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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, 1988. Analysis of all
 
information was performed in the offices of OEP located
 
in Cairo, Egypt.
 

The energy audit consisted of a detailed review of 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

prodmction data were collected. The energy data has.
 
bean- checked for consistency and 'accurady; and
 
supported further by independent field measurements of
 
the necessary process variables.
 

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

is being used efficiently, and, if not, identify

opportunities to conserve energy based on quantitative

economic analysis.
 

1.2 Plant Description
 

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 Acid I 182,160
 

(as 54% concentrate)
 

Calcium Ammonium Nitrate 198,000
 

Pure Ammonium Nitrate 20,000
 

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
 
year due to demand pattern.
 

The Coke Plant Steam System consists of 6 boilers 
producing steam at 15 atm (1520 kPa), 3500 C. and having
the following capacities:. I .... -: . , 

Design Capacity,
 
Tons per hour
 

Boiler #1 25
 
Boiler #2 25
 
Boiler #3 25
 
Boiler #4 25
 
Boiler #5 30
 
Boiler #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 Dilute 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.
 

Accuracy of Plant Data
 

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

sheets, and is the basis for this audit. The
 
accuracy of the energy data supplied by the plant
 
was not verified. Any obvious indiscrepencies in
 
this raw data were resolved to the best of our
 
(FWUSA, OEP, 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
 
various 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 system,
 
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 oil for 5.7% and
 
electricity for 0.4%.
 

3 
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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 109 joules. The average energy required to
 
produce one ton of 1373 kPa, 350 °C steam in the
 
Coke Plant is 2.92 x 109 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 are 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 is 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.
 

Instrumentation
 

The instrumentation in the Coke and Fertilizer
 
Plants is in a state of disrepair. Most of th
 
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 repair the
 
instruments has left the plant in an ongoing state
 
of disrepair, which must be improved. Of those
 

those
instruments found to be working, only 

required for production are calibrated and kept in
 
working order. Instrumentation required for
 
energy monitoring either does not exist, is not
 
calibrated regularly, or is broken.
 

Pollution and Pollution Control
 

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 surroundings.
 
In the Fertilizer Plant, leaking flanges, valves
 
and pump and compressor glands are discharging
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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 obsolete 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 kV 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 domand.. 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 large 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 maintenance 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
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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
 

.whereby at least 90V of the zteam .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 losing 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 period of just one year.
 
Production need not suffer as a result of energy

conservation measures. A large percentage of
 
energy conservation measures do not alter the
 
process in any way. Furthermore, energy

conservation measures generally pay for themselves
 
in periods of three years or less, after which the
 
company receives the profit from these measures at
 
the cost of a minimum amount of maintenance.
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1.4 Recommendationn
 

Tables 1.4A, 1.4B, and 1.4C, presented at the end of
 
this section, list those Energy Conservation
 
Opportunities (ECO) having a simple payout of five
 
years or less.
 

Housekeepina Items
 

Under the category of housekeeping ECO's, are 
items requiring better maintenance, better 
operatlons and improved scheduling. The total 
installed cost for housekeeping ECO's is less than 
LE 40,000. In developing a list of these ite :, 
attention was paid to leaks ot steam, air, 
condensate and water, poor combustion efficiency 
of various fired devices, poor insulation of hot 
or very cold (refrigerated) lines or equipment, 
operating procedures, instrumentation, etc. 

Tdble 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 items
 
identified would result in a minimum of 5,320
 
T.O.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 nazout fired in the Fertilizer
 
Plant and Coke Plait 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
 
amount of in-country labor, manufactured equipment
 
and money.
 

In-country Investment Items
 

Items in this category are similar in nature to
 
housekeeping items; however, an expenditure of
 
over LE 40,000 is required to implement a
 
particular ECO. All materials, labor and
 
engineering can be purchased in-country.
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Table 1.4B, In-Country Investment, lists those 
ECO's 
years 

having 
based 

a simple payout of less 
on worldwide equipment 

than five 
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.O.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.
 

Foreign Investment
 

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

.Table .1..4C,.Foreign. Investment, lists. those..ECO's.
 
having a simple payout of less- than five'years"

based on worldwide equipment and utility costs.
 

The energy savings that can be expected if all
 
ECO's were implemented is 14,522 T.O.E. per year.
 

Repairing turbogenerator and generating

electricity when letting down steam pressure would
 
result in an energy saving of 2995 T.O.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.O.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.O.E. per year, with 7,881 T.O.E. per year being
 
saved in the Coke Plant alone.
 

These ECO'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 #i,
 
#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, ECO-ll. 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 -

It is important that the Housekeeping items listed
 
in Table 1.4A be implenented 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.
 



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

Table 1.4A HOUSEKEEPING ITEMS - ECOSummary 

Plant: Et-Nasr Company for Coke and Chemicals
 

------------------------------------- W,ORLDWI DE -------------------------. .......... LOCAL.........
 

ANNUAL ENERGY SAVINGS 	 SIMPLE SIMPLE 

..................................-
E-O - TITLE 	 FUEL INVESTMENT ANNUAL COST PAYOUT, INVESTMENT PATUJT,T.O.E. 	 CCST, S SAVINGS, S YRS COST, LE Y1S 

- - . 
Fertilizer Plant 

Stem System 

02 Eliminate the use of high pressure stem and use 573.0 tons mzout 556.0 13,952 64.216 IPUEDIATE I. 31,253 1.95 
desuperheated 16 atm stem for total stem 1 I I 

requirements in Calcium Ammonium Nitrate plant. I I 

08 Repair steam, air, water, and condensate leaks 1908.0 tons mazout 1852.0 5,333. 213,800 IIMEDIATE " 11,945 IMMEDATE 
from valves, lines, flanges, etc. . 

Coke Plant - I 
Stem system I . I 

, • + -+ .I I 

17 Repair steam, air, water, and condematv leaks 
 1138.0 tons mazout 1105.0 5,278 127,536. 1 I 18 0.37•ED IAT 

from valves, Lines, flanges, etc. 

-24 Repair heat exchanger leaks and install necessary 1504.0 tons mazout 1460.0 9,111 168,553 IMEDIATE I 20,408 0.48 
non-return valves to avoid steam and condensate 	 t I 	 Icontamination. -

Generalt
 

25 Institute a permanent program for stem trap 
 357.0 tons mzout 347.0 14,610 40,009 0.37 32,873 3.29 
testing.II 

26 Show the effect of insulation on beat Loss - .. * IM-EDIATE 	 IIMEDIATE 
frompipes.. 

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

http:testing.II


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

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

Table 1.4A HOUSIKEEPING ITEMS - ECO SL'ary (continued)
 

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


Ptant: Et-Nasr Company for Coke and Chemicats 

-----------------..--.-----.---.-.--- WORLDWD .......... LOC ........ 

ANNUALENERGY SAVINGS SIMPLE SIMPLE 

ECO# 
... .. .. .. 

.............
TITLE FUEL . .. .. ... ... . ........................ ----- -- ------ --...... .............--

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

INVESTMENT 
COST, S 

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

ANNUALCOST 
SAVINGS, S 

PAYOUT, 
YRS j 

INVESTMNT 
COST. LE 

PAYOUT, 
YRS [ 

33 Develop and implemnt a format equipment 
 MEDIISRIATE IWEDIATE
I M 

maintenance program. 

I I 
34 Form a committee to plan and impleaent an energy -IMEDuIATE -- IMMEDIATE 

conservation progrm in plant. I |

35 Use of pubiicity, memos, newsLetter, etc. to IMMEDIATE IMMEDIATE 
ilement an energy program and make personneL 
 -t I 
amare of the importance of energy conservation. 
 I 

Ij.. I 
I: I 

TOTAL 
 5,320 48,264 614,114 0.08 V 106,301 0.71 I 
.....'" ........................
".'7.'~~~...................................-.--............................................................................ 
 I 

NOTES: 1. Currency conversion 2.25 LE/S 3. Energy conversion 42.0 x 10E9 J/T.O.E.
 
2. Boiler efficiency 752- 4. Payout periods of Less than 3 months have been labeLled 0II4EDIATE



--

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

Table 1.48 IN-COUNTRY INVESTMENT ITEMS - ECOSummary 

Pant: EL-Nasr Company for Coke and Chemicals 

-------------------------.-.-------- W.. --------------------------------- LOCAL-------ORLDWIDE 

ANNUALENERGY SAVINGS SIMPLE SIMPLE
 

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

-----------Fertilizer Plant ------------------------------------------- ----- I 
Steam System
 

I 	 I: 
01 	 Recover heat and produce steam from continuous 222.5 tons muzout 216.0 28,240 24,935 1.13 . .- I
 

boiler blowdown in Dilute Nitric Acid Plant. 
 II
 

03 	 Installation of a condensate recovery system for 2723.0 tons ,azout 264.10 	 233,480 305,166 0.7 -- -- I 
the Ammonia, Nitric Acid, Calcium Ammonium Nitrate 
 -	 I 
and Pure Awnsius Nitrate Plants. I . - -. I, 

1-	 06 Test, repair, and replace steam traps. 1,609 tons mazout 1,562 22,500 180,321 IMMEDIATE .... 

07 Add rew or repair existing insulation on stem 1,539 tons mzout 1,494 42,341 	 172,475 IPMEDIATE - - --. 
and condensate lines. "
 

Coke Plant 
 I 	 I 
Stem System I 	 1 

15 	 Installation of a condensate recovery system for 3,216 tons.mzout 3,122 464,820 360,&17 1.29 .... 
the Coke Plant. 
 r.I
 

16 	 Add new or repair existing Insulation on steam 1,558 tots mazout 1,513 : ",603 174,605 0.26 j 
and condensate lines. .. 



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

TabLe 1.4B IN-COUNTRY INVESTMENT ITEMS - ECO Sumary (Continued) 

Plant: EL-Nasr Company for Coke and Chemicals 

ECO N 

----------

TITLE 

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

----------------------------- --------WORLDWIDE ----------------------- ---------- LOC 
ANNUALENERGY SAVINGS SIMPLE 

.............. ;------------------- INVESTMENT ANNUAL COST PAYOUT, IIVESTI4ET 
FUEL T.O.E. COST, S SAVINGS, S YRS COST, LIE 

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

......... 

SIMPLE 

PAYOUT, 
YRS 

-------
I 

Is 
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Test, repair, and replace stem traps. 

Comptete commissioning of new demineralized water 
plant and put into service. 

3151.0 tons 

2277.0 tons 

maZOUt 

mazout 

3059.0 

2211.0 

48,120 

0 

353,107 

255,183 

IMMIEDIATE 

IIMEDIATE 

. 

.. 

. * 

I 

21 Improve insulation and add drip legs to xmin low 
and high presure steam headers in order to reduce 
pressure drop and heat Loss. 

2055.0 tons mzout 1995.0 

-"I 

,1o877 230.303 1.78 

I 
-

23 Recover heat and produce stem from contInuous 

bolter b.o-dowai. 

383 tons mzout 372 98,570 .2,945- 2.30 I 
I 

"- " 

:.I 

TOTAL, 183,188- 1,393,551 . 2,M9,457 0.66 I -" " 
---------......................--------------


NOTES: I. Currency conversion 2.25 LE/S 3. Energy conversion 42.0 x IOE9 J/T.O.E. 
2. Boiler efficiency 75X 4. Payout periods f less than 3 months have been Labelled NIEDIATE" 



__ 

Table 1.4C FOREIGN INVESTMENT ITEMS - ECOSummary 

1 ant: Et-Nasr Company for Coke and Chemicals
 

.......................... WORLDUIDE
---------- ------........ ----------........ .LOCAL-------- I
 
ANNUAL EVERGY SAVINGS SIMPLE SIMPLE I 

Eco  --------------------------------. INVESTMENT ANNUAL COST PAYOUT, INVESTMENT PAYOUT, 
E- - - - TITLE FUEL T.O.E. COST, S SAVINGS, S YRS COST. LE YRS 

Fertilizer Plant 
 ...
 
Stem System
 

I I04 Ixprove combustion efficiency of sterm boilers 782.0 ton, mzout 759 27.000 87,648 0.31 -. I 
05 Repair turbogenerator and generate electricity 11.880 MW1i 2,995 16,780 510,840 IMIEDIATE ..
 

when letting down steam pressure.
Coke Plant I I 

Stem System 1 

13 Operate the turbogenerator at design capacity. 5544.0 MWI 1398.0 717,183 238,392 3.01 - - . 

14 Improve combustion efficiency of sterm boilers. 8,118 tons mazout 7,881 54,000 909,784 IMMEDIATE " I 

General.I
 

32 Improve, add, or fix instrumentation to be able to 984 Mwl, 1,489(5) 750,970 185,537 4.05 
 j "" I 
property monitor and control energy consumption. 556 tons mzout . I 
(Note 5) 64 tar. oil i I 

1,487,680 M3.coke gas - I 
10,500 M3 blast gas
.... ................................................................ .................. I
:.....:.......................................--,
 

TOTAL 

14,522 1,565,933 1,932,201 0.81 I IF. ...........o.............. .o...................................................... 
 ................ 
 .......... o. ...................... I. 

GRANDTOTAL (Tables 1.4 A, B, and C) -" . 38,030 3,007,768 4,645,772 0.65 I ... I 
- =ul~l~rz ...... r, -.. . ~ ...... - :. 'J ... .u :z -:==r - -: .. , - .. -~ I:ls w 

NOTES: 1. Currency conversion 2.25 LE/S 4. Payout periods of less then 3 months have been Labelled OIMKEDIATEO 
2. Boiler efficiency 75% 5. Energy savings shown represent an indirect savings. Proper instrumentation witl erance 
3. Energy conversion 42.0 x 10E9 J/T.O.E. the energy savings due to implementation of the other ECO's. 



El-Nasr Company for Coke and Chemicals 

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 audit 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:
 

o An overall energy picture for 1987
 
o A discussion of the approach taken
 
o A detailed description of each ECO
 
o Supporting documentation as required
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El-Nasr Companv for Coke and Chemicals 

2.1 	Obiective of the Audit
 

The dual objectives of the energy audit are: 


o 	 identify and measure where energy is used,
 
and
 

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

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

investment.
 

2.1.1 Identify Where Enercv 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:
 

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

-o the careful scrutiny of records; .ahd their
supplementation by field measurements, as
 
necessary to establish the utility
 
consumption.
 

o 	 particular attention to the energy

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

consumption devices offer much greater

opportunities for savings.
 

0 	 a review of all sources of lost or wasted 
energy, such as leaks in steam, air, or water
 
systems, and mis3ing or insufficient
 
insulation.
 

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

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

and how it varies with time. In order to do this
 
properly it is necessary that the plant assign an
 
individual to keep and maintain a system of
 
records which document both past and present
 
energy consumption. These records should be kept

in an active file which goes back a minimum of
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El-Nasr Commanv for Coke and Chemicals - Energy Audit
 

five years. Records older than five years should
 
be stored in an inactive file for an additional
 
five years, after which they may be discarded. In
 
this 	way a plant can carefully study and monitor
 
the improvements which will occur in terms of
 
reduced energy usage as attractive ECO's are
 
implemented within the plant.
 

2.1.2 Identify Energy conservation Oportunities
 

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

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

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

o:...evaluation of ECO's. which require}.-n....
 
investment for implementation.
 

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

2.2 	Method of Approach
 

A detailed schedule for carrying out the 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 their
 
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
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El-Nasr Company for Coke and Chemicals - Energy Audit
 

information required for the audit report was gathered.

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

personnel, which included an additional energy systems

operations engineer, 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.
 

2.3 Goals and Special Considerations
 

In order to have an effective energy conservation
 
program it is necessary to establish a goal, as a
 
target for which everyone in the plant strives. This
 
goal should be realistic and also somewhat
 
conservative, rather than overly optimistic, in order
 
to ensure that it can be achieved. A goal which we
 
would recommend is a 60 percent reduction in yearly
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consumption of mazout at the end of two years,

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 is necessary that the scheduling of planned

shutdowns be coordinated in such a way that energy

conservation recommendations can be implemented.
 

2.4 Analysis of Energy Consumption
 

The audit provided a review ot 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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Pricing basis is per the Basic Engineering Data, which
 
is included in Appendix "1" of this report. The
 
worldwide energy prices and T.O.E. (ton oil equivalent)
 
are of particular value in this analysis, as they

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

product.
 

The existence of 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 r 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 dohsumption 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 CONSUWETIOM 

CLIENT: U.S. AID/OEP COMPANY: EL KASR FOR COKE AND CHENICALS
 
DATA: JAN-DEC 1987 UNIT : COKE PLANT BOILERS 1 THROUGH 6
 

ELECTRICITY # 6 FUEL OIL COICEOVEN GAS TAR OIL TOTAL ENERGY 

IPURCHASED EQUIVALENT PURCICHASED IPURCHASED IPURCHASED EQJIVALENT I IEQUIVALENT EQUIVALENT 

I ENERGY ENERGY ENERGY ENERGY j ENERGY ENERGY I ENERGY ENERGY i 1I I I I I I 
NUN J x 10E9 T.O.E.** TONS J x 10E9 T.O.E. CU. Ni. J x 10E9 T.O.E. TONS J X 10E9 T.O.E. J J x 10E9 T.O.E.- I ......... .... ....................................................................... 
 ........... o........... .... .....
 

1 JAN 135.2 486.6 34.1 1018.0 41505.4 988.2 1 5980003 110155.4 2622.7 175.0 5494.8 130.8 157642.2 3775.9 
2 FEB 133.7 481.2 33.7 797.0 32494.9 773.7 496000 91366.3 2175.4 0.0 0.0 0.0 124342.4 2962.8 
3 MAR 114.9 413.8 29.0 1108.0 45174.9 1075.6 3384000 62335.4 1484.2 200.0 6279.8 149.5 114203.9 2738.3 
4 APR 69.8 251.4 17.6 2048.0 83500.1 1988.1 4720000 86945.4 2070.1 
 352.0 11052.4 263.2 181749.3 4339.0
 
5 KAY 59.1 212.9 14.9 1639.0 66824.5 1591.1 5780000 106471.3 2535.0 546.0 17143.9 408.2 190652.5 4549.2
 
6 JUN 158.3 569.7 39.9 -,485.0 60545.7 1441.6 4840000 89155.9 2122.8 674.0 21162.9 503.9 171434.2 4108.1 
7 JUL 291.2 1048.5 73.4 1680.0 68496.2 1630.9 3560000 65577.5 1561.4 404.0 12685.2 302.0 147807.3 3567.7 
8 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 
9 SEP 174.1 626.8 43.9 1407.0 57365.5 1365.8 465500 85748.1 2041.6 300.0 9419.7 224.3 153160.1 3675.6 
10 OCT 226.5 815.3 57.1 1000.0 40771.5 970.8 4520000 83261.3 1982.4 125.0 3924.9 93.4 128772.9 3103.7 
11 NOV 174.2 627.1 43.9 657.0 26786.9 637.8 6220000 114576.3 2728.0 120.0 3767.9 89.7 145758.2 3499.4 
12 DEC 188.7 679.3 47.6 342.0 13943.9 332.0 5366C0 98734.6 2350.8 80.0 2511.9 59.8 115869.7 2790.2 

... ................ o...... o..... ... .................................................... ................... ... o.................................. .......... 

ANNUALI I I I I I 
TOTALS I 1906.8 6864.3 480.7 1 15036.0 613040.7 14596.2 I 5709960 1051799.8 25043 I 3201.0 100508.2 2393.1 1 1772213.1 425-2.8 I 
...............o. ..oooo ... . ....................................... 
 ...... ............ o...... .oo.................................... 

MONTHLYI I I 
AVERAGEI 158.9 572.0 40.1 1253.0 51086.7 1216.4 I 4758250 87650.0 2086.9 266.8 8375.7 199.4 I 147684.4 3542.7 I............ ".. : " ............................ ........................ .... .... -.......".... ".................
i...... 

NOTES 13.6 X 10E9 J/1WH I 40.7715 x 1089 JfTON I 1842035 J/CU. N. I 31.3990 x IOEJ/TON 42.00 x 1089 J/T.O.E.I 

ELECTRICAL T.O.E. VALUES INCLUDE A TYPICAL 34Z EFFICIENCY FACTOR AND CORRESPONDS TO GENERATING ELECTRICITY USING A CONDENSING STEAMTURBINE SYSTEM. 



-- 

TABLE 1B - MONTHLY ENERGY CONSUMPTION 

CLIENT: U.S. AID\EP 
 COMPANY: EL NASR FOR COKE AND CHEMICALS
 
DATA : JAN-DEC 1987 
 UNIT FERTILIZER PLANT - BOILERS 1 THROUGH 4 

ELECTRICITY 
 £ 6 FUEL OIL - COKEOVEN GAS TAR OIL TOTAL EEIGY 

IPURCHASED EQUIVALENT IPURCHASED EQUIVALENT IPURCHASED EQUIVALENT IPURCHASED EQUIVALENT II ENERGY ENERGY j ENERGY ENERGY I ENERGY ENERGY I ENERGY ENERGYII l
I :I I I 
MUN J x 10E9 T.O.E. TONS J x 10E9 T.O.E. I CU. M. J x 10E9 JT.O.E. j TONS J x 10E9 T.O.E. J x I0E9 T.O.E.** . ..................... - --
 -................................................................................... 
 - ........ ............... ........ ......
1 JAN 196.6 707.8 
 49.6 392.0 15982.4 380.5 12589380.0 47698.0 1135.7 1 
 0.0 0.0 0.0 64388.3 1565.8


2 FEB 197.1 709.5 49.7 1510.0 61565.0 1465.8 1 174120.0 3207.4 76.4 
 0.0 0.0 0.0 65481.9 1591.9
3 MAR 192.4 692.7 48.5 1381.0 56305.5 1340.6 11041085.0 19177.4 456.6 
 0.0 0.0 0.0 76175.6 1845.74 APR 201.2 724.2 50.7 761.0 31027.1 738.7 12016500.0 37145.2 88.4 0.0 0.0 0.0 688M.6 1673.9
5 MAY 197.0 709.1 49.7 343.0 13984.6 333.0 13143900.0 57912.6 1378.9 
 0.0 0.0 0.0 72606.4 1761.5

6 JUN 197.0 709.1 49.7 33-4.0 13617.7 324.2 2360990.0 43490.9 1035.5 
 0.0 0,1 0.0 57817.7 1409.4
7 JUL 198.1 713.0 49.9 1589.0 64786.0 1542.5 520230.0 95ri.0 228.2 0.0 0.0 0.0 
 75081.9 1820.6

8 AUG 197.7 711.7 49.8 1313.0 53533.0 1274.6 997360.0 1IL72.0 437.4 0.0 0.0 0.0 72616.7 1761.9
9 SEP 197.2 710.0 49.7 1763.0 71880.2 1711.4 0.0 U.: 
 0.0 0.0 0.0 0.0 725CO.2 1761.2

10 OCT 200.7 722.5 50.6 1829.0 74571.1 1775.5 0.0 0.0 0.0 0.0 0.0 0.0 75293.6 1826.1

11 NOV 196.0 705.6 49.4 891.0 36327.4 864.9 11890590.0 34825.9 829.2 0.0 0.0 0.0 71858.9 1743.512 DEC 198.4 714.3 50.0 618.0 25196.8 599.9 125509!4.1 46990.1 1118.8 0.0 0.0 0.0 72901.2 1768.6 

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

ANNUAL I I I I I I
TOTALS 1 236Y.3 8529.4 597.3 1 12724.0 518776.9 12351.8 I 17285105 318402.6 7581.0 I 0.0 0.0 0.0 I 845709.0 20530.1 I...................
*'00 ... "....... *.... " .................. 
 .. -......... .... ................... 
 ............. 
 .......... 
 ............. 
 .............
 

MONTHLYI I I I -. . 
AVERAGEI 197.4 710.8 49.8 1060.3 43231.4 1029.3 j 1440425 26533.6 631.8 I 0.0 0.0 0.0 I 7047.7 1710.8 

I .- :. ' I I ' I " : I I 
NOTES 13.6 X 10E9 J/lW 1 40.7715 x 10E9 J/TON 18420635 lcu. N. I 31.3990 x lOE9 J/TON 42.00 x 10E9 J/T.O.E.I
 

- ELECTRICAL T.O.E. VALUES INCLUDE A TYPICAL 34% EFFICIENCY FACTOR AND CORRESPONDS TO GENERATING "LECTRICITY USING A CONDENSING STEAM TURBINE SYSTEM. 



TABLE 1 C - MONTHLY ENERGY CONSUI4PTION 

CLIENT: U.S. AID/OEP COMPANY: EL NASR FOR COKE AND CHEMICALS 
DATA: JAM-DEC 1987 UNIT : CALCILM A*4NILIM NITRATE 

ELECTRICITY 34 KG/CP.2 STEAM 16 KG/CM2 STEAM BLAST FURNACEGAS TOTAL ENERGY 

IPURCHAsED EQUIVALENT IPURCHASEO EQUIVALENT JPURCKASED EQUIVALENT IPURCHASED EQUIVALENT J . 
eNERGYI ENERGY I eNERGY ENERGY fI ENERGY -ENERGY I ENERGYI ENERGY II " " '-
HUN J x 10E9 T.O.E."I TONS J x 10E9 T.O.E. I TONS J x 10E9 T.O.E. I CU. M. J x 10E9 T.O.E.1 J X 10E9 T.O.E.

1 
2 

JAN 

FEB 

--------298.8 
254.7 

----------
1075.7 

1024.9 

------------------
75.2 1490.0 

71.8 1394.0 

------------------------------
2616.4 62.3 2153.0 

2447.9 58.3 2051.0 

-----------------------------
4146.7 98.7 93000.0 

3950.2 94.1 79000.0 

-----------------------------
366.0 8.71 1 8204.8 

310.9 7.4C 7733.9 

--------------
245.1 I 
231.51 

3 
4 
5 

MR 
APR 

KAY 

295.4 

255.8 

251.8 

1063.5 

921.0 

906.5 

74.5 

64.5 

63.5 

1521.0 

1248.0 

1260.0 

2670.9 
2191.5 

2212.6 

63.6 

52.2 

52.7 

1561.0 

1932.0 

1677.0 

3006.5 

3721.0 

3229.9 

71.6 

88.6 

76.9 

90000.0 

54000.0 

31000.0 

354.2 

212.5 

122.0 

8.43 

5.06 

2.M 

7095.0 
7046.1 

6471.0 

213.1 
210.3 

196.0 
6 
7 
8 

9 

JUN 

JUL 

AUG 
SEP 

268.0 

242.6 

271.5 

274.9 

964.8 
873.4 

977.3 

989.8 

67.6 

61.2 

68.4 

69.3 

1474.0 

1332.0 

1430.0 

1402.0 

2588.3 

2339.0 

2511.1 

2461.9 

61.6 

55.7 

59.8 

58.6 

2408.0 

1799.0 

1981.0 

2005.0 

4637.8 

3464.9 

3815.4 

3861.6 

110.4 

82.5 

90.8 

91.9 

45000.0 

29500.0 

31000.0 

23500.0 

177.1 

116.1 

122.0 

92.5 

4.22 

2.76 

2.90 

2.20 

8368.0 
6793.4 

7425.8 
7405.8 

243.8 

202.1 

222.0 

222.1 
10 OCT 296.7 1068.2 74.8 1433.0 2516.3 59.9 201.4.0 3936.7 93.7 15500.0 61.0 1.45 7582.3 229.9 
11 NOV 360.4 1297.5 90.9 1565.0 2748.1 65.4 2058.0 3963.7 94.4 20500.0 80.7 1.92 8090.0 252.6 
12 DEC 272.8 982.1 68.8 1"5.0 2537.4 60.4 1614.0 3108.6 74.0 13000.0 51.2 1.22 6679.3 204.4 

ANNUAL I I I I I I 
TOTALS I 3373.5 121".8 850.5 I 16994.0 29841.5 710.5 I 232a3.0 44843.1 1067.7 1525000.0 2066.0 49.19 1 8889.3 2677.9 I 
.............. oo............. oo................. ....-..
........... 0............ o.................. ....... .... oo.. ....
 

ONTHLY I I I I I I 
AVERAGEI 281.1 1012.1 70.9 I 1416.2 2486.8 59.2 I 1940.3 3736.9 89.0 I 43750.0 172.2 4.10 I 7407.9 223.2 

I ! I -I. I I 
NOTES 13.6 X 1l09 J/IJH I 1.7560 x 10E9 J/TON DELTA N i 1.9260 xOE9 J/TOM DELTA-H I 0.00394 x 10E9 J / CU.N. 42.00 x 10E9 J/T.O.E.I 

ELECTRICAL T.O.E. VALUES INCLUDE A TYPICAL 34% EFFICIENCY FACTOR AND CORRESPONDS TO GENERATING ELECTRICITY usING A CONDENSING STEAM TURBINE SYSTEM. 



-- 

TABLE 1 D MNTHLY ENERGY CONSUMPTION 

CLIENT: U.S. AIO/OEP COPAh-i: EL NASR FOR COKE AND CHEMICALS
 
DATA: JAM-DEC 1987 UNIT : PURE AMMONIU NITRATE
 

ELECTRICITY 34 KG/CKZ STEAM 16 KG/CK2 STEAM BLAST FURNACEGAS TOTAL' ERGY 

IPURCHASED EQUIVALENT IPURCHASED EQUIVALENT IPURCHASED EQUIVALENT IPURCHASED EQUIVALENT I 
I ENERGY ENERGY j ENERGY ENERGY I ENERGY ENERGY I ENERGY ENERGY II I I I I ! 

14WH J x 10E9 T.O.E."I TONS J x 10E9 T.O.E. TONS J x 10E9 T.O.E. a). M. J x 10E9 T.O.E.I . x 10E9 T.O.E.
...................................................................................... 
 .... ....................... 
 .............. ........ 
 .......
 

I JAN 13.4 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 
2 FEB 43.3 155.8 10.9 0.0 0.0 0.0 822.0-. 1583.2 37.7 0.0 0.0 0.0 1739.0 48.61 
3 MAR 38.9 139.9 9.8 0.0 0.0 0.0 878.0 1691.0 40.3 0.0 0.0 0.0 1830.9 50.06 
4 APR 40.4 145.5 10.2 0.0 0.0 0.0 838.0 1614.0 38.4 0.0 0.0 0.0 1759.5 48.62
5 MAY 39.9 143.7 10.1 0.0 0.0 0.0 708.0 1363.6 32.5 0.0 0.0 0.0 1507.3 42.53 I 
6 JUN 46.5 167.2 11.7 0.0 0.0 0.0 800.0 1540.8 36.7 0.0 0.0 0.0 1708.0 48.40 
7 JUL 20.1 72.2 5.1 0.0 0.0 0.0 300.0 577.8 13.8 0.0 0.0 0.0 650.0 18.81 
8 AUG 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 

Ul1 9 SEP 26.7 96.2 6.7 0.0 0.0 0.0 419.0 807.0 19.2 0.0 0.0 0.0 903.2 25.95 
10 OCT 60.7 218.5 15.3 0.0 0.0 0.0 696.0 1340.5 31.9 0.0 0.0 0.0 1559.0 47.22 I 
11 NOV 29.4 105.8 7.4 0.0 0.0 0.0 514.0 990.0 23.6 0.0 0.0 0.0 1095.8 30.98 
12 DEC 43.1 155.0 10.9 0.0 0.0 0.0 586.0 1128.6 26.9 0.0 0.0 0.0 1283.6 37.73 I ....... ...........- °----.............. ........................................ 
 ..... oo....... .... .... .. .....
.................... 


ANNULI I"I I 
TOTALS 420.7 1514.5 106.1 I 0.0 0.0 0.0 I 7060.0 13597.6 323.8 I 0.0 0.0 1.0 I 15112.1 429.81 ................... ...... :..................................... .................................... 
 . .... .. _................................................
 

