of Compressed Air Pressure Requirements

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

savi;nergy
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5. 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
wat . Identify all sources of condensate and evaluate economic feasi-
bi. .ty of installing pump and insulated piping to return condensate to
b~ ler feedwater tank. If condensate is contaminated, evaluate possible

© ean-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
extraction or back-pressure turbines or a low pressure boiler separate
frem 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 Equipment

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 mdtors and compare to rating.
Evaluste replacement of oversized motors and equipment with proper sizes.

7. Insulation

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

§. Cosbustion Survey

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

cc: D. T. Parker
Flant Manager
savEnergy
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ECONERGY COMPANY - :
s INTER-OFFICE CORRESPONDE
bate:  January 25, 1974
T, 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 valie of our energy savij
for our various utilities and I vecommend we institute an accounting

" system based on Btu usage. For our purchased electric power, dollar

accounting is simply a matter of using the §/kth rate(s) we pay the
utility company. The matter is more involved, however, for our Btu
accounting of electric power. One kih is capable of producing 3412 B
of heat. But due to power plant inefficiency, approximately 10,000 Bt
of fuel are burned by the utility company to generate one kivh. There-
fore, the "energy equivalent" for electric pa-er is:

10,000 Btu/Kvh

Following this example then, an "energy eguivalent'' may be definad as
the number of Btu of filel that are consumed in generating a unit of
utility, such as a kith of electricity or 1000 1b of steam. Defined
this way, the "energy equivalent" is the facior 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 equivalen
is the heat of combustion. The unit cost cames fram accounting,

Fuel Cost Energy Ecuivalent Cost/MBtu
Natural Gas $ /1000 cu ft Btu/an ft $ /MB
Fuel 0il $ /gal T Bt/gal $ /MB1
Coal $  /ton Btm/1b $ T /vmi

. ', savgﬁgrgy
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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 emergy saving acccunting are, therefore, the costs of the
energy equivaleats. :

Steam Cost Energy Equivalent
400 psig $ /1000 1b Btu/1000 1b
150 psig $ /1000 1b 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 pumping. The
energy equivalents take into account 10,000 Btu/h. c

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

Water $ /1003 1b Btu/1000 1b

lhen we save condensate and return it to the boilers, we reduce the
boiler make-up water requirement and save the Btu difference between the
heat centent 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

2-19
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ECONERGY COMPANY T
- S INTER-OFFICE.CORRESPONDENCE

Date: Jaﬁuary"z's“, 1974

Te: - J. C. Baker, Energy Conservation Coordmator
o W. D. Smith, Operations A" :

A. B. Jones, Operations "'B"

T. G. Marshall, Maintenance

(From p_ B. Robinson, Administrative Serv1ces

subject; Fuel and Power Cost Projections

The Purchasing Section has provided the following information:
‘ Estimated Cost

Cost at Present 3 Years S Years
Electric Power $__ /xh $__ /W s;__ki\h
Natural Gas $__ /1000 cuft § /1000 cu ft '$__ 1000 cu ft
Fuel Oil $___/gal S___/eal $.  /gal

Coal $ /ton ' $ /tonv_( o $ /ton

Purchasing has agreed to adv1se o’ conmttee 'whenever these costs are
revised. FE

cc: D. T. Park"er","PlaAnty Manager .

savEnergy
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ECONERGY COMPANY. - |
' INTER-OFFICE CORRESPONDE

Dwe: | Jamuary 25, 1974

To: . J. C. Baker, Energy Conservation Coordmatt
W. D. Smith, Operations "A"
A. B, Jones, Operations 'B"
T. G. Marshall, Maintenance

R. B. Robinson, Administrative Services

From:

Sublecz: Monthly Use of Fuels and Power - 1973 and1974

The attached form was déveloped and suﬁhitfed" to Accomtmg They
hope to have the information compiled within a few days.

cc: D.T. "Pajrkér,' Plant Manager

- savEnergy
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July
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ECONERGY COMPANY

Date:

To:

From:

Subject:

~TER-OFFICE CORRESPONDENCE

Jamizry 25, 1974

. D. Smith Operations "“A"

B. Jones, Operations "B"

. G. Marshall, Maintenance

B. Robinson, Administrative Services R

C. Baker, Energy Conservation Coordinator

P> =

~“ >

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 Techmology of the National
Industrial Energy Conservation Council. The fomm in the kit details
2 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 somewhat 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, 1f
unavailable from these scurces, it can be estimated as the heat of com-
bustion of the material. . This estimate is always low. Any energy spent
on the raw material in getting it to the point of use shculd 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 rmonthly department use
of raw materials and utilities, for calculating Btu content of these
quantities, and for detemmining the total Btu and the energy/production
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 scme 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

‘savEnergy: -
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OBJECTIVE -

GOAL.

PROCEDURE

ATTACHMENT A

HOW TO PROFIT

BY CONSERVING

ENERGY

A Do-lt-Yoursalf Kit

E .. SUB-COUNCIL ON TECHNOLOGY OF THE

NATIONAL INDUSTRIAL ENERGY -
CONSERVATION COUNCIL

Ehcourlge industriat firms to set meusurable_ygéilt"'fdr,‘tn,-; 3
ducing energy consumption per unit of product produced.-

X-percent reduction in energy content® expressed ln BTU'S :
per unit of product, . el

Use the energy calculator on page two to determine the:
current energy content in BTU'S per unit for any- klnd ol.‘
manulactured or processed product, S

With this yardstick, measure progress to determine if. energy
reduction goals are being met, exceeded or missed. ;

Energy content per unit of product includel tncrqy comem o!
the raw material plus energy spent in convemnq or upqradlnq and
in waste disposal, :

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

CUIDELINES OF THE NATIONAL INDUSTRIAL ENERCY COMSERYATION COUNCIL
SUGGESTED PROCEDURE FOR CALCULATING ENERGY.CORTENY {BTU’S) OF A PROQUCT

FOR THE PERIOOD BEGINHING. _SInuary I 1974 PERICO EnDING _February 1, 1974
LA R Ty - Lol 222-1257 13 Y @Yy ~ryeq ) [
The Dow Chemical Co. l 1. G. Sr.yder, Jr,

5“500: T LB NG

JOTaL UMITE PRODUCLD

RAW MATERIAL ENERGY (LIST MAJOR RAW MATERIALS)

RAW MATERIAL rovaL umti | Xy st unit | = Uygrac o0TU'S
Ay .
8¢ WNIT) OF APRONUCTION
e, gaL, PiKCE, ETC.?
[C1
O«
14

TOTAL ITU‘Iq '

CONVERSION ENERGY (LIST ALL MAJOR UTILITIES)

g UTiLITY JGroza vt ] x{Porvnvaiv | =10vaTar a70%
A
[ B
C
O+
[ ]

TOTaAL IYU'I1L '
WASTE OISPOSAL ENERGY

]4 waSTE 1 TOTAL DISPOSAL BTU'S /] Totat WASTED UNITS

TOTAL BTV 11£ j

lcnoss ENERGY CONTENT OF PRODUCT (SUM OF ITEMS 8, 13 AND 16) BTU'S 1£ j

BY-PRODUCT ENERCY CREDIT {LIST AlL MAJOR BY-PRODUCTS)

19 8Y.PRODUCT ) AxreCwin] x 7T gy AlzaraL srTus

L

LI

IC

v

€.

TOTAL BTU ‘S I '

INET ENERGY CONTENT OF PRODUCT (1TEw 18 LESS ITEM 20} 2p ATUS I
[LEN!RCV CONTENT PER UNIT OF PRODUCTION {ITEM 24 DIVIDED BY ITEM J) 25 RTUS Uiy I

. b ]
7116 305 Couns. 10 116w 5, Son s wan tentcn e w2 2 = g
IFITEM 28 1S NOT EQUAL TOITEM 23, COMPUTE DEVIATION FROM GOAL: .
ITEM 26 LESSITEM IS, _ _ _ _ _ — e - r et —————— - - - ———————28‘::__
ITEM 28 OIVIOED BY ITEM 26 _ _ . . _ e e e e o —— ~-.—_362£;‘1.

MULTIPLY ITEM 29 BY 100 _ . _ . _ _ _ . _ _____ e —— star
IFITEM 26 1S GREATER THAN ITEM 25, COPY ITEM 20 HERE o oo oo o o e o -% f:o:::q
IFITEM 2615 LESS THAN ITEM 25, COPY 1TEM 30 MEREA e oot e o e e e coaL
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GUIDE FOR FILLING OUT FORM ON OPPOSITE PAGE

]
2
3
4
5
6

~N

10
)

12
14

15

17

19

20
2]

22

‘Finished proddct ready for shipment.

Product 1.D. No. #s the numerical identification of the Broduct.'
Units of the product {item 1) made during this time period,

The material that goes into producing and packaging the product (includes»fuels‘ hsé'd ”as‘r‘a‘v')v'
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 estimated
as the heat of combustion of the material. This estimate is always low.

{ttem 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 {uel, this is the hest 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.g., 1 KWH), Use
10,000 BTU'S p2r KWH unless your supplier has a better number,

(Item 10) multiplied by (item 11).

Waste is that material which has no economic value and which requires .addl(lonal 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 burn some scrap or the energy to run a waste disposal plant.

Units of viaste 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 thé value of the
by-product to the value of the product multiplied by the gross energy content of the product
{item 18). : :

{ltem 20} multiplied by (item 21).

2-27
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WHY MEASURE ENERGY

As energy is used mare eﬂectively,'product 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 appreximately 40% of total energy used in the United States, significant contributions
can be made to the national etfort. . '

The first step to meaningful energy conservation is measurement of all the energy thatenters 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 10 any
manufacturing operation, be it 2 grain mill pulp mill, steel mill, furniture factory, or assembly line,

Though time consuming and chailenging to make the initial calculations, it will be worth the
effort. Raw materials which contain, and manufactusing processes which use large amounts of energy
will be pinpointed.

What Tao 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 possible to quickly focus on the most prolitable products.

Equipment associated with the large energy consuming steps will be identified. Once the
energy-hogqing equipment is isolated, efforts can be focused on replacing old machinery and
equipment, using more 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 betier raw material selection
should be possible.

Stressing the importance of BTU'S per-unit-of-production to plant operating people should
provide the incentive for them 10 chase down where all of the input BTU'S actsally end up. Often, the
first attempt will account for less than 50% of the input BTU’'S. Simply the act of identifying 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, inerl 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 lasses are
identified. '

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

5. The energy content of waste may be recoered in part ur in total by treating and recycling the
waste back through the manuiacturing process. In some instances, it may be possible to burn
the waste and use the recovered heat in the process. :

6. Temperature zontrol eouipment may be alternately heating and cooling. This problem is often
corrected by a simple adjustment of the controls.

7. Recognizing that it takes 10,000 BTU’S to generate one KWH may suagest using less electricity
for heating since this same KWH is capable of producing only 3.413 BTU'S of heat.

8. 1t may be possible to combine some manufacturing steps so that the product dues not cool
down between steps and subsequently have to be reheated before it is processed further.

The energy shortage is a national concern. It can also be viewed as an exciting challenge. Those

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

The [lirst step is measurement

2-29
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MONTHLY UEPARTMENT ENERGY USE
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MONTHLY DEPARTMENT ENERGY USE
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2.6 First Energy Saving Survey

The survey team's plan for the first survey was
approved by the Energy Conservation Committee,
you recall. Now we have a sequence of four Jetters
regarding the survey. The manager endorses the
survey plan. The team submits their timetable 10
department leads. Findings of the survey are m-
ported. Finally, the team suggests the necd for fore-
man training in cnergy conservation. Note the appli-
cation of:

* Survey

¢ Employee involvement

* Top management commitment

303,
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2.6.1

<CONLAGY CONirANY .
- INTER-OFFICE CONRESFONDE ENCE ;

Dcte: J:_.‘u“a“r‘). 29' 197‘!
To: Jepary‘ 'nt,Héad'_'ev,'fuv
from: D, T. Parker, Plant Manager: -

L abjest: F.cht Energv Saving Surve

Ycu cach have a copy of the January 25, 1974, letter from V. D. Smith
and A. B. Jones detailing their plans for the survey aimed et energy
wastes that can be corrected by maintenance or operations actions.
These are the types of energy losses that can be stopped or reduce
right away, or fairly socn, and at little or no expense,

-ruth arnd Jones will centact yeu in the near future regarding z time-

table for the survey. Ezch of you should inform them of thz nzne of
Ll-n person you designate to accempany thet and participate with then
in the survey of arzas under your responsibility.