MONTHLYJ I I :7 I
 
AVERAGEI 35.1 126.2 8.8 I 0.0 0.0 
 0.0 588.3 1133.1 27.0 0.0 0.0 0.0 I 1259.3 35.82 I...........-.......-.......................................................... 
 ....................................................
 

I ! I I I I 
NOTES 13.6 X 10E9 .9Jm " I 1.7560 x 10E9 J/TON DELTA H 1.9260 x 10E9 J/TON DELTA H I 0.00394 J x 10E9 I CU.H. I 42.00 x 10E9 J/T.O.E.1 

ELECTRICAL T.O.E. VALUES 19CLUDE A TYPICAL 34Z EFFICIENCY FACTOR AND CORRESPONDS TO GENERATING FLECTRICITY USING A CONDENSING STEAMTURBINE SYSTEM. 



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

TABLE 1 E - MONTHLY ENERGY CONSUMPTION 

CLIENT: U.S. AID/OEP COKPARY: EL NASR FORCOKEANDCHEMICALS
 
DATA: JAN-DEC 1987 UNIT : DILUTE NITRIC ACID
 

ELECTRICITY PROUCED 34 KG/ 2 STEAM * 16 KGIC/2 STEAM BLAST FURNACE TOTAL ENERGYGAS 

IPURCHASED EQUIVALENT I ENERGY EQUIVALENT IPURCHASED EQUIVALENT IPURCHASED EQUIVALENT I I 
ENERGY ENERGY 1PROOUCED ENERGY I ENERGY ENERGY I ENERGY ENERGY I ,I I (Credit) (Credit)l I I I 
mil J x 10E9 T.O.E.**I TONS J x 10E9 T.O.E. I TOWS J x 10E9 T.O.E. I CU. N. J x 10E9 T.O.E.I J x 10E9 T.O.E.

.............................................................................................................. 
 .. ...... ... ...... .........
 
1 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 -5215.6 125.94
 
2 FEB 1522.3 5480.2 383.8 6104.0 -10718.6 -255.2 0.0 
 0.0 0.0 0.0 0.0 0.0 -5238.5 128.S5 
3 MAR 1518.7 5467.2 382.8 5927.0 -10407.8 -247.8 0.0 0.0 0.0 
 0.0 0.0 0.0 -4940.6 135.04
 
4 APR 1232.9 "438.5 310.8 4898.0 -8600.9 -204.8 0.0 0.0 0.0 
 0.0 0.0 0.0 -4162.4 106.03 
5 NAY 1270.0 1572.1 320.2 I4025.0 -7067.9 -168.3 0.0 0.0 0.0 0.0 0.0 0.0 -2495.8 * 151.88
 
6 JUN 1363.6 4909.1 343.8 5412.0 -9503.5 -226.3 0.0 0.0 0.0 0.0 
 0.0 0.0 -4594.4 117.49
 
7 JUL 1318.4 4746.2 332.4 ",491.0 -7886.2 -187.8 0.0 0.0 0.0 
 0.0 0.0 0.0 -3140.0 144.59 
8 AUG 1470.2 5292.6 370.6 I4984.0 -8751.9 -208.4 0.0 0.0 0.0 0.0 0.0 0.0 -3459.3 162.24
 
9 SEP 1473.2 5303.5 371.4 5567.0 -9775.7 -232.8 0.0 0.0 
 0.0 0.0 0.0 0.0 -472.2 138.63 
10 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 97.86 
11 NOV 1326.9 4776.9 334.5 7001.0 -12293.8 -292.7 0.0.- 0.0 0.0 0.0 0.0 O.X -7516.9 41.80 
12 DEC 1166.8 4200.3 294.1 I 4742.0 -8327.0 -198.3 0.0 0.0 0.0 0.0 0.0 0.0 -4126.6 95.87 

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

ANNUAL I 1 1 1 1 1 
TOTALS 1 16493.1 59375.1 4157.8 I 0.0 -113899.4. -2711.9 I 0.0 0.0 0.0 I 0.0 0.0 0.0 1 -54524.3 1445.92 1........ •..*.... ... .... ............................ ...
 ... o........ ...........................
....... 
 o........ .............
 

MONTHLYI I
 
AVERAGEI 1374.4 4947.9 346.5 I 0.0 -9491.6 -226.0 I 0.0 0.0 I 0.0 0.0 0.0 I -4543.7 120.49 

I I I 1I I I 
NOTES 13.6 X 10E9 J/tlH I 1.7560 x 10E9 J/TON DELTA H 1.9260 x 10E9 JTON DELTA H I 0.00394 J x 10E9 / CU.. I 42.00 x 10E9 J/T.O.E.I 

* NEGATIVE VALUES C-) INDICATE A CREDIT DUE TO THE PRODUCTION OF ENERGY. 
ELECTRICAL T.O.E. VALUES INCLUDE A TYPICAL 34X EFFICIENCY FACTOR AND CORRESPONDS TO GENERATING ELECTRICITY USING A CONDENSING STEAM TURBINE SYSTEM. 



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

TABLE lF - MONTHLY ENERGY CONSUMPTION
 

CLIENT: U.S. AID/OEP 
 COMPANY: EL NASR FO COKE AND CHEMICALS
 
DATA: 
 JAN-DEC 1987 UNIT : AIR SEPARATION PLANT
 

ELECTRICITY 9 6 FUEL OIL 
 COKE OVEN GAS TAR OIL 
 TOTAL ENERGY 

IPURCASED EQUIVALENT IPURCHASED EQUIVALENT IPURCHASED EQUIVALENT IPURCHASED EQUIVALENT J 
I ENERGY ENERGY I ENERGY ENERGY I ENERGY ENERGY I ENERGY ENERGY I II I I I I I. 
I M J x 10E9 T.O.E.** TONS J x 10E9 T.O.E. CU. M. i x 10E9 T.O.E. I TONS J x 10E9 T.O.E. iJ x 10E9 T.O.E." 

1 JAN 2142.4 7712.7 540.1 0.0 0.0 0.0 0 0.0 0.0 1 0.0 0.0 0.0 7712.7 540.1
 
2 FEB 1742.0 6271.0 439.1 0.0 0.0 
 0.0 0 0.0 0.0 0.0 0.0 0.0 6271.0 439.1
3 MAR 1483.2 5339.4 373.9 0.0 0.0 0.0 --0 0.0 0.0 0.0 0.0 0.0 5339.4 373.9
 
4 APR 2283.4 8220.1 575.6 0.0 0.0 
 0.0 0 0.0 0.0 0.0 0.0 0.0 8220.1 575.6
5 MAY 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 
6 JUN 1853.3 6671.8 467.2 0.0 0.0 0.0 
 -.0 0.0 0.0 0.0 0.0 0.0 6671.8 467.2
 
7 JUL 2036.6 7331.9 513.4 0.0 
 0.0 0.0 - 0 0.0 0.0 0.0 0.0 0.0 7331.9 513.4
 
8 AUG 2073.5 7464.7 522.7 0.0 0.0 0.0 
 .o 0.0 0.0 0.0 0.0 0.0 7464.7 522.7
 
9 SEP 2019.6 7270.7 509.2 0.0 0.0 
 0.0 . 0 0.0 0.0 0.0 0.0 0.0 7270.7 509.2 
10 OCT 2153.0 7750.9 542.8 0.0 0.0 0.0 -.0 0.0 0.0 0.0 0.0 0.0 7750.9 542.8
 
11 NOV 2439.0 8"Pn.4 614.9 0.0 0.0 0.0 ,--0 0.0 0.0 0.0 0.0 
 0.0 3780.4 614.9 
12 DEC 2518.8 9(.k. 7 

635.0 0.0 0.0 0.0 -0 0.0 0.0 0.0 0.0 0.0 9067.7 635.0 
....................................... ° ........................ °.......
.................... ....... . .
..........................
 

ANNUAL I I I I 1 I 
TOTALS 24636.0 88689.8 6210.8 I 0.0 0.0 0.0 I , 0.0 0 I 0.0 0.0 0.0 j 88689.8 6210.8 I ................................. °o°...°...............°.............°.... ..................... 
 .°...o....... °......................
 
MONTHLYI I I .. 
AVERACEI 2053.0 7390.8 517.6 I 0.0 0.0 0.0 j 

II 
0 0.0 0.0 I 0.0 0.0 0.0 I 7390.8 517.6 I 

........................................ 
 ........................................................................................
I I . I .iA- I I I 
NOTES 13.6 X 10E9 J/IWH - 40.7715 x 10E9 J/TON I 18420635 J/CU. H. i 31.3990 x 10E9 J/TON [ 42.00 x 10E9 J/T.O.E.I 

-- ELECTRICAL T.O.E. VALUES 'INCLUDE A TYPICAL 34X EFFICIENCY FACTOR ANDCORRESPONDS TO GENERATING ELECTRICITY USING A CONDENSING STEAM TURBINE SYSTEM. 



TABLE 2A - MONTHLY ENERGY COSTS
 

CLIENT: U.S. AID/OEP 
 CI4PANY: EL NASR FOR COCE AND CHEMICALS
 
DATA JAN-DEC 1987 
 UNIT COKE PLANT - BOILERS 1 THROUGH6 

ELECTRICITY it6 FUEL OIL COKE OVEN GAS TAR OIL TOTAL ENERGY COST 

IPURCHASED COST COST IPURCHASED COST COST IPURCKAsED COST COST IPURCHASED COST COST TOTAL TOTAL I 
I ENERGYI ENERGYI II ENERGY f ENERGYI-I COST COST I! 

mNUN LE us I TONS LE USS Cu.14, LE US S TONS LE US S LE US s 

--------------- --------------------- ---------- -------------------- ---------- ------------------- ---------- ------- --------- --------------
I 
2 

3 
4 
5 
6 

JAN 
FEB 

MAR 
APR 

KAY 

JUN 

135.2 
133.7 

114.9 

69.8 

59.1 

158.3 

2298 
2272 

1954 

1187 

1005 

2690 

5812 
57.7 

4942 

3003 

2543 
6805 

1018.0 
797.0 

1108.0 

2048.0 

1.639.0 
148.0 

28504 
22316 

31024 

57344 
45892 

41580 

114087 
893201 

124174 
2295191 
1M3683 
166424 

5980000 
4960000 

3384000 

4720000 
5780000 
484000 

0 
0 
0 
0 
0 
0 

0 
O 
O 
0 

0 
Of 

175.0 
0.0 

200.0 

352.0 

546.0 

674.0 

0 
0 
0 
0 
a 
0 

O 
O 
0 

0 

0 
O 

30802 
24588 
32978 

58531 

46897 

44270 

119899 
95067 

129116 

232522 

186225 

173229 
7 
aa 

9 

JUL 
AUG 

S.P 

291.2 
181.1 

174.1 

4951 
3078 

2960 

12523 
7787 

7487 

1680.0 
1855.0 

1407.0 

47040 
51940 

39396 

188278 
207890 

157682f 

3560000 
3120000 

4655000 

0 
0 

0 

0 
O 

O 

404.0 
225.0 

300.0 

0 
0 
0 

0 

O 

0 

51991 

55018 

42356 

200801 

215677 

165170 
10 OCT 226.5 3850 9738 1000.0 28000 112070 4520000 0 O :25.0 0 0 31850 121808 
11 NOV 174.2 2961 7490 657.0 18396 73630 6220080 0 0 120.0 0 0 21357 81120 
12 DEC 188.7 3208 8113 342.0 9576 38328 5360000 0 O 80.0 0 O 12784 4641 

........... oo.......................................................... 
 ............... ........... 
 ......... ...... ....... ..... o....o...... ............. ...
ANUAL I I 1 1-1 1 1I 
TOTALS f 1906.8 32415 81991 I 15036.0 4621008 1685085 I 57099000 0 0 I 3201.0 0 0 I 453423 1767075.................................................................................................... 
 .................................
 
HONTHLY f f I f 
AVERAGEI 158.9 2701 6833 1253.0 35084 140424 1 4758250 0 O 266.8 0 37 147256 .................................................................
 ?.............................................. ..... *o....................... . ......
 

NOTES f 17.0 L.E.INWN f 28.0 L.E./TON 0.00000 L.E./CU. M. f 0.0 L.E./TON I 
43.o us sm f 112.o7 us S/TO f .00 us s/cu.. f .0 IUSS/TOI
 



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

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

TABLE 2B - MONTHLYENERGY COSTS
 

CLIENT: U.S. AID/OEP COMPANY: EL NASRFOR COKE AID CHEMICALS
 
DATA: JAN-DEC 1987 UNIT : FERTILIZER COMPLEX - BOILERS 1 THROJGN 4
 

ELECTRICITY U 6 FUEL OIL COKE OVEN GAS TAR OIL TOTAL ENERGT COST. 

IPURCIASED COST COST IPuRCNAS COST COST .PURCKASED COST COST IPURCIAS COST COST I ,TOTAL TOTAL, 
ENERGY I ENERGY I ENERGY I EMERW I COST COSTI I I -- II 

HUH LE UsS ITONS LE US $ cu. f. LE USS TONS LIE US S LE US 

----- ----------------------------- ---------- -------------------- ---------- ------------------- ------.. ...--------- -------------1 JAN 1 196.a 3342 84541 392.0 10976 43931 12589380.0 0 0 1 0.0 0 0 14318 52386 
2 FES 197.1 3351 8475 1510.0 42280 169226 1044085.0 0 0 j 0.0 0 0 45631 177701I 
3 MAR 192.4 3271 8274 1381.0 38668 154769 12016500.0 0 0 I 0.0 0 0 41939 163042 
4 APR 201.2 3420 8650 761.0 21308 85285 13143900.0 0 0 1 0.0 0 0 24728 93936
 
5 KAY 197.0 3348 84701 343.0 9604 38"0 12360 .0 0 0 1 0.0 0 0 12952 ,6910
 
6 JUN 197.0 338 
 8470 34.0 9352 37431 12360990.0 0 0 1 0.0 0 0 12700 45901
 
7 JUL 198.1 3367 8516 1589.0 441.92 178079 520230.0 a 'O 0.0 0 01 47859 186595
 
8 AUG 197.7 3361 a50111313.0 36764 1471481997360.0 0 Oj 0.0 a 0j 4012 15-1649

9 SEP 197.2 3353 8480 1763.0 49364 197579 0.0 0 01 0.0 0 0 52717 206059
 
10 OCT 200.7 3412 8630 1829.0 51212 204976 0.0 0 01 0.0 0 0 54624 213606 
11 NOV 196.0 3332 8428 891.0 24948 99854 118M9 .0 0 - 0 1 0 0 0 2.80 108283 
12 DEC 198.4 3373 8532 618.0 1304 69259 12550950.0 0 0 1 0.0 -0 .0 20677 77791 

ANNUALI I :.. r I
 
TOTALS 2369.3 40278 101879 I 12724.0 356272 14259791 19474975 
 0 0 0.0 0 0 396550 1527858 

MONTHLYJ I I - I . I 
AVERAGEI 197.4 3356 8490 1060.3 29689 118832 1622915 0 0 00. 0 01 33046 127l31 

NOTES 17.0 L.E./MW 28.0 L.E./TO j 0.0O0 L.E.o/CU. . 1d' 0.0 L.E./TO . I
 
6
I 43.o US S/WH I 112.o7 USSOs I 6.0.o6 us$/Cu . 00 s _$/Tom 



TABLE 2C - MONTHLY ENERGY COSTS
 

CLIENT: U.S. AIDICEP 
 COMPANY: EL NASR FOR COKE AND CHEMICALS
 
DATA: JAN-DEC 1987 
 UNIT : CALCIUM A94ONILIM NITRATE 

ELECTRICITY 34 KG/042 STEAM 16 KG/C02 STEAM BLAST FURNACE GAS TOTAL ENERGY COST-

IPURCHASED COST COST PURCHASED COST COST ]PURCHASED COST COST 1PURCHASED COST COST TOTAL TOTAL 
ENERGY I ENERGY I ENERGY I ENERGY COSTI I I COSTI I 

H LE US$ITONS LE US TONS LE US s Icu.N LE US S LE USS. ... ... ..... ..................................................................... 
 ........ o....--............-----I..
 
I JAN 1 298.8 5080 12849 1490.0 4857 17373 2153.0 
 6696 23877 93000.0 0 0 16633 54099
2 FEB I 284.7 4840 12242 1394.0 45"4 16254 2051.0 6379 22746 79000.0 0 0 15763 51242
 
3 MAR 295.4 5022 12703 1521.0 4958 17735 1561.0 
 4855 17311 90000.0 0 0 14835 47749
 
4 APR j 255.8 4349 11001 1248.0 4063 14552 1932.0 
 6009 21426 54000.0 0 0 14426 6979
 
5 MAY 251.8 4281 10828 1260.0 4108 14692 1677.0 5215 18598 31000.0 0 0 13604 4117
 
6 JUN 268.0 4556 11524 1474.0 4805 17187 2408.0 7489 26705 J45000.0 0 0 16850 55416
 
7 JUL 242.6 4124 10432 1332.0 4342 15531 1799.0 
 5595 19951 29500.0 0 0 14062 459148 AUG 271.5 4615 11673 1430.0 4662 16674 1981.0 6161 21969 31000.0 0 0 15438 50316
 
9 SEP 274.9 4674 11822 1402.0 4571 
 16347 2005.0 6236 22235 23500.0 0 0 Ism0 50405 
10 OCT 296.7 5044 12759 1433.0 4672 167091 204.0 6357 22668 15500.0 0 0 16073 52136 
11 NOV 360.4 6127 15498 1565.0 5102 18248 2058.0 6400 22823 20500.0 0 0 17629 56569 
12 DEC 272.8 4638 11731 1445.0 4711 16849 1614.0 5020 17899 13000.0 0 0 • 14368 46479 

....................... 
 ....................... 
 .................................................... 
 . ..... ....... ......-...... ...... .......------
ANNUAL I I I I ITOTALS 1 3373.5 57350 145062 I 16994.0 55400 198150 I 23283.0 " 72410 258208 1525000.0 0 0 1 185161 '601421 .................. ...... "....."........................... .................................................................
 " "l......... ""''"....
...

MONTHLY I I I i
 
,kVERAGEI 281.1 4779 12089 I 1416.2 4617 16513 1940.3 6034 21517 43750.0 0 0 I 15430 50118
 ............. 
.......................... .......................
: ....... . ......... ;.......... .... ..... _..... ..... :.............
I I I I : 
NOTES 1 17.0 L.E./MH I 3.26 LE / TON I 3.11 LE / TON I 0.0 L.E./CU.N
 

I 43.0 US SflW I 11.66 US S / TOM I 11.091 US s / TON I 0.00 US S/CU.
 



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

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

TABLE 20 - MNTHLY ENERGY COSTS 

CLIENT: U.S. AID/OEP CD4PAMY: EL NASR FOR COKE AND CHEMICALS
 
DATA: JAN-DEC 1987 UNIT PURE AMMONIUIMNITRATE
 

ELECTRICITY 34 KG/CM2 STEAM 
 16 KG/CM2 STEAM BLAST FUIWACE GAS TOTAL EERGY COST 

IPURCASED COST COST IPURCHASED COST COST IPURCHASED COST COST IPRCHASE COST COST TOTAL TOTAL
I ENERGY I ENERGY I ENERGY IENERGY I COST COST
I I I I I 
I NUH LE US S I TNS LE US S I TOiS LE US S I a). I LE US S LE US s 

1 JAN 13.4 227 574 0.0 0 O, 236.0 734 2617 0.0 0 0 961 3192
2 FEB 43.3 736 1861 0.0 0 0 822.0 2556 
 9116 0.0 0 0 3292 10977
 
3 MAR 38.9 661 1671 0.0 0 0 878.0 2731 9737 0.0 
 0 0 3391 11M8
 
4 APit 45.. ,'." 17GI3 0.0 0 0 838.0 2606 9293 
 0.0 0 0 3293 11031
 
S MAY 39.9 $78 1716 
 0.0 0 0 708.0 2202 7852 0.0 0 0 2880 9568 
6 JU 46.5 790 1998 0.0 0 0 800.0 2.88 8872 0.0 0 0 3278 108707 JUL 20.1 341, 862 0.0 0 0 300.0 933 3327 0.0 0 a 1274 4189
 
8 AUG 18.5 314 795 0.0 0 0 263.0 818 2917 0.0 0 01 1132 3712
 
9 SEP 26.7 454 1149 0.0 0 
 0 ;19.0 1303 4647 0.0 0 01 178 5796 
10 OT 60.7 1032 2610 0.0 0 0 696.0 2165 7719 0.0 0 0 3196 10329 
11 NOV 29.4 500 1264 0.0 0 0 514.0- 1599 5700 0.0 0 01 20 69" 
12 DEC 43.1 732 i851 0.0 0 0 586.0 1822 6499 0.0. 0 D0 1 2554 83501 

l -- ------ --- -- ---- - ----- -


ANNTJLI----- ............ I
................................ -. " '; .........................--.......----I" I. "- .: .......----- " "I---------------------
 -


MORTHLY1.I. 
AVERAEI 35.1 596 1507 0.0 

. 

0 01 588.3 1830 65251 0.0 0 0,j 2426 8031 
- --- - w---------------------------------------------------

NOTES I 17.0 L.E.NN - J 3.11, ,LE/ TOM '0.0 L.E./CU. M.I 



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

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

TABLE 2E - MONTHLY ENERGY COSTS
 

CLIENT: U.S. AID/OEP 
 COIANY: EL KASR FOR CE ANDCHEMICALS 
£LATA: JAW-DEC 1987 UNIT : DILUTE NITRIC ACID 

ELECTRICITY PRCOCED 34 KG/CM2 STEAM 
 16 KG/C2 STEAM BLAST FURNACEGAS TOTAL ENERAY COST 

IPURCHASED 

I ENERGYI 
COST COST ENERGY 

IPROXDUCED 

COST 

(credit)I 
COST IPURCHASED 
(credit)] ENERGY 

COST 

I 
COST IPUCHASED 

I ENERGY 
COST 

I 
COST TOTAL 

COST 
TOTAL 
COST- I 

14WH LE US S TONS LE US S TONS LE US ICU. IE US $ LE US s 
.............. .............................................. .... .......................... .............. ------------ ........... IF 

1 
2 
3 

JAN 
FEB 

MR 

1503.2 
1522.3 

1518.7 

25555 
25879 

25818 

64639 
65458 

65303 

6052.0 
6104.0 

5927.0 

-19730 
-19899 

-19322 

-70566 
-71173 

-69109 

0.0 
0.0 

0.0 

0 
0 
0 

0 
0 
0 

0.0 
0.0 
0.0 

0 
0 
0 

a 
0 

0 

5826 
5980 
6496 

-5927j. 
-5715 
-3806 

4 
5 

APR 

KAY 

1232.9 

1270.0 

20M59 
21590 

53015 

54611 

4898.0 

I4025.0 
-15967 

-13122 

-57111 

-46932 

0.0 

0.0 
0 
0 

0 

0 
0.0 

0.0 

0 
0 

0 

0 
4992 

8469 
4,096 
7679 

6 
7 

8 

JUN 
JUL 

AUG 

1363.6 
1318.4 

1470.2 

23182 
22413 

24993 

58636 
56691 

63217 j 

5412.0 
4491.0 

4984.0 

-17643 
-14641 

-16248 

-631014 
-52365 

-58113 

0.0 
0.0 

0.0 

0 
0 
0 

0 
0 
0 

0.0 
0.0 
0.0 

0 
0 
0 

0 
0 

0 

5539 
7772 
8745 

-68 
4326 
5104 

9 
10 

SEP 

OCT 

1473.2 

1326.9 

25044 

22557 

63347 

57057 I 
5567.0 

5660.0 

-18148 

-18452 

-64911 

-65996 

0.0 
0.0 

0 
0 

0 
0 

0.0 
0.0 

0 
0 

01 
0 

6896 
44106 

-1564 

-a939 
11 NOV 1326.9 22557 57057 7001.0 -22823 -81632 0.0 .0 0 0.0 0 0a -266 -24575 
12 DEC 1166.8 19835 50171 I 4742.0 -15459 -55292 0.0 0- 0 0.0 0 O l 4376 -5121 

- ---------------------------- ......... .. ------------------ - ---------- -I--- -------------
ANNUALI 
TOTAL5 116493.1 2803a2 7092 

I 
164863.0 -211453 

I 
-7563031 0.0 

-. 
.0.. 01 0.0 0. 01j 682 -47100 

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

AVERAGEj 1374.4 23365 59100 5405.3 -176-1 -630251 0.0 0 0 " 00 0 0 .5744 -3925 

I-------------------------------------------- ---------------
I • I " - Credit - I . 

VOTES 17.0 L.E./N, I 3.26 LE tO I I 0.0 L.E./CU.. " 
I 43.o uS SIWI I 11.66 USS/tM I I 0.o100LUSsID I - -NI 



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

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

TABLE 2F - NMTHLY ENERGY COSTS 

CLIENT: U.S. AID/OEP CMPANY: EL NASRFORCOKEANDCHE.ICALS 
DATA : JAN-DEC 1987 UNIT : AIR SEPARATION PLANT 

ELECTRICITY 1 6 FUEL OIL COKEOVENGAS TAR OIL TOTAL NEW COST 

IPURCHASED COST COST I PURCNASED COST COST IPURCHASED COST COST IPURCHASED COST COST I TOTAL TOTAL 
I ENERGY 
I 

i WH LE USS 

I ENERGY 
I 
I TONS LE US S 

I 

I 
I 

ENERGY 

Cu. H. LE US S 

I ENERGY 

I 
I TONS LE US S 

COST 

LE 

COST 

US S 
.......... -.- ...... .-..................................... ------ - -..... ... ....................... ....-.- ---- ------- ----- I 

I 
2 
3 

4 
5 

JAN 
FEB 
MAR 

APR 
MAY 

1 2142.4 
1742.0 
1483.2 

2283.4 
1891.2 

36421 
29613 
25214 

38817 
32151 

92124 
74904 
63776 
98185 
81322 

0.0 
0.0 
0.0 
0.0 
0.0 

0 
0 
0 
0 
0 

01 
0 
0 
0 
0j 

0 
0 
0 

.0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0.0 
0.0 
0.0 
0.0 
0.0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

36421 
29613 
25214 

38817 
32151 

92124 
74904 
63776 
96185 
81322 

6 
7 
8 
9 

10 
11 
12 

JUN 
JUL 
AUG, 

SEP 
OCT 
NOV 
DEC 

1853.3 
2036.6 
2073.5 

2019.6 

2153.0 
2439.0 
2518.8 

31506 
34623 
35250 
34334 
36602 
41463 
42820 

79690 
87575 
89162 
868"4 
92581 

104877 
108309 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0 
0 
0 
0 
0 

0 
0 . 

0 
.1 
0 I 

0 
0 

0 
': 

a 

0 
.0 

'0 

,..0 

0 

0 
0 

0 

0 
0 

0 
0 

0 
0 
0 
0 
a 

0 
01 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 > 
0.0 

0 
0 
0 
0 
0 
0 
0 

0 
01 
0 

0 
0 
0 
01 

31506 
323 
35250 
34334 
36602 
41463 
42820 

79690 
87575 
89162 

84 
92581 

104877 
108309 

ANNULTOTALS I 24636.0 418813 1059350 0.00o01 o . a...... .1<o.0 0 I01 418813 1059350 I 