Everyone's codperaticn in this pregrem is important. I ur
put some real nriority on this sunvey and on taking correc
a. . as practical,

g2 thut you
tive & :1.1c15

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

s'nanr;;) ‘
- 35

£\
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LCCONERGY CO/MPANY

Octe:  February 1,. 1974

Ta: Department Heads

Fram:  W. D. Smith, Cp-rations MA"
A. B, Jones, Operations "B"

Sutiec::  First Energy Saving Survey

Tre timetable for this survey is given below.
- dates are not convenient,

can be arranged.
Area
Furnaces
Shap
He~t Treating
Shipping
Receiving
Laboratory
Utilities

Chenicals

Administrative b‘ullding

cc - D. T. ‘Pﬁr‘ker,"} Plant 'l\'a‘naéér e

Sai'Enérﬁy; |

L 236

305,

INTER-OFFICE CORRZSPOIDENCE.

Date

.. February 11 |
- February 12

. February 13
February 14
February 15

| February 19
February 20

February 21
February 22

" If eny of thess,
Please contact us so.that other'ti:.g.f:

Wg:rfﬁ‘
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ECONERGY COMPANY

Duse:

To:

frem:

INTER-OFFICE CORRESPONDEIICE

Februsry 28, 1074
Depért‘ment Heads
1. D. €aith, Cperctions "'A"
A. B. Jones, Qperaticns 'B"

Results of First Energy Saving Survey

Attached are the findings of the survey.  Some of the operating items

have already been corrected by operations personnel. Department
sugervisors have alrezdy written work orders for 2 number of the
nmuintenance repairs. Those operating or maintepznce items that require.
process shutdown for correction have been added to the lists of ‘jobs

to be ceie at the first shutdown opportunity by department supervisors.

It is important thzt we monitor the progress of work on correcting
these enery - 25tes by keeping up-to-date records; therefcre, it
is essentizi \hat we are advised when each job is completed.

1Z there are any guesticns concerning the survey, please centact us,
As a result of the survey and some energy ccnservation projects being

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

cc: D, T. Pzrker, Plant Manager
Energy Conservation Committea

savEneren
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2.6.4

L2GNE. 2. OMPANY .
: INTE-OFFICE CORRESPONDENCE

Deze: Febnlai')' 28, 1974 ;

To: J. C. B...Ler, Encrgy Conservation Coordmator
T. G. Marshall, Maintenance C
R. B. PRobinson, Administrative Scrv1ces

From: ¥W. D, Smith, Operations "A"
h. B. Jonesz, Operations "B"

e we2d for Supervisor Training Program

m
[
34

fa

During cur first energy savings survey we hzd opportimities to discuss
enargy conservation \-1th the foremen accompznying us. We learned that
these forcmen should be made morve aware of the costs of utilities

the potential of savings through conservaticn, and the methods for

saving energy.

Therefere, we recommend that the Energy Ccnservation Committee desi
o course ol energy concen'atmn to be included in the Supervisor
Troining Frogrean,

cc: D. T. Parker
Flcoat slancger

~avEnergy = -
2-39
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2.7 THIRD MEETING OF TIIE ENTRGY
CONSERRVATION COMMITTEE

This meeting is the last 10 be recorded in this

section. On ihe following pages are feur memo-
randa dealing with ths topics shown on the ageada,
The last memorandum presents plans for special
activities cach month for the rest of the year, Al
this point an active, cflective program should be
well into the process of implemeantation,

‘o 10

309.
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2.1
E>0.!ZRGY COMPANY
-  INTER-OFFITCE CORRESPONDENCE

Date:  March. 8; : 1974
frome J. Co Baler,Coordmator
o s o Thid o o che ey Cnsreson Gomites

1. Capital project reviews

N

Energy saving projest lists and project e\'aluatiqn*sq;tﬁ};avlj- ‘
3. Cormmication of ways to sav>? energy

Continuing programn

2~

cc: D. T. Parker
Plant Manzger

;':‘ié‘a\'.En‘ers.Y s
2-41
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232
ECONERGY COMPANY

NTER-OFFICE CORRESPONDENCE A
o March 8,v1§74:v}f

To:

fFrom:

Department Head$
D. T. Parker, Plan. Marager

Capitzl Project Reviius

“As you know, in our authorization procedure every capital project

rust be reviewed and approved with :gard to safety, fire protection,
rolluticn abaterent, and additional utility requirements. As of this

.dste, we are aiding energy conservation to this checklist.

Every capital icb will be reviewed by the Coordinator of the

Energy Conservation Comnittee. On large jobs the interested

ccmmittee member will also participate with the coordinator and project
team. The purpose of these reviews is to assure that there is
efficient utilization of energy in the design. If the project has to
do with productien, the design Btu per unit of production will be
calculated and compared with the historical Btu unit ratio. lMore
efificient use of energ: is excec.el, :

cc: Eneray Conservat’ 'n Comnities

savEnergy. .
S22
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273
ECONFERGY COMPANY
INTER-OFi iCE COhR.SPJINDENCE

Date: March 8, 1974
To: W, D. Smith, Coerations A"

A. B. Jones, Operations ''B"

T. G. Marshall, Maintenance
. R. B. Robinson, Administrative Services _
™ J. C. Baker, Env:gy Conservation Coordinator
Sctiect: Energy Saving Project Lists and Project Evaluzticn Summery - :

Some of our energy conservation projects will require capital; others
czn be dene on expense. Therefore, we should have two separate lists
of projects. In order to have the lists in a aniform fomat, the
two attzched forms for capital and expense projecis are provided

for use by 211 departments. :

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

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

Tha higher the number, the better the projezt. In the foms, a colum
for percent Tetwrn on investment is also included as an-aid in
zssigning pricrities on projects.

Alco sttached is an evzluation sumrary form to be used for each project.

Please submit copies of these forms to the ey super isors in your area
and reguest that they enter their project information and return
comrieted ccpies (lists and evaluations) tefore our next merting one
month from today.
r, Mr. Parker, has requested thst we continve working on tke
ising and updating them monthly, ac¢ding new prcjects that
aciiticnal maintenance jobs that beccae necessary.

1

Qur ronz
lists, ¥
evolve an

£
D
e

e
v
a

cc: D. T. Parker, Pl-ut Manzger
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ERZINEY CONSCENYATION Lepartsent:
CAPITAL PROJECTS Data:
fTigjet Pinje=t Bazasiption Enciny Czpital Cust Ratin Percent N1 Priotity Status
fiwnter Savinn S Dte/Year Savia
Gta/Year S Capital




CHERGY ChuszpyATion Repartinzuts

EXFENSE PROJECTS Osfe:
HY —_——
Fediet Peslezs fizezeintion Exste~ Exyeass Cest Bztha Parcaunt ROI [AARHN Statuy
Rumber talup 5 MasVear Surlng
D/ Yeu T SEcpons
19
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ENERGY CORSERVATION FROJECT
EVALUATION SUMMARY

Capital or Expense,
Department
Date
Project lo, Pesson fesponsible .

Project Titla:

Description of Projects

Lecation:

Finaneiz) Sviluation

Essiinated

Lrargy ssving (cdeetric power kWhiyr siiu'mllb/y’r' : :u:.)

Uiility or Raw Ketzrial

Total enerey saving

Toll cusegy cost aving

Othar costssving Yue to:

Acditionsi cosl due tu;

tiet cost saving

Cozt of project [

e

'/6\/' ¥}
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ENERGY CONSERVATION PROJECT
EVALUATION SUIAMARY

Calculatad

Return on investment

Pay back period

Other

l.tsdenit of produeticn:  Now

Canefite’Proble:.s

Preduct suality : e L N

Product yisld

Producten rate : .‘.;_ S " .

Salary 4 ’ |

Pelluticn

saintnrce-manperimaiedzl , . R

Utitis i

Ciher banefie/protloms connecud with implementztion:

Coenments:

Preizettiing:

Fiaanad authorizzfon request date:
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ECOLERTY COMPAN Y

ate;

Te:

From:

March's, 1974

Ener TEY Ccns-n'anon Co::n:.ttee |
T. G. Mzrshall, }Laixitena.nce,

Commmication of

ForTisciarly ezplicazdle in cur creratien,

.— -~ -
e literzture,

wice

& tooilst for plant

ef Z{0's chosen is zttached heress.

over the cony ond indiczied yeur
pudlicztion and distribution.

training ccurse zs suggasted in the receat letter from W,

&nd A. B, Jcnes

D. T. Parker
Flant Mznzger

cc:

savEnergy
248 i

Ways to Save Energy -

I prepose thas
use by supenmvcicors,
Aftar each of )ou kas 1

rrovel, T viil precesd it

317.

INT:.R OFFIC‘. CORRE POA’DL'I.’CE

& growp of ECO's frea ERIC, which esre:

along with a fsw gec

we pudlich this zs

L)
RS P
'.:3.'.3:1.

*

this i;ool:lpt could be a vseful tool in =

D. Exith-
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LIST OF SUGGESTED ENERGY CONSEFVING OPPORTUNITIES

Euildir 7 and Grounds

Reduce Warchouse Ventilaticn Air
Reduce Outside Lighting
Reduc: Adr Conditicning During l\on-u\orking hours

Jlectric Power

Schedule to Minirize Electrical Demend Charge

Stez
Insulate Bare Ste a Lines - . '3,L4;i
Return Stezn Cendens:te to Boiler Pl«.:n. 3.4.3

Stzp Ste Leuls S ﬁ 3,48
Inszsct énd Repzir Stezn Treos 3.4.5

eEilninate lzzks in Cerlustible Ges Lines 3.8.1
Lewsr Fressure of Comzpreszed Air to Minime 3.5.2
£lir nzte Ler ks in Coopressed Adr Line "3.58.3
Us2 Fan Zor Perscunel Cooling — Not Cenpréessed fdr 3.5.5
Cimturtizn
sesizce Wornm and O 2te Centrols 3.8.2
Zzily Monitsring of Esilsr Efficiency 3.5.4
Flue Cas fnzlysis 2s s Maiavenance Teol 3.8.5

Stzalky at Reduced Temperzture » 3.9.1

Shut Dova Idle Heating Eguirment o 3.9.2

Precess Epecificaticns as 2 Scurce of Energy Savings 3.9.3

S.agdule Equips |-t for Mauimm Utilication 3.9.4
29

AP\
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ECCNERGY CONPANY

" March 8, 1974

T ettt w0t

319.

INTER-OFFICE CORRESPONDEN

y tut T kelieve yc!

TNy progran to ra*"xt:in cur

&7 cne dmportant activisy,
sphacis to cs‘.'elop T
enents in

otkovs we ma

Caze:
Te: Lnergy Conservation Committee
Fram: J.C. Baker, Energy Committes Coordinztor
Semecz: Continuing Progrem
At this point we heve Cur rrosTem well ndema
will zaree thzt we nesd Il of o
SIDERTLM. Pericdic e€neTLy stving survevs
Cermminicosicn zma elucaticn zlvg pesd e
I theushs it wouid te well ¢o list the el
¢f vhich we glrazily hzve iz tio mil) znd
9 rlanz for the £ oture,

1. -eetingz of Zneopy Consorr eticn Cemmittes,

2. Mouthiy reetings of ezch com— 1:tee re-b er with Xey
fuzeivicors in tha zran re rEorecznts,

3. Zcokler en WeVs to scve c:-:;z

4. Enerzs comservariem Coitze o ke inc, :ded in Supervisor
Travﬁi:g progran.

' S. Feriziic ca.le’::s lore f::t'.es in thz Plant J-as cu:lici:ing'
€1ergy sav! 1 achisvensts zni recognizing individuzls
resgonsible.

6. Posters en €1ergy saving to be used in mech the szme way as
safery coste's

7. "savEnergy' decals fer plecing et light switches, pewTit
and c1 rhrd hats.

8. Technical talls o1 emarpy 5aving aspects of stean traps,

lighting, insuicdica, etc.

L“CLC'S tO CJD'Q"“°”

ips for the jiema.
19, in public xel“L1c1s comany eds
cn rzdio and in n.xs:::c ; talls

greups,
Attached to this letter is the cutlipe of
activities for ezch nonth for the rege ef

cc: D. T. Parker, Plant Manager

savEnergy
Z-o

@2d their fzmilies

giving energ- saving

siressing Cnergy consenvaticn

-
.

€. Mergy szving before civie

2 prorosed prc ram of
the vear,
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Planned Activities in Energy Conservation for

Remainder of 1974

The following activities will tazke place each
ted in the plans for individual months:

Meeting of Energy Conservation Committes
r2eting of each Ccmittes Menter with the
Uzdating of energy saving project lists
Comzmnicate progress with ucdzted plot o
Lapartment supervisicn will conduct we

Ced DD —

£

A

-
E2S
.

(2]
.

Distribuwz booklet of selected ECO's
Review status of corrective actions T
saving survey

Publish tulletin on energy saving
Techniczl talk on stezm traps

9 =

-

tir

3=

month and will not DLe

key superviscrs in his area

Btu/unit of production

ehend avdit

egarding first energy

s for driving

1. Energy conservaticn cocurse in Suzervisor Training

Z. Depercients develcp enerny balances .

3. Distritute "sovinerg daczls

<. Technical talk ca ezcncmics of insulzrion

$. Letter to emplovaes at hege with nergy saving tirs for the Wome

1. 7r vt holding monthly meetings with their pecple
c: tien S

2. R T elr cerditioning time-t;

3. As Toy belances, commitise wild coaducs eneToy
<

a. C s tell et hizh school

1. F

2. E saving curing vacaticns

3. S fsure reduzinz stetieons

9. T ighting o

© 1. Publicize poster contest winner in plant end ccomnity newspaper

2. Distritute posters

5. Survey compressed zir rezuirements

4. Evlletin - "Don't use compressed zir for ccoling™.

1. Bulletin - "Tunz vp soace heating systems"

I. Seovey stezm condensate svsten ;

3. Ceordinztor proparestzlk with slides feor loczl techniczl society
meating

4. Camittee rides through plant at night end suggests corrective
action on lighting :

er 1. Denonstration of infrared surr»y to detect excessive hezt losses

2. Siean trap surver

5. Falletin cn stean tracing systems

4. Technical tall on centustion

2-51
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Movezber 1. Survey oversized electric rotors and equipment
.. Eulletin - Pecognize someone's energy saving achievemens

&
3. Second course in Supervisor Training
4. Technical talk on electric motors znd power factor
[ocember 1. Dulletin - "Use reflectors and reduce Christmas lighting"
2, Report achievements in reducticns of energy use and announce -
goal for next year
3. Survey use of low  pressure steam
4. Plan pregrem activities for next vear
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~.8 CONCLUSION

This scction on program implementation bezan
with a discussion of the importance of managzment
interest and support. It seems appropriats to in-
Clude in the couclusion a letter from the manager
to his staff ' -onstrating his continuing concern
about enerpy r cnse vation. His request for a coun-
tingency plan is then answered by his departnent
heads with a report on the siatus of the contingsncy
plarning in each deparment.

2.53
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*.8.1 ’
ECONERGY CCMPANY , .

_ s . ; : ("TER-OFFICE CORRESPONDENCE ..
Date: March Z%, 1974
To: Departrent Heads
from: D, T. Parker, Iiant Minzger
Suvject: Request for Energy Curtzi_ment Contingency Plan

Yeu sheuld 211 be awere that energy supply is a very real and serious
.Toblem t¢ our operctions. Briefly, our anticipated allozations of
fuel oil, naturzl gzs, electric power, and gasoline are insufficient
te supnort cur operation as they have in the past. Cur ability to

e min te T lecessary use of thes: comnudities and to alloczte fuel to -
vizal funct: s will ultimstely detevirine how severely cur oparations
are artailes.

Even more sericus is our imability to secure adequzte guantities of
coal to meet anticipzied needs. Efforts during the pasi two months
have failed to increase deliveries, and inventaries are currently at a
low lever. Cur.ent fuel suppliers are operating at their ultimate
¢1pacity and they face problems associated with weather, fusl shortages

" for their mining :cuircent and ever increasin- strip mine regulations.

To date, we have been unsbl: to secure ¢dditicnal suppliers as those
wio are iining coal are sold out beyond their production capebilities.

At this time it appears that some production curtailments may be

necess ™y, Ezch  wervisor sheuld review his operations: those
pleces I juifment wiuch  Te ‘perating ct lesc than desired efficiency
with respect to energy consumpiicn should bé icentitied and plans made
"0 restri~t or cariail their overation. The basic factors which n-

.. .hce ruel erriciency and/or energy utilization in all .Tozesses
should be Cdentified and drmedli. .e steps taken to minimize wur energy
Ter iz imer s,

o -s‘#\'linst{gx;ﬂ
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In zaticipation of possible short term reductions in energy supply,
for instance electric power, we need a centingency plan. This shiould
include a list of thz equipment that would be shut down and the
sequence cf shut down in your department in case cof 25%, 50%, 75%

and 100% energy curtailments.

Your plan for reducing energy requiremaarts in your area should be
formalized and available for review by me one week from teday. -
Romember - NO SAVING IS TOO SMALL TO DE CONSILDERED.

cc. Energy Conservation Commmittee
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Dite:

To:

Frem:

T UCERGY COMPANY

325.l

INTER-OFFICE CORRESPONDENC!

March 27, 1§71
D.;T;~Pérket;'P1ant Manager
Department Heads

Reduc ‘fon of Energy Requirements and Contingency Plan Status

Sirnificant reductions in energy use lave been achieved in our
¢ a2rg ing units as follows:

Utilities

It has been cur operating practice to fire all threz boilers even
though steam reguirements could be proviced by two boilers fully
lozded. In this way, a forced outage of one boiler could be handled
withaut decreasing steam output and casusing interruption oi cperaticns
of ¢ _gam users.

We ai2ve shut down #1 boiler, the oldest and least efficient boiler, and
the result ir a fuel saving of M Btu/hr. 1In case of a forced
outa; 7f one of the two operating boilers, we have set up z commmicat:
[ >cedure tc curtail steam to certsin units that can be shut dovn safel:
and quickly with the least impact on other operations ia the plant and
re-started with a ninimun loss of productivity.

Co. ti-ns "A" znd "B"

Similarly, ‘n both departments, we have bzen zble to shut down cne
of three fuiminces by rescheduling throughput. The schedule is
extrenely tight zt our present productior. rate, and on occasion we
may need to fire up the third furnace in order to meet comritments.
Fuel saving at precent is M Btu/hr.

savEnergy

2-56
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Continnoe:.zy 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 inadvertart operation of the heating
system, except in those situations where the controlled lower huaidity
is required.

If a "brown out' occurs (voltage reducticn in excess of 10%), certain
notors trip off automatically and others must be tripped manually to
avoid damage. We are surveying all motors to identify the ones that
require meznual tripping. Utilities will set up a commmicatiin

procedure to inform the app: .priat people when a 'brown out" occurs.

Follcwing is a tabulation of shutdowns sequet.ce for curtailments of
el:ctric power:

Curtailment Shutdown Section
255 1
50% 1,
755 - 0 1,2,3
1009 1,2,3,4

e have designated a mumber of units that will be included in each.
o the four secticns but the plan is not com; lete yet.

2. Fuxls

For ezch fusl, we will have a tabulation like the one for electric
power. ¥e are holding meetings this week to complete the designztion
of wmits in ezch section for each tzbulation. We hope to submit the
detziled plan to ycu next week.

In general, when fuel curtailment causes a cut-back in steam
generation, all stexn heated buildings will have thermostats reset

10 F. Acain, syctem irterlocks will prevent inadvertant cperaticn
of Ihe cooling system, except where the controlled lower humidity

js required.

saviergy

257
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PAULSBORO .
l_\IERGY REPORT _MUMBER 10

7. JuLy 198}

ENEFGY USAGE PEMAINS pout

y1rnt ¢ iergy vudge war 4.0% lezs than the zame period
e, 16T to koep yourxr ayes opon f£or an..qy waste.

THIRL QUATTER SUGLESTION DPAWING

2 lecke oo thic quarter's winner of a $25 gift certi-
10y rugyestionz. Thanks to everyone who submitted
sy the last three menths.

STCNY TISP CAPS

cz -orid ¢f stewn tIap inspsctlicns, Dave pirietszo will
#11 ¢cean treps., The caps ingulate the traps by
.. cf dar’ alc srounéd the trap and protectirg it {ron
o rbout . ,500 a yezr on our steam bill. Plant stear
.¢1/“ evecy thres months.

OIDISLR _SAVINGS

-+ ig on the Therzal Oxidizer saved $20,000 in patural
:0 cr $50,000 over the antire year. A £ ¢ bugs cropped
weul  have buen even greater.

¢rE THE LIGHT

palind~ AP vt

tq

= lumgpe prodecu up Lo five tinmes ag rmuch light for the
2 ® incandescent jamps ard last ‘0 t2 15 times lcnger.

or pot measure the arount of light - 1t measures the
.dpd to light the kuld. wte arotunt of licht is neasured
.7 samoie = you need gix 25-watt bulbs to egual the

v e dub-wett bulb.

vive's tale that ther ie a surge of pover when you
;5 . 12 you Jerve a rcom, even for A minute, turn

P
. I

a1 RNy SUETISIIONS FOR IMPFROVING THLS
oros ok L HE SUGGEETICH EOX.
LT YOUR ALEanS. S THAUKS.

FIGSRE 2

s
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gaiized along the lines shown In Figure 1.

The Technical Department and Technical Super-
visor have major responsibllity for the program. '
The Technical Supervisor serves as Plant Energy Con-

“warvation Coordinator; a part-time function at Pauls-

woro, but a position that requires full-time atten-
tion at larger facilities. The Conservation Coord}-
nator's responsibilities Inciude:’ developing and
comunicating conservation techniques and ideas to
the employees, wonltoring and reporting plant energy
consuaption, drveloping plant proyrams, goals and

budgets and maintaining a plant environment conducive

1o energy conservatlon.

The Profit lmprovement Progran I3 & suggestion
program for our techplical people. This program zn-
tourages new ideas and recognlzes the contributors.

The Energy Conservation Committea |3 composed
of representatives from Production, Halntenance,
Technical and Project Groups. The Committee meets
wathly to discuss and evaluate the status of the
plant conservation program, The Committee fszeds in-
formation to the employees and communicates employ~
ee's concerns to management. Yhe most Imporzant
function of the fommittee Js to serve as a place
where Inter-departmental prablems Involving conser~
vation projects or programs can be resolved.

Management commitment Is a major component of
our overall effort. Hanagement communicates stand-
ares and goals and measures performance. Group and
Corporate management provide support through people
and capltal, and acts as a clearing house for ideas.
On the plant level, management communlcates directly
with the employees through our newsletter and letiers
ient to the homes.

N

The position of Energy Coordinator, the PIP
program, and the Conservation Conmittee have all
been aciive for a number of years. | believe the
fact that we have organized spezifically for the
«nservation of energy has helped us keep the effort
¢live and has resulted in a number of outstanding
innovations. Now, |'d like to focus on the last box
in our organization diagram « employer awareness.

IKVOLVE THE ENTIRE PLANT

Proper motivation of operating, maintenance,
laboratory and clerical personnel can be one of the
rost cost-effective energy conservation techniques.
fourly employees have the closest contact with the
eoerating equipment and are often the most knowled-
gtadle about production problems and unlit Idlosyn=-
cracies. They will see things that you as oan engi-
neer or manager might overlock and they will extend
Your eyes and ears to round-the-clock coverage.

are
ar?