I 
MONTHLY1 .............................. .................. ........-
I :..............
7 7---- -- --- -- --- --- --- -- -
AVERAEI2053.0 34901 882791 0.0 -- 0 0 0 0 0]1 0.0 0 01 34901 88279j 

~~~~~~-------------------------- ------ ------- ------------------- ---------------------..............
NOTES 17.0 L.E./,M I 28.O,.E./T w I O-OO E/ N0.0 .0 CL.E./TO

1 43.0 US S/M H I 112.07USST I o0.OO US S/cu. - I-000 USS$/Tom 



TABLE 3A - MONTHLY PRODUCTION, COSTANDENERGY PER UNIT 

CLIENT: U.S. AID\OEP COMPANY: EL NASR FORCOKEANDCHEMICALS 
DATA JAN-DEC 1987 UNIT : COKE PLANT BOILERS 1 THROUGH6 

I STEA I ENERGY COSTPER UNIT I ENERGY PER LMIT 
JPRODUCTSII II -

iI I
I 

TONS LE / TOM US S TOM JxIOE9,TO T.O.E.TO I 

JAN 50850.0 I 0.61 2.36 3.10 0.074 
2 FEB 48120.0 0.51 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 0.086 
5 MAY 52800.0 0.89 3.53 3.61 0.086 
6 JUN 51120.0 0.87 3.39 3.35 0.080 
7 JUL 52660.0 0.99 3.81 2.81 0.068 
8 AUG 48645.0 1.13 A.43 2.89 0.070 
9 SEP 49770.0 0.85 3.32 3.08 0.074 

10 OCT 50455.0 0.63 2.41 2.55 0.062 
11 NOV 49840.0 0.43 ZI.63 2.92 0.070 
12 DEC 48400.0 0.26 0.96 2.39 0.058 

ANNUALI I s I 
TOTALS 1 605812.0 I -. I I 

MONTHLY I I II 
AVERAGE 1 50484.3 0.750 2.91 I 2.92 0.070 

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



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

PROOUCTION,TABLE 38 - MONTHLY COSTAD ENERGYPERUNIT 

CLIENT: U.S. AID\OEP CCMPANY: EL NASRFORCOKEAND CHEMICALS 
DATA : JAN-DEC 1987 UNIT FERTILIZER COMPLEX - BOILERS 1 THROUGH 4 

STEAM I ENERGY COST PER UNIT I ENERGY PER UNIT 

IPRWOUCTION I II I I 
TONS LE / TON US S /.TON J X lOE9/TO T.O.E.ITON 

----------------------------------- ------------------------- ------------- I 

S.' 

1 JAN 22350.0 0.64 2.34 2.88 0.070 
2 FEB 22611.0 2.02 7.86 2.90 0.070 
3 MAR 20645.0 2.03 -7.90 3.69 0.089 
4 APR 20285.0 1.22 4.63 3.40 0.083 
5 MAY 20823.0 0.62 2.25 3.49 0.085 
6 JUN 22910.0 0.55 2.00 2.52 0.062 
7 
8 

JUL 
AUG 

22898.0 
20908.0 

2.09 
1.92 

8.15 
7." 

3.28 
3.47 

0.080 
0.084 

9 SEP 23370.0 2.26 8.82 3.11 0.075 
10 OCT 24985.0 2.19 8.55 3.01 0.073 
11 NOV 22301.0 1.27 4.86 3.22 0.078 
12 DEC 21154.0 0.98 -3.68 3.45 0.084 

................................................... .....ANNUAL i ............. .... 

TOTALS 265240.0 I X I 
.. . . .I.. . . .. . . . .. °
 

MONTHLYI I . I 
AVERAGE 22103.3 1.48 >5.71 j 3.20 0.078 



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

CLIENT: 
 U.S. AID/CEP COMPANY: EL NASR FOR COKEAND CHEMICALS 
DATA JAN-DEC 1987 UNIT CALCIUM AIONIUM NITRATE 

I I - I I 
I PROIJCTION ENERGY COSTPERUNIT ENERGY PER UNITI I I I 
I TONS LE / TOM US / TON JxlOE9/TON T.O.E./TONJ 

............ ........................ 
 ......................................
 
1 JAN 6186.0 2.69 8.75 1.326 0.040 
2 FEB 4766.0 3.31 10.75 1.623 0.049 
3 MAR 4349.0 3.41 06.98 1.631 0.050 
4 APR 3124.0 4.62 15.04 2.255 0.067 
5 MAY 2524.0 5.39 17.48 2.564 0.078 
6 JUN 4033.0 4.18 13.74 2.075 0.060 
7 JUL 4217.0 3.33 10.89 1.611 0.048 
8 AUG 4803.0 3.21 10.48 1.546 0.046 

9 SEP 4963.0 3.12 10.16 1.492 0.045 
10 OCT 4220.0 3.81 12.35 1.797 0.054 
11 NOV 6057.0 2.91 9.34, 1.336 0.042 
12 DEC 3281.0 4.38 14.17 2.036 0.062 

................ ................................ 
ANNUAL II. 

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

TOTALS I 52523.0 I II 
.......................................MONTHLY iI ... ..... ......................... .I. 

AVERAGE I 4376.9 I 3.697 1.'OlO 1.774 , ,'0.053 
..................................................................
- -- "-I
 

1.26Z OF THE PROUCTION TOTALS FORJULY THROUGH DECEMBER 

UAS PURE AMONIUM NITRATE. 



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

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

TASLE 3 D -ONTHLY PRODUCTION. COSTAWDENERGY PER W.IT 

CLIENT: U.S. AID/OEP CPANY: EL WASR FOR C AND CHEMICALS 
DATA JAN-DEC 1987 UNIT PURE AMlOWIUN NITRATE 

I I I I 
I PRUCTION ENERGY COST PER UNIT ENERGY PER UNITI I ! I 
I TONS LE I TON US S/ TONI JxiOE/TON T.O.E./TON 

-----------
1 JAN 452.0 2.13 7.06 1.112 0.0314 
2 FEB 1568.0 2.10 7.00 1.109 0.0310 
3 MAR 1878.0 1.81 6.07 0.975 0.0267 
4 APR 1808.0 1.82 6.10 0.973 0.0269 
5 KAY 1476.0 1.95 6.48 1.021 0.0288 
6 JUN 1547.0 2.12 7.03 1.104 0.0313 
7 JUL 549.3 2.32 7.63 1.183 0.0342 
8 AUG 568.0 1.99 6.53 1.009 0.0294 
9 SEP 809.0 2.17 7.16 1.116 0.0321 
10 
11 

OCT 
NOV 

1743.0 
1271.0 

1.83 
1.65 

5.93 
5.48 

0.894 
0.862 

0.0271 
0.0244 

12 DEC 1650.0 1.55 5.06 0.778 0.C229 

........................
................. . .......................... .......
 
ANNUAL I . I 
TOTALS I 15319.3 I 

-------------------------------------------- I---------------------------
MONTHLY I I I 
AVERAGE 1276.6 I 1.95 6.46 1.011 0.029 

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

I 



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

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

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

TABLE 3 E - MONTHLY PRODUC'TION, COST AM ENERGY PER UNIT 

CLIENT: U.S. AID/€EP COMPANY: EL NASR FOR COKE AND CHEMICALS
 
DATA JAN-DEC 1987 UNIT DILUTE NITRIC ACID
 

I 34 KG/CxZI 
ACID STEAM I NET ENERGY COST PER UNIT NET ENERGY PER UNIT 

I PRODUCTION PROUCTIONI III I 

I TONS TONS I LE / TON US S / TON JxlOE9/TO T.O.E./TON 
o----------------- ------------------------------------------------------

JAN 5263.0 6052.0 
 1.11 -1.13 -0.991 0.0239
 
2 FEB 5368.0 6104.0 -1.06
1.11 -0.976 0.0239
 
3 MAR 5388.0 5927.3 1.21 --0.71 -0.917 0.0251
4 APR 4259.0 4898.0 
 1.17 -0.96 -0.977 0.0249
 
5 KAY 3473.0 4025.0 2.44 2.21 -0.719 0.0437
 
6 JUN 
 4706.0 5412.0 1.18 -0.95 -0.976 0.0250
 
7 JUL 3905.0 4491.0 1.99 1.11 -0.804 0.0370
 
8 AUG 4334.0 4984.0 2.02 1.18 -0.798 0.0374
 
9 SEP 4841.0 5567.0 1.42 -0.32 -0.924 0.0286
 

10 OCT 4922.0 5660.0 
 0.83 -1.82 -1.049 0.0199 
11 NOV 6088.0 7001.0 -0.04 -1.235-4.04 0.0069
 
12 DEC 4123.0 
 4742.0 1.06 - -1.24 -1.001 0.0233
 

I 
TOTALS 56670.0 64W6.o I 
 II 
-- . . . .. 
 ..---------------------------------------------------

MONTHLY I I 
AVERAGE I T4722.5 5405.3 I 1.29 -0.4 

I 
-0.947 0.027 

I 



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

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

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

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

CLIENT: U.S. AID\OEP COMPANY: EL KASR FOR COKE AND CHEmICALS
 
DATA : JAN-DEC 1987 
 UNIT : AIR SEPARATION PLANT
 

[PROOUCTION I ENERGY COST PER UNIT I ENERGY PER UNIT 
I (Oxygen) I (OXYGEN) I (OXYGEN)I I II 
I kM3 I LE / kK3 US S / k),3 JxlOE9/N3 T.O.E./kW3 

-------------I 
1 JAN 1328.7 
 27.41 69.33 5.80 0.',06 
2 FES 1177.9 25.14 63.59 5.32 0.373 
3 MAR 1225.7 20.57 52.03 4.36 0.30,
4 APR 1231.4 31.52 79.73 6.68 0.67 
5 MAY 1181.6 27.21 68.83 5.76 0.404 
6 P.UN 1223.7 25.75 E5.12 5.45 0.382
 
7 JUL 1253.0 27.63 69.89 5.85 0.410
 
8 AUG 1274.6 27.66 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 0.414
 
11 NOV 1679.3 24.69 .62.45 5.23 
 0.366
 
12 DEC 1869.1 22.91 57.95 4.85 0.340
 

ANNUALI 
TOTALS I 15983.4 I I I 

MONTLY I I I I 
AVERAGE 1332.0 I 26.36 66.69 I 5.58 0.391 

............................. --------.
. . "7 ;7J...................... - w ----
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CRAPH - 2D (UTS .$ /TOAN) 
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El-Nasr Company for Coke and Chemicals 

2.4.1 Discussion of Tables
 

Tables IA. 2A. 3A - Coke Plant Boilers
 

The monthly energy consumption varied from a high

of 190,652 x 109 joules in May to a low of 114,204
 
x 109 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
 
oil 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 2.92 x 109 joules was needed to make
 
one ton of steam. This figure 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.
 

Tables IB 213, 3B - Fertilizer Plant Boilers
 

The monthly energy consumption varied from a high

of 76,176 x 109 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. 6 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 local and worldwide utility costs,
 
respectively.
 

TaPles IC. 2C. 3C - Calcium Ammonium Nitrate
 

The monthly energy consumption was relatively flat
 
for the year 1987, varying from a high of 8204.8 x
 
109 joules in January to a low of 6471 x 109
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El-Nasr Company for Coke and Chemicals - Energy Audit 

joules in May. On average, energy derived from
 
steam accounted for 84% of the total energy

consumption, while electricity accounted for 14%
 
and blast furnace gas added 2%.
 
An average of 1.77 x 109 joules was needed to
 
produce one ton of calcium ammonium nitrate.
 

Tables iD. 2D. 3D - Pure Ammonium Nitrate
 

The monthly energy consumption was sporadic in
 
1987 and was directly related to production

figures. As a result, energy consumption varied
 
from a high of 1830.9 x 109 joules in March to a
 
low of 502.6 x 109 joules in January. On average,
 
energy derived from steam accounted for 90% of the
 
total energy consumption, and electricity made up

the remaining 10%.
 

An average of 1.01 x 109 joules was needed to
 
produce one ton of pure ammonium nitrate.
 

Tables I.-2E. 3E - Dilute Nitric Acid
 

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 109 joules in May to
 
a high of -7517 x 109 joules in November.
 

An average of -0.947 x 109 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 local and worldwide utility costs,
respectively, and including a cost credit for the
 
production of steam.
 

Tables IF. 2F. 3F - Air Separation Plant
 

Electricity accounted for all of the energy

consumed in the Air Separation Plant. Aftor
 
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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cost of LE 26.36 or $66.69 using local and
 
worldwide utility costs, respectively.
 

2.4.2 Discussion of Graphs
 

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, Calcium 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 -or -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 is 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.
 

Graphs 1A. 2A. 3A - Coke Plant Boilers
 

These graphs show the contribution 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
 
oil consumption was minimized during the latter
 
part nf the year, because coke oven gas

consumption was maximized.
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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 interesting to note that the s'ape 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 lB. 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 nonths, 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 is a byproduct of the Coke Plant;
 
therefore, its use should be maximized to
 
minimize purchased energy.
 

Graphs IC, 2C, 3C - Calcium Ammonium 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/cm2 steam in the plant during

these months. Steam use should be carefully
 
controlled to keep the energy costs low. Low
 
production rates should coincide with low utility
 
consumption rates.
 

Graph ID. 2D. 3D - Pure Ammonium 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
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unit of pure ammonium nitrate. The monthly
 
energy consumption during July, August and
 
September was exceptionally low due to
 
significantly reduced production rates. Figures
 
of energy consumption per ton remained relatively
 
constant, showing some improvement at the end of
 
the year.
 

Graph IE. 2E. 3E - Dilute Nitric Acid Plant
 

These graphs show the contribution of energy, both
 
produced and consumed, total net energy costs in
 
U.S. dollars 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 likely due to low production rates while
 
using the same constant quantity of electricity.
 
Low production rates should coincide with low
 
utility consumption rates.
 

Graphs lF. 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
 
.unit 	for the Air. Separation Plant. The .lowest c 
monthly consumption of energy is during February 
and March. The amount of energy per ton was 
relatively constant from May through December. 
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2.5 Economic Evaluation
 

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

o Establish utility costs/economic criteria
 
o Develop energy savings
 
o Estimate investment cost
 
o Decide if project is attractive
 

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

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

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

-criteria are simple to use and very effactivein.
 
establishing a priority listing for a group of
 
potential projects.
 

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

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

2.5.1 Value of Energy Saved
 

The first step in predicting the value of the 
energy r .red for any ECO is to establish the 
energy consumption of the current operation or the 
so called "base case". Once the base case is 
established, the ECO must be compared to it to 
determine exactly what 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 11".
 

2.5.2 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. In those cases in which the
 
process equipment represents the large majority of
 
the .cost,- and the. bulk materials cannot be
 
accurately defined, the estimate was done using a
 
factored technique for bulk materials and labor.
 

Engineering data and technical information used in
 
preparation of each estimate is baied 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
 

64
 



El-Nasr Company for Coke and Chemicals - Energ Audit
 

Wheeler projects carried out in Egypt. Once
 
again, worldwide experience was used as the
 
primary determinant on productivity adjustment.

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

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

Each estimate includes:
 

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

facilities, subcontractor's requirements.
 

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

_A.J1 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 p:oceed
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 not available until the project (or

ECO) execution plan is developed.
 

All estimates for engineering assume execution by

local Egyptian engineering contractors, with 
engineering supervision and/or assistance from an
 
international contractor's staff. This assistance
 
will involve local supervision on all project, and
 
a "front end" engineering package as a technical
 
basis, on major projects.
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3.0 ENERGY CONSERVATION OPPORTUNITIES (ECO'sL
 

3.1 Summary List
 

Fertilizer Plant Steam Syste
 

ECO-01. 


ECO-02. 


ECO-03. 


ECO-04. 


ECO-05. 


ECO-06. 


-ECO-07. 


ECO-08. 


ECO-09. 


ECO-10. 


Produce steam from continuous boiler blowdown
 
in Dilute Nitric Acid plant.
 

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

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

Check combustion efficiency of steam boilers.
 

Repair turbogenerator and generate
 
electricity when letting down steam pressure.
 

Test, repair, replace steam traps.
 

Add new or repair existing ins~lation on
 
steam and condensate lines.
 

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

Combustion air preheat through stack gas heat
 
recovery.
 

(Number not used)
 

Coke Plant Stem System :
 

ECO-ll. 


ECO-12. 


ECO-13. 


ECO-14. 


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

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

Operate the turbogenerator at design capacity

and recover energy that is otherwise wasted
 
across the letdown station.
 

Check combustion efficiency of steam boilers.
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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. 


ECO-27. 


ECO-28. 


ECO-29. 


ECO-30. 


Installation of a condensate recovery sy3tem
 
for the Coke Plant.
 

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

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

Test, repair, 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 le~kW '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 to
 
improve power factor in the Fertilizer Plant.
 

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

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

ECO-32. 	 Improve, add, or fix instrumentation to be
 
able to properly monitor and control energy
 
consumption.
 

ECO-33. Develop and 
 implement a formal 
 equipment
 
maintenance program.
 

ZCO-34. 	 Form a committee to plan and implement an.
 
energy conservation program in the plant.
 

ECO-35. 	 Use of publicity, memos, newsletters, etc.,.
 
to implement an energy program and make
 
personnel aware of energy conservation.
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3.2 Detailed 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 ECO-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 full text which defines that
 
ECO, including its technical description,

investment cost, savings, and payback can be
 
removed for easy use elsewhere in project
 
definition documents, financing discussions, and
 
the like.
 



FERTILIZER PLANT Annual Savings, TOE : 216
 
STEAM SYSTEM Annual Savings, $ : 24,935
 

Investment Cost, $ : 28,240

PRODUCE STEAM FROM Payout: Simple, Yrs : 1.13
 
CONTINUOUS BOILER DCF , % : --

BLOWDOWN IN DILUTE NITRIC
 
ACID PLANT
 

ECO-01 

1.0 PURPOSE
 

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

2.0 PROCESS DESCRIPTION
 

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 that
 
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 blowd-wn.
 

3.0 EOUIPMENT LIST/SIZE
 

The following equipment is necessary to implement this ECO:
 

Drum:
 
16" OD pi e x 1100 mm T/T
 

5.5 Kg/cm3 (540 kPa), 1750 C. design
 

Instrumentation:
 

As shown on sketch, plus 1 - 1 X11/2" PSV. 

Piping:
 

2": 25 M
 

4.0 PREDICTED ENERGY SAVINGS
 

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

Annual Energy Savings
 
T.O.E. Tons Mazout 
216 222.5
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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 local equipment and
 
utility costs.
 

Investment Cost Annual Enerav Cost Savings
 
$ LE _ _ _L


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.
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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: Simple, 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 PROCESS DESCRIPTION
 

Steam required in the 1st Stage Evaporator requires 4.3
 
tons/hr of 7 Kg/cm2 (687 kPa) steam. This steam is produced

by letting down and desuperheating 16 Kg/cm2 (1570 kPa)

steam. 
 Steam required in the 2nd Stage Evaporator requires

2.3 tons/hr of 14 Kg/cm2 (1373 kPa) saturated steam. This
 
steam is produced by letting down and desuperheatlng 34
 
Kg/cm2 (3446 kPa) steam.
 

Both evaporators require steam levels lower than -16.Kg/cm.,,,
 
'
This steam level should be used to satisfy the neds 6f'both
 

evaporators.
 

At present there would appear to be no savings in using only

16 Kg/cm2 steam since this steam would be created through

the letdown of 34 Kg/cm 2 steam. However, once the Spanish

Concentrated Nitric Acid plant is commissioned, there will
 
be a waste heat boiler poducing 16 Kg/cm2 steam, and at
 
that time there can be a savings of fuel necessary to
 
produce 34 Kg/cm2 steam.
 

3.0 EQUIPMENT LIST/SIZE
 

Refer to attached sketch.
 

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

4.0 PREDICTED ENERGY SAVINGS
 

The energy savings is derived from the energy required to
 
make 34 Kg/cm 2 steam in a fired boiler versus the energy

required to make 16 kg/cm 2 steam in a waste heat boiler.
 

Annual Energv SavinQ
 
T.O.E. 	 Tons Mazout 
556 573 
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5.0 INVESTMENT AND ASSOCIATED 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 Annual EnerQv Cost Saving
$% _LE_ __ LE 
1:,952 31,253 64,216 16,044
 

6.0 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.
 

7.0 RECOMMENDATIONS
 

This ECO should be implemented after the Spanish
 
Concentrated Nitric Acid plant comes onstream..,,,
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FERTILIZER PLANT 
 Annual Savings, TOE : 2,644.

EEMYSTEM 
 Annual Savings, $ : 305,166.
 

Investment Cost, $ : 233,480.
INSTALLATION OF A 
 Payout: Simple, Yrs : 
 0.77

CONDENSATE RECOVERY 
 DCF % : --
SYSTEM
 

1.0 PUROE
 

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 temperature.
 

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 EQUIPMENT LIST/SIZE
 

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

Item No: 
 D-1

Service: 
 Condensate Collection Drum

Size : 
 1.85 H Dia. x 3.4 M long.''

Design Pressure: 3.5 Bar (345 kPa)

Design Temperature: 160 °C.
 
Material ? 
 C.S
 
Insulation : None
 

2. -Rumps 

Item No : P-I 
A/B

Service : Condensate Pump &7Spare

Capacity: 51 M3/hr.

Head : 46 M
 
Motor H.P.: 15
 
Type : Centrifugal

Material: 
 C.S
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3. 	 Vent Condenser
 

Type 	: Shell & Tube
 
Area 	: 153 M2
 
Design: 
 5.0 Kg/cm2 (490 kPa) 125.OC shell &
 

tube

4. 	Ping
 

A. Condensate Piping from Various Units:
 

Line Size 	 Estimated Length

Inch 	 Metrs 
1 1/2" 	 40
 
2 
 45
 
3 
 90
 
4 
 50
 
6 
 45
 

B. Condensate Header on the Main Pipe Rack:
 

Line Size Estimated Length
 
InchesMters
 
6" 
 100
 
8 
 100
 
10 
 200
 

4.0 	 PREDICTED ENERGY SAVINGS
 

The anticipated annual energy savings Ste 
°'thii'Sbtem-i
 
installed is below:
 

Annual Energy Savings
 
T.PLF Tons Mazout
 
2,644 	 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 Annual Energy Cost Saving
$% LE __ _ LE 
233,480 523,000 305,166 76,244
 

6.0 	 CONCLUSIONS
 

Installation of a condensate recovery system has rapid
a 

payout and is therefore a very attractive ECO.
 

7.0 	RECOMMENDATIONS
 
This ECO should be implemented immediately.
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FERTILIZER PLANT 
 Annual Savings, TOE : 759
 
STEAM SYAnnual Savings, $ 
 87,648


Investment Cost, $ : 27,.000
CHECK COMBUSTION Payout: 
 Simple, Yrs 0.31

EFFICIENCY OF STEAM 
 DCF, % : --
BOILERS
 

ECO-04
 

1.0 PURPOSE
 

The purpose of this ECO is improve overall
to the
Efficiency of the fertilizer plant utility boilers.
Combustion efficiency of the fertilizer utility boilers is
highly effected by the oxygen content 
 of the flue gas.
Additionally, combustion efficiency is affected by the.:
degree to which combustion is completed.
 

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 adiusted
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 eleasi,,j only a snall 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 combustire reaction to completion, but also acts 
to
aid in the fto'-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 liberate neat. The net 
result is an effective

reduction in the heating value of the fuel oil that is
 
supplied.
 

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
 

I 



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 ard 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
 
combustible analyzers. Design improvements in burners
 
have made it possible to provide excellent combustion
 
efficiency at very low 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.
 

3.0 EQUIPMENT LIST/SIZE
 

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

4.0 PREDICTED ENERGY SAVINGS
 

Provided that the flue 'gas oxy:,3n levdl-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 cxygen is 0.6 percent

representing 88.4 percent efficiency. The following

shows the total cumulative savings:
 

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

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

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

INVESTMENT COST ANNUAL ENERGY COST SVINGS
 
$ __ 	 -_S U 

27,000 60,480 87,648 21,896
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6.0 C NUIONS
 

This ECO will provide a rapid and considerable payout.
 

7.0 RECOMMENDATIONS
 

This ECO should be implemented at the earliest

opportunity. It will be absolutely necessary to instruct
 
the operators of the boilers in the proper operation of

the above improvements, including equipment maintenance
 
and instrument calibration.
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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 , % : --
LETTING DOWN STEAM PRESSURE 

ECO-05 

1.0 PURPOSE 

The purpose of this ECO 	is to repair the existing

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

3.0 ECUTPMENT IIST/SIZE 

- Lube Oil '?ump And Spare
 
10.2 M3/!1r

4 Kg/cm2 (392 kPa) differential. 

4.0 PREDTCTED ENERGy SAVINGS
 

By allowing approximately 17 tons per hour of 34 Kg/cm2 

steam into the turboexpander/generator and letting it down 
to 4 Kg/cm2 , 1.5 MW of nower can be generated. This power
would otherwise be ourch.'Ased from the electric company. 

Additional Annual Energy
 
Electricity Ggnerated SaVingS
MW KWH!Year T.O.E.- W
 
1.5 	 11,880 2,995 11,880
 

(7920 Hr/Yr)
 

1 Electrical T.O.E. values include a'typical.34% efficiency 
factor and correspond to generating electricity using a 
condensing steam turbine system. 

ECO-05 	 page 1
 

http:a'typical.34


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
 
Inystmnt Savings per-M Saving


S 

16,780 43.0 17.0 510,840 201,960
 

L LELL 

6.0 CONLUSIONS
 

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 RECOMMENDATIONS
 

This ECO should be implemented immediately.
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FERTILIZER PLANT Annual Savings, TOE : 1,562

STEAM SYSTEM Annual Savings, $ : 180,321
 

Investment Cost, $ : 22,500
TEST, REPAIR, REPLACE Payout: Simple, Yrs : 0.12

STEAM TRAPS DCF , :% -

1 .0 PURPOSE 

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

defective steam traps.
 

2.0 PROCESS DESCRIPTION
 

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

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

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

- The second method of- testing used was an-ultaabntc 
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 thrcugh its orifice.
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A definite cycle rate can be heard when a thermodynamic disc
 
(TD) trap is operating normally as the disc is lifted off
 
the inlet orifice allowing condensate to flow through the
 
outlet passage, 3nd 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 c]osinq the trap
according to a set temperature differential i:*-. .-.. -_ - ,-r 

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

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

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 TraR TYpe Number Failed Satisfactory
 

Steam Main T.D. 16 14 2
 
Drip Legs
 

Boiler House T.D. 9 8 1
 
Drains
 

Fuel Oil Bimetallic' 5 5 0
 
Tanks/Heaters
 

Calcium Ammon. Float &T.S. 4 3 1
 
Nitrate
 

Pure Ammon. Bimetallic 6 2 4
 
Nitrate
 

TOTAL . 40 32. 8 

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 oE the trap survey 32 out of 40 traps
 
required replacement.
 

4.0 PREDICTED ENERGY SAVINGS
 

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

Annual Ener v Savings
 
X.O.E. Tons pt mazou
 
1562 1609
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EYALUAT
 

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

Investment Cost 
$ LE 

22,500 50,400 

Annual Cost Savings 
$ L.E. 

180,321 45,052 
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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.
 

ECO-06 page 4
 



FERTILIZER PLANT 
 Annual Savings, TOE : 1,494.

STEAM SYSTEM Annual Savings, $ : 172,475.
 

Investment Ctst, $ 42,341.
ADD NEW OR REPAIR EXISTING Payout: Simple, Yrs : 0.25 
INSULATION ON STEAM AND , % --DCF : 

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 that
vessels 

required new insulation to be installed. 
 It was determined
 
at that time that new insulation was required.
 

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

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

The pipe sizes and lengths to be insulated were -easured.
 
The lengths include flanges and valves that 
were not

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

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

3.0 EQUIPMENT LIST/SIZE
 

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

Line Insulation Annual Energy
 

Sizeq Thickness (mm) _t Savincs, KJ
 

1/2" 25 
 1 4,345,280
 

J" 25 
 53 373,350,730
 
75 28 
 1,521,219,510
 

2" 25 
 62 531,340,240
 
37.5 61 
 97,575,370
 
50 56 
 1,125,955,980
 
75 42 4,020,293,415
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Line Insulation 	 Annual Energy

Sjz Thickness (mm) Meters Savings. KJ
 

3" 	 37.5 104 1,590,324,800
 
75 	 .22 12,282,662,800
 
87.5 	 26 3,383,670,810
 

4" 37.5 29 692,408,560
 
100 74 11,213,566,600
 

611 	 25 9 224,506,220 
Sri .27 5,615,673,000 

8" 100 
 7 2,100,513,970
 

12" 	 67.5 9 590,234,090
 
75 5 499,707,390
 

14" 	 37.5 7 171,542,00
 

16" 	 67.5 5 448,288,220
 

Bare surface 	(vessels)
 
50 	 35 M2 562,520,850
 

Total Energy 	Savings 47.05 x i09 kJ/year
 

Insulation to 	be mineral Wool.'- Jackettig -to!be givAniZed
 

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
 
cos'Cs:
 

Annal Energy 	Savings
T.O.E. Ton mazot
 
1494 1539
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The estimated total invc:stment 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 Savinas
 
$ E 	 $ LE
 

42,341 61,395 172,475 43,092
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6.0 	 C
 

Insulation should be applied to bare lines' in 
plants

including those where insulation is in poor condition.
 

7.0 	RECQMMENDATINQ
 

This ECO should be initiated immediately.
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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, % : --
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 PROCESS DESCRIPTION
 

A detailed survey was mada of the steam, air, boiler 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 quantitatively

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
 
incll'ded here as they are covered separately under ECO-06.
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The leaks are further categorized by size as follows:
 

Est. Leakage Number of Leak Tags
 
per leak tag 34 Kg/cm4 16 Kg/cm4 3 Kg/cm, Cond. &
TKg/hr Steam 
 Steam Steam B.F.W.
 

Small 
Medium 
Large 

8 
20 
35 

19 
14 
4 

9 
5 
3 

3 
2 
3 

2. 
3 
2 

Ex-large
TOTAL 

80-160 6
43 22 9 7 

TOTAL LEAKAGE 
Im RATE, Kci/hr 

Small 264
 
Medium 480
 
Large 420
 
Ex-large 1.600
 
TOTAL 2,764
 

Annual leakage based on 330 operating days, per year is
 

estimated to be 21,891 metric tons.
 

4.0 PREDICTED ENERGY SAVINGS
 

The .ant±!'dpated..energy savings.after,fixtng'All,-of-,the,- ea,-,. 
is below: 

ANNUAL ENERGY SAVINGS 

TL.Tons zo -Tit
 
1852 1908
 

5.0 INVESTMENT ANO ASSOCIATED ECONOMIC EVALUATION
 

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

INVESTMENT COST ANNUAL ENERGY COST SAVINGS
 

5,333 11,945 213,800 53,424
 

6.0 CONCLUSIONS
 

For very little investment this ECO is extremely attractive.
 

7.0 RECOMMENDATION
 

This ECO should be initiated immediately.
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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
 

ECO-09
 

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 combustion air and thus decreasing boiler fuel
 
firing.
 

2.0 PROCESS DESCRIPTION
 

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

...be-Iired.into the combustion chamber.
 

Combustion air can be preheated by exchanging heat with
 
hot flue gases that leave the stack of the boiler.
 
Frequently, a cold 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.
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3.0 	EOUIPMENT LIST/SIZE
 

Please note that the equipment listed is for only one air
 
preheat system 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
 
!
[ 2 (two) forced draft burners for boiler #4]


1 (one) cast iron recuperative air preheater
 

Air and flue gas duct work
 

,
Associated instrumentation and electricals
 

4.0 	PREDICTED ENERGY SAVINGS
 

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
 
°C 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
 
T..E. TONS MAZOUT
 
517 	 533
 

5.0 	INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

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

INVESTMENT COST ANNUAL ENERGY COST SAVINGS
 
$ LE 	 $ LE

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 RECOMMENDATIONS 

This evaluation finds that this ECO should not be 
implemented. 
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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, $ : 3,041,000

AND REPLACE WITH A SINGLE 	 Payout: Simple, Yrs : 6.47

HIGH EFFICIENCY 75 TON/HR 	 DCF , % : 6.5
 
PACKAGE BOILER 

1.0 PURPOSE
 

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