These people are just as concerned as you
a4t tne continued escalation of energy costs
the implicatlons of dependence on foreign oil. Our
reiponsibilicy is to direct them to utilize on the
jo> the same resourcefulness they demonstrate in
dealing with home energy problems.

Vhat kind of results can be expected? The
ts of improved operations and maintenance are

elfez

often difficult to quantify - a steam leak repor
ed a few days before a supervisor notlces it, a
Spare pump turned off, a steam tracing )ine insula
ted rather than lgnored. Then agaln, an operator
might sungest a process modification that could
vleld large savings. There are also a number of I
tangibles <« an lrproved marale, an esprit de curp
a spirit of cooperation. The point Is.that the ben
flts will far outweigh the costs of organixing the
proaram and maintaining the effore.

There are many methods that can be used to mx
vate and communicate with your employees. The ap-
proach sh.ld be nne of common-sense, 3tressing
facts, with jus. enough plzzazz so they are noticec
without being laughed at. 1'd like to stress thres
areas -~ publicity, or rommunicating down the lad-

der, comnunicating up the ladder, and training.

PUBLICITY

The "Paulsboro Encrgy Newsletter, (Figure 2)
was developed to publiclize the plant program. The
Newsletter has been published monthly since October,
1980 and is posted on plant bulletin boards. A va~
riety of Items are presented - updates on plant con-
servatlon projects, recognition of outstanding con-
tributions, progress toward conservation goals, and
home energy tips.

The Newsletter has been very well received 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, HNow
that we've established an energy conservation pres-
ence at the plant, | find employees asking me If |
have any information on air conditicner sizing,
solar heating, and other ltems discussed in News-

AN

USE
NEREY
ISELY

E
W

. FIGURE 3

Please notice the embiem in the top left corn=
er of the Newsletter (Figure }). One of the first
steps In publiclzing Paulsboro's program was the
development of an energy logo. This Is a recogni-
tlon tocol used on all our conservation )iterature.
Ue based ours on our corporate logo, adding the sln
ple phrase "USE ENERGY WISELY" and adding a gas
flame, an o) derrick, and electrical transmission

353
.
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lines tn 1llustrate our plant energy sowrces, Onz

exccllent way to kick off a conservation program |3

™ holc » loga deslgn cuntest among employees, or
*dr children,

The types of publiclty vehicles you employ will
depend cn your imanination, and your abllty to
‘udge what will be effective at your location, Hand-
3ut3 ond pav envelope stuffers can present vseful
vews, eupecially hens exrervation tips. icse
Iteas can be chtnined a2 » nominal price from pube
Ile and private conergy conscrvation arganizatic is,
four local vtilily cxpunies should also be a good
ource of informatlen, This material |s usually
aresentesd on o sersonz) barls heating tips iIn
Jaavary, air coaditloning iceaz in July

LISTEL

5 TN ELrLOVEIES

While communication do.m the ladder has been
sirearec o this poim, irput from the hourly em-
ployezs steyld not be irnored.  The prograns alrcady
reaticned will help proncte a spirit of cooseraticn
et yeur lcritien and coloyeua will feel bretter
aTcut £ canirg their supervisors with trheir
nLegnln &nd idess. Al me numoer and guality of
theze deeas vauld peazebly surprise many ¢f you,

o help tao thit sourse of infermation, an
Larrsy Contervacicn Sepesstian Precram vias tegun
at Favlitorn, fur exsizi rexpendicure czasisted of
¢ tasel form gnd 2 tuseustien box,  Each sugsestor

.330.

receives a personal reply thanking him and explain.
Ing what the follow-up action will Involva. The ¢q.
ply is most important, unfeasible and even absurg
suggestions are acknowledned In order to show we
appreciate the intecrest aii. respect he input.
sponsibility for acting cn worthy sugceations g
assigned at Conservation Committee ceetings,
(Figure 4).

fe-

Buring the first full year of operation thenty-
flve percent of cur hourly perscnnel submitted fug-
gestions end total suggestiods numbered sixty. Qar.
terly a randealy drown sugrestion wins o $25 gife
certificate at a local departrent store ond a 1]
certificate Is given each year for the hest fugse
tion. After completicn of all Frojects and worl
orders resulting from last year's suggestions tetal
ssvings are erpected to be §25,000. 7T e sucoesticny
have included Iteas such az: installczion of tight
switches in under-utllized roons, Installation of
skylights to reduce the need for light fixtures
during the day, and lists of areas requiring lnsuia-
tion that were overlookec during energy zudizs. Ve
tave rezeived only 3 few vorthy proccss I~provese
suggestions to cate.
course save nany tlres over the §

g

"
Process irprovensnts czuid of
25,020 figure.
Trerc are pros and cons on the cuestion of
prizes. One of the rost-voiced cemplaines whea
prizes ore discantinued the signal I3 civen that the
procrim is enced., This is a volid goint, and tue
antwuer rust be cdeclcded at each locazicn, .based ¢cn

£1-31
ENSRCY CONSERVATIOCON SUGGESTICH

TO ZANE ENEREV I THE FLANT, | CUGGEST:

SRUT OFF GLYCOL CIRCTUISTING PUMP FOR ijto IT1 STILL WHEN NOT In USE.

FLUMY PRI 22 DLYS DURING JANUARY WHILE STILL WAS DCinN.
SUZLIETCn LRy ot ) DED2T, nnroemvaue DATE e IR
CEID SHCSESTION T0: DAVE HELLER

(Figure &)

-
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past erperiences. Any publicity or motivational costs, The slides will be acconainied by a taoe
qran is going to slack off after the firit flush recardec narration, [zolovees relate well to this
sathusiasm. This can Se discouraging and help lype of progrem since it s specific to thair active
pur. a camoer on everynne's ccnservation spirit. Let fties. At a cost of twenty to thirty collars gar
re suggest trat this 1lacA:w|ng off is a sianal to skow,"homenade'* training aids are less capensive and
'rinsluse some new ldeds into your prcgram, more effective than cocomercially available prograns.
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Low power factor can be a plague to any industrial or
commercial business in the form of excessive utility
charges. Some power companies adupt rate structures
penalizing & customer for low power factor while providing
a bonus for high power factor. Low power factor results in
higher peak kW requirements, thus affecting equipment
utilization, A greater percentage of equipment kVA ratings
is needed to supply magaetizing currents. The material that
follows lays the groundwork for remedial action in the form
of puwer capacitors.

Data Colloction

Plant pf can be measured with portable metering instru-
ments (see Figr. 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 wit}. stable
demand. Utility metered kW and kVAR data will suffice for
the service entrance. Rate schedules are available from the
utility and should be studied for choosing an economical
selution. Figure 2 is a typical utility rate structure showing
how an electrical system’s pf may affect aclient’s utility bill.
Data collection should include harmonie voltage levels,
which can be measured with frequency spectrum analyzers.

Causos Of Low Power 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 motor power factor (pf) with
changes in shaft load is represented graphically in Fig. 3.

The phasor diagram in Fig. 4 illustrates the effct of
adding capacitive kVARs to a load having a lagging pf. The
two main reasons for installing eapacitors 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 Josoph W. Fay, P.E.,
Syska & Hennessy, Consulting Engineers

Fig. 1. Data collection pravides infurmation on the need for
capacitors, After capacitors are installed, data should be taken to sce
if they are operating correctly (as shown at left), providing the
necessary kVAR, and not contributing Lo serious ‘:

P'hoto courtesy of Capacitor Products Dept., General Electric Co.

armonic problens.

Applying Capacitors To
improve Operations

Importance of evaluating, planning and
economics is discussed

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

Capacitors On Motor Feedars

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 2nd C6), insure proper matching in time and
magnitude of cz pacitive kVARs to the inductive kVARs of
the motor for th desired power factor. Common cireuit pro-
tection ena switching can be utilized to serve the combina-
tion of motor anm! capacitor. In some instances, the feeder
cable size can be reduced as a result of the decreased line
current.

Motor Starting Effocts

When switched into a power system, the eapacitor bank
will draw a high-frequency inrush current, charging in one
eycle or less. For an isolated capacitor, the inrush current
and frequency can be ealeulated from the equations:

Loty | CRVAR |
V2 [(m(vo e

Le=ti)[1+ .Shor(;k(i/kti.ﬂkVAJ amps

rr_[‘ §h(£'. Ckt. kVA Hz
CkVAR _

Where:
1=t eady state peak current (crest value)
I,x= peak inrush current
fe=transient frequency
{;= steady state frequency
CkVAR = capacitor kVAR
V =line voltzge in kV

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

CkVAR 250
I- SAYAR e (LAl |20 149
(ﬂ)[(\/'s)(v‘;, ( )El.73)(4.16)j, A

, 3 000
|,,-(1_)[14M - (49) 14,?;5:_ =898 A
\ 250

CkVAR

fr-(f.) Short Ckt. kVA - (60) ‘75|000 = 1039 Hz
J CkVAR N 250

Motor starting effects with capacitors applied usually
do not improve the voltage more thun 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 described in
this article because of space limitations) to the 1000 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 C6. Therefore, with shunt capacitors on the cir-
cuit, the voltage improverment is a small 3% to 5%.

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 (/X) ratio is less
than 1, an approximate forinula for the voltage rise can be
applied:

%V rise - SCKVAR)X)
10 x (kV)?

Where:
CkVAR =~capacitor nameplate rating in kilovars,

and X =system reactance in ohms from the source to the
capacitor location and incorporates the reactance
of all electrical system components, e.g., trans-

. formers, buses and other conductors. The system

v reactance must be calculated on the basis of one
standard voltage level for the entire electrical
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

Demand Charge: Per kilowall o! maximum demand, $5.00
Energy Charge: All kipwall-hours, per kWh, $0.07

Power Factor Adjustment (powur lactor 1o be compuied at
the time of peak kilowatt dumand.)

Penally: A penalty, based on the number of percentage
points below 85% of an installaticn’s power faclor, will bo
charged, based upon: {.85 minus aclual pf){peak kW)(de-
mand charge)

Bonus: A bonus {rebate) based on the number ol
percentage poinls an installalion's power faclor is abgve
85%, will be deducted from Lhe utilily bill and wilt bo based
upon: (actual p! minus .85) (poak kw){demand charge)

Fig. 2. A typical utility rate structure, Not only do different
utilities have different rates, a number of utiliticz have different
rates for dilferent areas they serve. A rate structure must be
evalusted carefully lo carry out an economic analysis.
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Fig. 3. Typical characteristics 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 syster~ reactance is based upon the 480 V level
and has been calcwated to be 0.0145 ohms.

%V risem - —(BANOL45) o )4an
10 x (480 x 107y

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

%V drop= 100(1-_2_;_)
3

where Z,=impedance of the load, including eapacitors,
and Z,= total system impedance, including Z,

%Y drop (w/o cap)=4.11% drop
%V 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 | perating voltage
rated voltage

NEMA standards require capacitors to carry 135% of
rated kilovars including the fundamental and harmonic com-
ponents,

Sizing Capacitor For Connoction At Motor

The CkV AR rating of capacitor banks should be eareful-
ly selected so as to produce maximum power factor correc-
tion, while minimizing the possibility of transient overvolt-
ages. This is accomplished by choosing a nameplate CkVAR
value 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 corree-
tive kilovars are connected o 'he 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 action. 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 maximuin size allowable for the shunt
capacitor,

Clircuit 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 system harmonic voltages.
If a third harmonic current flows, the resulting total rins

current is:
VIIDrms + (I,Yrins

where (1,)* rms is for 60 Hz and (I;)*rms is for 180 Hz. Ad-
justment of the long time trip element may be necessary to
prevent the new full load current from exceeding equipment
thermal ratings.

Translont Torquo

This condition results from the closing of a circuit
breaker into a capacitor-corrected motor cireuit having a
residual voltage. It is similar to the paralleling of syn-
chronous generators with out-of-phase voltages. Therefore,
reclosing and motor jogging applications are not recom-
mended. 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 reconnecting to the
system. Sclection of capacitor sizes from the table in Fig. 4,
(pgr 22), will decrease the chance of having transient
torques resulting from overcorrection and excessive capaci-
tive kilovars.