2.0 PROCESS DESCRIPTION
 

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 years old and keel 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. ... . ... .
4'............ -


In general, only two (and no than th.:e) of
more 	 these

boilers operate at any one time. Therefore, the new boiler
 
package should have a capacity of 75 tons/hour.
 

3.0 EOUIPMENT LIST/SIZE
 

One Package Boiler.
 
- 75 Ton/Hr Design 14Kg/cm2, 350 °C
 

This boiler should be able to fire # 6 fuel oil, tar oil,

coke oven gas, or blast furnace gas.
 

Boiler package to be energy efficient (91% or greater).
 

4.0 PREDICTED ENERGY SAVINGS
 

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:
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Annual Energv SavinQs
 
T.O.. Tons Mazout
 
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 Energv Cost Savings
 
$ LE


3,041,000 470,021 117,432
 

6.0 CONCLUSIONS
 

Substantial savings and process stability can be achieved by:

installing a modern, energy efficient boiler in place of
 
existing boilers #1, #2, #3 and #4.
 

7.0 RECOMMENDATIONS
 

This ECO should be investigated further. Consideration
 
should be given to the age and condition of the present

boilers, as well as-..the present, and.-futtraneeds .-for..E 
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
 

The purpose of this ECO is 	 to study the feasibility of
 
combustion air preheat for 	the #5 and #6 coke plant

boilers. Overall combustion efficiency can be improved on
 
many steam boilers by exchanging stack gas sensible heat
 
with the combustion air and thus decreasing boiler fuel
 
firing.
 

2.0 PROCESS DESCRIPTION
 

As fuel is fired into the combustion chamber of the boiler
 
a portion of the heat that is liberated will be absorbed
 
by the combustion air. The combustion air must be
 
brought up to the theoretical flame temperature before
 
combustion can occur. When combustion air is supplied

at higher temperatures, less heat must be supplied or
 
used to heat up the combustion air. The result is that
 
less fuel need be fired into the combustion chamber.
 

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

3.0 EQUIPMENT LIST/SIZE
 

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

No energy savings can be realized for #6 boiler. The
 
stack temperature is 170 OC 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 this 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.
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

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

6.0 CONCLUSIONS
 

This ECO cainot 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 17- °C. Acid dew point problems can occur at
 
temperatures lower than this range.
 

7.0 RECOMMENDATIONS
 

This - evaluation:.finds that..thi ECO rshould.;noto,be
implemented. - . 
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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 , % 19.5
 
RECOVER ENERGY THAT IS
 
OTHERWISE WASTED ACROSS A
 
LETDOWN STATION
 

ECO-13
 

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/cm 2
 .
 

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 2 steam drives. the turboexpander/
 
... 	 generator to generate 2.5 MW of power versus a design power 

output of 3.2 MW. The steam backpressureis-nor maintained'., 
at approximately 3.5Kg/cm 2. By operating the turboexpander 
at design throughput, more 	power can be generated. In
 
addition, increasing the steam backpressure to
 
approximately 5 Kg/cm2 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 2 steam into the low
 
pressure steam header.
 

It is estimated that about 20 to 30 tons per hour of 14
 
Kg/cm 2 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/cm2 steam will be available for ex ort to
 
the Fertilizer Plant after elimination of 14 Kg/cm steam
 
injection into the 5 Kg/cm2 steam header. If 5 Kg/cm 2 
steam
 
is then required in the Fertilizer Plant, then the letdown
 
station may need to be used.
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3.0 EOUIPMENT 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 remain
 
unchanged. However, an additional 0.7 MW of power will be
 
generated.
 

Additional 	 Annual Energy
Electricity Generated 	 Savings
 
ffWff MWH/Year T.O.E.1 MWH
 
0.7 	 5544 1398 5544
 

(7920 Hr/Yr)
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

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 additional 0O-7MW of 'power
 
are below.
 

Investment Savings per MWH Savings per Year
 --- $ LE S LE
 
717,183 43.0 17.0 238,392 94,248
 

6.0 CONCLUSIONS
 

The payout for this ECO is attractive. This ECO will
 
provide electrical power at no cost to the Coke Plant. This
 
ECO will also reduce wasted energy by eliminating 14 Kg/cm 2
 

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.
 

1 Electrical T.O.E. values include a typical 34% efficiency
 
factor and correspond to generating electricity using a
 
condensing steam turbine system.
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COKE PLANT STEAM SYSTEM 	 Annual Savings, TOE : 7881
 
Annual Savings, $ : 909,784
CHECK COMBUSTION EFFICIENCY 	 Investment Cost, $ : 54,000


OF STEAM BOILERS Payout: 	 Simple, Yrs : 22 days
 
DCF, % : -

1.0 PURPQSE
 

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 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 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 is 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

compl.ete 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. Vitnible 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 low levels of excess air. If the existing burners
 
cannot produce the desired oxygen levels in the flue gas,

while also providing complete combustion with well defined
 
flame patterns, burner replacement or repair may be
 
required.
 

Referring exclusively to coke plnnt boilers #1, #2, #3,

and #4 it is likely that the oxygen level 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 is not
 
possible to reduce the flue gas oxygen levels of these
 
boilers, replacement of the boilers may be necessary.
 

3.0 EOUIPMENT LIST/SIZE
 

6 (six) oxygen and combustibles analyzers (as supplied by

Thermox Corp. or Teledyne Analytical Instruments Corp.)
 

4.0 PREDICTED ENERGY SAVINGS
 

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 #I ,#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..E±. TONS MAZOUT

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
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realized in mazout cost.
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The estimated total investment and annual cost savings for
 
purchasing and installing the equipment listed above is

listed below for both worldwide and local equipment and
 
utility costs.
 

INVESTMENT COST 
 ANNUAL ENERGY COST SAVINGS
 

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 ECMENDAT1IONS~ 

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 in boiers, -t# 

#3, and #4 should be made first with portable oxygen

analyzers. Possibly, additional sealing of the boilers

casing can be done. If these 
attemptr are unsuccessful
 
than it may be necessary to replace the boilers with one
 
large boiler of modern design.
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COKE PLANT STEAM SYSTE' 	 Annual Savings, TOE : 3,122.
 
Annual Savings, $ : 360,417.


CONDENSATE COLLECTION Investment Cost, $ : 464,820.
SYSTEM Payout: Simple, Yrs : 1.29 

DCF , % : -

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 demineralize 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 DESCRIPTIO!
 

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 ne% 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.
 

3.0 EQUIPMENT LIST/SIZE
 

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

1. Drum
 

Item No: 	 D-1
 
Service: Condensate Collection Drum
 
Size : 1.85 M Dia. x 3.7 M long.

Design Pressure: 3.5 Bar (345 kPa)

Design Temperature: 1600 C.
 
Material : C.S
 
Insulation : None
 

2. £M.
 

Item No : P-1 A/B

Service : Condensate Pump & spare

Capacity: 55 M3/hr.

Head: 54 M
 
Motor H.P.: 20
 
Type : Centrifugal

Material: C.S
 

ECO-15 	 page 1
 



3. Vent Condenser
 

Type : Shell& Tube
 
Area : 126 M2
 
Design: 5 kg/cm 2 (490 kPa), .1250C shell &
 

tube
 

4. Pi~in 

A. Condensate Piping from Various Units:
 

Line Size Estiimated Length
Inches Meters
 
3 110
 
4 230
 
6 60
 

B. Condensate Header on the Main Pipe Rack:
 

Line Size Estimated Length
 
Inches__ Meters
 
4 50
 
6 80
 
8 400
 

10 500
 

4.0 PREDICTED ENERGY SAVINGS
 

The anticipated annual energy savings iftersthin-64tyste is'
 
installed is below:
 

Annual Energv Savin
 
TO. Tons Mazout
 
3,122 3,216
 

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 Annual Energy Cost Saving
 
$ __i - $ _L


464,820 1,041,200 360,417 90,048
 

6.0 CNLIONS
 

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.
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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 
 DCF , % : --

CONDENSATE LINES
 

1.0 PURPOSE 

The purpose of this ECO is to provide new insulation on

piping in order to conserve energy by minimizing heat
 
losses.
 

2.0 PROCESS DESCRIPTION
 

A detailed review was conducted during the preaudit phase

to determine locations of hot piping 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. --. . . - ... -J. 

The pipe sizes and lengths to be insulated were measured.
 
The lengths include flanges and valves that were not
 
presently insulated. The required insulation thicknesses
 
were then determined by use of the "Heatalyzer" Economic
 
Insulation Thickness 	 program. The
computer 	 "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 lists the insulation
 
requirement by pipe size, insulation thickness, length and
 
annual energy savings.
 

Line Insulation Annual Energy 
S17e Thickness (mm) -Meters Savings, J 
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 	 2 22,028,160 
62.5 	 13 396,724,214
 
75 3 167,534,750 
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Line Insulation Annual Energy

Liza Thickness (mm) Meters- Savings. KJ
 

2" 	 37.5 18 327,344,550

62.5 .01 3,677,737,750
 
75 30 2,073,785,660
 

3" 	 37.5 87 3,284,791,510
 
75 37 7,863,873,450
 

4" 	 37.5 43 3,530,155,080
75 
 28 1,805,609,364
 

100 18 2,244,820,780
 

6" 	 75 18 1,831,777,620

.00 19 3,338,129,850
 

8" 87.5 2 246,546,450
 

100 	 21 5,751,342,250
 

12" 	 100 9 3,161,554,500
 

14" 	 100. 8 2,868,187,640
 

Bare Surface 75 8.9 M2) 1,262,017,150
 
100 1.3 M 2 ) 403,819,420
 

Total.Energy Savngs. ... . 47.651tx .O1-kJ/year.:. 

Insulation to 	be mineral wool. Jacketting to be galvanized
 

steel.
 

4.0 PREDICTED ENERGY SAVINGS
 

The "Heatalyzer Economic Thickness" computer program

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

Annual Energy 	Savinqs

T.O.E. 	 Ton mazout
 
1513 1558
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

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

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

Investment Cost Annual Cost Savings
 

44,603 64,674 174,605 43,624
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6.0 CONCLUSIONS
 

Insulation should be applied to 'bare lines in plants

including those where insulation is in poor condition.
 

7.0 RECOMMENDATION
 

This ECO should be initiated immediately.,
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COKE PLANT STEAM SYSTEM 	 Annual Savings, TOE : 1,105
 
Annual Savings, $ : 127,536
 
Investment Cost, $ : 5,278


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

AND CONDENSATE LEAKS 	 DCF, % : --
FROM PIPING
 

E9C-1
 

1.0 PURPOSE
 

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

2.0 PROCESS DESCRIPTION
 

A detailed survey was made nf the steam, air, water 
ana
 
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 figures and experience for the
 
various hole sizes that were estimated. Air leaks were
 
noted but not quantitatively estimated, as the quantity of
 
each was small as compared to the steam and condensate
 
leaks.
 

3.0 NUMBER OF STEAM AND CONDENSATE LEAKS
 

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 glands 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.
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The 	leaks are further categorized by size as follows:
 

Est. Leakage NUMBER OF LEAK TAGS Total
 
per Leak Tag 14.5 Kg/cmz 4.5 Kg/cmz Leakage


MW_ Kq/hr Sta Steam CondI. Kg/hr
 

Small 8 1 6 3 80
 
Medium 20 13 19 5 740
 
Large 35 6 16 7 1015
 
Ex-large 80 R - _ 80
 
TOTAL 20 42 15 1915
 

Annual leakage based on 330 operating days, per year is
 
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.O.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. Figires,'are'asedn
worldwide and local equipment and utility costs.
 

INVESTMENT COST ANNUAL ENERGY COST SAVINGS
 

5,278 11,822 127,536 31,864
 

6.0 	 tCONCLUSIONS
 

For very little investment this ECO is extremely attractive.
 

7.0 	 RECOMMENDATION
 

This ECO should be initiated.immediately.
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COKE PLUAT 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 ,% : -

1.0 PURPOS
 

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

defective steam traps.
 

2.0 PROCESS DESCRIPTION
 

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

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

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

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

A normally operating inverted bucket trap can be heard as 
a
 
definite burst of sound when the bucket sinks and opens the
 
trap valve, thereby discharging condensate until entering

steam floats the bucket and closes the valve. In the
 
presence of extremely low loads the bucket can be heard as
 
a continuous clattering sound. This is sometimes referred
 
to as a "dribbling trap". This is still a normally

operating steam trap with little, if any, steam loss. This
 
could also be an indication of an oversized trap, therefore
 
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.
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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 made at the inlet and outlet of the trap. This is
 
merely an indication of the corresponding saturation steam
 
pressure upstream of the trap. In the case of a completely

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

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

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:
 

Iran Size Number Reuired
 

1" 
 48
 
1 1/2" 1 
2" 31 

Most of the steam traps in the plant are in the process

service. Only a few drip traps were noticed on the steam
 
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 F Satisfactory 

Sulfate - Line 1 2 2. ,G . 
Acid - Line 1 4 4 0 
Benzol - Line 1 1 1 0 
Battery #1 & #2 1 0 1 
Battery #3 8 0 8 
Boiler Area 2 2 0 
Tar Distillation 5 1 4 
Benzol - Line 2 2 1 1 
Acid - Line 2 1 i. 0 
Sulfate - Line 2 7 7 0 

TOTAL 33 19 14 

The total steam loss for the Coke Plant 'isestimated at 
3,568 Kg/hr.
 

Based on the results of the trap survey 66' out of 80 traps 
required replacement. 

4.0 PREDICTED ENERGY SAVINGS
 

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

Annual Energy Savings
 
T.O.E Tons of mazout
 
3059 3151
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5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

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

worldwide and local equipment and 

Investment Cost 
$ LE 

48,120 107,800 

Annual Co
$ 

353,107 

st Savings 
L.E, 

88,228 

6.0 CONCLUSINS
 

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 line 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.
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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 , -

ECO-19
 

1.0 PURPOSE
 

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%.
 

2.0 PROCESS DESCRIPTION
 

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 level. 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-tha-El''Nasr is in,'
the process of expediting the commissioning of this new 
facility. Once commissioned, this plant alone should 
produce sufficient high quality boiler feed water for the 
coke plant boilers. 

3.0 EQUIPMENT LIST/SIZE
 

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

4.0 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.
 

Annual Energv Savinqs
 
T.O.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.
 
Only regular maintenance should be carried out to keep the
 
plant in good operating condition.
 

Estimated Plant Cost to Annual Energy

Complete Commissioning Cost Savings
 

0 255,183 63,756
 

6.0 CONCLUSIONS
 

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

7.0 RECOMMENDATIONS
 

We recommend that this ECO be carried out as soon as
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COKE PLANT STEAM SYSTEM Annual Savings, TOE : 0
 
Annual Savings, $ : 0 

FIX TUBES IN BOILER #4 Investment Cost, $ : 13,035. 
ECONOMIZER AND SUPERHEATER Payout: Simple, Yrs : --

DCF ,% : -

ECO-20
 

1.0 PURPOSE 

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

2.0 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 lower, 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.
 

3.0 EOUIPMENT LTST/SIZE
 

Economizer tubes:
 

14 - 3.4M, 28mm OD, Carbon Steel
 

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

4.0 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.
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

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

Investment Cost Annual Cost Savinas
 
_ LE _ _ L.E.
 

13,035 29,198 0 0
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6.0 CONCOSIONS 

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.
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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 , % : 39. 
HEADERS, AND ADD DRIP LEGS
 

1.0 PURPOSE 

The purpose of this ECO is to reduce the amount of heat losi
 
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/cm2) steam headers, sizes
 
8" and 12". The steam to the low pressure header is
 
supplied through the turbogenerator. Steam from the 14
 
Kg/cm2 steam header is also let down into the low pressure
 
header. Due to poor insulation, the amount of steam
 
condensed in the low pressure header is significant.
 

The 12" high pressure (14 Kg/cm2) steam header .is, al-so..
 
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 EQUIPMENT LIST/SIZE
 

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

Insulation
 

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 is calcium silicate with aluminum
 
jacketting.
 

Ne Drip Legs
 

12" High Pressure 10 required (every 700 Meters) 

12" Low Pressure 14 required (every 70 Meters)
 
8" Low Pressure 7 required (every 70 Meters)
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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 kJ/y~ar
 

HP 12" 1100 3.791 x 1010
 
LP 12" 1100 1.846 X 1010

LP 8" 550 0.648 X 1010
 

Total 6.285 x 1010 kJ/year
 

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

Annual Savings
T.O.E. Tnmzu 
HP 12" 1203 1239
 
LP 12" 586 604
 
LP 8" 206 212
 

1995 2055
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The estimated total investment and annual cost savings for

applying the economic thickness of insulation to all piping
 
are below. Figures are based on worldwide and local
 
equipment and utility costs.
 

Investment Cost Annual Cost savings 
$ -LdS LEInsulation 359,137 520,749 230,303 57,540


Drip Legs & Traps 51,740 115 ...
 
410,877 636,649 230,303 57,540
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This ECO shows the detrimental effect that poor insulation
 
has on system heat loss. In addition, drip legs and steam
 
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.
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COKE PLA -T sT SYSTEM 

(ECO NUMBER NOT USED)
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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 , % : --

CONTINUOUS BOILER BLOWDOWN
 

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 PROCESS DESCRIPTION
 

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 EQUIPMENT LIST/SIZE
 

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 °C, 7 kg/cm2 g (686 kPa) design
 

Heat Exchanger
 

Area : 120 M
2
 

12 Kg/cm2 (1177 kPa), 350 OC tubes
 
18 Kg/cm2 (1765 kPa), 125 °C shell
 
Carbon stsel 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
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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 Energv Saving
 
TTons Mazout
 
372 383
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The total investment cost to purchase and install the'
 
equipment listed as well as the annual cost savings are
 
below.
 

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

Investment Cost Annual Enercv Cost Savina
 
_LE_ S __L
 

98,570 220,800 42,945 10,730
 

6.0 CONCLUSIONS
 

This ECO has a very attractive payout. It is a good
 
. engineering. practice to recover heat from blowdown- through. 

heat exchange and/or low pressure flash- drums -to produce 
steam. 

7.0 RECOMMENDATIONS
 

This ECO should be implemented during a turnaround/shutdown
 
period.
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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 , * : --
NON-RETURN VALVES TO AVOID 
STEAM AND CONDENSATE 
CONTAMINATION 

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 2 live steam used in the Coke Plant is now
 
operated at 3.5 Kg/cm2 and sometimes even lower. This
 
results in the flow of higher pressure process streams 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 .reboiler.service.
 
are leaking process fluids into 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 EQJJIPMENT 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" size
 
2 - 4" size
 
1 - 6" size
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4.0 PREDICTED ENERGY SAVINGS
 

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

Annual Enercv Savings
T,,,Ton maout
 

1460 1504
 

Energy losses were calculated only due to leaky exchangers.
 
Energy savings a-hieved 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 leaky 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 Annual Cost Savings
 
S LL $ LE 

9,111 20,408 168,553 42,112 

6.0 CONCLUSIONS
 

Condensate dontaminAtion 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.
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Annual Savings, TOE : 347
 
Annual Savings, $ : 40,009
INSTITUTE A PERMANENT Investment Cost, $ : 14,610
PROGRAM FOR STEAM TRAP 
 Payout: Simple, ¥rs : 0.37
TESTING 
 DCF ,% : -

1.0 PRPOSE 

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 steam 
traps. Much of the
efforts to save steam 
in the plant can be wasted if the
 
steam traps are not working properly.
 

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

must be assigned to each trap 
and recct-ds maintained to

indicate testing dates, results and trap replacement.
 

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

2. 	 Check system downstream of trap.
 

Close valve to return line and open valve to
 
atmosphere. If a considerable amount of
 
water droplets are issuing from trap together
 
with steam, trap is working.
 

3. 	 Check system - using an ultrasonic
 
tester or stethoscope.
 

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

4. 	 If trap is not functioning properly:
 

Use exact replacement parts as manufactured
 
by trap maker.
 

Replace ii 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:
 

1. 	 Reduction in steam losses.
 

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

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

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

5. 	 Only 5 percent of the plant steam traps will require
 
attention at one time, thus less maintenance is
 
required.
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3.0 EOUIPMENT LIST/SIZE
 

Steam traps as required.
 

- Identification tags. 

- Ultrasonic tester (Sonic, Model 3000 M) 

4.0 PREDICTED ENERGY SAVINGS
 

From the steam trap survey covered by ECO-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 is 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
 
trap testing program is estimated to be as follows:
 

Annual Energy Savings
 
I.&LL. 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
$__ LE $ Y 
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
 
approximately $8 to $10 per trap. Since there are only 120
 
steam traps in Ei-Nasr, the cost of testing the steam traps

either by plant personnel or by the manufacturer's
 
representative, is low.
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6.0 CNLUSIONS
 

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 out
 
continuously.
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Annual Savings, TOE : Not
 
Annual Savings, $ : Applicable


STUDY THE EFFECT OF Investment Cost, $ :
 
INSULATION ON HEAT LOSS Payout: Simple, Yrs :
 
FROM PIPES. DCF ,% : 

ECO-26
 

1.0 PURPOSE
 

The purpose of this ECO is to study the effects of
 
insulation on heat loss in piping and develop a chart to be
 
used by the plant for all future piping insulation
 
applications.
 

2.0 PROCESS DESCRIPTION
 

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

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

3.0 EOUIPMENT LIST/SIZE
 

The chart on the following page was developed.
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CjPTIeJM INSULATION THICKNESS AND ENERGY SAVINGS PER METER 

TENIPERATURE - DEGREES C F) 

PIPE SIZE ------------------------------------------------------------------------------------------------

(INCHES) 50 (122) 100 (212) 150 (302) 200 (392) 250 (482) 300 (572) 350 (662) 400 (752) 450 (842) 
. . . .. .	 - .- . - .- . - . - . . . .........- - - - - - oo..... - - -....... - . .- ... . - ... - ...... ... .... . ..........- 

0.75 	 25 25 25 37.5 37.5 62.5 75 75 75 m Thickness 
164 567 1078 1726 2470 3399 464 5710 7126 UJ Energy Savings 

1 25 25 25 37.5 37.5 62.5 75 75 75 - Thickness 
200 692 1317 2109 3024 4167 5480 7000 8775 kJ Energy Savings 

i.5 	 25-. 25 37.5 37.5 62.5 - 75 75 75 75 m Thickness 
277 957 1824 2929 4274 5840 7671 9825 12350 kI Energy avings 

2- 25 25 37.5 50 62.5 -75 75 75 75 IN Thickness 
337 116/. 2262 3607 522 7148 9404 12065 15190 LI Energy Savings 

3 	 25 37.5 37.5 62.5 75 '"75 75 87.5 100 M Tickness 

74 1666 3182 5116 7413 10133 13367 - 17238 21794 UI Energy Savings 

4 25 37.5 37.5 62.5 75 :75 100 100 100 m Thickness 

591 2077 3972 6398 9287 12719 16890 21757 27493 I Energy Savings 

6 25 37.5 50 62.5 75 75 100 100 100 m Thickness 
829 2916 5645 9028 13143 .18051 24038 31046 39325 kJ Energy Savings 

.8 37.5 37.5 50 62.5 87.5 ,100 100 100 100 m Thickness 

.1070 3675 7126 11418 16704 .23034 34035 39551 50171 kJ Energy Savings 

10 	 37.5 37.5 50 75 87.5 100 100 100 100 M Thickness 
1298 . 52 8657 13952 20358 28203 37371 45406 61473 kJ Energy Savings 

'12 	 37.5 37.5 : 62.5 75 87.5 100 100 100 100 m Thickness 

1509 .5180 10134 16241 23730 32809 43655 56599 71934 kJ Energy Savings 

14 	 37.5 37.5 62.5 75 87.5 100 100 100 100 m Thickness 
1638 5622 11007 17653 25806 35699 47525 61642 78371 kJ Energy Savings 

16 	 37.5 50 62.5 75 100 100 100 100 100 m Thickness 
1841 6394 123a2 19374 29142 40249 53613 69570 88479 ki Energy Savings 



4.0 PREDICTED ENERGY SAVINGS
 

Refer to insulation table. Energy savings between bare and
 
insulated pipe (kJ) is given in the insulation table for
 
each pipe size and temperature. Multiply this value by the
 
length of pipe (M) and then by yearly hours of operation to
 
obtain kJ saved per year.
 

5.0 INVEST ENT AND ASSOCIATED ECONOMIC EVALUATION
 

Not applicable to this ECO.
 

6.0 CONCLUSIONS
 

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

7.0 RECOMMENDATION
 

This ECO should be implemented by having the plant use the
 
chart included in this ECO for all future piping insulation
 
application.
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Anv .l Savings, TOE : Not 
Annual Savings, $ : Required

FUEL/AIR RATIO CONTROLLERS Invstme-t Cost, $ (See Text): 
FOR STEAM BOILERS Payout: Iumple, Yrs : it
 
AND FURNACES 
 CF, % : 

1.0 PURPOSE 

The purpose of this ECO is to examine the need for fuel
 
air ratio controllers. Fuel air ratio controllers have
been used in the boiler and process fired heater industry

for many years to maintain combustion air flow as boiler
 
loads are modulated.
 

2.0 PROCESS DESCRIPTION
 

Fuel to air ratios can be calculated for various fuels so
 
as to provide a given flue gas oxygen level. As the
 
process load is modulated the quantity of not only the

fuel flow rate should be adjusted, but the air flow rate

should also be adjusted. Provided that the optimum flue
 
gas oxygen level is maintained it can also be expected

that the optimum efficiency is achieved.
 

In general, fuel air ratio control schemes 
 consist of a

controller that receives a 
signal ,from',a temperaturec.

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 tnmperature 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 process fired
or 

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 increased
then 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
 
used, a fire in the burner plenum could be expected.
 

The lead/lag system also assures that if the fuel demand
 
is decreased, the air rate is decreased after the fuel
 
rate. If the air was decreased first the possibility of
 
combustibles entering the combustion chamber without
 
sufficient air to complete combustion is probable. This
 
can also cause damage to the equipment and is extremely
 
dangerous.
 

In more sophisticated systems, the fuel air ratio is
 
trimmed with a signal from the oxygen analyzer sensing the
 
combustion chamber or the stack flue gas. In the most
 
sophisticated systems, when the fuel composition changes

either a fuel specific gravity indication or a fuel
 
heating value indication is used to adjust the ratio.
 

Ultimately, the intention of these systems is to maintain
 
the flue gas oxygen level at a minimum so that the highest

level of efficiency can be maintained. Additionally, the
 
systems are intended to provide a high level of safety

while maintaining efficiency.
 

It must be noted that fuel air ratio control systems are
 
not used on natural draft process fired heaters.
 
Although, attempts have been made in using. the 4r'spide

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
 
,re 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 EQUIPMENT LIST/SIZE
 

Assorted controllers,indicators,transmitters, meters,
 
actuators, electricals and pneumatics. Refer to the
 
attached sketch .
 

4.0 PREDICTED ENERGY SAVINGS
 

Indeterminate.
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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 -.thout investment in a fuel air ratio control
 
system. In the coke and fertilizer plants boiler loads
 
do not change from one level of operating load to another
 
at a rate rapid enough to prevent operating staff from
 
being able 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 RECOMMENDATIONS
 

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
 , theboilers or process fired heaters. -nadd-itionI:roper.
 
training and supervision of operators cannot be
 
overemphasized.
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GENERA 	 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 , % 

EQ0-28
 

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 I2R 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 El 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. .. %, 

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 EOUIPMENT LIST/SIZE
 

Not applicable.
 

4.0 PREDICTED ENERGY SAVINGS
 

Not applicable.
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATIONS
 

Not applicable.
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6.0 CONCLUSIONS
 

A power factor of 0.95 
would be unrealistic. 
Fertilizer Plant. 

is excellent. 
No capacitors 

Further improvement 
are required in the 

7.0 RECOMMENDATIONS 

This ECO need not be implemented., 
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GENERA Annual Savings, TOE : 299. 

CAPACITOR INSTALLATION 
Annual 
Investm

Savings, $ 
ent Cost, $ 

: 
: 565,600. 

51,027. 

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 existin
 
electrical system power factor from the current value.
 

The proposed capacitor banks installation (i.e. improvec
 
higher power factor) will reduce electrical system voltagc
 
drops and associated 12R losses 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 DESCRPTIO1
 

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 endedc-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 guidelines 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 EOUIPMENT 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 controlled circuit breakers, fused switches and
 
cabling as required.
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The equipment required is listed below.
 

Capacitor Banks Switch gear Controllers
 
kVAr kV Stes units Uit
 

SWGR2 4x750, 6.3 2 4 2

SWGR2 4x750, 6.3 2 4 2
 

4.0 PREDI9TED 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
 

kW. system losses kWh T.0.. 

29,667,000 4% 1,187,000 299
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

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

Investment cost Annual cost savings

__L__ _ L 

565,600 51,027 20,174
 

6.0 CONCLUSIONS
 

In addition to above noted energy savings, i.e. improved
 
system 12R losses, there are additional benefits:
 

a) Improved electrical system capacity for future
 
expansions.
 

b) The reduced voltage drop may require lowering
 

transformer taps for proper system voltages.
 

c) Improved voltage drop during large motor startups.
 

7.0 RECOMMENDATION
 

This ECO can be implemented with 6.j kV switch gear
 
upgrading work.
 

1 Electrical T.O.E. values include a typical 34% efficiency
 
factor and correspond to generating electricity using a
 
condensing steam turbine system.
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GENERA 	 Annual Savings, TOE : Not
 
Annual Savings, $ : Required


INVESTIGATE ENERGY 	 Investment Cost, $ : (See Text)
 
SAVINGS BY CHANGING DRIVE 	 Payout: Simple, Yrs : t
 
CONTROLS IN FERTILIZER PLANT DCF , % : 

1.0 PURPOSE
 

The purpose of this ECO is to incorporate variable frequency
 
speed controllers into the plant electrical distribution
 
system. 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 system. Only one of
these ECO's is necessary to achieve this outcome. Results
 
from these ECO's are not additive.
 

2.0 PROCESS DESCRIPTION
 

Based on verbal information received from plant personnel,
 
and visual observations of running ammeters, there are no
 
apparent requirements for variable fretfency 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 CONCLUSIO S
 

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

7.0 EFEOMMENDATION
 

This ECO should not be implemented.
 

ECO-30 	 page 1
 



GENERAL 	 Annual Savings, TOE : 435
 
Annual Savings, $ : 74,242
 

INVESTIGATE ENERGY 	 Investment Cost, $ : 2,192,100
 
SAVINGS BY CHANGING 	 Payout: Simple, Yrs : 29.5
 
DRIVE CONTROLS IN 	 DCF <1.0
 
FERTILIZER PLANT
 

FCO-3l
 

1.0 	 PURPOSE
 

The purpose of this ECO is to 	incorporate variable frequency

(speed) controllers into plant electrical distribution
 
system. 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-29 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 DESCRIPTIO
 

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 i.e., no star-delta or start-up
 
resistor controllers are required.


b) Corrected motor 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 required for
 
each piece of equipment to determine the status of existing
 
equipment to be deleted and/or retained.
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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.
 

Annual Energy Savings
T.O.E.- kWh
 
435 1,726,560
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

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

Investment Cost Cost Savings
$ S__ _LE_ 
2,192,100 74,242 29,352
 

1 Electrical T.O.E. values include a typical 34% efficiency
 
factor and correspond to generating electricity using a
 
condensing steam turbine system.
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6.0 C
 

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

a) 	 reduce power losses 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 	B OMMENDATION
 

This ECO could be implemented as part of the electrical
 
power distribution system upgrading, or by installing

individual controllers selectively.
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GENERAL Annual Savings, TOE : 1,489.
 
Annual Savings, $ : 185,537.

IMPROVE, ADD OR FIX Investment Cost, $ : 750,970. 
IRSTRUMENTATION TO BE Payout: Simple, Yrs : 4.05t 
ABLE TO PROPERLY MONITOR DCF , % : 12.00 
AND CONTROL ENERGY CONSUMPTION
 

1.0 PURPOSE 

The purpose of this ECO is to improve/add/fix

instrumentation, as required, to help conserve energy and to
 
properly 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. In
 
many cases, the existing instrumentation is inadequate or
 
non-existent and in many cases the existing instruments are
 
not in working order.
 

3.0 EOUIPMENT LIST/SIZE
 

The estimated equipment and material required is described 
below. The material of construction is carbon steel, except
where it,, is speoifieddifferently. ,Refernto,.Appendi-A%-8:for
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
 

Electrical;
 

Permanent metering and recording equipment to monitor 
MW, kVAr and current (amperes) -in both the. Coke and 
Fertilizer Plants.
 

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 is to infer that proper
 
instrumentation will reduce the yearly energy consumption by
 
at least two percent. The resulting energy savings are
 
listed below.
 

Annual Enervgy sinqg 	 Annual Energy Savings
 
T.O.E. 	 Tons
 

248 984 540 556
 

Coke Oven Gas Blast Furnace Gas
 
Annual Energy SavinQs Annual Energv Savinas
 

T.O.E. Cu. M. T.O.E. Cu. M. 
652 1,487,680 1.0 10,500 

Tar Oil TOTAL
 
T.0,E. 12M T.O.g. Qn QMazout MWH
 
48 64 1489 1278 984
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

Annual cost savings are based on the total energy saved
 
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 	 Annual Cost Savings

_$__ LE $ L.E.
 

750,970 1,682,170 185,537 52,512
 

1 Electrical T.O.E. values include a typical 34% efficiency
 
factor and correspond to generating electricity using a
 
condensing steam turbine system.
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We strongly recommend that all the instrumnts shown in the
 
preceding tabulations 
help conserve energy, 
consumption. 

be added or 
but to 

repaired, 
properly 

not 
moni

only to, 
tor its 

7 .0 RECOMMENDATIONS 

This ECO should be implemented without any delay.
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GENERAL Annual Savings, TOE : Extensive
 
Annual Savings, $ : o
 

DEVELOP AND IMPLEMENT A Investment Cost, $ : 0
 
FORMAL EQUIPMENT Payout: Simple, Yrs Immediate
 
MAINTENANCE PROGRAM DCF , % : " 

1.0 PURPOSE
 

The purpose of this ECO is to outline some basic elements ol
 
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 long delivery items
 
identified with key operating units, whereas
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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.
 

CENTRAL SPARES STORAGE
 

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, spares-'concept avoids,

duplication of parts, thereby minimizing the number of
 
spares un 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
 
items. 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 expensive inventory of spare parts.
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STANDARDIZATION
 

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 thn 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.
 

TRAINING
 

One important but often neglected facet of a
 
maintenance program is training a work force.
 
Acquainting maintenance personnel with proper job

procedures and making them familiar with operating

facilitie; is aided by formal classroom instruction,
 
using competent teachers, service manuals and as much
 
hands-on experience as a classroom can .provide. This
 

1 	 i1s: particularly important where new ,and more 
sophisticated facilities are introduced into the plant,
which can only operate at an acceptable level 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.
 

TOOLS9 

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.
 

INSPECTIQN
 

Inspection programs implemented on a regular basis are
 
vital to ongoing plant maintenance activity. 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" 
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philosophy. Periodic inspections and good records lay
 
the groundwork for a viable preventive maintenance
 
program.
 

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

HOUSEKEEPING
 

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 by the factors discussed above, good
 
maintenance becomes a ritual or accepted philosophy,
 
particularly when the benefits become visible to senior
 
plant management.
 

2.1 PHYSICAL WORK REOUIRED
 

It is not expected that there will be any quantifiable
 
ar-ount of physical work associated with the initial
 
i'-;.ementation of the ECO. However, as the plant expands in
 
the coming years, additional maintenance facilities will 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 ASSOCIATED ECONOMIC EVALUATION
 

Not applicable.
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6.0 CONCLUSION
 

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 likelihood of high levels of
 
performance and profitability.
 

7.0 RECOMMENDATION
 

This ECO should be implemented.
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GENEBAL 	 Annual Savings, TOE : Not
 
Annual Savings, $ : Applicable


FORM A COMMITTEE TO PLAN Investment Cost, $ : (See Text)

AND IMPLEMENT AN ENERGY Payout: Simple, Yrs : t
 
CONSERVATION PROGRAM DCF , %
 

ECO-34
 

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 energy 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. In this way the
 
effectiveness of the program and the achievement of
 
previously established goals for reduction in energy
 
consumption can be firmly substantiated.
 

An example of the systems and 	methods used to implement this
 
ECO is included in Appendix 4.
 

3.0 EOUIPMENT LIST/SIZE
 

No new equipment and no new personnel are needed to form the
 
committee.
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4.0 PREDICTED ENERGY SAVINGS
 

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

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

None, not applicable to this ECO.
 

6.0 CONCLUSIONS
 

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

7.0 RECOMMENDATION
 

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


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

EMPLOYEES AWARE OF THE Payout: Simple, Yrs : t
 
IMPORTANCE OF ENERGY 
 DCF , % :
 
CONSERVATION
 

ECO-35
 

1.0 UR-QE 

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
 
s- ,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 is being treated as "a °serious.'and
 
important matter by their company, they in turn will act in
 
the same way.
 

Responsibility for seeing that employees are made 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 LIST/SIZE
 

No new equipment and no new personnel are needed to
 
implement this ECO.
 

4.0 PREDICTED ENERGY SAVINGS
 

Not applicable to this ECO.
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

A modest annual budget of approximately LE 2,000 should be
 
established to pay for the publicity material (posters,

newsletter, etc.) needed to implement this ECO.
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6.0 CONCLUSIONS
 

Although it. may not be possible to precisely measure the
 
effectiveness of an employee awareness program, it is
 
nevertheless a most necessary step in estaiblishing the
 
proper mental attitude needed to initiate an effective and
 
comprehensive energy conservation program.
 

7.0 R _OMMENDATION 

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.
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3.7 	 s
 

The Basic Engineering Data 
(B.E.D. Sheets) which will be
used during the audit and subsequent design of the various ECO's
is given in the pages which follow. The source for the 
data
 
listed below is as 
follows:
 

Utility Cost (Paragraph 3.0)
 

Fuels - Per Egyptian General Petroleum Corp. and developed
by Foster Wheeler from data obtained from Stanford 
Research Institute. 

Electric Power - From Organization for Energy Planning (OEP)
and developed by 
Foster Wheeler from data obtained

by Stanford Research Institute.
 

Steam - Developed by Foster Wheeler from data obtained from

Stanford Research Institute.
 

Water - Developed by Foster Wheeler from data obtained by

Stanford Research Institute.
 

Meteorological D-ta (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 minaimum
 
temperatures.
 

Design Dry Bulb Temperature is average of mean maximum
 
temperatures.
 

Design Wet Bulb Temperature is determined from Psychrometric

Chart using an average relative humidity of 64 percent.
 

Utility Information (Paragraph 5.0)
 

Fuel oil specifications 
- Per Egyptian General Petroleum
 
Corporation.
 

Sular specifications -
 Per Egyptian General Petroleum
 
Corporation.
 

Rule from Electric Bil g
 

Specified by contract between the plants: andtheElectric
 

Authority.
 



--

Organization for Energy Planning 
 REF. Energy Conservation
 

El Nasr For Coke And Chemicals Co. DATE March, 1988
 

ENERGY CONSERVATION PROJECT
 

BASIC ENGINEERING DATA
 

1.0 Gnrl
 

This form defines the basic engineering data which will
provide the technical and economic basis for the evaluation
of energy convarvation opportunities (ECO's) for the audit.
 

2.0 Economic Guidelints:
 

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 220
 

2.2 Economic Evaluation Basis:
 

2.2.1 	 Payback priority list, simple basis ye
 

22.2 	Discounted cash flow 
 yes
 

Taxes 32%
 

Inflation 20%
 

Interest 
 -14%
 

Required R.O.I 6-8% 
 (if known)
 

Project Life 10 yr.
 

Depreciation srght
 

Salvage Value -2. (initialinvestment)
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El Nasr For Coke And Chemicals Co,. DATE March, 1988 

3.0 i l __Co : 

Utility Units Public Sector World 
Domestic Price Price 
(L.E.)/Unit $/Unit(l) 

Fuels 

Mazout (16) Metric Ton 28 112.07 

Sular Metric Ton 60 150.64 

Electric Power KWH 0.017 0.043 

Natural Gas M3 0.0302 0.078 

Propane (liquid) M3 12.24 65.33 

Butane (liquid) M3 -02.28 

Steam (2) 

(3) High Press. Metric Ton 3.26 11.66 

(3) Med. Press. Metric Ton 3.11 -11.09 

(3) Low Press. Metric Ton 2.94 10.41 

Water 

Raw Metric Ton 0.070 0.18 

Cooling Metric Ton 0.006 0.015 

Notes:
 
(1) Based on "Mid 1987 Prices" provided by the Stanford
 

Research Institute (latest figures to date)
 

(2) Steam Pressures
 

HP - 40 ATM or more
 
MP - 10 ATM to 40 ATM Boiler efficiency assumed to
 
LP - 3 ATM to 10 ATM 
 be 75%
 

(3) The price of condensate or boiler feed water is 10 % of
 
the steam price.
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4.0 Meterolocical Data
 

4.1 	 Meteorological Data: (Cairo Area).
 

Temperatures:
 
Minimum Dry Bulb 
 6 °C
 
Design Dry Bulb 34 °C
 
Design Wet Bulb 
 28 °C
 

Note: For insulat~on calculations use'dry bulb
 temperature at 20 °C.
 
Wind Velocity and Direction: 0 - 15 iun/hr Random
 
direction
 

.Winterization Area Classification: None.
 

Allowance for Earthquake Forces: None.
 

Rainfall: Less than 10 cm/yr.
 

Design Humidity (relative): 64% (34 °C/28 °C)
 

5.0 Utility Inforriltign
 

5.1 	 Fuel Oil #6 (mazout):
 

Temperature (pour point)., 
 OF 100.0.
 
0C. 37.8
 

Specific Gravity @ 15/4 0 C 
 0.990
 
Viscosity, R I @ 100 OF 
 2000.0
 
Sulfur, % by wt. 
 . 2.5 
Heating Value, J/M Ton 
 4.077,X1010
 

5.2 	Diesel (sular):
 

Specific Gravity @ 15/4 0C 
 0.840
 
Viscosity, R I @ 100 OF 
 • ' 	 60.0 max

Sulfur, % by wt. 
 2.0
 
Heating Value, J/M Ton 
 4.467 x 1010
 
Flash Point P.M. Closed,oC 65.0
 

5.3 	 Natural Gas:
 

Specific Gravity @ 15/4 oC 
 0.56 (air - 1.0) 
Heating Value, J/M3 . .. 37,256,270
 

4.
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5.4 Propane:
 

Specific Gravity 0 15/4 0C 
 0.51

Heating Value, kcal/kg 11943
 

J/M Ton 5.00 x 1010
 

5.5 Butane:
 

Specific Gravity 0 15/4 OC 
 0.58
 
Heating Value, kcal/kg 11722
 

J/M Ton 4.908 x 1010
 

6.0 Rules for Electric Billing
 

The following rules 
for electric billing (or application of
rates) will 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
l0*x 0.5% or 5% for a PF equal to 0.7).
 

5 
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Additionally, if the power factor is 0.6 or less, a
second 0.5% increase per 1% of P.F. is additive, for a
total penalty of 1% of P.F. below 0.6.
 

6.2.3 Shutdown for Power Factor:
 

The billing system provides a clause to shutdown any
user who has a power factor of less than 0.6, who does not
correct this adverse power factor within 3 months.
 

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) constant annual charge, based on the maximum stated
demand, and priced at 7.756 LE/year for each kw.
 
b) a cost per KWIH 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 lighting,

o consumption tax, @ 0.005 LE per KWh 

o 	 for lighting1 .
power tax, @ 0.0001 LE per KWH for 90% of KWH.
 

See Table #1 on next page.
 

1 assumed to be 10%'of total. 
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KWH Rate Table #1
 

1 2 	 4
3 	 5 6 7
Range Time Maximum Total Total Power Rate Cost
 
Rate Power Power Remaining
 

(measured)(calculated).
 

(hours) (KW) (KWH/year (KWH) (KWH1) (LE) (LE) 

1 	 1000 
 0.0312
2 500 0.0294
 
3 	 1000 
 0.0256

4 	 1000 0.0220

5 	 1500 
 0.0167

6 note 7 
 0.0143
 

1. 	 column 1 represents hours at the stated demand rate, i.e.

first 1000 hours, next 500 horus, etc. Range 6 does not

have 	an entry, since the power at range 6 is found by

difference.
 

2. 	 column 2 is the maximum rate, as determines from short term

maximum during the year (not applicable to range 6)
 

3. 	 column 3 is measured power at the meter, In KWH, for the

billing year (enter at range 1 position only).
 

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

5. 	 column 5 is remaining power, as column 3 column 4 for
-

range 1, and thereafter the entry for the previous range

minus the entry for the previous range minus the entry in
column 4 for the currnnt 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 uccurs, 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: 
365 x 24 - 5,000 = 3,760 hours. 
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PORTABLE INSTRUMENT LIST
 

Item Qty 	 Instrument Type Model No. Serial No. Brief Description
 
and Manufacturer
 

1. 	lea Digital Thermometer * Micromite 48614-1-1 T/C Thermometer 
Thermoelectric 3115300000 w/ Accessories 

2. 	lea Dial Thermometer None None Temperature

(0/220 F) Indicator
 

3. 	lea Dial Thermometer None None Ditto
 
(-40/160 F)
 

4. 	lea Mercury Thermometer None None Ditto
 
(0/330 F)
 

5. lea 	 Infared Thermometer LT-100 . 011924 Hand Held 
M-C Product (-20/2000 F) Digital
 

Thermometer
 

6. 	lea Flue Gas Test Kit**** 10-8001 No6e Analyze Stack
 
Bacharach Gases
 

7. 	lea Sample Test Cooler 11-7046 None Accessory To
 
Bacharach Test Kit
 

8. 	lea Digital Stack Gas 50 12122 Same as no. 6
 
Analyzer-Enerac
 

9. 	lea Anemometer None '55609B Propeller driven
 
Davis 
 Air Flow 	Indicatox
 

10. 	 lea Air Velocity Meter *** 400-10 5806 Pitot Tube
 
Dwyer Manometer
 

11. 	 lea Sling Psychometer 1330' None Measure Relative
 
Taylor Humidity
 

12. 	 lea Ultrasonic Leak 3000 801621 Check for Steam
 
Detector-Sonic Trap Leaks
 

13. 	 lea Stopwatch R-8672-20 None Measure Fractions
 
Cole-Palmer 
 of Seconds
 

14. 	 lea Tachometer 363200 77GF00288 Measure Shaft
 
Yokogawa Speed (RPM)
 

15. 	 lea Lightmeter 214 . 154 Measure Lighting
 
General Electric Levels
 

16. 	 lea Power Factor Meter COS0512 78267 Meter to Indicate
 
Epic Inc. Power Factor
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Portable Instrument List
 

[tem Qty 	Instr6ment Type Model No. Serial No. Brief Description
 
and Manufacturer
 

17. 	 lea KW/KVA Meter KW4802 78267 Measures Power
 
Epic Inc. in Kilowatts
 

18. 	 lea Ammeter 1000 .5707 Measure electric
 
TIF current in Ampere
 

19. lea 	 Volt-Ohm Meter 8021E 4330356 Meter Various
 
Fluke 	 Electric
 

Measurements
 

20. 4ea 	 Volt/Ammeter Recorder**.230 80022AH Recording Meter
 
Rustrack 	 80023AH to Measure
 

80024AH Current/Voltage
 
80026AH
 

Includes loose thermocouples and accessories
 

2ea type J, 36" long thermocouples
 
lea type K, 4" long thermocouple
 
lea type K surface contact thermocouple
 
lea armored extension handle
 
lea charger, 220vac
 
2ea extra rechargeable batteries
 

** Includes extra chart paper(10 rolls amp/10 rolls volt: 

* Includes additional red gauge oil 	(1 quart bottle-and 5ea 3/4oz. bottle
 

* Includes following consummsbles:
 

36ea tubes of CO detector
 
3ea bottles Fyrite 'O2 indicator refill (11-0058)
 
3ea bottles Fyrite C02 indicator refill (11-0057)
 
2ea bottles Fyrite 02 indicator refill (11-0059)
 
3ea bottles Fyrite 02 indicator refill (11-0169)
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2. ENERGY CONSERVATION PROGRAM IMPLEMENTATION
 

2.0 JNTRODUCrION 

This section of the kit describes the initiation and 
implementtin of an energy conservation prog , 
Section 2.1 is an outline of the elements of a pro-
gram. itmay be used as a guide to desip your 
own progran, tailored to your company's requirements and capabilities. 

I or those interested in more detail, the remainder 
of Section 2, starting with 2.2, illustrates the ir-
portant steps in the program by a series of memo-
rnda based on the internal correspondence gener-
atA ia several actual energy conservation pro
grams. Many of these communications could be 
accomplished verbally at staff meetings and corn-
mipte. meetings and then be documented ii minutes. 
AU of your needs may not be anticipated and some 
of the actions illustrated may not be necessary or 

appropriate for your management structure but you 
will find illustrated in this section most of the neces
sary communications. Suggested methods and forms 
for recording and reporting plant survey data and 
for tracking tbe progress of the program arc in
cluded. 
Thememoranda are based on a hypothetical com.. 

pany, the ECONERGY Company, wh:ch has two 

production departments, a utilities department," a 
maintenance department. and an adminr3trative serv
ices department responsible for the purchasing, ac
counting, shipping, aud receiving functions. 

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

tept 
Operations"A' 

W.0. Smith 

2.1 PROGRAM 

0. T. Parker 
Plant Manager 

Held Dept. Head Dept Head Dept. Head 
Operations "B" Administrative Services Utilities Maintenance 

A.B.Jongs R.B.Robinson J.C.Baker,
Coordinator 

T. G.Marshall 

OUTLINE 

Refereu x RWezrcoce 
Section Sectfio 

I. 	 TOP MANAGEMENT COMMITMENT 
A. 	Inform line supervisors of: 2.3.1 

1. The economic reasons for the 


need to conserve energy 

2. 	 Their responsibility for imple-
menaing energy saving actions in 
the areas of their accountability 

B. 	 Establish a comm;ktee having the re- 2.3.1 

spousibility for fcrmulating and con-
ducting an energf conservation pro-
gram and consistLig of: 
1. 	Representatives from e:, de-

partment in the pant 

2. A coordinator appointed by and 
reporting to management 
Note: In smaller organizations, 

the manager and his stag
may conduct energy con
seaon activities as 
part of their manage
pent duties. 

C. 	 Provide the committee with guide- 2-3.1 
lines as to what isexpected of them: 
I. Plan and participate in energy 

saving surveys
 

2. Develop uniform record keeping, 
reporting, and energy acccundng 

2-1
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3. 	Research and develop ideas on 
was to save energy 

4. 	Communicate these !deas and 
suggestions 

5. 	 Suggest tough, but achievable, 
goals for energy saving 

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

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

D. 	Set goals in energy saving: 
1. A preliminary goal at the start 

-of the program 
2. 	Later, a revised goal based on 

savings potential estimated from 
results of surveys 

E. 	Employ external assistant: in sur-
veying the plant and making recon-
mendadous, if necessary 

F. 	 Communicate periodically to em-
ployees regarding management's cm-
phasis on energy conservation action 
and report on progress

ENG prSES AND LO. 
IL SURVEY ENERGY USES AND LOSSES 

an SUREY 

A. 	Conduct first survey aimed at ideni-
fying energy wastes that can be cor-
rected by maintenance or operations 
actions, for example: 

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

et 
3. 	Repair or addition of insulation 

required 
4 Equipment running when not 

needed 
B. 	Survey to determine where addi-

tional instruments for measurement 
of energy flow are needed and 
wh-ther there is economic justifica-
tion for the cost of their installation 

C. 	 Develop an energy balance on each 
process to define in detail: 
1. 	Energy input as raw materials 

and utilities 
2. 	Energy consumed in waste dis-

posal 
3. 	Energy credit for by-products 

Reference 
Sectlon 

6.2 

7 .- 1, 
2.3.2 

2.5.2, 
2.6.1, 
2.6.2, 
2.6.3 

2.5.3 

2.5.3 
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4. 	 Net energy charged to the main 
product 

5. 	 Energy dissipated or wasted 
Note: 	 Energy equivalents wul ned 2.5, 

to be. drvelopcd for All raw 
materials, fuels, and uciines, 
such as electric power, steam, 
ea.. in order that all enery 
can be expressed on the corn
mon basis of Btu units. 

D. 	 Analyze all prnc-s energy balances 2.5 
in 	de.th: 
1. 	Cim waste heat be recovered to 

gcn te steam or to beat water 
cr a raw material? 

2. 	Can a process step be eliminated 
cr noidified in some way to re
dnct energy use? 

3. 	Can an alternate raw material 
with lower energy content be 
used? 

4. 	 Is t6ere a way to improve yield? 

5. 	 Is Lbere justiflcatior for: 
a. 	R..placing old equipment 

with new equipment requir
irs less energy? 
Rc.lacing an obsolete, in
c:int prccess plant with 
. wiole new and differeat 
r using less energy? 

E. Conduct weekend and night sur
-

F. Plan surveys on specfic systems and 
equiFrent. such as: 

i. Steam system 
air system. 

Boe!xc motors3. 
3. 	 Naui g lines 

5. 	 Iai.dng a;d air conditioning sys
ten 

IlL 	 1MPLEENT" ENERGY CONSERVATION 
ACIIONS 

A. Cmr= energy wastes identified in 2. 
the fArs surv'y by taking the neces
sary mlintriance or operation ac-
Lons 

B. List all energy coriervation projects 
evolving from energy balance anal
yses, surveys, etc. Evaluate and se
leer projects for implementation: 

.2-2
 



R afacnc 	 RdLetn 
SW 	 a Sevn 

1. 	Calculate annual energy savings c. Investigate, Identify, and cor
for each project Trt the cause far * 

2. 	 Project Ltruse energy costs r':d that r iy ocr In 13t uait 
calculate aunt.al dollar sav gs of pnxuct, if fcas'ble 

3. 	 Estimate project capital or cx- B. Con en y conservatio co 2.7.5 
PCUSC cost ninlc Activities 

4. 	 Evaluate investment merit of 1. Hold peodic mc-tinp 
projects using measures, such as 2. F-uh conmittee member is the 
return 0n investnnent, etc. ominutdAtion link between the 

5. 	 Assign priorities to projects comra tee and the department 
based on invstment merit mpe'viso" repre ted 

6. 	 Sclect conservation projects for 3. Priodicly update enery siv
implementation and request cap- ing ptUJe. Il 
ita authorization 4. Plan and participate in ener7y 

7. 	 Implement authorized projects saving survys 
C. 	 Review design of all capital projects. 2.7.2 5. Communicate energy conserva

such as new pLnUs, expansious, ton t.emirlucs
 
buildings. etc., to assure that efficcnt 6. Plan and conduct a contiuuing 
utilization of energv is incorporated prop-Am of activities and corn
in the design. munication to keep 6-p interest in 
Note: Include consideration of en- encox € -ataon 

ergy availability in new equip. 7. Develop coop ation with comn
ment and plant decisions. manity oganizatd-s in pro. 

IV. 	 DEVELOP CONTtULNG ENERGY moting energy conservation 
CONSERVATION EFFORTS C. Involve emplvees 2.7.5 

A. 	 Measure results: 2.5.7 I. Service on energy conservation 2.7.4 
1. 	 Chart energy use per unit of pro- 2.5.6 comn use: 2.6.4 

duction by department 2. Energy conservation training 
2. 	 Cha ' energy use per unit of pro- coat 

duction for the whole plant 3. Handbook on energy conserva-
Note: The procedure for calculating 2.5.7 don 

energy consumption per unit 4. Snaertsdon awards plan 
of product is presented in S. "e onidon for energy saving 
"flow to Profit by Conserv- ac:hiev:ements 
Ing Energy" 6. Technical talks on lightinDg, in

3. 	 Monitor and analyze charts of sulaion, steam traps, and other 
Btu per unit of product, taking =bjts 
into consideration effe..s of cow- 7. "sav'Erg'" posters. decals, 
plicating variables, such as out- Szim 
door ambient air terpcraure, S. Publiciry In plant news, bulle. 
level of production rate, product is *
 
mix. etc. 9. P"blicitv in public news media
 
a. 	 Compare Btu.'product unit 10. Lcacrs o conservation to hom-s
 

with past performance and 11. l s o conv tion s 
theoretical Btu/ product unit 

b. 	 Observe the impact of en- D. Evalcate program 
erpy saving actions and proj- 1. Reliew progress in energy saving 
ect implementation on de- 2. Evaluate original goals 
creasing the Btu/unit of 3. Consider program modifications 
product 4. Revise gusts, as necessary 
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2.2 	 FORMAT AND CONTEN'I 
Throughout this section, the letters, rport, forms, 

and meeting agendas are in time sequence. V here ap
propriate, there are comments or explanations which 
relate to the following inemoranda. 

Energy costs and cost projections, quantities of 
energy, and equival:nt energy factors for utilitics 
have been left as blanks, rYathtr than stated num-ri
cally. in order to avoid any implcation tha; the fig
ures are typical. Such numlrs w6ilvary from indus
try to industry, plant to plant, and region to region. 
Each plant must make its own determinadon of 
these figures. 

Names of individuals and of the company are, of 
course. nfi-tous. 

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

k = thousand or kilo 
M = million or mcga 

2.3 	 PLANT MANAGER TAM FIRS 
LCTON 

The plant manager has decded that 'rgy con
servation must become a spcific pan of the Company 
management program. He takes action by appoint
ing an energy conservation coordinator and rcquest-
Ing the head of each depatnent to select someone 
to work with the coordinator. is actions am ex
pressed in the following memoranda. 
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ECONERG V COMPANY 	 INTER-OFFICE CORRESPONDENCE 

SJanuary 7, 1974 

Department Hea s 

D. T. Parker, Plant Manager 

..Fomation of Energy Conservation Coamittee 

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

hny capanies achieved S to 10% savings in energy usage last year by 
implementing formal energy conservation programs. Oar plant uses 

million Btu of energy yearly and our annual bill for purchased 
Tfuii electric power is about $ at current energy prices. If 
,re could acieve, for example, a l. a- in our anmal consumption, 
that would be a saving of $ -- an appreciable amunt of money. 
Consider also that energy costs are rising at a rate of about _ 

per year. 

Ie rust initiate an ag-essire energy conservation program at once. We 
need to establish a conittee with the respousib'liry for formlating 
and conducting the program. I am appointing J. C. Baker to the fuitime 

•respcasibi-lity 	 as conrittee coordinator, reporting directly to me, and 
I am asking that by one week from today each of you assign someone to 
represent your department on the conaittee. That person should be 
knowledgeable and influential. fie will be the commication link 
between the coffittee and the key supervisors in your areas. Appoint
ment to this comaittee will be considered a major assignment requiring 
a significant amount c-ftime, particularly during the early stages of 
the energy conservation program. 

savEnergy 
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We expect the cmittee to research and come up with ideas, to establish 

an energy conservaticn goal, to cartmicate suggestions on ways of 

achieving that goal, to develop a conmnon econzmmic base to work from, and 

to do some record keeping. The committee 	 will need to compile lists of 
and benefits so that we can energy conservation projects, their costs 

plan our cipexlotures. EEwill be the inhe supe sors, however, who 
that actions are taken to accomplish energy conservation.ust see to it 

to kick off the program would be to conductI suggest that a good way 
the energy streams to identifysurveys throughout our plant - tracing out 

that wasted energy can be reduced or elimiwhere our energy is used so 
and other utilities, adjusting furnacenated. Fixing leaks of steam 

or adding insulation areburners, repairing s-.eam traps, and repairing 
inediately to some of the maintenance and operating actions we can take 

start realizing energy savings. The Energy Conservation Program Guide 
for Industry and Commerce (EPIC) published by the U. S. Department of 

provide the guidance for developing our program.Commerce will 

success of our companyI am thoroughly convinced that the continuing 
Theuse our energy supplies as effectively as 	possible.requires that we 