Circuit Lossos

Electrical equipment losses are reduced with capacltors
by the change in the square of the line current. By itself, this
loss savings is seldom sufficient to justify the purchase of
capacitors. However, the savings in Josses serves as an add-
cd benefit, The kW loss component of total power will re-
main virtually unchanged, but the kVA is reduced and the
associated 1'R loss will also be reduced. This results in the
shaving of peak kW demand and lower kWh energry costs.

The kW losses in n typical plant vary from 2% to 5% of
the load kWh, depending on the load factor and operating
efficiency. As a measure of the reactive line losses, the per-
cent of total losses because of reactive power flow equals

Ic
Capacltof ~——-—ei
Corrent Corracted O
h
R \L l'l'_/\,Comclod
\
Original @ %\ bt
"C Current
Original -
Load Iy * Capaciior
Cutrent Reacllve
Cuitent

Fig. 4. A phasor diagram. The power factor, which equals cosine
0, is improved when the reactive load is decreased.
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Corrected
¢ \ kW

Corrected
kVAR
Orlgline)
Clrcult
kVAR of kKVAR
Powar Factor = cos 0 2;3::"0(.

Fig. 5. A power triangle. Using some of the known parameters,
trigonometric calculations will reveal missing data.

sin'@ where 81is the power factor angle. For example, il the
power factor is .75, 8=41.4 degrees, sin?@=.44 and 44% of
the total losses are reactive.

The kW percent loss reduction from an improved power
factor can be calculated:

} §
%k W-loss reduction =(100) |1~ (—ML'"“)
. pf corrected

The monthly kWh saving is computed by the following
equation:

" kWh saving =[(peak kW loss)(% loss reduction)-capacitor

loss)(720)(load factor)($/kWh})
Where: ’

[}
kWh per month

Load factor ~
ac factor ‘(p‘eak-kW)(720 hr per month)

Sometimes overlooked in loss studies are the capacitor
losses which typically are equal to 0.156 W/kVAR for all film
and 0.5 W/kVAR for paper film capacitors. This should be
considered in all energy/economic studies.

Using the one-line diagram shown in Fig. 6 and the
typical rate structure in Fig. 2, an example of circuit lpsses,
energy savings after p{ improvement and resulting cost
benefits follows:

Given:

1000 ft 1-3/C No. 2/0 cable, where R=0.107 ochms per
phase

1000 kVA load @ .76 power factor

340 CkVAR capacitors

corrected power factor =.52

monthly load factor =.5

Cormputation:
Eapacitor losses =(340 kVAR)0.5 W/kVAR)
=170 W=0.17 kW

3
I*R losses -W%{l (" phases)(.107 ohms/phase)

«(139)2(0.321) =6202 W =6.202 kW
% kW loss reduction -(100)[1- ("5“{2’)‘]-(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)($5/k W) = $9.54

Energy Savings ={(peak kW loss)(% loss reduction)
~capacitor loss] (720 hrimo)(load factor)($/kWh)
=[(6.202)(.336)~.17](720)(0.5)(0.07) = $48.07

Total savings per month=$9.54 + $48.07=$57.61

Electrica
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Load Centor Capacitors

The purpose of locuting capacitors at the service en-
trance and power distribution centers is for the addition of
kilovars that are neessary to correct the system to the
desired pf, 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 thix application.

Capacitor Release

The kV A 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 kXVA demand. In other wurls, new
loads can be installed utilizing the existing equipment
capacity. Shunt-connected capacitors reduce the reactive
power demand and can be used to relieve overloaded
transflormers, cables or other equipment.

The capacitor kVAR required to accommodate a new
load and increasing the pf to .92 without exceeding the cir-
cuit capability can be computed as follows:

CkVAR = VRVAG-kW;)2 - V(RVA kW)

Where subscript 2 indicates the total new circuit kW and
kVA, and subscript 1 indicates the circuit capability.

To Utility Supply
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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 = V{TTE3P-(915) - V{I000Y-(9 =298

Where 1153 equals the existing kVA of 973 plus the new
load of 180 kVA. The 1000 kVA 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 + 155
~915 kW,

Since 298 kVAR does not 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 cnracilor rating equals 340 kVAR.

For another way to determine the capacitor kVAR
rating for improvement of the circuit power factor, refer to
Fig. 7. The circuit kW is multiplied by the appropriate factor
read from the table. For example, to correct from 75% to
92% with 750 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
automatic controllers governed by parameters of time,
voltage, or kilovars (see Fig. 8). The choice of control
depends on the cyclical nature of the load. In Fig. 6,
capacitors Cl1, C2, C3 and C5 are connected to control
modules. Time-switched capacitors may be fitted to the base
load kVAR. Wher this is done; the kVAR control module
automatically matches capacitor loading to the varying in-
ductive loads. The capacitor banks can be purchased com-
plete with the controller, fuses, Joad break switch, potential
and current transforniers,

The design tool used for selection of automatic switch-
ing is the load kVAR profile, an example of which is shown
in Fig. 9. The profile is developed from the time-charted
data of kVAR flow and adjusted for motor capacitors added.

A greater degree of flexibility is achievid using steps of
kVAR switched into the system. The point of diminishing
return is reached when the cost of an additiona! 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, fawer increments of kVAR
switched would be sufficient to correct the power factor at
peak load and some value at partial peak. The size and
number of steps are tailored to 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-
duce future income from the savings in energy, peak kW,
and power factor penalty charges. An economic study will
pravide the payback period for a griven 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 calculated assuming a three-year
payback period, annuai 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 singde-line diagram of Fig. 6,

Fig. 8. A one-line diagram of a hypothetical elcctrical system.
The data given is uséd in & 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.
Given:

peak kW w3750

power factor =.75

load factor «.5

kW circuit Josses =27

Proposed:
power factor =,92
capacitor k\VAR = 17186
capacitor losses »(17156 kVAR)(0.5 W/kVAR)
=857.56 W
=.858 kW
Monthly Savings with Capacitors:
B Determination of percent loss reduction (%LR)

) ]

%LR -(100) |1-{ 2 DLV 1100y [1-(T5) | w33.5%
new pf 92

M Reduction In Demand Charge (RDC)
RDC = (kW loss)(%sLR)-capacitor losskdemand charge)
RDC ={(27)(.335)-.858)($5/k W) = $41

B Reduction In Energy Charge
REC = [(kW loxs)(%LR)-capacitor loss)(720 hr/mo)

(load factor)(-ate)
REC = [(27)(.3325)-.858])(720)(.5)($.07/k Wh) = $206

K Power Factor Penalty Elimination (PFPE). 'This repre-
sents the elimination of low pf penalty charges by increasing
the pf from the original low value to a value up to or ex-
ceeding the utility break-even value of .85 pf and is based on
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-.75)(3750)($5/k W) ~ $1875

B Power Factor Iinprovement Bonuses (PF11). This is the
utility’s incentive fur a customer to further enhance his pf
improvement beyond the .85 pf break-even point and is
based upon a bonus of 1% of the demand charge for each pf
percentage improvement beyond the utility .85 pf break-
even point. Beeause the peak kW will decrease with pf im-
provement, this change must be taken into account. The
reduction in peak kW dernand equals (kW losses)(% loss
reduction) less capacitor loss =(27)(.335)-.858 ~ 8 kW

PFIB =[(improved pf value-.85)(original peak kW
-reduction in kW demand))(demand charge)

PFIB = (.92-.85)(3750-8)($5/k W)= $1309

1at year monthly savings=$41 + $206 + $1875 + $1309
= $3431

2nd year monthly savings=$3431 x 12% rate increase
= $3843

3rd year monthly savings - $3843 x 12% rate increase
=$4304

DESIRED POWER FACTOR IN PERCENT

80 81 82 83 04 85 088 87 83 20 91 92 93 4 95 98 Ll 98 99 | 100
80 [0.002[1.008]1.034[1.060(1.086{1.112{1.130}1.165]1.192]1 1.24011.27611.308(1.337 1 1.340 | 1.403 { 1.442(1.481] 1.520] 1.500( 1.722
$1 1 9371 982 .989|1.015|1.041[1.087]1.094]1.120[1.147{1 120311.231(1.261)1292/1.32¢)1.358 | 1.20511.438)1.4841.544] 1807
53 03[ 010 0487 92%f 997 ]1.023(1.050{1.078(1 t03]1 14500 1.18711.21711.2481 17280 [ 1314 { 1.351 {1,322 1,440 15 )0[ 1.643
S | gq| 303 S8T| 87| 8341 99911007) 103311 000) 1 ok | vinm|i-tas) 374 120s | 1207 12 {1208, 1249 13%|1470|:%
25 369 39 821} a7} (873| ‘a9d| 026 952} 970]1 1.03511.063 | 1.200 | 1424 | 1156 | 1,300 | 1,228 ) 1.268]1.378) 11377 |1 E19
38 | 730} .7258) .762| mo8| n34| veo| rar) 13| 940 00611.02411.051| 1.095{ 11971 1.181{1.180( 1.2201.277| 1.538] 1.480
71 893 718 744 710! 7%e8| 822| 40 Ar5 2 0581 .08311013[1047 (5070 %.113]1551|5.381[1230|1.300] 1 44
2e 855 | ‘eaty ror{ 733| ‘780| 785( ‘812 e3e| s6s 921 9491 87611.010)1.042(1076|1.114]1,154]1.202]1263]140
0| 8181 844| 870| 808| .722{ .748] 71751 ‘r0i| 828 6041 912! 8391 973{1.005{1.039{1077{1.117|1.165[1.225]1 268
8 20 384| 610| .88 2| ‘eus| 714] 727( 87| 104 0501 878 .905| .03G{ .971]1.005|1.043|1.003]9.131|1.102] 1234
o | 549 578 03| .627] osa| .er9] zas| 732] 7% 8151 8431 B7U{ 904| 038) 970]1.000]1.c43]1.006]1.157]1.209
62 1 515| 41| 567! 603/ 6.9 645 872| ‘oo 326 7811 poa| 836l 870 902] '935] 074 1.014]1.062|1123]17¢5
W 3 | 4a3| Soe| 335 581 587) 613 0| .656] len] 740 7771 804 8361 ‘70| .004| w42| 0982|4030} 1.081 |1 223
0. 84| 450] ‘478| 302| .B2af ‘4| $80| ¢o7] €33| &6d 7161 .744] 771 05| .837| 871 049! 007]3.056|1.200
85 | 410] 445 a71] 97| 523 9| .578] 602| 629 S{ 713} .740) 74| (800{ 240] .678] .918| 968)1.027]1 168
E 388] 414} 440} 468| 402 s18) ses{ &71] nos 5541 802 .700| .743) 775 8471 .087 .oag 096 !ag
8 3581 J24| 410 438 462| 48| Sis{ <1} 5 624| 652| 679] 113 170! 817} 857{ 505| 966
fC es 20| 358} 361 407{ 423f 450} av6| 512| 339 sus| 623| 630 ‘6na| 710 7861 n2a| .876{ 9037|1079
Q |2 3251 3511 3771 403| l429| .sul a82| 5 5651 503 620| w4 ao8| 720| 75a ;95 840| 1907|1049
70| 270} 298| 32> 3| 374| 00| 4a7| 483) 40 536| 564 .sa1| 8zs| 857 1| 729| (2ce| a1i| n1e{1.026
O 71| 242| 2681 .294f 220 48| 72| 09| ars| as2 5031 5381 563| 897| 620 .663| .701] .741| .7c3] 850) 022
o 721 213| 2301 Des{ 201} 317| 343 370| '39G| ‘423 ar9[ 5071 83a| 8ga| 6 834 672| 12| ‘754 821} 563
7131 88) 2121 230) 264 | 290| 1| 43| o) 296 4521 480 507 S41]| 573 607] keS| 6851 727| (704| 38
W 7a | asel da8) | 237| 263{ 2es| 318 342( 3¢9 4251 4531 460, 5141 546 580[ 18] esa| 7 167
@ 8 132| %8} ve4| 210f 236 262{ 200] Mi| a2 308| 4261 .453| .487| 19| 853| 564) 631| .673] 740 082
W 281 08| and s7) 183] 209] 235] 202] 288] 215 3701 3091 423] 4ac0] 492 s20{ 64| eoe| 6€52] 713] 85
771 0701 1050 31| 157[ (183 200| 236{ 262] 289 3451 373 ace| a34] ach| 00| 38| s78| 020| ‘e87{ 820
= Ja| 083 0701 05l 13t} 1571 83| 210] 276] 263 Mol 2471 374 ‘4ou) 440! a74i B12 4941 64| 803
O 9| 028{ 052 o78{ 104/ 130| 48| .1M3] Zus| 236 ce2f 3201 3471 v} a13) 47| a05| 525] 67| €34} 778
o 80| 000y 026] .052f 078| [104{ 130| 157 (is3| 270 2681 204| 321 (355 387 421{ 450 493 541 750
0. 000| 026 078 .104] 1311 157 184 2601 2681 2951 329) 381 2951 423 473] s181 5821 726
-l 8 026 0521 078} 105 'yt (158 2141 2421 269| 03| 335| 359 407] 447| ‘488| 556] .abs
« 8] . 026 ‘052] ‘070 105 132 1861 2161 2431 277 209 243| 281| 421] 463] 530 672
84 | . . 026/ 053 ‘070 621 1001 297} 231| 2831 317 3as| [a8s5] 437] B
_z_ [ 3 I 0271 053] ‘080 A36( .toa| 91f 225| 257) ‘209| 320l 3op] (4v7| 478| ea
LT . . 028 053 4027 137 167} .190f .2230| 265} .301| 343] .300| .451| s93
e 07| . ] .. | 027 082 a1t 141 .173 2041 28] 275| 217 3 425 867
X el . . 0581 0841 114 145} (177 211| 2an| ‘290| 337( ‘308
O ... . 028 058| 098] ‘171 (349! .183] 220| 262} 512
Lo 2 BTSN RNOORN EDOEN IR NS JOEE EDDPE RIO ..o | 0287 0581 08el 21| 85| 192] 234| 281| Da2| s
.e 030f .00y 003 .127] .t 200 253 .J14f 456
:?: et e . ST eas 3| 0077 l134f (76| 223 284 426
Fig. 7. Power-factor multiplier to determine the kVARs needed ... | +o0 | 2.0 ] 032 6 .103 -1‘3 1021 2531 305
4 0 e A h . 034| o71| 413} 160¢ 221 383
95 | to correct & low pl. The multiplier is found at the intersectionof 17 | oo s B0 G331 ise) 23] 328
the original pf and desired pf. Thng numbgr multiplied by u.ne kw N e . | oa2| a0 150! 202
°3 equals the amount of kVARS required to increase the existing pl ::: IOR IDSOu ISR Iatad Bv:+i1 IRt IS
i: to the desired pf. OO DO IO .. | oet| 203
et g et eee g ene g ve e g eee | eee f ee g ees g ent vee ] e | a2
. Electrical
18 Consuga