upon the support and interest tJhat we,success of cur progr-m will depend 
as management, deaostrate. 

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

estimate the actual potentialrevised after we corduct our suveys and 
savings. 

savEnergy 
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2.3.2 

276.
 

ECONERGY COMVPANY EMPLOYEE BULLETIN 

Date: January 15, 1974 

TO: All Employees 

rom D T. Parker, Plant Manager 

Subject: Initiation of Energy Conservation Program 

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

Not only are the costs of purch ;ing eectricity 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 Progrmn (ECP) to identify and eliminate inefficient,
 
unnecessary, or wasteful uses of energy throughout the plant.
 

To accomplish this task I have apl ainted Mr. J. C. Baker, Utilities De
partment, to head the Energy Conservation Comittee. This Committee
 
will formulate a progrTm WVdch will enable us to reduce our energy con
sLonption without disruption to our production flow. The support and
 
active participation of every employee is essential ifwe are to achieve
 

our goal of 10% savings in energy use this year.
 

You will soon be seeing signs that say "savEnergy." This is more than 
a catchy slogan: i: isa reminder that energy will alw-ays be available 
at home ai.6 at work if we are careful L. the ways we use it. 

savEnergy
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.. 277. 

?.4 	 FIRST MEETING OF ENERGY 
CONSERVATION COMMrITrEE 

As soon as the committee coordinator learns of 
his new assignment, he starts planning how the 
committee can go about accomplishing the tasks 
set forth in the plant manager's le.ter (2.3.1). When 
he has the names of all membtrs of the committee 
and a plan in mind, he calls a meeting of the com
mittee and submits to them the proposed plan in the 
following letter. 

For simplification, we arc 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 meeting would be witten and copies given 
to committee members. 
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278.ECO NERG Y COMPANY 
INTER-OFFICE CORRESPONDENCE 

oate: 	 January 18, 1974 

W. D. Smith, Operations "A" 
To: A. B. Jones, Operations "B" 

T. G. Marshall, Maintenance 
R. B. Robinson, Amnistrat",e Services 

From: 	 J. C. Baker 
Energy Conservation Coordinator 

Subject 	 Cmittee Assignments 

D. T. Parker's letter dated January 7, 1974 outlines the formation of 
the Energy Conservation Committee, to which we have been appointed, and 
indicates some of the actions we are to undertake. As he suggests, 
each of us should become thoroughly familiar with the program sugges
tions and energy conservation opportunities described in EPIC. 

We must get started on several of the tasks immediately, so I have 
developed a plan for dividing these duties among us. The first priority 

t conduct a survey of present energy usage and to begin reducing or 
eliinating waste. Because of their familiarity with these probJems, 
o= cperations representatives, 11.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
 
cmmon 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 compressed air. As Utilities representative, I will undertake this 
task.
 

I ould appreciate it if R. B. Robinson of Administrative Services 
crald obtain from Accounting data on the quantities of purchased fuel 

and this year. A continuingand electric power used monthly last year 
plot of energy consumption per unit of production is necessary to help 

us monitor the progress in our plant-wide energy conservation effort. 

savEnergy
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In addition, we need to consider projected energy costs. So, would 
R. B. Robinson alsoplease ask the Purchasin, Section if they can develo 
fuel and electric power cost projections for this year, three years and 
five years into the :future. 

We are going to need to communicate ideas and suggestions on energy con. 
servation techniques applicable to our plant. Since T. G. Marshall of 
Maintenance has had broad experience throughout the plant, I am asking 
that he assume responsibility for coordinating this function. To start 
with, we have several literature references and the Energy Conservation 
Opportunities (ECO's) in EPIC. As time goes along, we surely will have 
generated additional ideas deserving of broad communications through our 
committee.
 

If all of you are in agreement with this plan, I suggest that each of uS 
meet with the key supervisors in our areas this weck to inform them of 
our program plans and to ask them to come up with energy saving projecu. 

Let us meet again in my office one week from today, at the same time, to 
report our progress. If you are unable to attend that meeting or any
 
future meeting, please ask an alternate to attend in your place. 

cc: D.T. Parker
 
Plant Manager 

s0avEnerv
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2.5 	 SECOND MEETING OF ENERGY 
CONSERVATPON COMI"TTEE 

The week passes and the committee holds its 
second meeting. The coordinator gives each member 
a copy of the agenda shown on the next page. Then, 
in the sequence of the agenda, each member presents 
•fis report,,giving a copy of his letter and attach
ments to all present. The following six letters docu
mTcihe reports and proposals submitted at the 
meeting. It is assumed that all these matters were 
accepted or approved 1)y the committee. 

Note thn in Secion 2.5.4, and elsewhere in EPIC, 
z ratio of 10,000 Btu/kWh is used for illustrative 
purposes for the energy used by a utility to generate 
elecuicity. According to the Federal Power Com. 
mission, the national average for 1972 was approxi
mately 12,000 Btu/k\Vb. This figure wil vary from 
re~ion to reion. however. 
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ECONVERGY COMPAN'Y INTER-OFFICE CORRESPONDENCE 

o,, January"25, "3M4 

To: Energy conservation, 6cunttee 

From J. C. Baker, Coordinator 

Subje Agenda for Second Meeting of the Energy"C ervationC ttee 

1. Report of plans for energy saing surveys 

2. Energy equivalents for plant tilitirs 

3. Present and projected future costs of energy 

4. Monthly energy use for 1973 and 1974 

5. Proposed foms: 

a. Calculation of Btu per unt of production 

b. Tracking du= 

cc: D. T. Parker
 
Plant Manager 

savEnergy 
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ECONERGY COMPANY 
INTER-OFFICE CORRESPONDENCE 

Oa.: January 25, 1974 

To: J. C. Baker, Energy Conservation Coordinator 
T. G. Marshall, Maintenance 
R.B. Robinson, Administrative Services 

rm, Energy Saving Survey Team
 
If.D. Smith, Operations "' 
A. B. Jones, Operations 1" 

Sublct: Plans for First Energy Saving Survey 

The first survey will be aimed at identifying energy wastes that can be 
corrected by maintenance or operal:ions 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 inEPIC. An.
 
process areas and buildings will be included in the survey. The main 
part of the survey will be conducted during noin.'l daytime wark 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 r.'t needed. Areas or buildings 
that are ina full or partial shutdown condition on weekainds will 
warrant weekend visits to look for energy use that isnot necessary. 

The survey te-m proposes to conduct the survey of each area in coopera
tion with and accompanied by a foreman, supervisor, or engineer desig
nated by the department head. Findings of the survey of each area wifl 
be recorded on the attached form and copies will be made available to 
the department head, the maintenance department, and the Energy Crm
servation Comittee.
 

Wor.c orders for correction of energy wast,:s will be prepar * by depat
ment supervisors, as is the case for an), other maintenance work. 

This week, the survey team will prepare a timetable for visits to the 
various areas and communicate the schedule to department heads. 

By copy of this letter to Mr. Parker we-are requestin4 management en
do:sement of our plans for this first energy survey. 

cc: D. T. Parker, Plant Manager
 

savEnergy
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ENERlGY SAVING SUnVEY Surveyed by: 
Department: 

Date: 

Fuel as 
or Oil 

.Le2ks 

Steam 
Leaks 

Compressed 
Air 

Leaks 

Condtnsata 
Leaks 

Water 
Leaks 

Damaged 
or Lacking 
Insulation 

Excess 
Ligthting 

Excess Equipment 
Utilityrlunning & 
Usage Not Needed 

Burners 
Out o 

Adjustment 

Leaks of 
or Exeess 
of HVAC 

Lcation 
Date 

Corrected 

5.5 - - - - - - -

--.-. .

-----IT __ - - - -
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ECONERGY COMPANY 

INTER-OFFICE CORRESPONDENCE 

late: January 25, 1974 

To: 	 J. C. Baker, Energy Conservation CoordinatorT. G. Marshall, MaintenanceR. B. 	Robinson, Administrative Services 
From: 	 Energy Saving Survey TeamW1. D. Smith, Operations

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

subiez:: Future Energy Savings Surveys 

After 	our first 	energy saving survey, -ilich isthe more obvious energy losses, 	 aimed at correction ofthere 	are other surveys which wecertain will reveal additiml Mays 	 feelto reduce energy consumption butwhich 	probably will require capital investment. 

I. The Energy Balance
 
The 
 basic 	data needed for energy conservation efforts isbalance on each process and department. 	 an energyThis study canengineer in the department concerned, 	 be done by anthe process 	 ho is thoroughly familiar withflow sheet or the building energydefine in detail 	 uses. The object isthe energy input, 	 topated or wasted. 	 energy utilized, and energy dissi-In somTe areascapability. 	 this will require improving measuringThe cost of this additionalweighed against the potential savings. 

measuring capability must beAn example isfollowing energy flow diagran for 	
shown on the

identified tie individuaj a steam generating unit.energy 1astes, the engineer Havingmine methods for reducing 	 can then deter-
Checklist in EPIC 

or using these energy wastes. (The EGOcan be helpful.)evaluate 	 The engineer's next task is tothe alternate methods and recommend the best one. 

savEnergy 
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2. Energ Surplus Survey 

After the energy balances have been Completed, some coordination by -the surveyr tea is indicated. The survey team can contact the engineers who 
have prepared the energy balances to determine if there are energy w6astes
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) generate 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 camuinicate through
the energy conservation cosmittee to other departments and perhaps find a 
use for the low pressure steam. 

3. Survey of Pressure Reducing Stations 

Determine location of all steam and high pressure gas, pressure-reducing
valves, upstream and downstream pressures, and flow rates. Evaluate 
feasibility of letting pressure down by flowing through an expander
driving some equipment, such as a pump or compressor. 

4. &mq~vr of Compressed Air Pressure Requirenents 

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

savEnergy 
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5. Steam Systen Survey 

a. Traps 

Review all steam trap installations. Are there too many traps on a 
line? Or too few? Of an efficient type? Or inefficient? Are traps

sized properly? Installed properly? Are they functioning as they
should? 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 
uat . 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 

tan-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 6i.hen the lower pressure steam is being supplied from 
extraction or back-pressure turbines or a low pressure boiler separate

frcm 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 motors and compare to rating.

Evaluate replacement of oversized motors and equipment with proper sizes. 

7. Insulation 

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

8. Comustion Survey 

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

cc: D.T. Parker
 
Plant Kanager 

savEnergy
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2.5.4 
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ECONERGY COMPANY 
INTER-OFFICE CORRESPONDI 

Date: January 25, 1974 

To: IV. D. Smith, Operations "A" 
A. B. Jones, Operations "B"
T. G. Marshall, Maintenance 
R. B. Robinson, Administrative Services 
J. C. Baker, Energy Conservation Coordinator 

Subject: Energy Equivalents and Costs for Plant Utilities 

We need a uniform method for calculating the value of our energy savifor our various utilities and I "ecOmnend we institute an accountingsystan based on Btu usage. For cur purchased electric power, dollaraccounting is simply a matter of using the $/]Mi rate(s) we pay theutility company. The matter is More involved, however, for ouraccounting of electric power. BtuOne Idih is capable of producing 3412 Bof heat. But due to power plant inefficiency, approximately 10,000 Bof fuel are burned by the utility company to generate one Wh. Therefore, the "energy equivalent" for electric power is: 
10,000 Btu/1h


Following this example then, 
 an "energy equii-al.nt" may be defin.ed asthe number of Btu of fuel that are consumed in gemerating a uni t ofutility, such as kWha of electricity or 1000 lb of steam. Definedthis way, the "energy equivalent" is the factor we can use across theboard to put all projects on a common base in our energy conservation 
program. 
Next let us consider the fuels that we purchase. The energy equivalen
is the heat of combustion. The unit cost cames frm accounting. 

Fuel Cost Energy Equivalent Cost/MBtu
Natural Gas $ /1000 cu ft Btu/cu ft $ /MFuel Oil $ /gal Btu/gal. $--g-l,
Coal /ton Btn/lb $ -/Am 

savEnergy 
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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. Il our boilers generating 400 psig
and 150 psig steam, the energy equivalents of steam are the fuel Btu used 
in generating steam based on the boiler efficiencies. The steam costs to 
be used in energy saving accounting are, -therefore, the costs of the 
energy equivalents.
 

Steam Cost Energy Equivalent 

400 psig $ /1000 lb Btu/1000 lb
 
150 psig $/ /000 Ib Btu/l000 lb
 

With regard to compressed air, water md 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/d'h. 

UtiltCost Energy Equivalent
 

Compressed Air $ 1 000 Cu ft Btu/1000 cu ft 
Water $ /1000 lb Btu/1000 lb 
Boiler ke-Up 

Water $ /1000 lb Btu/1000 lb 

hen 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 content of the condensate at F and of fresh water at its ten
perature. Thus, our energy equivale-nt for condensate is Btu/l000-lb 
and its cost is S /1000 lb. 

cc: D. T. Parker
 
Plant Manager 

savEnergy
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ECONERGY COMPANY 
INTER-OFFICE CORRESPONDENCES!! 

Date: 	 January 25, 1974 

To: 	 J. C. Baker, Energy Conservation Coordinator. 
If.D. Smith, Operations "A" 
A. B. Jones, Operations "B" 
T. G.Marshall, Maintenance 

Fror P.. B. Robinson, Administrative Services 

subject: 	 Fuel and Power Cost Projections 

The Purchasing Section has provided the following information:
 

Estimated Cost
 
Cost at Present 3 Years 5 Years 

Electric Power $ fkMh $ /h S khlb 

Natural Gas $ /1000 cu ft $ /1000 cu ft S 1000 cu ft 

Fuel Oi $ /gal $/gal 	 $ /gal 

Coal 	 $ /ton $ /ton $ /ton 

Purchasing has agreed to advise ou" committee whenever these .costs are
 
revised.
 

cc: D. T. Parker, Plant Manager 

savEnergy 
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ECONERGY COMPANY
 
INTER-OFFICE CORRESpOND 

Data: Janumr 2S, 1974 

To: J. C. Baker, Energy Conservation Coordinatc 
W. D. Smith, Operations "A" 
A. B. Jones, Operations "B"
T. G. Marshall, Maintenance 
R. B. Robinson, Administrative Services 

Subjec: ?bnthly Use of Fuels and Power - 1973 and 1974 

The attached form was developed and submitted to Accoumting. They 
hope to have the information compiled within a few days. 

cc: D. T. Parker,* Plant Manager 

savEnergy 
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ECONERGY COMPANY 

"A.ER-OFFICE CORRESPONDENCE 

Oate: Jamwy 25, 1974 

To: W. D. Smith Operations "Al 
A. B. Jones, Operations "B,,
T. G. Marshall, Maintenance
 
R. B. Robinson, Administrative Service ,


From. J. C. Baker, Energy Conservation Coordinator 

Subject: Department Energy Unit Ratio and Tracking Chari 

Attachment A is 
a copy of the do-it-youxself kit "How to Profit by
Conserving Energy" by the Sub-Council on Technology of the National
Industrial Energy Conservation Council. 

a The form in the kit detailssuggested 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 israw material energy and conversion energy. Conversion energy is the
energy equivalent of utilities used in marjufacturing the product.
material Rauenergy content can be somewhat more involved. The raw materialsuppliers may be able to provide this number, or an approximation is
available for most materials from the U. S. Department of Comnerce.
unavailable fxam these sources, it can be estimated as 
If
 

the heat of combustion of the material. This estimate is always low. 
Any energy spent
on the raw material in getting it to the point of use should be considered - for example, mining, crushing and sizing, and transportation.Bear in mind that less energy intensive raw materials should escalate
less in price as energy costs increase. Having determined the energy
content of raw materials, and given a choice, a better raw material
selection should be possible. 

Attac mient B is 
a three page form for tabulating monthJ!y department use
of raw materials and utilities, for calculating Btu content of these
quantities, and for determining 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 additional metering and to rehabilitate some existing meters, if economically justified. 

savEnergy
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293.
Attachment C is a graph for plotting the monthly Btu per unit of
 
production 
 for 1973 and 1974. This graph can be used for charting
the energy used by individual production departments and also by thetotal 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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ATTACHMENT A 

HOW TO PROFIT 
'BY CONSERVING 
ENERGY 
A Do-It-Yoursalf Kit 

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

OBJECTIVE Encourage industrial firms to set measurable goaltfdr. re
tducing energy consumption per unit of product produced. 

GOAL. X.percent reduction in energy content* 
per unit of product. 

expressed in BTU'S 

PROCEDURE Use the energy calculator on page two to determine the 
current energy content in BTU'S per unit for any kind of 
manufactured or processed product. 

With this yardstick. measure progress to determine if energy 
reduction goals are being met, exceeded or missed. 

'Energy content per unit of product includes energy co,ontent of 
the raw material plus energy spent in convertingor"upgrading and 
in waste disposal. 

2-25 



---

295. 
"00 IT YOURSELF KIT" For Calculating The Energy Content of A Product 

GUIDELINES OF THE NATIONAL INDUTRIAL ENERGY CONSERVATION COUNCILSUGGESTED PROCEDURE FOR CALCULATING ENERGY-CONTENT IBTU-S) OF A PROOUCTFOR THE PERIODo BEGImNINGJ~nua2 V, 1 174SHE 'N. .PERIOD ENDING Februany I. 1974 
The Dow Chemical Co. I. G.Sr dirv",. 

RAW MATERIAL ENERGY (LIST 14AJOR RAW MATERIALS) 

A ERIAL x TjII LI P TlOTUS L 

TOTAL BTU'$ 

CONVERSION ENERGY (LIST ALL MAJOR UTILITIESI 

A, 

CI 

TOTAL BTU' 31 

WASTE DISPOSAL ENERGY 

A,
 14 -ASTE - ~ TDSOALPSBTU'& T7 -TE~ .STDNITS 

TOYAh.BT 1
 
IGROSS ENERGY 
 CONTENT OF PRODUC-rISLM OF ITEMSI, 13 AND 161BTU,' 

BT.PROOUCT ENERGY CREDIT (LIST AU. MAJOR BY-PRODUrTSi
 

B9
,RODUT I I x21,,,', U.. I .OAL BTU'S 

TOTAL BTU 'S
 
NET ENERGY CONTENT OF PRODUCT (ITEM 
 I LESS ITEM 231 

BTU*I 

ENERGY CONTENT PER OFUNIT PRODUCTION (ITEM 24 DIVIDED BY ITEM 31 5TUIUNIT
 
GOAL ITARGETED ENERGY CONTENT FOR THIS PERIODI BTU'S UNIT-
 26 JIF ITEM 26 IS EQUAL TO ITEM 25, GOAL WAS MADE (CHECK ITEM 271-- MAD---E-OAL
 
IF ITEM 26 IS NOT EQUAL TO ITEM 2S. 
 COMPUTE DEVIATION FROM GOAL, 
ITEM 26 LESS ITEM 25_ _ZZ. 
ITEM 21 DIVIDED BY ITEM 26--.Z Z IZ ]MUL TIPLY ITEM 29 BY 100 3u I
IF ITEM 26 IS GREATER THAt, ITEM ITEM 3025. COPT HERE.. - - -- - ..- OAL
IF ITEM .5 IS LESS THAN ITEM 25. COPY ITEM 30 HERE .... 

---- , COAL-------'SliqIHCOAL 
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GUIDE FOR FILLING OUT FORM ON OPPOSITE PAGE 

I 'Finished product ready for shipment. 

2 Product I.D. No. Is the numerical identification of the product. 
3 Units of the product (item 1) made during this time period. 
4 The material that goes into producing and packaging the product (includes fuels used as raw 

material). 

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

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

7 (Item 5) multiplied by (item 6). 
9 Utilities include primarily electricity, fuel oil and natural gas.
 

10 Units of utility (item 9) used during this time period.
 
11 For fuel, this is the heat of combustion of the fuel. This 
 number is available from supplier. Forother utilities, this is the energy necessary to generate one unit of the utility (e.g., 1 KWH).10.000 BTU'S p-,r 

Use
KWH unless your supplier has a better number.
 

12 (Item 10) multiplied by (item 11).

14 Waste is that material which has no economic value 
 and which requires additional BTU'S to 

dispose of. 
15 Estimated energy to dispose of the waste (item 14). This may be the energy to truck away andbury a solid, the energy to bum some scrap or the energy to run a waste disposal plant. 

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

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

20 Units of by-product (item 19) made during this time period.
21 The usable energy In the by-product. As an approximation, use the ratio of the value of theby-product to the value of the product multiplied by the gross energy content of the product

(item 18). 

22 (Item 20) multiplied by (item 21). 
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297.-DO IT YOJSL KIT For Calculating The Energy Conlent of A Product~ ~~~GUSTIU I LI E o f T oaTHI,SO- AL J-eOPCIuli FOR CALCULOATINGOUS144-,amNSCY1.me a . . *f ~ ~ lII 
CONSEVATION I P ~ o I CCOUNCIL 

pan" I IDa clOC IuAft 4POE 11CUA1The DoI Cl" C.. 0 ' Yo. N IC CONTENT IU"1 OP A PRODUCT 

IAu SEIAL INGT ILIT -AJO 4A. "A111 AL)l A ..
 

tALl S.OK UTIVA1 o 

I] 
KW

LS!!3 .. ,KZ- IS.A.1-M ( i1 5,........ 
 I' 1...u~cu I a' I N 

TOTAL 411II fI I I ' i 

-OaTA IO a - TOATCTPO SD IIN Gy lDTl ALL M UILI• Ir I eocl| 

0,at Caa Saw*of" 

,Pr " . TV

-- -- _ el 
I Oll..IPl 

O.T I eliot
~ecC.Te. , eoUC T, .S Z
 

I 

O PUOiUT
03011e~ €("TECTCloNIT SuN 00Tl 4 awaItr 

SI-O-l eTCUDtLItALN OK tV~OIT I~ll]COALIIAI CI ENERGY CRENT P0 11~ P101 I U U IT
PI~5~~OL~A. t~ ~7lKl~3.~LOSAL IL 0M0 A l~ 37....- - 2 )e
111I4. IT5 I l11 . .. 


5(Utli.T CONTENT. or peaCI
.. 
 Ill.$ 23is ACDlot 

ICOTS~alDU41AL1 t O S E~l Ii. ONPU I C l t NIO O GOAL, ro TIE 


No?) ENERG COTET r ROUC I---i- Lss--.-----14131.04--il
 
'seary It 
 Oeopf IT UITt. OFPRDUTIN--- .).-------- 0 SUSfim 

IP S11" A T TKNIS Il oi f lm IfN . COP' rAi 30 IlLeC...------.. ----- -,P I,-, COIt L .. ,A,,Tm 1. Co.,,,,. 
 ,,, 
 .......... 
 ....if t.21 o~,DID1 8 1. 3 

4 An I-ondicant input mateial, .mIsd @"en though they may 3
$octal on She fInal Pod4UCt. 
no,0 lrSIf1 of 9* e.* Oroeld by It 


T 
3 IKi.lhaul Ousntll,*l mateIials weut 

n m the Co'llng 0melndTheOf SIAS the t/oc by e,e un tuwd during Juaryo . 1974. TheO.0,cunt mAy be twnVWy toPurchas d once PumO 1. water. Theonly rlvh ix rntnlh,. bEI powley in KWSIUIwory -mP'OMoogiSna1 nnJtalltlod by 10.000 BTU SIKWHamount itallocated to Iho fmontn. to err" at the aITU's ,6 Tho fnerv Conlent of lhane 15 The aoilyCaUnrC Sar nZInl,.uhlfordIt ,lhl JIMtOf COwusI.On thich at and thent Ts'aw en abel'abl. from ItSel tefarnCe books. b'Omooilalton plant. The total do otl BTU'S nfjude Ite wTy to
The rUn Ito bI-OoooaIIon pIlnt plus the qnnrg.i inIh.n"rFly COnSnt 0 CaUSIH1-as fltumaed l lofforat. sohit 21 l th y 
lriullleg.j,,1. no1f.GI1 


The Meal content of the hydrogenation 
n o
 

Catalyt and Ihedeirsccan 
#ae educat*O 9101114.The 

21 At of t lT ergy CSOnlnll hetrll, aimlnllIhe ouantolws of Them,maignal, IIto b1e ro" to flewro, introduced by an oncollrecl 9.e& Usedme ToamaeGHSA heetl. Ren.,4UeI gai , thm "torhelityn Rsaut th Umne ae lejrIV fuela Aattumagas "ell toTip., I rUS h,tae at t .1.9unitOf Illll oI eeilabl te C0CAN from IR"l tables In Tho 4redit m0,1a taklen Sot the hO teatreuffndpoly 10 the Mily plant. 
fractoon . aIsTfd 10 t butine.10.000 ITU';KW -as woad -Ce this t l,, io The bac inforontn mi th, wasnp 3-Cthe eroneqytthat Rfrnaerlit institute report 

I a1 taken from the Stanfordin# F9cautIlty asto 0 geltatite a KWH of electricity. O "Ezhysent" dated Augu t. 1967. ag
Z1g.
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WHY MEASURE ENERGY 

As energy isused more effectively, 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 approximately 40% of total energy used in the United Stats, significant contributions 
can be made to the national effort. 

The first step to meaningful energy conservation is measurement of all the energy that enters and 

leaves a plant during a given period. This measurement will probably be an approximation at first but 

should improve with experience. 

To calculate the energy content of your products, use the attached form. and then set goals for 

improvement. The filled in example is for ethylene; but the procedure applies equally well to any 

manufacturing operation, be it a grain mill pulp mill. steel mill, furniture factory. or assembly line. 

Though time consuming and challenging to make the initial calculations, it will be worth the 

effort. Raw materials which contain, and manufactus ing processes which use large amounts of energy 

will be pinpointed. 

What Tn 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 dcxllar profit. Then, as energy availability becomes more 

limited, it will be possible to quickly focus on the most profitable 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. 
costs increase. HavingLess energy-intensive raw materials should escalate less in price as eriergy 

determined the energy content of raw materials, and given a choice, a better raw material selection 

should be possible. 

Stressing the importance of BTU'S per-unit-of-production to plant operating people should 

provide the incentive for them to chase down where all of the input BTU'S actually 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: 

I. 	 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. inert 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. 

Heat loss from equipment can sometimes be reduced with more'insulation once the lisses are3. 
identified. 

4. 	 Sometimes energy Ios to 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 recovered 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 control eouipment may be alternately heating and cooling. This problem isoften 

corrected by a ;imple adjustment of the controls. 

7. 	 Recognizing that it takes 10,000 BTU'S to generate one KWH may suggest using less electricity 

for heating since this same KWH is capable of producing only 3.413 BTU'S of heat. 

8. 	 It may be possible to combine some manufacturing steps so that the product does not cool 

down between steps and subsequently have to be reheated before it isprocessed further. 

also be viewed as an exciting challenge. ThoseThe energy shortage is a national concern. It can 

companies that move quickly to meet the challenge will contribute substantially to the solution of a 

national problem - and make money at it. 

The first slep ismeasurement. 
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2.6 First EnerM' Saving Sun'cy 
The suney team's plan for the first survey was 

approved by the Energy Conservation Committee, 
you recall- Now we have a sequenc: of four letters 
regarding the survey. The managcr endorses the 
survey plan. The team subndts their timetable to 
department heads. Findings of the survey ace r
ported. Finally, the team suggcsts the need for fore
man training in energy conservation. Note the appli
cation of: 

&Survey 
e Employee involvement 
&Top management commitment 

2-34 



2.6.1 

304. 

d:CON'?RG Y COIV;TASNY 
INTER-OFFICE CO,RESPOAiDENCE 

O~te: J:..uary" 29, -1974 

To: Depar- nt Heads 

From: D. T. Parker, Plant anager 

' bie:: First Energy Saving Sur;ey 

You each have a cop' of the January 25, 1974, letter from 11. D. &S'ith 
and A. B. Jones detailing their plans for the survey aimed at energy 
wastes that can be corrected by maintenance or operations actians. 
These are thu types of energy losses that can be stopped or reduce 
right away, or fairly soon, and at little or no ex-ense. 

Smith and Jones will contact you in the near future regardtig a tie
table for the sur.'ey. Each of you should inform than of the n=ne of 
the person you desi.nate to accc-pany tha and participate ith thm-
Li the survey of areas urnler your responsibility. 

Ever-ycnc's cooperation in this program is Luaportn't. I urge thuit you
put some real ';riority on this survey and on taking corrective a:ticns 
a. as practical. 

cc: W. D. Smith, Operations "V' 
A. B. Jones, 0:.erations "B" 

savilnergy 
S.35 
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ECONERGY COAPANY 

INTER.OFFICE CORR,SPO 'DE,.CE 

o c: February 1, 1974 

To: Department Heads 

From: h'. D. Smith, Oprations "A" 
A. B. Jones, Operations "B"
 

s!bjp:: First.Energy Saving Survey 

The timetable for this survey is given below. 
If an, of these<
CLates are not convenient, please contact us so that other tizes 
can be arranged.
 

Are-
 Date
 

Furnaces 
 February 11
 

Shop 
 February 12
 

Her.t Treating 
 February 13
 

Shipping 
 February 14
 

Receivinag 
 February 15
 

Laboratory 
 February 19
 

Utilities 
 February 20
 
Chemicals 
 February 21
 

Ad'inistrative Buildins 
 February'22
 

cc: 
 D.,T. Parker, Plantjanager 
.
 

savEnergy
 

2-36
 



2.6.3 

306.
 

ECOINER" Y"COMqPANVY INTER.OFFICECORRESPONDENC E 

ow'z: February 28, 1974 

To: Departm.ent Heads 

rrcm: 1. D. Smith, Operations "A" 
A. B. Jones, COeraticns "fl" 

i.,,',-: 	 Results of First Energy Saving Survey 

Attached are the findings of the survey. Some of the operating items 
have already been corTected by operations personnel. Departnent
un'isors have already uTitten ework orders for a nniiber of the 

maintenanc.e repairs. Those operating or maintenance itcms that require 
process shutdom for correction have been added to the lists of 'jobs 
to be ecte at I-Airst shutdo',n opportunity by department supervisors. 

It is i-nortant that we monitor the progress of work on correcting 
these e:ner. - aszes by keeping up-to-date records; thereicre, it 
is essentiaL that we are advised when each job is completed. 

I5 there are any cuestions concerning the survey, please contact u.s. 

As a result of the survey and some energy ccnservation projects being
proposed, we hnve developed an estimate of potential savings and we 
suggest that our goal be increased to 12.; savings in energy this year. 

cc: 	 D. T. Parker, Plant Manager
 
Energy Conservation Co.nrittee
 

savEnergy,. 
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E A'OPE. 2. ..OIVPAfNY 
INTE.7-OFFICE CORRESPONDENCE 

0&'C: Feburyt' 28, 1974' 

To: J. C. Bauker, Energy Conservation Coordinator 
T. 	 G. ,arshall, Maintenance
 
. D. Pobimson, Administrative Services
 

From: I".D. Smith, Operations 'AW' 
A. B. Jones, Operations "B" 

S.b-=:": ,Ned .for Supervisor Training Program 

D.ir"-,,g cur first energy savings surey ;e had o ilaortities to discuss 
e:er "conservation with the foremen accoTvm.nyi-ng us. We learned that 

aware of the costs of utilities,these foreme.n should be made more 
the Fozential of sayLngs through conservation, and the methods for 
sa'L" e..,-rgy. 

Therefore, ;e reco.-nend that the Energy Ccnservation Cc.ittee design 
z co-Urss on enery conservation to be inclu-ded in the Supenisor 
TrainernS Program. 

cc: D. T. Par);cr
 
rIZ.t 'anZger 

-avEncrgy 

249 
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2.7 Miii1) M1EETING OF TIlE -NERCGy

CONSERVATION CO..IITTEE
This meeting is the last to bc r="or',d in thisscclion. On ihe following pages are fcur memo.randa dealing with h: topics shown on the agenda.The last mnmorandurn presents plans for specialactivities cach month for the rest of the year. Atthis point an active, cffective proam should bewell into the prozes, of implem,!tatiou. 

2-40,
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E 'O,!.RG Y COMPA1J 	 INTER.OFFiCECORIESPONDEfNCE 

oate: lrch 8, 1974 

•ro: Energy Conser'ation Cogrttee 

From: J. C. Eak:er,-Coordinator 

Agendz for Thi-d Meeting of the Energy Conservation ConiitteeSube:.. 

1. 	 Capital project reviews 

Energy saving project lists and project evaluation stin"ry2. 

3. 	 Cc-,.tmication of ,ways to sayv energy 

4. 	 Continuing program 

cc: 	 D. T. ParLer
 
Plant M-lanager
 

sax-vEnergr
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ECONERGY COMPANY 
XNTER-OFFICE CORRESPONDENCE 

March 8, 1974 

TO: Department Heads 

Ir-m: D. T. Parker, Plan. .hragez 

.,. Capital Project Revit .'s... 

As you knou?, in our authorization procedure every capital project

mnust be reviewed and approved with :gard to safety, fire protection,
pollution abatement, and additional utility requirements. As of this 
cte, we arc adding energy conservation to this checklist. 

Even- capital job %,illbe revi-.we by the Coordinator of the 
rT=,rConsen'ati on Cordttee. On large jobs the interested 

cc:,-itcee rne'ber will also partic'pate with the coordinator xid project 
team. The purPose of these reviews is to assure that there is 
e,'_fici-nt urili-ation of energy in the design. If the project has to 
do with production, the design Btu per unit of production will be 
calculated and cc:.o"ared with the historical Btu unit ratio. I-ore 
efficient use of enerr." is excec.c !. 

cc" Energy Consenat" -n Coamittee 

savr-nergy,'. 
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COMPANY ITER-OFi ICE COhR. SPJI'DEA'CEECONFNG[Y 

Dato: Mhrch 8, 1974 

To: I'. ). Sirth, Coerations 'A" 
A. B. Jones, Operations "B" 
T. G. Marshall, Maintenance 
R. B. Robinson, Adinistrative Services 

From: J. C. Baker, En-':gy Conservation Coordinator 

S ,icc:: Energy Saving Project Lists and Project Evaluaticn Swmnrf 

projects W11 require capital; othersScIme of our energy conservation 
can be done on expense. Therefore, we should have two separate lists 

of projects. In order to have the lists in a tni" rm ft miat, the 

tuwo attached fors for capital and expense projects are provided 
for use by all departments. 

The ratio of energy savings/year per dollar investe- is an 
to other projects.indicztor of how, good a project is, co-pared 

Tne hir;her the nutber, the better the project,. In the forrs, a coltrl 

fo Ue:'ccT: return on investment is also included as an aid in 
assigning pi'iorities on projects. 

form to be iised 'or each project.Also attachcl is an evaluation su-i.ary 

suanit copies of these forms to the :ey super, isors in )-our area
Please 

their project information and return3.nd recuesi that they enter 
comieted ccpies (lists and evaluations) before our next merting ooe 

month from today. 

cur rizager, Mr. Parker, has requested that we continue working on the 
aiding new projects that

lists, revi'sing andl updating them monthly, 

evolve and a-Aitional ,a.mintenance jobs that beccme necessary.
 

cc: D. T. Parker, Pl"at Mnzger 

savEn t.gy 
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EIERGY CONSERVATION PROJECT 

EVALUATION SUMMARY 

Capital or Expense. 

Depzltment 

Prnject Io.__ Peison espousible 

Pioject Titdh: 

Descrptin olProject: 

Lcci Jon: " 

E s 3 !:.... d 

Sy po',' kWh/yr em).x j (cIcctric stztm Ib/yr 

U"li ' /r Mw fM.-tc -vin vriAl 

"______"______ _lyr 

Total eniry s~ving __________ _.Btu/yr 

Totil CrI,.y'cot r.ving "_-__ _ -- S/,r 

Oh.-r costZ ws.iq tuea to: 

A; ditc:i,-l ccst due ti r 

'etcolt S!vilng /yr 

Cm:t of proj:ct S 
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ENERGY CONSERVATI PROJECT 
EVALUATION SUMMARY 

CaIculiad 

Nay back peldd 
_months__ ____ 0 thu _____ _____ 

ow _______________Afteri~ti/uit f vodLczjn: plol ct Implemefud 

Picduct :uiriy-

Product y'ied 

Pr~ccIaty 

2 c fU'pcb!C.Yur .- r.~s ~nc~ t Iieri 

-c: 2nr: 

rinu au..4oiz::idn requast dite: ______________________________________ 
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ECO?. .ER" Y COMPAN;'
 
INTER-OFFICE CORRESPOA'DEf;CE. 

= March 8, 1974 

Tc: Energy Conservation Coc-ittee 

Frorm T. G. M-rsha1, aintenance 

. Corm-mication of Was to Save Energy
 

I ] 'ae asse.ble- a grcu. of ECO's 
 frc.. P-IC, wnich are 
.... .apcble in cur cperation, alcng with fe.-w gccda 

a::les -rc.m 
the literature. 
I prc-ose th.t we publish ths as
 
F- "e-- fcr plant wide use b:- su.-oe.isrs. A cc;- o th
 

0-o -CO's oh-sen is attached he:-e:o. 
 After e-h of you I-s l.ze:1 
o'' he._cct', and '.1ica:ed your a-rrova!, I will prccee

c--, i 
withard -- e N 

pUbl'IC-rtion -rid disTibutionI. 

Ma" I sirggest that this toolct could be a useFul tool in a 
trainin. ccurse as suggested in the rccent letter frcm ".D. 'th 

and A. B. Jones. 

cc: D. T. Parker
 
Plant Mana--ger 

savEnergy 
S 2-43 
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LFST OF SUGGESTE0 ENERGY CONSErING OPPORTUNITIES 

Euildir;, ai Grcunds 
ECO 

Reduce Warehouse Ventilation Air 
R o-uLeOtside Lighting 
Rc-"uc.! Air Conditicning During Non-orking f cr 

3.2 1 

3 131 
:3.2.5 

".- tric P.,wer 

Sc',.iule to ?.tiniize Electrical Denand Charge , 3.31 

S t u--I_ 

Inulate Bare Ste . Lines 

Pet=-n Ste_-m Condensate to Boiler Plnt-... 

S:.p Ste-- Lc;.ks 
.- 7--Ln.i Rep.'ir Ste=_ Tr--m.s 

Eii'L-mte Leaks in Cc--":izle Gas L:nes 
Lc;;,r.- FTesstre of C -..-Ese5i Air to .L,-niz.ri 

'. -- ---. Le' . L C..... _ -r Lines 
LU. ?i c-- Fc.r CzC.icn; Not Cc.jres-......-.- 

.z:l--e 1'ora,Obsolete Ccntro!s
-r--

._"zi:,"~/s oB...iler E~fcienz.v 

Flue as Az.- sis as a Main.earce Tool 

Sta-i.h)" at Re-.uce-d Te.-erture 

E*- D:e.. Idle :eating E.ui..ent 

3.4.1 

3.4.3 

3"4.5 
3.4.6 

3.5.1 
Necessary Level, 3.5.2 

3.5.3 

.- ", 

3.S.2 
.S. 4 

3.S.5 

3.9.1 

3.9.2 
Prcces S-ificaticns as a Scurce ox Ener:y Savirgs 3.9.3 
£.".;,,ie Ee'-irz "" for .a,.i-.,n Utili:aton -. 9.4 
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EC(NERG Y'COMPAN Y" 

INTER.OFFc CORRESPONDPAN 

cu:. "March 8, 1974 

Tc: Diergy Cons,rvation Co-dttie 

Frzm: J. C. Baker, Ee.D-g Co..ittee Coordirtor 

s-:,::: Ccntir.uiL-. PrCgr-, 

.-i this ,o-:t'e .;e cur  we! L-de;wv, but Iwill arce t: - we reed a cc - , r" t• elie-e,
..	 -.in In-,icureu-	 ccz. =-o~ o ra "--inPe. =cc.c ener r)-..g - are cne . 

cur 
Cc--4za:icn 	 ant az-i'it'.z'.1 e/1ucati, "- o nee;Ccf uhrh it.. 	 e..- -hasis to deejo, awarere. 

. c: 	we -.-udNhe ell.....z v 	 L'hic --. F:7-:. hiz'e ia ht e.entsi! a.2 	 o 'rsw in this area, Some.n tL : ,a fo r t he 	 -- wish to 2n.,-=.z r e
7, I. 	 .-. e t n - o5 :-' .. L.".

. \ on tc ,:t--'zt Ccm...-e -M.- irgs j ez*.h CC.--:'.-..i t-,-CCe 'e-e with.....
toec. 

3. -:c''le:cn4. E. wzys tC s.-C -very.c 3:. rnsvaziz c,"se to be in-.tceci in ... 	.......
 
"rzinZprog-rm.rerI.cic bulle:ins or 1: r- S inen er ;.-i Say : 	 th3 Plan Nes publici:'T 	 _o --ar-n4 r; i ndis 

respcnsible.
6. Posters cn energy sca-ing to be 	used in much the sae "av asSafe:", 	rosters.7. "saV'ner-gy" decals ar p7.L-in, Llight swi:c c'and on 	hard hats. 
 " 
 -
8. Technic-_l talks 	on -r-y Z'! aspjects
lightin, i-sultJi 	

of steam traps,
P. Letters I. etc. , 	 dto zo ovee. thei. families giving energy saving1. : PL:'l~ -1.-1.ic rlat'Ts, c-rnv ads strezsin a 

on raAio-a-	 energy consevationinn,.y--r tk. e:. .nerg - sa\,ing before civicgrcups. 
Attached to this letter is t!!- cutline 	of a proposed prcgr.m oz
activities for each month for tLe resz of the year. 
cc: D. T. Parker, Plant 	 bnazer 

savEhergy
z-;a 
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Planned Activities in Energy Cnservation for 
PRainder of 1974 

The following activities will take place each r.xnth and will not be

re-pe:ed in the plans for iniividual rnnths:
 

1. ?Keeting of Energy Conse.-.'aticn Comittee2. .'eeting of each Cc.ittee cMnber with the key superisrrs in is area
". U1 ating of energy saving project lists
' Cc,.- .. caze progress with ucdzeC- plot of Btu/Lmit of proilutm 
. E2ar=..xnt s"er-ision .;ill conduct we:ekend audit
 

I 1. Distribub booklet of selected ECO's

2. Review status of corrective actions regarding first energ
 -


saving survey

3. Publish bulletin on energy saving tips for driving
4. Teo=]ica! talk cn steam traps 

1 . Ee:-g. conrervaefcn ccurse in Su-ervisor Trairing
D_:r~e-ts-. devecD Cner-V bala.-es 

3. Diszrl'±uze " -'--"l, .......
c'4z ......s oz£ insu!--tion 
e zer to .-. at home .:ith energy szvin ti:s for --e hie 

,j..."- = or .-. -'-h.4i3 ..nh..einsith their po.in 

1.~~~~~~~~o-~hs~:~l~g'pecplecn ,ric.cner-'." cc:ue.-:aticn 

-. Fl:.i_.,Illez, cn air c-nditicnn?, z.-,
"*As a rc u: o enerz-," balances, cc.i':ee ,,-i cc-iu:: -:e-

-J.-us surv', 
4. Cc*.1 ......r gixes z-l: a: hizh school
 

....- F,.tc, cr'.tesz
 
Eui. _n on er-.." sa'.'Lr; durin vaca-ions
 - .Su-.ev cf  ur . ' SZsaionS 

•. Tec'i "-al tall, n __ih 

.1"- bici:e poster ccntest winmer in plant ard c 
. ,t ne:wsyaner

2. Diszritute posters
3. £ 
e- cc ZrCsed zir rezuirements

4. Eulletin - "[nn': uae ccanressed air for ccoling" 

]. ,ulletiu - "Tim2 up soace heating system.s"-. "~~ ~~na'C. .. 5%stem"e"• .'.~t -=-c- S;S e 

3. Cc'-r"L-n:tor prWi:rt talk ,ith slides for loca -.echnical society 

Cc-itzee rie-- thcu~h plant at night znd sugges-ccrrec:ive 
action on ligh:ing 

'ctobar 1. De:onstration of ilfrared sur.', to detect e.xessive heat losses 
2. S:.ean trap sun'ey
3. Falletin cn stean tracing syste.ms
4. Tec.hnical talk on ccmbustion 

2-51 
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ov.ber 1. Survey oversized electric motors and cqji,.ent
4. 	Eulletin - Recognize someone's energy saving achievemen 
3. 	Second course in Supervisor Training 
4. 	Tec.hnical talk on electric motors and power factor 

Ic 	 -ber 1. Bulletin - "Use reflectors and reduce Christas lig-.ting
2. 	Report achleverents Ln reductions of energy use and announce 

goal for next year
3. 	 Survey use of lo ppressure steam 
4. 	 Plan prcgram activities for next ;ear 

"A¢
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:.8 CONCLLSION 
This s' ction on program implemcntation bcgan 

with a discussion of the importance of mana2vment 
interest and suppurt. It seems appropriat, to in
clude in the cot,clusion a letter from the manac.:r 
to his staff 1'7onstrating his corninning concert 
about encry r ,nsr -vation. His requ-st for a co.
dngency plan is then answered by his department 
heads with a report on the status of the contingency 
planning in each deparment. 

2-53 
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x,8.1I 

ECONERGY CtMPANY 
;dTER-OFFICE CORRESPONDENCE;. 

ote: March , 1974 

To: Department Heads 

From: D. T. Parker, liant !anager 

s.bi:n: Request for Energy C'rtzi,,ent Contingency Plan 

Ycu shculd all be -re t21at energy supply is a very real ,nd serious
.roble. tc our oper-tions. Briefly, our anticipated allo:ations of 
fuel oil, natural gas, electric poer, and gasoline are insufficient 
tc' sutzozi: cur operation as they have in the past. Cur ability to 
L r.-e .- (ecessary use of they" co-rm.J.ities and to al locate fuel to

ful as e how severely our operationsfnCL: ;..ill ultinmately deter,,. 

are .ntaileJ.
 

Even rare sericus is our inability to secure adequate quantities of
coal to -et anticil:te-J meeds. Efforts during the past txo months 
have faile! to increase deliveries, and inventories are cua-rently at a
low le.. Cur 'ent fEuel suppliers are operating at their ultinate
cipazity ar they face probleis associated ,ith weather, fruel shortages
lor their mining :c.uirnCt and ever increasin strip tmine regulations.
To date, ;o have been unabl to secure ,dditicnal suppliers as those 
who are mining coal are sold out beyond their production capabilities. 

At this tine it appcars that scne production curtailments may be
;2ecess'-.. Each me.-:isor should review his. oorations: those
piecef ]u.u" w'.tiwLcn re 'perating at less UEiocired efficiency
,ith yspect to cnergy consusrp-icn shouI-Ee icentirlect ana plans made' rstrl-t or curtail their ouration. The baic factors ihich .n

.. ruel iiciency an-7or erergy utili:ation in all .rocessesC!e -
±h -ld be "entified and ii:-m .*... c steps tal:en to rdnkiize mur energyre. :i .'..r .s.
 

savEn rgy 

"2-54 
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In zn'ticipation of possible short term reductions in energy supp]y,
for instance electric power, we need a co-ntingency plan. This should
 
include a list of thL- equipment that u-'.d be shut down and the
 
sequence of shut down in your department in case of 25%, 50e, 75?j

and 1001 energy curtailmiencs. 

Your plan for reducing energy requiremmits in your area should be 
form-.lized and available foz review by me one week from today.

R mmmber- NO SAVING IS TOO VXLL TO BE CONSIDERED. 

cc: Energy Conservation Coa=.ttee 
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L3.2 

C7A5RG" C OMPAN Y 
INTER-OFFICE :CORRESPONDENcj 

Dzca: larch 27, IS 1 

To: D. T. Parker, Plant Mnager 

Frcrn: Dapartment Heads 

z: R duc ion of Energy Requirements and Contingency Plan Status 

S-nificant reductions in energy use have been achieved in on 

c era ing units as follows: 

Utilities
 

It has been cur operating practice to fire all three boilers even 
though steari requirements could be provided b-.wo boilers 1.y 
!oadei. In this iua', a forced outage of one boiler could be handled 
uith'ut decreasing ste-,n output and causing interruption o- operations 
of i.ea users. 

W,:e iave shut down "I boiler, the oldest and least efficient boiler, and 
the restilt i. a fuel saving of H Btu/hr. In czse of a forced 
outa: if one of the two operat-2iiWoilers, we have set up a cc.-.,.icat 
r )c;dure tc curtail steam to certain trits that can be shut doln safel 
and quickly with the least i;pact on other operations in the plant and 
re-started with a ninian loss of ptoductivity. 

Co, '. Si's "A"' and "B" 

Similarly, 'n both departnents, we have been able to shut down one 
of three fu.:!ces by rescheduling throughput. The schedule is 
extroneiy right at our present productio. rate, and on occasion we 
may need to fire up the third furnace in order to meet cci.ti.ents. 
Fuel saving at present is H Btu/hr. 

savEnergy 

2-56 



326.
 

Contince.. v Plan Status 

1. Electric Power 

In general, during any curtailment ot poer, 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 humidity 
is required.
 

If a "brown out" occurs (voltage reduction in excess of 10V), certain 
motors trip off automatically and others must be tripped manuall)y to 
avoid dTorg . We are surve)'ing all motors to identify the ones that 
require manual tripping. Utilities will set up a comm-mnicatic n 
procedure to inform tJe appi ..priat people when a "brown out" occurs. 

Follo;ing is a tabulation of shutdo;,ns sequei.ce for curtailments of 
el .ctric power: 

Curtailment Shutdo%.Tl Section
 

25% 1 

75% 1,2,3 

100S l,'2,3,4
 

'e have designated a ntraber of units that will be included in each. 
of the four sections but the plan is not com: tcte yet. 

2. Fu-ls
 

For eac. fuel, we will _nve a tabulation like the one for electric 
OL.,;ere are this weel: to complete the desinationW holding meetings 

or irli:s in each section for each tabulation. ',e hope to submit the 
detailcd plain to )'u next week. 

In general, when fuel curtailment causes a cut-back in ste-m 
.encraton, all ste ar heated buildings will have thermostats rcset 
to F. Aain, 'syteminterlocks will prevent inadvertant operaticn 
C:te- oo..)g -5)st-, except where the controlled lower hImidity
iv required. 

savF-ergy 

2-57 
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E,.PLOYEE ?'.TIVATIOH 41D COIlUlIlCATION METHCDS
 

Davil MI.Heller
 
Air.Products and Chemicals, Inc.
 

Paulsboro, New Jerley
 

ABSTRACT
 

Thk paper discutses the compelling reaons 

fu, involving All employees In the plant energy con
servation effort. offers suggestions on how to imple-

r.-it and nalntain a plant-wide, people oriented con
i "vation program and provides excamples to illustract 

-
t...; involved and benefit Three
rethods possible. 

area, will be stressed: publicltk, or comunicating
 
* ,,nthe ladder, through newsletters and the use of
 
c;tlr.c:.Ive logos; comunicating up the ladder. by 

r ns of e.plo- je suggestion programs and discussion
 
forums; and tr. 'ning., necessary to free employees 

f-". a pre-E.zzro approach tc nuanufacturine.
 

Current technical literature is full of infor
iration on hcw to reduce enercy use. Consider er~erc-y 
t aeiieent syste-s, wcs:e eat recovery or heat 

?oz all the frcets of tue design, ccnstructicn, 
in- acratirn of such ecuip;-.ent and rany other new 
eel s ta,,us uo an ever-increasine am unt of our 

I), one ca'I deny the benefits achievable 
', ,nitul Invus:run: and new tecnnalocies, but 

.. u are ctr.er, oft-ne.;Iected asoects cf energy an-
4 on to te considered. The eevoic:"nnt an! use 

cefec:Ive energy mari.aelent organization and 
:nvolvenen: cf v:e entire plant in the conserve-


n eff.rt can hould go hand-in-hand with the
 
pI'nical ;prove=.nt of the operation.
 

I': ?;kc to sha.e wi:h you ny ex:eriences as a 
-"er :-.every successful energy manace-ent or

- exclinina hoi we are sc up to Irpie
tn e 

" 
::ntervation ;nd detailing a numer of 

)?ra4 s ,..va found effective. 

N:IZ,:," .n ENS.AGY CCN.V,,TIOt, 

I In 	 ':Yed as Technical :pervisor at Air 
.enicas' Paulsborc, flewJersey plant. 

•uls- :1.;nt Is part of the Cheicals Group 
SFr: i. V.'eare located in Souchern New 

in - treater Phi lacelhis area. Cf our 
*-ve . and the craiance hourlyare e..e.,:t 

. Ue proicue various t -,csof indus-

:-,1.:i, with our major pr :: bein- CASCO 
: - catalyst, 

Naui.:cro Flant has seen shar.iy spiraling 

e' :- ?s~its ¢,ert the last few as all ha ,:.lorder years, we 

"o iI1, our average cost fcr energy rose 
tzr. tan = percent. The impact of these costs 

PAULSBORO PLAN,1T
 
ENERGY MANAGEMENT
 

ORGANIZATION
 

Cc 

" 

-a 

i*IllI. I 

lip I'1 

ENEIRGT 3AVIIGS 

rMou.t 1
 

forced us to re-evaluate our conservacicn efforts
 
fnd us to liuh.irtcn ers
 
and two conclusions came to light. First, ccnserva
tion projects once glo:sed over because of a low
 
rate of return ncrw looked r.ore attra::ive. It be

ca-.e necessary to refocus our technical efforts to
wards auditing our process flows and exarning hast 
and material balances with the proverolal 'fine
 
.tooth Comb.' Secondly, we cane to reail:e that in
 

to be successful In reducing energy crists It 
made sense to Involve - entire plant in the effort' 
no: Just a handful of engineers and technicians.
 
The Paulsboro Plant conservation effort was thus or

. .--- - .....A-• :: ] " "'. .. : ... ... .:......... "-"; .- - ... ,.'-' . .
... ... '.. "": ', ~~~~~~. .E~... ............. ' ... 
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L!'I CG USAG r.,'MI,15 DO Ul 

the sane period
tnt i :ergy uug war j,,% 1as than 

keep your eyes open for en...'gy waste.i. er to 

r'U,,."* SUGES7O.1 DAW .G.... 


$25 gift certi
j ic;u an this quarter's winner of a 

Thanhs to everyone who submitted
 - -, .uq, entialn. 
trthe last three inths. 

sTz' *:TY-P CAPS 

Dave Diriotro will 
teLm trap inap6ct.-ns,-CV X c 

The caps insulate the traps by
:can trza-.
hll 
 from 
steam bill.cf de' air around the trap hnd protccting it 

Plant stea" 
•bou ,500 a year on our 

eve:y three months.
 

",!:II:: . SAVIN:CS 

- i on the Ther=al Oxidi:er saved *20,000 in natural'n 

A " bugs croppad

Cr $8O,000 over the entire year.
eo 

even greater.,oul have bc:e 

EE TWE L.GIT 

az ruch lic.ht for the 
1- p;'cc:'cu up to five tins 

t.e5s lcn;er.''- cen '0 to 15 
- incand r 

t l-arps and last 

a-ount of light - it neasures the
 
el not rns:rc the measured
'Ihe ar.oLnt of licht is 

-- c! to li±1ht th1e bulb. to equal thesix 25-uatt bulbs .-:-_.o- you need 


C IeU-watt bulb.
l 
power when you

t"Ier i! a surge of
4 t '5'5 t31e that 

1." you Jtrve a -Corn, evcn !cr a minute, turn 
* ;h. 

. orV'FOVIG TIS" ,: "Y S .
 

- C: 
BOX.*

I[.. il£,,S.I-1;'r $UGGET ..NIIS..F "OUIN 


rl '.,nE
 



ga ized along tha lines shown 
In Figure 1. 


The Technical Department and TechnicAl Super-

visor have major responsibility for the program.

The Technical Supervisor serves as 
Plant Energy Con-

'sarvation Coordinator; a part-time function at Pauls-

;ro, but a position that requires full-time atten-

eion at 
larger facilities. The Conservation Coordi-

nator's responsibilities Include:' developing and 

csmmunic.ating conservation techniques and ideas 
to 

the employees, mznitoring and reporting plant energy
crnsurptlon, diveloping plant prourams. goals and 

budgets and maintaining a plant environment conducive 

to energy conservation. 


The Profit Improvement Program Is a suggestion 

program for our technical people. This program an-

wurages new 
ideas and recognizes the contributors. 


The Energy Conservation Committee Is composed

of representatives from Production, Maintenance,
Technical and Project Groups. 
 The Committee meets 

monthly to discuss and evaluate the status of the 

plant conservation program. 
The Committee feeds In-

formation to the employees and communicates employ-

te's concerns to management. Yhe most Important

function of the Committee Is to serve as a place

where Inter-departmental problems Involving conser-

vation projects or programs can be resolved, 


M.anagement commitment is 
a major component of 

our overall effort. Itanagement communicates stand-
ares 
and goals and measures performance. Group ank 
Corporate management provide support through people

and capital, and acts as a clearing house for Ideas. 
On the plant level, management communicates directly
with the employees through our newsletter and lettrs 
sent to the homes, 

The position of Energy Coordinator, the PIP
 
program, and the Conservation Committee have all
 
been ac:tive for a number of years. 
 I believe the
 
fact that we have organized specifically for the
 
cnservation of energy has helped us 
keep the effort 
alive and has resulted in a number of outstanding
innovations. 
 Now, I'd like to focus on the last box
in our organization diagram - employee awareness. 

IUVOLVE THE ENTIRE PLANT
 

Proper motivation of operating, maintenance,US
laboratory and clerical personnel can 
be one of the
 
cost cost-effective energy conservation techniques. 

Iourly employees have 
the closest contact with the
 
oerating equipment and are often the most knowle49table about production problems and unit Idlosyncracies. They will see thIngi that you as an engi
neer or manager might overlook and they will extend
 your eyes and ears to round-the-clock coverage. 


These people are just as concerned as you are
abo t the continued escalation of energy costs ar4 

he imnlicat ions of dependence on foreign oil. Our
re ponsibilty 
is to direct them 
to utilize on the
ensaet ris 
o them
irctulne detontilieon thedealine with home energy problems. 


Vhat kind of results can be expected? The
tffects of 
improved operations and maintenance are 


often difficult to quantify - a steam leak repor 

ed a few days before a supervisor notices it, a 
spae pump turned off, a steam tracing line Insula 
ted rather than Ignored. Then again, an operator
might suggest a process modification that could
yield large savings. There are also a number of I
 
tangibles - an IF-proved morale, an esprit de cor
 
a sAirit of cooperation. The point Is.Lhat the be

fits will far outweigh the costs of organizing the
 
program and maintaining the effort.
 

There are many methods that can be used to no 
vate and communicate with your employees. The ap
proach sh.',ld be nne of common-sense, stressing
 
facts, with ju>. enough pizzazz so they are notice
without being laughed At. 
 I'd like to stress thre.
 
areas  publicity, or communicating down the lad
der, communicating up the 
ladder, and training.
 

PUBLICITY
 

The "Paulsboro Energy Newsletter. (Figure 2)
 
was developed to publicize the 
plant program. The
 
Newsletter has been published monthly since October
 
1980 and is posted on plant bulletin boards. A vo
riety of items are presented - updates on p~ant co 
servation 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 I often hear is that
 
they feel better about their jobs and relations with
 
the plant when they're told what's going on. 
Now
 
that we've establisheJ an energy conservation pres
ence at 
the plant, I find employees asking me if I 
have any information on air conditioner sizing,
solar heating, and other Items discussed In Newsletters.
 

E 

FIGURE 3
 

Please notice the embem in the 
top left corn
er of the Newsletter (Figure 3). 
 One of the first
steps In publicizing Paulsboro's program was
development of an energy logo. 

the
 
This Is a recogni.
tion tool used on all our conservation literature.
Ue based ours on our corporate logo, adding the sin 

pie phrase "USE ENERGY WISELY" and adding gasa
flame, 
an oil derrick, and electrical transmissio
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lines tn illustrate our plant energy Sources. On= 
excellent way to kick off a cwcnservation program Is
%hold a lob- design contest among employees, or 
'Ir children. 


The tvpcs of publicity vchlcle! you coloy will 

depend on your imnnation. and your ability to 
ludpe ic. t wtill be cffectivu at your location. Kvod-
-uts end pav cnvelope "tuffer" c-n present usefullew , .-sp.ecially hv-.: -ncrratlon tips. TP:se 
it-s c.n Ir oht;.incd a: a nminal price from pub-

11c Lisd privatt energy cTxisci'vatlon organizatic is. 

"our ioc.l L'ltiiii cr)j.,-ie should also be a good 

,ource of isnforr.ticn. This =atorial is usually 

on t soni) ba:,.is- heatino tips In 
air crj;it Ic:iIo iLera- In Jul

I.I.T :.,:%"T3E:,rLf".Z~r 
7savings
-

L'hilc cz-unicatlon 'vin the ladder has been 
s:r':st.e tr t,is point. irm.ut from the hourly cm-

ploye--5 sheuld nop!; irnorrd. blicprograris airecaci
re-iticr.e'd t,illlp prxmote 
a spirit of Coeraticn 

t )ou- lc:ticn Cid i)oye: w-'ill feel brtter 

-'cut j, it c:iira t:tir supervisors with tneir 
t?:.! 1 n;.: £:.j i -,_s. ,%sd me nv'ocr jznd qality of 
Lttc:e I..Ls t-.uld przz.Sly surprise many of you. 

oh a thil -our-e Of infor.ation, an 
tier-,' Ccn!. rvAcrin !-i'rs:t ion Prccri:n was becun 
a: Pauli.1ur:. C'ur c:z:i rxpendi:ure c:.sisted of 
o zhzr: for-, zn .sc,r-.sricn box. [acn suggestor 

TO --. 'E E"EF:',' 
e. ;:.;e.. . ~ 

.'.V.:. .. 

.. 

-:.:D Ei'CGESTbO:, 

E:ERGY CO:NSERVATIONJ 

I1t TX-, FLAUT, I CUGGEST: 
FTO' C: ....... ,:.... FO-F


V -,.- ° . ) !.,o-,. 
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receives a personal reply thanking him and explain.

Ing what the follow-up action will Involve. 
 The 4,.
ply is most important, unfeasible and even absurd 
suagestions are acknowledned In order to show we
 
appreciate the interest a.. respect 
;he input. ..sponsibility 
for acting on worthy sugcestions Is
 
assigned at Conservation Coenrittee meetings. 
(Figure 4).
 

During the first full year of operation twenty.
five percent of our hourly personnel subnitted $u;
gestlons and total suogestioAs numbcred sixty. Ur. 
terly a randomly drawn sug-estion wins a S25 gift
certificate at a local departrent store and a :50 
certificate Is eiven each year for the best su;;ss
lion. After cc'-pleticn of all prolncts and work

orders resulting fron last year's suggestions total
 

are expected to be 
$ZSO00. Ite sucgestlcri
 
have included Items such a!: 
 installction of light

switches in under-utilized rooms, installation of
 
skylights to reduce the need for 
light fixtures
 
during the day, and lists of areas requiring Insuiation that were overlookec jurinc energy audits. 
Ve
 
have rcteived only a few %worthyprocess I-provt-,;
suggestions to date. Process irprevetr.nts c:uld cf 
course save many tires over the 525,CC3 figure. 

Trerc are pros and cons on the Cuestion of
prizes. One of the most-voiced cc-olaints -%en 
prizes ore disc:ntlnued the slcn..l Is given that the 
preorrn is enoed. This is a vilid point, and t e 
answer m.ust be decided at each location, based cn
 

EI-31 
SUGGErTIC:U 

'. ;CO Il S-1LL tM' NO.- 1': UEZ".. .. 

DI:' JAt:;'Y WHILE STILL WAS L:i:. 

. " D E T , -- ' DATE '-, 

TO: DAVE HELLER" 

(Figure 4)
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t ezpcriences. Any publicity or mocivational costs. 
 The slides will be acco-rnzzned by a taoc
 
7ra, is going to slack off after the first flush 
 recorded narration, Emolovecs relate well to this
 
.nthuslasr.. This can he discouraning and help type of proirem -ince 
it is speclfic to thnir actlv

pup a da.ocr on everynne's conservacion spirit. 
Let tics. At a cost of tuenty to thirty dollars per

'e suggest 
terat this slackening off Is a sifin.l to show,"hoetnade" train;n? aids are less exnensive and
 
transfuse some new Idaas 
into your program. more effeatlve than cc.rercially available pro~rans.
 

I have always had an aversion to the use of coart-
 A nunber of egulp.ment vendors present short 
petition between sl ifts as a iran- of prc mcina ennr- training serirars for ooer.tingt perscnnEl. Recently 
gy cznservation. 1he key point In any orarness pro- we had a ste=.r trap rianufac:urer present Inforation
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Fig. 1. Data c.ection i1lvidtAl informatil on the need for
capacitors. After capacitors are installed, data should be taken to see 
if they are operating correctly (as shown at left), providing the 
nce .sarykVA It. ad not contributing tn serious harmonic problems. 
Photo courtesy of Capacitor Products Dept., General Electric Co. 

Applying Capacitors To 
Improve Operations 

Importance of evaluating, planning and 
economics is discussed 

L	ow power factor can be a plag e to any industrial or triangle, shown in Fig. 5. Trigonometric formulas will com
comnercial business in the form of excessive utility plete the triangle with knowledge of an two parameters. 

charges. Some power companli s adopt rate structures
 
penalizing a custoiner for low power factor while providing Capacitors On Motor Feedetr
 
a inius for high power factor. Low power factor results in The optimum location for power-factor correction ca
higher peak kW requirements, thu3 affecting equipment paci'.ors is at the terminals of all induction motor. This ar
utilization. A greater percentage of equipment kVA ratings rangement, illustrated in the single-line diagram of Fig. 6
 
i!;ieded to supply magnetizing currents. The material that (capacitors C4 ond C6), insure proper matching in time and
 
follows lays the groundwork for remedial action in the form magnitude of c pacitive kVA'ls to the inductive kVARs of
 
of power capacitors. the motor for tht desired power factor. Common circuit pro-

Data Collection tection ,w; switching can be utilized to serve the combina

tion of motor and capacitor. In sonic instances, the feeder
 
Plant pf can he measured with porLal)le metering instru cable size can be reduced is a result of the decreased line
 

nientz; (;vie Fig. 1). Chart recorders tracing the load cycles current.
 
over a 2. hour period for one week are reconmmended. The 
two wattiueter method may be applied to loads wit! stable Motor Starting Effects 
denmad. Utility metered kW and kVAR data will suffice for When switched into a power system, the capacitor bank 
the service entrance. Rate schedules are available from the will draw a high-frequency inrush current, charging in one 
utility and should be studied for choosing an economical cycle or less. For an isolated capacitor, the inrush current 
,,Ijtion. Figure 2 is a typical utility rate strtture sliowimigr11, fl frequency can be calculated from the equations: 

how an electrical sy:stem's pf may affect aclient's utility bill. 
DaUa collection should include harmonic voltage levels, 
which (armh, mnasured with frequency spectrum analyzers. I I -)CkVARlam 

" Causes Of Low Power Factor I L -XV i ap 

l'atially loaded induction imotors create tie largest Short Ckt. kVAI 
reactive power demand on the systemn sources. A conser- i A 

vative motor ,size is usually selected in anticipation of the 
roaximunm accelerating and torque characteristics of the me- | Short Ckt. kVA]., 
cliaiical load. The variation of motor pwer factor (p0 with i CkVARl z[-
changes in shaft load is represented graphically in Fig. 3. 	 -

The phaor diagram in Fig. ,I illustrates the eff-ct of 
adding capacitive kVARs to a load having a lagging pf. The Where: 
two main reasons for installing capacitors are power capaci- J1 -s!eady state peak current (crest value) 
ty release and reduction ofutility charges. An analytical tool ,,=- eak inrush current 
for calculating the kVA, kWAR ad(] pf variables is the power fr- transient frequency 

f, -steady state frequency
CkVAR-capacitor kVAR 

V-line voltage in kV 
To preve~at nuisance tripping of the circuit breaker 

By Joseph W. Fay, P.E., because of the short-time, high-pdak inrush, harmonic 
Syska & Hennessy, Consulting Engineers 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 
C4 in Fig. 6 is 75 MVA. Then the calculated peak inrush cur-
rent is 898 A with a transient frequency of 1039 liz. The 
derivation follows: 

[ - (1.41) 2 =49 A 

,,-(l.)[14 Short Ckt. kVA (J 250 ^CkVAR - (49) =1+ -,9 A2 

f 	 f) "(' A A (60) r 2(Q Short Ckt. J' -1039 Hz 

Motor starting effects with capacitors applied usually
do not improve the voltage more than 5%. The nameplate
kVAR rating of the capacitor bank can be used for 
calculating the voltage drop during starting conditions. Ap-
plying the percent voltage drop method (not described in 