http:h...esire..pf

Economic Study

A cash flow diagram, prepared for the ealeulation of the
present vadue of future savings, or for the amount which ean
be invested in capacitors, is shown in Fig. 10, The present
worth factors for the series of positive eash flow are 11,08,
20.62 and 28.85, for the first, second and third series.

The present value of this future suvings cquale (11.08)
(33431) + (20.62-11.08)($3843) + (28.85-20.62)($4304)
= $110,100

A lesser expenditure will produce a smaller payback
period, or a greater rate of return for the same period. A
lower stipulated rate of return will allow for a greater initial
investment for the same payback period. For a longer pay-
back, a greater investment can be tolerated, with a constant
rate of return.

Harmonics And Rosonance
A system study of harmonic effects and resonance will

Clicult
AVARs Load kVAR Prolile Without
Capacilors
1500 -
—-—kVAR Loading
With Capacitors
1000
—J——& Each Step = |
290 1 375 kVAR
1 1
0600 1200 1800
Timne of Day

Fig. 9. Load kVAR profile with power lactor currection using a
multi-step capacitor bank. In the above plot, a peak demand of
2500 kW is corrected to (92 from 75 pl.

M Ui
Fulure Savings In Elfact OF Utility

Rate Increases:
Enargy. Paak kW, And 7 Grealer Nevenue
PF. Penalties oo

LS
T | e | I

L' 2 121314 242520 36 Months

T

Instalted Cost
Ol Capacilors

$110,100

Fig. 10. Cash flow diagram showing the present value of future
savings that can be invested in capacitors to improve the power
factor to .92 in the circuit shown in Fig. 6.
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' Fig. 8 An automatic
power [actor control
unit, The far left
photo shows the
cabinet and the
adjacent photo lovks
into the interior where
the capacitors, oil
switches and current

§ limiting reactors are
shuwn. Photos courtesy
of H.K. Purter Co., Inc.
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protect against misapplicaiion of capacitors, Some sources
of harmonic voltages include transformers, static switching
power supplies (UPS systems, variable speed drives) and
generators. A measurement of harmonic voltages can be ob-
tained with a frequency spectrum analyzer.

Capacitors do not gencrate harmonics; however, they
act as a reactanee which varies with [requency by
X={1/(2rfC)](j) where j is a phasor operator, Higher order
harmonies produce proportionally greater currents in the
capacitor because of the lower impedance.

Capacitors are rated to carry 135% of the nameplate
kVAR to include the effect of harmonics and operating
voltage. The percentage of nameplate kVARs actually
drawn by the capacitor bank can be calculated as follows:

kVARS = (V) 4 3(V4)? + H(Ve)® +. ..
where V|, V,, and V, are the fundamental, 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:

Latotal e V(00 + (G2 + (Tl e ..

Higher harmonics do occur and can be analyzed. The
following example will be limited to the fifth hs rmonic. Sup-
pouse the system voltage data at C5 in Fig. 6 indicates a fun-
damental of 103Y%, a third harmonic of 25% and a fifth har-
monic of 5% of rated voltage. Then the kVAR loading is
(1.03)F + 3 x (.25) + § x (.05)=1.26 or 126% of the rated
kilov . In caleulating the total rms current using:

E
I 7
E i¢ the harmonic voltage and Z is the impedance of the
capavitor at the harmonic frequency. The impedance de-
erease proportionally with increasing harmonic frequency.
Thus, for the third harmonic, we have a harmonic voltage of
25 per unit (pu) divided by the impedance, which is one-
third that of the first harmonic, hence the current becomes:

On this basis the total rms current is:
V(LO3) + (75 + (2512 =1.30

or 130% of rated current, . .
The above example illustrates the necessity of sizing
switches, cables and fusing of the capacitor installation for

(continued on page 54)
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Applying Capacitors
(continued from page 18)

125% of rated current as required by
the NEC. Ratings of equipment be.
tween the source and the capacitor
bank should be checked for adequate
capability to carry the total current in-
cluding harmonies, if present. Also, it
is important that the relay settings for
the etrcuit breakers be checked so that
the breakers can ride through the cal-
culated inrush current at the high fre-
quency. I this matter is not addressced,
ntisance tripping may oceur,

Any combination of inductance and
capacitance has a characteristie fre-
queney at which there exists an oscilla-
tion of energy, called rezonance, reac-
tive in mature, that shuttles between
the clectrical equipment. For o hnown
inductance L, and capacitance C, the
frequency that may trigger this phe-
notnenen is equal to:

1

2nVTU
This oscillatory  condition, if not
alleviated, results in large current
values and overvoltages in the power
system. When the characteristie har-
monic voltiare exists, and in sufficient
magnitude, the oscillating current will
depend on the circuit time constant,
These currents can fatally damage ca-
pacitors, overload equipment or, at
best, open arcuit fuses.

Resonant  shunts, consisting of a
reactar and capaceitor in series, with
the combination in parallel with the cir-
cuit, ean be effective in trapping the
harmonie currents, thereby eliminat-
ing osciltation  within the power
system. Usually  the  exchange  of
eneryy is between the customer's ca-
pacitors and the low pf devices.

- Conclusion

Power eapacitors can frequently of-
fer bunefits for an industrial/eommer-
cial faciity. They are available in
varinus ratings and ean be connected
to contra! systems to closely follow the
power factor performanee of an clec
trical system. Before installing eapaci-
tors, an economic anilysis choubd be
carried out to justify their installation,
PLinning for a capacitor installation re-
quires o check on equipment ratings,
protective device settings, harmonies
and resonance effects.

Tho Author u
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Forensic Engineering
(continued from page 46)

not protecting the electrician from
such a shock. It was noted that if there
had been the proper green bonding
wire with the temporary wiring, the
accident would most likely not have
happened.

An exccutive of the ballast company
who attended certain of the courtroom
hearings realized that the paper and
foil condenser was from a vendor
whose products were purchased by the
baltast manufacturer. Interestingly,
the attorneys who defended the ballast
manufacturer then hired a member of
our coumpany to carry the case on to
the manufacturer of the paper and foil
condenser that was used within the
hallast. The case was a second job for
our company, and the second case did
i£0 to court, and a settlement was made
in the courtroom.

Conclusion

Attorneys are important people, They
synthesize the knowledge and informa-
tion given to them, and frequently seck
this knowledge from outside con-
sultants. Attorneys will respect you for
soliciting the help of other experts
when necessary, They do not expect
you to know all of the answers all of
the time. “here will be times when you
think the case is unfair — and you can
back out. Many of the attorneys in such
cases have called us back on other
cases. You won't need to be either
younyr or old to participate in forensic
electrical engineering. Our experience
in this area runs over 30 years and we
have found the work interesting and
profitable. |
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The Best Of Capacitor Installations
Can Have Side Effects

Avoiding troubles
from surges and resonance

When capacitors are used to improve
power factor on ac circuits, there can
be side ¢ffects. In sume cases, the ca-
pacitors are the victims; in others, they
are part of the cause, In either case,
the electrical consultant should be
aware of the possibilities and take
necessary steps to prevent damage
from surges and from continuous har-
monics. Both these effects are of grow-
ing importance because of inereased
application  of chopped-wave equip-
ment—especially silicon-controlled rec-
tifier (SCR) drives.

By Myron Zucker, P.E.,

President, and

Lewis M. Clark, Production Manager,
Myron Zucker, Inc.

Although it rarely lappens, mujor
damage can be caused by transients
produced by false triggrering of devices
such as contruls and cumpulers, fuse
blowing, breakdown of insulation amd
other malfunctivning in transformers,
switchgear, mators and cipacitors,

These events can be made worse by
resonance, matching the cireuit inducet-
ance and eapacitance to the frequency
of the pulses so that they are amplifiel
over certain parts of the sysiom. Reso-
hance can not only make things worse
by creating unusually high voltages
and currencs, compounding the prob-
lems of transients, but can also add
overheating of lines and cquipment by
the addition of resonant current to a
60 Hz system.

Glimmers of clectrical problems ap-
peared as far back as the 1930s, when
medical x-ray machines enused dlistur-
Lianees in power lines from which they
were fed. In the 19405 additional line
disturbances from large spot welders
and fash wveelders brought the Nicker
problems to the attention of eleetrical

1€ counesy ot Myron Zutker, Ing

engineers,  Lighting, television sets
and the welding apparatus itself were
afflicted by the surges,

In those days, problems were few
and large enough so that each one
could be solved by imdividual engineer-
ing atiention. Are furnaces, lirge ree-
tifters and high horsepower induction
mators created surges, and this equip-
ment was sometimes invalved in reso-
nant combinations.,

Roctifiars Alter Conditions

The surge/harmonic syndrome be-
came more common in the 1960s with
the spreading of chapped-wave equip-
ment (that allows only a portion of
cach halfeyde of voltage o get
through to the Joad). Lmitrons and
saturable reactors also caused prob-
fems and, nowadays, rectifier systems
such as SCRs are used with increasing
frequeney anmd are a0 migjor cause of
creating surpre aml resonance difficul-
ties, Power line noise troubles were en-
countered even without poweer eapai-
tors, False aperation of equipment,
cross-currents, voltage distortions
both high and low, and overcurrents
wure experienced,

Now in the ‘80s, power-distorting
cquipment is hecomimg even more com-
mun. Mure efficient and cheaper solid-
state phase-controlled switches, such
as SCHRs, are widely used fur control-
ling andlor providing power to de
maotars, e motors (both constant and
variahle speald), furnaces (both indue-
tive and resistive), and uninterruptible
pover supply (UPS) systems, And, ree-

(continued on page 28)

o

Fig. 1. Line valtage transients (spikes) caused
by commutation uf an SCR unit pawering a
400 hp de motor. The aystem is fed from a
2004 kVA substatlon,
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Capacitor Installations
(cuntinued from puge 24)

tifier firing circuits create problems of
surges wied harmonics,

1t should be recogmized that rectifier
equipment not only  distorts  wave
shapes; this equipment also frequently
lowers pf, sumetimes substantially,
thus creating the need for pf corree.
tion, which is done by the installation
of capacitors. However, capacitors
may Sause resonant problems, 1t is im-
portant o switch capacitors off a line
during periods of light loading,

Revognicing that the abuve electrical
problems are increasing,  emphasis
should be pluced on analyzing a proj.
eet's circuit characteristics, looking for
pessible resoninces that can inerease
overvoltages and overeurrents. 1t does
not mean that every installation is full
uf problems; it simply means that there
are possible causes for concern that
the celectrical consultant should watch
out for,

Circuit Analyasis
There are three distinet phenomena
that should be evaluated in a cirewit
analysis, First, there are transients
caused by one form or another of
switching, Rectifiers and inverters are
in elieet a complex series of switching
cireuits that primarily use solid-state
devices, They take curremt first from
one line of an ac power circuit aml then
from the next and so on—tfecding cach
N wen to the same output wires, with
the nutput beimg de, Each time that the
primary current is transferred from
une wire to the next, the two wires are
Tessentially short-cireuited, ‘The short
circuit fasts only a fraction ol i second,
but this is what ercates spikes and
notches in the supply line voltage (see
Fig. 1), These surpes are the basis of
all the ills listed at the start of this arti-
cle.

A secomd plienomenon s that the
rectifier itsell s affected while pro-
vilimyg & reasonably unvarying de, ‘Fhis
requires that the ac lines provide not
unly 60 Hz current Lo the load, hut also
cuntinuous harmunics which, when put
through the rectifier cireuitry, come
out as a nearly flat de, This, in turn, af-
feets the ac primary power source,

The third phenomenon is a combina.
tion of inductance (L) and capacitance
(C), of which each circuit has definite
umounts (regrarndless of discrete capaci-
Lor equipment), which can create reso-
nance and enfirgze voltage amd current
by many times (see Fig. 2). The elee-
trical consultant’s job is to locate and
correct the eonditions that can create
excessive currents and voltages,

OF the above aspeets, resonanee aml
harmonies lend themselves to mcas-
urement by computation.

Trouble Spots

Ju the typicat factory or office build-
ing, & moderate amount of SCRs will
cause little trouble. However, condi-
tions that mity cause problems and
should be investigated are:

* A few SCR drives that are larpge in
refition to the power system. For in-
stance, if there are one or two drives
whose loids anmnunt to about 40% of
the transformer kYA feeding them,
the commutating spikes may realily
Bow capacitor fuses and possibly pune-
ture capacitor insulation.

o Rectifiers  usually  operating  at
great (more than 50%) retardation
Watch requently switched eapacitors,

especially  those in lurge banks,
whether switched all at once, or in
small sleps,

* SCR drives that draw more load
than the dther equipment on the same
low-vollag@ line,

¢ Capaciters that bring power fuctor
above 90% at full load, especially if re-
maining cn the line at light load.

o Capucitor kVAR greater than 25%
of the transformer kVA feeding it.

Spikas

Spikes seem o cause fuse blowing
more often than do harmonics, To ex-
pluin this, consider the capacitor
“device” fuse connected to sach ca-
pacitor, This is a fast-acting, current.
limiting fuse (as distinguished from a
slow-blowing eircuit fuse), and it acts
us an isolator to take a capacitor off
the line the instant it develops a short
circuit. Speed is important to prevent
case rupture, and device fuses have an
excellent record in providing such pro-
teetion,

But the fuse is nervous. Fuses of
relatively small 12t (a few thousard
amperes? seeunds) capability, as used
with the now prevalent unit cell con-
struction, will be blown by spikes,

Su fuse amperage has to be chosen
carefully. In the days of good sine
waves, conventionl rules were satis-
factory. A fuse rating of 1.67 times
steady-state current allowed margin
for the norpyal variations in capacitor
current: up to 1,35 times rated kVAR,
computed by the factors of 1,15 times
rated microfarads, 1.1 times rated

Prote courtesy of Myron Zocarr inc
. g

Fig. 2. Photo of a CRT monitoring the line  §
voltage and current at a 130 kVAR capacitor §4
installation. The equipment is in a plant with
a 300 hp, SCR powered motor on u 200 (t
bus, {ed from a 1000 KV A substation, This
picture shows the spikes in the current wave
(the low amplitude wave—the high amplitude
wave is the voltage) that are providing the
excitation to a resonant circuit. The 11th
harmonic ia clearly seen in the current wave,
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vollage and 1.06 additivnal harmonics,
which are always present to some
degree.

Ragged waves, however, will blow
such fuses. In line with recent fuse
manufacturers’ thoughts, many clec-
trical consultants now vconsider 2.2 to
2.5 to be the normal multiplier. Some
installations go considerably higher.
Qur firm, which manufactures capaci-
tors, has no reports of cell rupture
when such ratings are used.

Spikes may also damage contactors.
The nominal limit for spikes, set by
makers of the lighting or resistance
load cuntactors, that should be used for
power-factor control capacitors by
themiselves, is six times rated current.

Spike Reduction

The electrical consultant’s jubi is to
specify fuses that will eperate under
normal conditions without jeopardiz-
ing the capacitor, the contactor or,
even more impertant, people—or clse
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 suppressors
(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 clectrical system where
potential resonant circuits can usually
be well identified.

Remember, that for harmonic cur-
vents or voltages to build up, there
must be both a resonant circuit and ex-
citation. Il both exist they will create
oscillations that can cause trouble from
avercurrent or overvoltage. Let's look
at the two requirements.

In determining the first eriterion for
having a resonant circuit, it is impor-
tant to sce if the resonant frequency
matches excitation frequency, Reso-
nant frequency depends on the induct-
ance (L) and capacitance (C) of the
electric cireuil:

2aV L

where f is in ¢ycles per second, L is in
henries and C in farads,

On new projeets, L and C may be
found from:

o Transformer impedance (2) on the
nameplate, thus ascertaining the ma-
Jor inductive clement in an clectrical
system,

* Ohms impedance (or the reactance)
from textbook values for the electric

lines between the transformer and the
capacitor,

* Equivalent impedance of the utility
system before the transformer, a value
usually available ecither as Z or us
short-circuit kVA from the local utility.

* The KVAR rating of capacitors in
the circuit being considered. I they are
spread over the distribution circuit, a
first approximation may be made by
considering them all located at a load
center,

Power Facter Improvement

When improving the power factor of
an existing plant, it is helplul to make
field tests to determine the reactance
of the system by projecting back from
known capacitance and by observing
the frequency of oscillation as some ex-
citation i applied to the circuit. An
vscilloseope, preferably with a reten-
tive screen, will be useful to read the
frequency. The resulting oscillogram
will provide a recording of line condi-
tions, There is noticeable variation in
waves in most plants which makes the
use of harmonic analyzer scopes, while
convenient, somewhat questionable
becanse the amplitude of one harmonic

[e.g., the 11th) 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 Hz, the
range in which the possibility of vscilla-
tion related to solid-state rectification
devices is greatest and gives the worst
consequences,
More specifically, for a circuit having
a 6.7% 7 translormer (2 common
value) and a capacitor kVAR rating of
ahout 25% of transformer kVA rating,
f (resonant frequency) = 450 to 500 Hz,
Using other capacitor kVAR/rans-
former kVA ratios.the following fre-
quencies are obtained:

30% ratio, =100 to 450 Hz
40% ratio, f=1350 to 400 Hz

The resonant frequency of eleetrical
systems is likely to decrease as solid-
state rectification  devices  become
more cconomica! and proliferate on
smaller, weaker systems, It is impor-
tant for the clectrical consultant to be
alert apainst harmonics when small
240/480 V and 2401208 V transformers
feed SCR loads,

The second criterion needed for a
harmonie problem to exist is having an
excitation frequency matching the cir-
cuit's natural frequency. And, not only
is the rate of excitation important, but
also the amplitude, which must be
largre enough to exceed circuit losses.
To determine an electrical system's
high frequency exeitation, an investi-
gation should be made of the loads,
espeeially rectification devices. .

When evaluating a rectifier’s har-
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Fig. 3. Chart shuwing resonant frequency vs. amount of copacitance (blue curve) in o
circuit fed from a 1500 kYA substation with a 1000 A, 200 ft bus with reactors. Also
shown are the resomant harmonice frequencics that shiuld be avoided. The red curve
shows how pl is improved as capavitance is increased. At times a comprumise must be
made between pf improvement and expusure tv harmunics.

monic excitation, it will be noted that
usually the 5th, 7th, 11th and 13th har-
monics are affected. Thes~ harmonies
have frequencies of 300, 4 %60 and
720 Yz respectively amd 2 the
primary problem frequencies. @~ 9th
harmuonic is absorbed by deli: =on-
nected vquipment in our experience,
"there is little chance of harmonie prob-
lems if the system resonates at 660 H.
(11th harmonic) or higher.

With oversimplification, the rectifier
will create square waves of current on
the 60 Hez system. The amplitude of
cach harmonic is related to the inverse
of the frequency (e, the Sth iy
preatest, Tth less, and so on up
through even higher values than those
mentivned, but these values are in such
small depree that they are usually
negliprible).

If the gencerated harmonices coincide
with any resonanees in the supply cir-
cuit, there will be oseillations, and
possible trouble. The higher the fre-
queney, the less the excitation eneryy
comes  from the rectifying  deviee
(unbelievable as it may seem, these
units should be considered as a current
generator for the harmonies?).
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Capacitor Level

The electrical consultant has some
options if he finds conditions are
favorable for oscillations. One~—the
most direct—is to limit capacitors to

safe levels. This is done by having the *

eapacitor kVAR rating less than 25%
of the transformer kVA rating,
Another is to start with a minimum
amount of capacitors to avoid cireuit
resonance  (see Fig, 3) and  then
gradually increase the amount until
the desired power factor is attained or
until there are signs of trouble. This re-
yuires careful monitoring,

Another approach to avoiding the
eritical resonant point is by applying
cither a little more or alittle less than
the target amount of eapacitance, This
may be practical if a system s
static—~but in a changing system, to-
day’s solution may not be tomorrowss,

An effective but expensive option is
to use rectifiers in which the ae power
is divided into 12 or more ecircuits
nefore being rectified. This raises the
level of harmonie frequency excitation
to a range where it can be handled bet-
ter. This option is economical only for
large installations.

Filter 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 5th harmonic.

These series-resonant filters invite
the harmonie currents to stay in the
capacitor-rectifier part of the circuit,
relieving the electrical power system
of the undesired excess resonance
while providing a smooth de to the
load.

To trap the 5th harmonic, a reactor
of about 4% impedance at 60 Hz is
used. This increases the voltage on the
capacitor by 5%, which, in view of the
increased harmonie current that the
capacitur must carry, leads to the
recommendation 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 found the trapping method
Lo be effective even on simall systems,
especially whea the capacitor-at-the-
lond philosophy is used with modular
trapped capacitors near individual rec-
tifier loads and switched on and off the
line with them.

Conclusion

Resonance and spikes may become
more cummon as rectification loads in-
crease in use. The cffects of spikes can
be mitigated as discussed. Resonance
problems can be overcome by judicious
selection of ratings for capacitors and
traps, Cousts 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 trimmi

i the sheer practical aspect of energy conservation

Y, - et T

.

el - ' .
i Every plant-systeins engineer should

& have a clear picture in his mind of just

s~what power: fuctor means. This is a .

ymust, “since “pf, plant. operation and
% enetpy economics go hand in hand.
5 *"That's fine,” you'll say, “but my plant
“has been running for years and vhe elec-
 trical system appears OK. Why should |

e

«start worrying about pt7” Wel, plisim-

. portant because good power factor

"*means less load on your feeders, bettar.

% plant voltage, a good-sized dip in your
;',monlhly power bill and, il you buy

i, power, probably lower elcctricity rates ..

i, from the utlity company, -

i Interested? Of course you're always

Z.interested in and on the lookout for
£ ways to cut costs. Your fitst step is to get
i“a clear picture as to what pl really is.
7, We're not going to cover pf calculations
' now. For the time being, let's seitle for a
tclear picture of what pf is, in simple
. terms, and what you can do to improve

Vitin your plant. The saving in power -

Y losses--transformers, feeders and gener-

“.alors—can coustitute ‘a sizable enerpy -

ysaving, Yot
" What pl Iy, Think of your clectric sys-

¢ tem as one carrying two types of power: ..

*useful power (kilowatts), that goes to
Y work pulling your load, and reactive
! power (kvar) that penerates magnetism
« within induction motors. The only one
»'of the two that drives load on the end of
v the shaft is the useful power or kilo-
. walts. Nevertheless the generator, trans-
* formers and feeders carry both.
" You can get a clear picture of this by
- studying -the sketches on the facing
. page. The mug of beer represents your
~electrical system. I, too, is made up of
. two parts; the usefu! (liquid) beer and
- the suds, ' :
¢ Becr and pf. Compare the liquid beer
with useful power, kilowatts or walls,
Jused to drive the load in your plant.
. Then compare the froth or suds to the
reactive kva flowing through your plant
"feedery and transformers. Now what is
"pf? 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 samc definition to
Jyour clectrical system. Looking at it in
.the same light, you wilt find that pfis
.nuthing more than the ratio of the use-
ful power (kilowatts) to the plant’s total

e Ty e e

kva. Translating that, we may say that
kva is voltage multiplied by amperes
(flowing in a single-phase circuit), di-

, vided by 1000. g :

" Coming back to our. homely beer-
mub analogy, we can readily see that
we're much better off with less suds in

* the heer mug, and less reactive power in
our clectrical system. You can under-

stand this at a glance by just looking at

the sketches once again.
+ Reactive power. For the moment, let's
. look at clectric power flowing belween
pencrator and motor as through it were
" beer. It doesn’t take a genius to realize
the size of the generator and trans-
former, as well as the feeder, must be
_large enough to handle both liquid beer

and froth, We're saying that an induc-

tion motor needs both froth and liquid
beer; this certainly holds true in_com-
- paring beer to electricity, since your in-
duction motors need hoth real power,
kilowatts, and reactive power,
* "Now the froth flowing through the

~formers and feeders similar 1o that
caused by the liquid beer. Such is also
the case i your electrical system, where

- the reactive power causes power loss all -
along the line just as real power does. Pf,

- in your plantis low when there's a lot of
froth (kvar) flowing.
" What to do. Now the thought might
.occur to you that it would be wise if we
could place a machine next to our mo-
tor just to supply the ffoth, 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 system is re-
ducel. ) '
Realize that you're not going to im-
prove pf and then buy a smaller gener-
ator, transformer and fceder for your
plant. What you have already installed
will probably remain there. The point
is, by improving pf you reduce the reac-
tive power flowing in your system, nnd
wind up with ample electrical room to
add additional load without going to
bigper feeders and transformers. This is
in addition to reduced losses within the
penciatar, transformers and feeders,
We mentioned before that reactive
power supplics the magnetisin in your
induction motors; this also holds for

s

’ ! : nming,
,:the rate structure and monthly billing. Now consider =

pipe causes loss in the generator, trans- |
- shunt capacitors. They are stationary -

“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 ioad than at
full load. On the othzr hand, since the
Teaclive power lo the motor is prac-
tically constant, you can sce 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 kva drawn. :

Over-motoring, This all leads to the
first rule for establishing good pf in
your plant. And that is, don't “over-mo-
tor” when using induction motors.

Of course, tlic 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 selecting motors for slow-speed
application. . oot
Capacltors. Now for a word about *

devices whose main function is to de-

- liver froth or reactive kva to the induc- -

tion wotors and other induction equip-’
ment in the plant, These do the job -
nicely and require little attention in the

" way of maintenance or operation. Don't
-overlook the fact that they can be in-

stalled practically anywhere without '
disturbing production.

Synchronous motors. Take another .
look at the sketches. Remember, there
is a big dillerence between a synchro- .
nous motor and a capacitor. The syn-.
chironous motor will supply mechanical ",
power output as well as reactive power
to induction motors in the plant. In
other wouls; The solution to your prob- )
lem might be to install a synchronous '
motor alcag with smaller induction mo- '+
tars t make up the total shal horse--
power required. : !

On the other hand, the capacitor is
strictly a froth machine. It is tied onto

our line to supply this reactive kvu to
induction miotors in the plant. You will
have to make a delailed cost study to

. ‘determine  whether the synchronous

motor, shunt capacitor or a combination
of the two is the best bet in your par-
ticular case. w i '

PLANTELEGTRICBYSTEMS 43




tETURN-PERCENT

DCF

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

JOINT ENGINFERING GROUP: OLEP/FWUSA
DCF RETURN VS SAVINGS/INVESTMENTS

/

/

i/

- —— S / B e e ST R PR ——

/ cen s ety | e e ) m———————

//{ BASIS: [EGYPI'IAN RATES RUN

/// ON CHEMCOST PROGRAM

TAX RATE: 32%
/// OPERATING COST: 3% of invest.

/// ESCALATION: none on energy cost

PROJECT LIFLE: 10 YEARS —_

//’ DEPRECIATION: STRALIGIT LINE

INTEREST RATE: 14%

SALVAGE VALUE: 23% of invest.

10 200 30 40 50 60
“~_ 1ST YEAR SAVINGS/INVESTMENT-IERCENT -

revised 17 Apr 88

%

40 s r——— ht vt u e s s 4



Face 'jt & ELNASR. CekE
Eco Taa Recewery

ECo No. 3L
Eco TDEscripTIoN. IMPROVE. ADD /F1X NELIRUHEWTATIOV

(corvenser ) &T)

o Sicaty [ STEAM [DIL . [ CAL | Pure i T

1[5 IS [NITRIC ‘"‘&1 An sﬁé'p‘z &‘:'E;tg ! ‘ésmvm

C e | F€OT | Ok | ACID NTRMIE] wrteal [ TOmC Revenc

e : 3 T J TEIENC

JE e (27, 413l 6|e]| B

Fe 2 A
TQ | R PN . - B ’

S S TS -3 S S |1

_f?f& lad _J=2]al !
PRC !
B

|
¥

’.E.‘.l =
= e

i
. eievma

!
Pekllzol iz 16|10 6|6l 6] |
! .l~.- - ’: . :
T fzela iz velalcisl o | S
RoToreme. 4‘1 j Py ] |
af Insts " : o "S-
L . &2”“ - 2‘” ; ) : A ! " -~
= ) ! i 1
.. . - .— . b : t ‘ é 1
h i T2 4 ! i DRE : e
[T VR P N
FALARAN : ! R SRR ! ‘&T
OHULES 2 : ! ] S ;"b}:zi,'
—— & fan e

DRART
Gace's 4|
MoLT ‘ g
Te H1P. R’;NT ' : |

ALaH

LR ST o
RofE STt
for Converpet.
BoLyy ™

145
LN

————— s e 5.

* r{L)
va I,J‘_';n'l

——— - N




Pace Q J, 8

ELNASR. CekE

Eco Tmwa Ktc,L WG

Eco No. =) =
Eco PDEscripTiN.

LIST oF MiooinG /_Dm—mc\t-:@ V4§ TRUME

PLANT ZAREA B>owsk /977 S FeeTily
, y ‘

THERY™ NG TERSYD (Ti) 2o
lever LR'S c‘.v.:.l" o 4
Prey( P2 R "
FZ  STEAsm. PrebuceD+ USEve.s klocv

(24 B Mo ev L

Ozaunu/se@c: | B

TenP TR, N? oV

Fl o %’FV‘/ 3

ALALH

AP h"DULES :

Feess  Gaces(P)

s vaeen e e e | e -(1
- 7,21



Pace 3 .]L | & | ELNASR. C e

ECO Toaa FKecewicr

ECco No. >
Eco DEscripTigN. WSToF hioing /_Dm«mc\cfg [ (T

PLadT JaveA Bowcrs coke TCANT
&  WATER TreaTmenT

Y GEN AND\\-‘I%‘Q‘D T 5
(Beoilers 1,2,%84,5) B N

S Flow Recoenees Pasbocet ;‘c:e“:/
B "Rec 0EDNCRY NoC ‘/
Al :Hot—-) BeconneR) N C\/
”F’eess GASE’-«: ( p,) coo
Thermomettres  (T1) g

CokeE ovEN (s RS NO.CVI':
DRraAFT GAGES i

WATER Teesmmudr L
WATER  FrR's, Me Cy.
Teess @AGE":((")
Flow NbicaToRs (.a", F1)




Pace 4- )‘ & ELNASR. C ke

ECcO DA Recewer)
Eco No. >

Eco DeEsceiptiN. LS eoF hiesing /DAHAC\?") \iL§reumen
PLANT ZJAREA  DILUTE NITRICACITD

» Muun TEMP. PoaNT  (on5oLlE (leoNTS)
f’Pee':‘:uQéz G aGES kﬂ) o . =
PR dor Sham ex WHB rlv’,QV*{j
PRI, BEW No c\/’_.:]
Wabi. Retinekes W
LV & Alarmy | 2 Slaam olmms
Topratun Sedienton
,.to, Dl Wo, Pradudh Ta.\ks_
o B Recen Wb el 1
L Te o WHR B Y

Av & %Qu.cke\, Tﬁ Mc.cv (Y
N -ex(r,d e Nd(’,  - n

§ lgie wpoik T‘«_ ”uew ;ﬁ;i |
Fornae  Plavms o (0
’F[Ow Q'\L{I(Ahﬂ Or VO/lnuMuu ;1.. -  61

( f\{eski albmbr‘/)




Pece 5 »jt & ELNASR. CokE
ECO Dma Recewern
L ECco No. 1

ECO TEScIPTIN. LiST oF hieming /_DAmc‘e—D ld§TRUN-G
- PLANT SAREA CaLCUM AMMONNY NITRATE fcan]

) Peess. (Gacme P\

THEMoreTeQs T ji L S
Tlow Recoemens Te

Press @Fc«:l’l—bc‘@g 'F'Q ' 3
Lewer Lic C_\/..—‘gf “

4
 Ref . e
oFE Swar ‘“Q'—fofd CowdE\/on BelLTs 4




Pree b oy & ELNASR. Coxe
ECO TaA Recewern
Eco No. L -

Eco TeEsceiptipN. W“&T ok MiesinG /Dm—.ac\c—?) \nTRY
' PLa~~T /At_zej-\ PuRe Anoniv NITRATE @b«

low TeAugthu.fu. Ll S‘TFN-—; \J\(\/ )
Lever Recornmexes N R
Press. Cmoee V ‘, o
‘THPemomc,—re@, Ti

24;"-'!.0»4 RECILERS Mo C \/

RoPe Sunicpes fol CcWF\/ot’. EGLTS




PaGe 7 o)(y

Eco No. an

Eco DEscripTipy. WST oF MisoinG /_Dmac.c«?) basTRUC
PLAa~T JareA AN, SEP PLANT

EL‘NA‘-DR- < c:KE L

Tes GacEe P
*.LDN R,'ECO'!ADE-“S
, q_HER“\ohe.‘-Ges T:g |

Al



Paee & 3£ e | ELNASR. CexE

ECO DA Recewer |

Eco No. o) B ’

Eco TDeEsceiptigy. LT oF Micsing Zom-mc.e«) liagreumend
PLANT JAREA CoolinG WATER  TeeTiuu

: PEéss . Gages P [~
TeEMR DK AToRE o 5
Flow Recoeveres (NDC‘O &

NN

/l/‘o