this article because of space limitations) to the 1000 ip 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 lp rmotor, the drop is 6.1%, improved to 5.9% with 
capacitor C6. Therefore, with shunt capacitors otnthe cir-
cuit, the voltage improvement is a small 3% to 5%. 
Steady-State Voltage Operation 

One of the myths in power capacitor applications is the 
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 improvertient will usually be small, pro-
ducing a rise of between 2%and 5%. 

Wheni the system resistance/reactance (IUX)ratio isless 
than 1,an approximate formula for the voltage rise can be 
applied: 

%Vrise -CkV (
10 x (kV) t 

Where: 

CkVAI- capacitor nameplate rating in kilovars, 
and X-system reactance inohms from the source to the 

capacitor location and incorporates the reactance 
of all electrical system components, e.g., trarts-
formers, buses and other conductors. The system 
reactance must be calculated on the basis of one 
standard voltage level for the entire electrical 
system, 

For example, the voltage rise at the -180 V bus in Fig. 6 
car be calculated for a pf correction from .75 to .92 using 

Demand Charge: Per kilowatt ofmaximum demand. $5.00 
Energy Charge: Alt kilowatt-hours, per kWh. $007
Power Factor Adjustment (power factor tobe computed at 
the time ofpeak kilowatt dciand.)

Penalty: Apenalty, based on the number ofpercentage 
points below 85% ofan nstallaticn's power tactor, wilt bo 
charged, based upon: (.85 minus actual pt)(peak kW)(do-
mand charge)

Bonus: A bonus (rebate) based on the number ot 
percentage points an tnstallation's power factor is above 
85%.will be deducted from theutility bil and will be based 
upon: (actual pfminus .85) (peak kW)(drmand charge) 

Fig. 2. A typical utility rate structure. Nut only do different 
utilities have different rates, a number of utilitict have different 
rates fordifferent areas they serve. A rate structure must be 
evaluated carefully to 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 systei., reactance is based upon the 480 V level 
and has been calcurated to be 0.0145 ohms. 

%Vrise- - (341)(.0145) ,2.14% 
10 x (480 x 10')'

Alternatively, the percent method of voltage drop
calculation cal be used as another method (based on the dif. 
ference of voltage drops) for finding the percent voltage r;-e 

because of capacitors being added to the system. Thts 
method can be used as a check to the above formula. 

%Vdrop- 100(1--s-)
 
where Z,-impedance of the load, including capacitors,
 

and Z,-total system impedance, including ZL
 
%V drop (w/o cap)-4.11% drop
 
%Vdrop(w/ cap)-4.91%dro
%Vdrop (wI cap)- 1.97%drop

2.14% voltage rise 
The actual kilovars generated by acapacitor installation 

will vary with the applied voltage as follows: 
actual CkVAR-rated CkVAR x ratingvoltage 
a 	 rated voltag)
 

NEIMA standards require capacitors to carry 135% of 
rated kilovars including the fundamental and harmonic com
ponents.
Sizing Capacitor For Connection At Motor 

The CkVAR rating of capacitor banks should be careful
ly selected so as to produce maximum power factor correc
tion, while minimizing the possibility of transient overvolt

ages. This is accomplished by chtstg a nameplte 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, carn be used as a guide linefor this selection. 

Transient overvoltages may result if excessive correc
tive kilovars are connected to 'liemotor terminals. Upon
opening the circuit breaker the load inertia will maintain 
rotation while the stored energy inthe capacitor discharges 

g 
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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 norm al decelera-
tion of the load, this problem is eliminated. Article 460-7a ofthe NEC governs the maximum size allowable for the shunt 

capacitor. 

Circuit Protection 
Common circuit protective devices can be utilized if 

some adjustments are made. The overload relay will be 
desensitized because of the reduced line current with the 
capacitors connected. Therefore, a new setting is required 
responsive to that component of the line current which is 
due to motor loading. Article '160-9 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 rmns 
current is: 

where (I,)' rms is for 60 liz and (l)Irms is for 180 liz. Ad-
justment of the long time trip element may be necessary to 
prevent the new full load current from exceeding equipment 
thermal ratings. 

Transient Torque 

This condition results from the closing of a circuit 
breaker into a capacitor-corrected motor circuit having a 
residual voltage. It is similar to the paralleling of syn. 
chronous generators with out.of-phase voltages. Therefore, 
rtclosing and motor jogging applications are not recom-
menided. Rteduced-voltge 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 
sytm,. Selection of capacitor sizes from the table in Fig.4,(pg; 22), will decrease the chance of having transientf22),illerte ceo ain si .
 
torques resulting from overcorrection ard excessive capaci-

tivre kilovars. 


Circuit Losses 
Electrical erquipment losses are reduced with capacitors 

by the change in the square of the line current. By itself, this 
los savings is seldom sufficient to justify the purchase of 
capacitors. However, the savings in losses serves as an add-
ed benefit. The k\V loss component of total power will re-
main virtually uchanged, but the kVA is reduced arid the 
associated PiR loss will also be reduced. This results in the 
shaving of peak kW demand and lower kWh energy costs. 

The kW losses in a typical plant vary from 2% to 5% of 
the load kWh, depending on the load factor and operating 
efficiency. As a ine:asure of the reactive line losses, the per. 
cent of tot~dlosses because of reactive power flow equals 

Capacitor C-- 0o 

Current C 

S-(100)(.335) 
orignal ~ Load 

I Cu,,ent 
Orignal/ I 
Load IL Capacitor
Current eyRecllve
 

Curent 

Fig. 4. A phasor diagram. The power factor, which equals cosine 
0, Is improved when the reactive load is decreased. 

Cortd 
M 
k"- Corrected 

Original 4 ( CoorrA Original 
4i c { Clircul 

VARol kVA 

Power Factorcos 0 Added 
!
 

Fig. 5. A power triangle. Using some of the known parameters, 
trigonometric calculations will reveal missing data. 

sin'O where 0 is the power factor angle. For example, if the 
power factor is .75, 0-41.4 degrees, sin"O-.44 and 44% of 
the total losses are reactive. 

The kW percent loss reduction from an improved power 
factor can be calculated: 

%kW loss reduction -(100)- pf original 

t .o 
The monthly kWh saving is computed by the following 

equation: 

kWh saving-[(peak kW loss)(% loss reduction)--capacitor 

loss](720)(load factor)($/kWh) 
Where: 

Load factorh- kw per month 
(peakkW)(720hr per month) 

Sometimes overlooked in loss studies are the capacitor 
losses which typically are equal to 0.15 W/kVAR for all film 
and 0.5 W/kVAR for paper film capacitors. This should be 
considered in all energy/economic studies. 
coUsing the onlne ndiagram shown inFig. 6 and th
Uigteoeln iga hw nFg n h 
typical rate structure inFig. 2, an example of circuit l9sses,
energy savings after pf improvement and resulting cost 
benefits followc: 

Given: 
1000 ft 1-3/C No. 2/0 cable, where R-0.107 ohms per 

phase 
1000 kVA load @ .75 power factor 
340 CkVAR capacitors 
corrected power factor-.92 
monthly load factor-.5 

Computation: 
Eapacitor loses-(340 kVAR)(0.5 W/kVAR) 

- 170 W-0.17 kW 

-1I10 o 
11R losses- 0(, ph 0hmphaze) 

-6202 W-6.202 kW.(139)'(0.321) 

% kW loss reduction-(100) . 100(1-.6651 

-33.5% 

Savings per month: 
kW demand -[(li'Rloss in kW)(% kW loss reduction) 
-capacitor lossl (demand charge)
-[(6.202)(.335)-.17J($5/kW)-$9.54 

Energy Savings-((peak kW loss)(%loss reduction) 
-capacitor loss) (720 hr/mo)(load factor)($kWh) 
-1(6.202)(.335)-.17](720)(0.5)(0.07)-$48.07 

Total savings per month -$9.54 + $48.07-$57.61 
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Load Cantor Capacitors 

The purpose of locating capacitors at service en-trance and power distribution centers is fo~r thethe addition of 

kilovars that are ne:essary 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 thim application. 

Capacitor Release 
The kVA loading of electrical apparatus is represented

in Fig. 5 as the vector sum of the kW and kVAR power re-
quirements. By reducing the reactive power demand on the 
source, the length of the kVA vector become: smaller. 
Therefore, additional kW of load Lan be added without ex-
ceeding the original kVA demand. In other words, new 
loads canl be installed utilizing the existing equipment
capacity. Shunt-connected capacitors reduce tie reactive 
power demand and can be used to relieve overloaded 
transformers, 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 - V A' 	 1jW' - V V-'l 

Where subscript 2 indicates the totalnew circuit kW and 
kVA, and subscript I indicates the circuit capability, 

To Utility
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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 requires: 

CkVAR.Vf l3S)-(91)h - V(1000)-(9I5)s -298 

Where 1153 et uals 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 + 165 
-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 capacitor 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 
rea" 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 a'nd 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 Cl, C2, C3 and CS 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, load break switch, potential 
and current transformers. 

The design tool used for selection of automatic switching is the load kVAR profile, an example of which is shown 
in Fig. 9. The profile is developed from the time-charted 
data of kVA R 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 additional step to the 

capacitor bank outweighs the advantage of correcting to the
desired power factor for a given load.

For plant load cycles that result in a fairly constant
profile of kVAR versus time, fewer increments of kVAR 
switched would 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 greaterthan the desired level while attempting to minimize the
number of steps arid the difference between desired and ac
tonI power factor. 

U 	 ZLn-%.Z=L'-.Economic Study 
VAR 1 p " Y -Original10001w 'I Demand 300 

WAR C I C2 

1-3/c 1 

13/c 0350
c -
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, ' 


1000 WVA 

C3 	 pf - 75 
(750 W)480 v Bus , 

' : -period. 
ITo Bus 

TlBt 
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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 
provide the payback period for a given investment, or determine the permissible purchase cost for a given payback. 

In the example below, a dollar value for the installed 
cost of capacitors is calculated assuming a three-yearpayback period, annual utility rate increases of 12% and a 
stipulated rate of return of 15%. Taxation benefits are not 
considered making this study a conservative one. For this 
example, please refer to the single-line diagram of Fig. 6, 

6. A one-ine diagram of a hypothetical electrical syslem. 

The data given isuskd Ina number of examples presented Inthe 
article. 
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the utility rate structure of Fig. 2. and the cash flow U Power Factor Penalty Eliminadon (PFPE). This reprediagram in Fig. 10. sentz the elimination of low pf penalty charges by increasing
Given: the pf from the original low value to a value up to or exceeding the utility break-even value of .85 pf and isbased onpeak kW-3750 a 1%decrease in demand charge for each pf percentage impower factor -. 75 provement up to .85 pf.

load factor-.5
kW circuit losses-27 PFPE -(.85-original pf value)(peak kW)(demarid charge)

Proposed:power factor -.92 	 PFPE - (.85-.75)(3750)($5/kW) -$1875U Power Factor Improvement Blonuses (PFIB). This is the 
pwracitorA- 115 utility's incentive fvr a customer to further enhance his pfcapacitor WVAR - 1716 improvement beyond the .85 pf break-even point and iscapacitor losses-(1715 kVAR)(0.5 W&kVAR) based upon a bonus of 1%of the demand charge for each pf-857.5 W percentage improvement beyond the utility .85 pf break. 

-. 858 kW even point. Because te peak kW will decrease with pf im. 
Monthly Savings with Capacitord: provement, this change must be taken into account. The 
"Determination of percent loss reduction (%LR) reduction in peak kW demand equals (kW losses)(% lossreduction) less capacitor loss-(27)(.335)-.858 -8kW%LR.-(100) ol_ -,100) ]_(75)'-335 

L(nwVie* f/) " "L PFIu-B(improved pf value-.85)(original peak kW
 
" Reduction In Demand Charge (RDC) 
 -reduction in kW demand)J(dermand charge)
 

RDC-[(kW loss)(%LR)-capacitor lossdemand charge) PFIB-(.92-.85)(3750-8)($5/kW)-$1309
 
RDC- ((27)(.335)-.858j($5/kW) -$41 
 1st year monthly savinks-$41 + $206 + $1875 + $1309-$3431 

Reduction InEnergy Charge 
 2nd year monthly savings-$3431 x 12% rate increaseREC-[(kW lo.'s)(%LR)-capacitor loss)(720 hr/mo) -$3843
(load factor)(,'ate) 3rd year monthly savings-$3843 x 12% rate increase

REC - 1(27)(.335)-.858](720)(.5)($.07/kWh) -$206 - $4304 

DESIRED POWER FACTOR IN PERCENT 
,0o e_f 2 83 04 05 86 87 08 89 9C 91 92 93 94 95 9 .8 100 

50 0.912 1.00a 1.034 1.060 1.088 1.112 1.139 1.192 1.240 F1276 1.3371.185 1.220 1.306 1.31191.403 1.442 1.481 1.529 1.590 1.732
.373 .902 .989 1.015 1.041 1067 1,094 1.147 1.175 12031.120 1.231 1261 1 292 1.324 1.358 1395 1.430 1.484 1.544 1.0T 
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Economic Study 
A cash flov diiagram, prelared for the calculatiol of the 

present value tof future savings, or for the arount which can 
be inveted iii capacitors, is shown in Fig. 10. The present 
worth factors for the series of positive cash flow are I!.08, 
20.62 and 28.85, for the first, second and third series. 

The present value of this future s.,vings equals (11.08) 
($3.131) + (20.62-11.08)($38,13) (28.85-20.62)($1304) 
-$110,100 

A lhsser expenditure will produce a smaller payback 
period, or a greater rate of return for the same period. A 
lower stibulatud rate of return will allow for a greater initial 
investment for the sane payback period. For a longer pay-
back, ,agreater investment can be tolerated, with a constant 
rate of return. 

flarmonics And Resonanco 
A system study of harmonic effects mid resonance will 

Clicull 
kVARs Load kVAR Prollle Without 

Capacilois10-

kVAR Loading

0o-ih Capaculos 


Each Step,,
290- 375 kVAn 

II 
000 1200 1800 

lhns of Day 

Fig. 9. Lo.ad kVAIt profile wuthlpwer facto rirretion using a 
rnulti.slep capacitor bank. In the above dot, a peak demand of 
2500 kW is corrected to .92 from .75 pf. 

Fuluto SaInguin Effet 01OUtiimtynale Incilose;
 
Uneigy. Peak kW. And "0Geale nolvenue 


5.304I~t .... ''o.- -$3843 $434 

131-L -I . ........ LL . 

,2 i3 il 24 2520 30 Months 

Installed Cost 
01 Capacitors
$110.100 

Fig. 10. Cash flow diagram showing the present value of future 
savings that can be invested incapacitors to improve the power
factor to .92 in the circuit shown in Fig. 6. 

W 	 Fig. 8 An automatic 
power factor control 
unit. The far left 
photo shows the 
cabinet and the 

:	adjacent photo I(Jks
into the interior where 
the capacitors, oil 
switches and current
limiting reactors are 
shown. Photos courtesy 
of I.K. Porter Co., Inc.Eh.c:tir.l Div. 

protect against misapplication of capacitors. Some sources 
or hlarrnonic voltages include transformers, static switching 
[rower 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 generate harmonics; however, they 
act, as a reactance which varies with frequency by 
X-[lI/(2ofC)j) wherej is a phasor operator. Higher order 
harmonics 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: 

kVAlts-(Vl)' + :l(V,)' + rqV5)' +... 

where V1, V3, and V, are the fundamental, third and fifthharmonic voltages expressed as a fraction of the ratedvoltage. 

The tW I rois current is equal to the square ro6t of tile 
sum of the squares of the harmonic currents: 

I,..total./(l,,.)2 
+ (1,,_)" +v(:)+. 

Higher harmonics do occur and can be analyzed. The 
following example will be limited to the fifth hs rmonic. Sup

pose the system voltage data at C5 in Fig. 6 indicates a fun
danental of 103%, a third harmonic of 25% and a fifth har
nonic of 5% of rated voltage. Then the kVAR loading is(1.03)" * 3 x (.25)2 + 5 x (.05)1 a 1.26 or 126% of the rated 
kihiv In calculating the total rms current using: 

. 

E i- the harmonic voltage and Z is tile impedance of the 
caaoitor at the harmonic frequency. The impedance de
creasej 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: 

.2..75 pu.-Y' 


On this basis the total rmis current is: 

)1.30 
or 130% of rated current. 

The above example illustrates the necessity of sizingswitches, cables and fusing of the capacitor installation for 

(continued on page 54) 
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Applying Capacitors Forensic Engineering
(continued from page 18) (continued from page 46) 

125% of rated current as required by Rnot protecting the electrician from
the NEC. Ritings of equipment be. I such a shock. It was noted that if there 
tween the source and tile capacitor had been the proper green bonding
bank should be checked for adequate wire with the temporary wiring, the 
capability to carry the total current in- accident would most likely not have 
cludi,,g harmonics, if present. Also, it INSTALL... happened.
isimportant that tile relay settings for AEROVOM An executive of tire ballast company
the circuit breakers be checked so that R UVUA who attended certain of the courtroom 
the breakers call ride through tie cal- hearings realized that the paper and
culated inrush current at the high fre- POWER FACTOR ondeser was from a vendor 
quency. If this matter is not aidre.sed, whose products were purchased by the
nuisance tripping y occur. ballast manufacturer. Interestingly,

Any cominiation oi inductace and the attorneys who defended the ballast
capacitance has a characteristi,- fr- C PAII RS manufacturer then hired a member of 
quecy .itwhich there exists an ocilla. our company to carry the case on totiaii of energy, called rL:,,iance, rea. tile manufacturer of the paper and foil 
live illniaturre, tihat shuttles hetee condienser that was used within the
the electrical equipmenrt. For a known _ ballast. The case was a second job for
induttice L. and capacitarnce C, tir our company, and tihe second case did
frequentcy that mray trigger this phe- ... go to court,, a settlement was made 
o. oer:" is equ. to: ; in the courtroom. 

2. 1. "Conclusion 
'lThis oscillatory condition, if not Attorneys are important people. They 
alleviated, results iii large current synthesize tile knowledge and informa
values ao,ruvervoltages in the power tion given to them, and frequently seek 
systeri. When tile characteristic har- this knowledge from outside con
rronric voltage exists, and ill sufficient sultants. Attorneys will respect you for

airg %tur, soliciting tire help expertstie orse ilitirg crirrenit will of other 
depend orl the circuit tinre CoInstanit. when necessary. They do not expect 
dhese currenits. can fat*lly o*r ca- .* you to know all of tire answers all of 
pacitors, overload etquipmrent or, at the time. '"rere will be times when you 
best. open circuit fuseS, think tire case is unfair - and you can 

Ittlc.rant :;ht ti:, cor;l;;titrr, of a back out. Mlany of the attorneys in such 
reactor and capacitor ii :;eries, with cases have called us back on other 
tile combination in parallel with the cir- cases. You won't need to be eithercuit. can be effective iii trappin ti e young or old to participate in forensic 
harmonic current,;, thereby elirni at- electrical engineering. Our experience 

ing o-;cillatin within the iwer in this are runs over 30 years and we
syf have fountd tie work interesting and 
sysiciri. Ulsually tire exciang. of have 
energy is tetween the cust rnter'; ca. profitable.
 
pacitor; an;d the trw pf divict.-. Roforoncos:
 

uHarry 
 MI.lhilo, Lauryers Desk Reference, 
Iower capacitorrs can fre,qut tly of- FthEd., fhincroft-Whitney Co., San Fran. 

fer itt. efit; frrr :rr irdu trial/cimmer, ctscn. 1973. 
cial faiiity. lithy are available ill 198U F'reair Se-rvice Directory: Tihe Na.
vari,,; rating~s andi (-;.n be cointetl fitjlt Register of Foremsic Experts, Litigation Cn ultanis and Legal Support 
it crirtr,! systems ti cli e Srtllts. Fairlawn NJ. National Foren-
Ilxwer factor perfrrni:nc of m eli- sic Ceiter. 1980.trrcal sy.ater. tefore irstallin: captai. Manual of Practice for Forensic 
trrs, ain ectonrorrmic analysis sitoili Ie Laburtffories, American Council of In
carri-il out tr ju,;tify their installation, depwtendt Laboratories. Inc., Washington, 
'lanni.g frr acapacitor in:allitit re. D.C. 192. 

quires a check r rating!4;.l equipment 
protective devite !t-ttings., harriit ie; Tho Author 
and resonance effecLs. Scrtt rt-amner beads his own consulting 
The Author engineering firm inOakland, CA. fie 

received a IISEE degree froln the 
h "is rject 'er wit niversity of California in Berkeley, anti

SyskA & Ihl-nes-.l, rt rtsrr ri !oit:er is n Iteristered Professional Engineer in
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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 call 
I* side effects. In some cases, the ca-
pacitors are the victims; in others, they 
are part of the cause. In either case, 
the electrical consultant should lie 
aware of the possibi lities and Lake 
necessary steps to prevent damage 
from surges ind from continuous bar-
monics. Btoth these effects are of grow-
inig importance Ib cause of increased 
application of choipped -wave equip-
ment-esp cially silicon-rontiulled rec-
tifier
(SCR)drives. 

By Myron Zucker, P.E.. 

P-esden. arnd 

Lewis M Clark, Production Manager, 

Myron Zucker, Inc. 


Although it rarely hapens, naijir 
damage can be caused by traisients 
Iriuced by false triggering of devices 
such as controls and computers, fuse 
blowing, breakdown of insulation anod 
othcr malfunictioring in transfiormers,
switcig-.ar, motors aid capiacitors. 
These events cani Ix.marle worse iy 

resonance, riatcliiIig the circuit induct-
ance and capacitance toithe freiquency 
of the pulses so that they are an plified 
over certain parts of the system. Reso 
fiance can not oily make things wirst, 
by creating unusrjaly high voltages 
anl curreno.Li cmtpounding the |irot-
leiis of transients, hut can alsi adi 
ioverheating of liliesand equipment hy
the addition of resonant current to ;I 
60 lizsystem. 

Glimmers of electrical piurleiems ali-

peared as far hrack as the 1930s, when 
medical x -ray machines causcil distur-
liances in iiwer lines frnt which they 
were fed. In the 1940s additional linae creating surge and ri-sirance dilfcul
isturbances from large spot welidhrs ties. Ioiwer hline inmis' triiuiles were en

and flash vielders hrought the flicker coiuntered even without iiwer calfIci
problemns to the attention of electric;il tirs. False ,,l iluilpment,mrati,liif 

cruss-currelits viiltage distirtioins 
ilh high aid liw, and overcurrents 

were expierienced. 
Niow in the '8s., liwer-distirting 

eiquipoerit is iieciiniig even iore cir
ion. More e fficiett nd clealier slid

-. state pliase-eiiiitri iled switches, such 
as SI. are wiidely used for control
lingand/ir priviling piwer to li 
oiitirs, ;i' nmtrs (h di cl nstlnt a1d 

a variable spieei.-d), furniaces (hoth induc'. tive and resistive), and uninterruptile 
"; r
i p -e suiily (U I S) systems. Aii d 

, rec= (cinitinued on page 28) 

engineers. Lighting, television :;ets 
and the welding ajparatus itself were 
afflicted hy the surges.

In those dlays. prohlems were few 
and large enough so that each one 
Could he solved hy individual engineer
inlgattention. Ar' furiiaces, large rec
tiflies rnd high hi si.t-wer i uction 
niitiirs ervated surgiv.. and this equip
inent was somelinies involved inreso
nIlltI ibinlit ins. 
Rt-

Rectifiers Alter Conditions
 

The surge/hairinic syndrome le
came niiire ci miin in the 1960s with 
the spreaiing if chiipped.wave equip
nient (thlt alliw:;only a portion of 
each half-cycle if voltage to get 
through t t lie iiar ). Ignitris and 
saturable reactors alsi caused pr

lems and. iiiwadiays, rectifier systems 
such as SC its are useil with increasing
friqui1y mili art. I majiir i-tist- iof 

lli/iNrSim
 

EFig. 1. ~inieviiltage' trniilts (spiikes) cause-dby coimnmutatim, oifallS UItit powering a 
400 hitdc t,,t,,r.The system is fed from a 
200') kVA substatioli. 
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Capacitor Installations 
(continued frmn page 24) 

tifier firing circuits create problems of 
surges iid lu,rmonics. 

It shauuld be recognized that rectifier 

equipment not inlydistorts wave 

shapes; this equipment asow frequently 

lowers 14, sometimes substantially, 

thuti creating the need fur pf c-irrec. 

tioi,
which is done by the installation 

of capacitors. Iliwever, capacitirs 

may cause resinant probleims. It is iu-

Ixrtant t switch capacitors off a line
during perituis iif light htiading. 


leIcg1.lizing hfat tile
altive electrical 
prnlenis are increasing, eiiihalisis 
shuiul be placed 'inanalyzing a lprij. 
eec's circuit characteristics, looking I6i' 
Irssilihi, resonaices that Caii illcrese
tivervoltages and overcurrents. IL ilow.s 
not menu that every installatiin is fll 
ifiirilileiils; it siniply nicairs that there 
are 	poss le causes for cioncern that 
tle elcetrical cinsultanit shiiuld watch 
tout for. 
Circuit Analysis 


There are three distinct pheinomena 
thart siuld he evaluated ina circuit 
ai;ilysis. First, there are transients 
caused iy fiiriii iiffill, oraiiher 
switching. Rectifiers and inverters are 
in eflfect a cinmlthx series of swilchiil, 
circuits that primarily use slilltaLte 
devices. They rake curreit Iirstfrinn 
tIfI line if ai ae power circuit artII lef 
frin [heiiixt and stiin-letidirig each 
in turn to the airt 'utiut wires, with 
tireoitput heing dc.Each time that the 
prirmary current is transferred frm 
titie wire ti ti e next th twi wires are 
es.euitianly shirt circuitei, 'l're shic-t 
circuit hists ionly a fractiir ola seciid. 
but this is what creates spikes and 
notches inthe sulply line vliitge (see Y 

A ste-v I ieiiininmnu is thaL tLe 
rectifier itself is affected while pror.
viding a reasnuhily unvarying de. This 
requires that the ac lines provide nit 
only ;O Ilz current tithe loII, lut also 
cmiitinuus harnuiics which, when put 
through the rectifier circuitry, conie 
out as a nearly flat ie. This, in turn, af. 
fects the ac primary power source. 

The third pheninenrn is a conlhina. 
tioin of inductance (L) andicapacitance 
(C), (if which each circuit has defiiite 
arn iunts (regardless oif discrete calaci. 
t.r equipment), which can create res-

iiance and enhurge voltage findcurrent 

by iiany tines (see Fig. 2).The clue-

trical coiisultint's jili is toilIcate and 

correct tileconditiins that cail create 

excessive 	currents and viltages. 

"Ofthe :iiuive aspects, resiinia'e ailnd 
harninics lend thenselves to ineas. 
urement hiy ci.nputatimi. 

Trouble Spots
lit the typical factory iir office iuil. 

inig, a miderate aniuunt of SCUis will 
cause little trouble. However, Ciindi
tiins that may cause Iroblems and 
sl uil le investigated are: 

* A few SCR drives that are large in 
rehltion to the iower system. For in. 
stance, if there are one firtwo drives 
whose liills ainliunt to about 10% 'if 
the trarsrfiririer kVA fevilirg tieiin, 
the ciminutating spikes niay readily 
lhw capacitir fusesanil issiily pune. 
ture capacitor inisulatioin. 

- Rectifiers usually oierating at 
great (nore than 50%) retardation 
Watch frequently switched capacitoirs, 

Fig. 1).These surges are tie liasis iil"L a 
all the ills listeil at the star irf arti,tills
Cie. 


Fig. 2. Photo of a CRT monitoring the tine 

voltage and current at a 130 kVAit capacitnir

installation. The equipment is In aplit with
 
a 300 hp, SCR powered rirotor oilii 2UO ft
 
bus, fed from a 1000 kVA substation. Tiis
 
picture shows the spikes in the current wave
 
(threlow amplitude wave-the high aimplitudec
 
wave is the voltage) that are provid'nig the
 
excitation to a resonant circuit. The 1 Ith
 
harmonic is clearly seen In the current wave.
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especially thise ililarge hanks, 
whether switched all at once, or in 
small steps. 

a SCI drives that draw more load 
than the ('ther equipment on the same 
lIw.vulLage line. 

Capacitors that bring power factor 
above 90% at full load, especially if re
mainiig rn the line at light load. 
oCapacitor kWAR greater than 25% 

of the transformer kVA feeding it. 

Spikas 
Spikes seem to cause fuse blowing

mnire often than do harmonics. ''o ex
plain this, consider the capacitor 
"device" fuse connected to vach ca-
Iacitor. This is a fast.acting, current
limiting fuse (as distinguished from a 
tlow-bliiwing circuit fuse), and it acts 
as in isolator to take a capacitor off 

the linethe instant it develops a short 
circuit. Speed is important to prevent 
case rupture, and device fuses have an 
excellent recird in providing such pro. 
tectioii. 

Out 	 tire fuse is nervous. Fuses of 
relatively small 12t (a few thousard 
amleres' seci ds) capability, as used 
with tile no", prevalent unit cell coll 
structiii, will lie bluwn by spikes. 
So fuse amperage has to be chosen 

carefully. In the llys of god sine 
waves, ciiriverrt.iiial rules "ere satis
factory. A fruse rating fif1.67 tinies 
steady-state current allowed margi in 
for the iirnoral variations in Capacitor 
current: up Li 1.35 times rated kVAR, 
cimputed by the factors if 1.15 tirues 
rated micrifrads, 1.1 times rated 

RII~~ttItIMtl
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voltage and 1.06 additional harmonics, 
which are always present tu somn 
degree.Ragged waves, however, will blow 
such fuses. In line with recent fuse 

many elec-manufacturers' thoughts, moam 
trical consultants now consider 2.2 to 
2.5 to be the normal multiplier. Some 
installations go considerably higher, 
Our 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 contactors. that should be used for 
power-factor control capacitors by 
themselves, is six times rated current, 

Spike Reduction 
The electrical coisulunt's joth is to 

specify fuses that will operate under
normal conditions without jeopardiz-
ing the calacitor, the contactor or, 
even more important, people-or else 
to call for ,neans to suppress the tra-

sients at the capacitor. Spikes call be 
by the correct amount of 

inductance or by shunt suppressors
(choppers) near the sensitive equip-

ment. Should a line not have sufficient 
inductance iniitself, the line inductancecan be suppleimented by solenoidal 
chokes. To obtain optinuin results,

should be applied. 

Harmonics 
Harmonics lend themseves to a 

more analytical treatment than spikes 

im the usual electrical system where 
potential resonant circuits caii usually
be well identified, 

Remember, that for harmniiic cur-
or voltages to build up, there 

must be both a r'somiolit circuit and ex.-

citation. If both exist they will create 
oscillations that can cause trouble from 
overcurrent or overvoltage. Lets look 
at the two reqluirenien t. 

litdetermminilig the first criterion for 

having a resonant circuit, it is im)or-
tant to see if tre resonant frequency
matches excitation frequency. Rest-
nant frequency depends oil the induct-

anie (L) aud capacitance (C) of the
electric circuit:i. 

f l 

where f is iii cycles per second, L is in 
henries arid C in farads. 

OI new projects, 1. an(I C may be 
found from: 

* Transformer impedance (Z) on the 
nameplate, thus ascerlaining the ma-
jor inductive element in an electrical 
system. 

* Ohms impedance (or the reactance) 
from textbook values for the electric 

lines betweeri the transformer and the 
capacitor. 

* Equivalent impedance of the utilitysystem before the transformer, a value 
usually available either as Z or as 
short-circuit kVA front tihe local utility. 

The VAR rating of capacitors in 
the circuit being considered, Iftheyare
spread over the distribution circuit, a 
first approximation may be made by 
considering them all located at a load 
center. 
Power Factor Improvement 

When improving the power factor of 
anexisting plant, it ishelpful 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 is appl ivi to the circuit. An 
oscilloscope, 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 inimost plants which makes the 
use of harmonic analyzer scopes, while
convenient, somewhat questionable
because the amplitude of one harmonic 

(e.g., the Ilth) relative to the 5th, may 
have changed by the time it is scanned.An interesting phenomenon is that, 
iii actual practice, the resonance is
usually between 304) and 7150 iz, the 
range ill which the possibility of oscilla
tioni related to solid-state rectification 
devices is greatest and gives the worst 
consequences. 

More specifically, for a circuit having 
a 5.7% Z transformer (a common 
value) and a capacitor kVAR rating of 

about 25% of transfromer kVA rating,
f (resonant frequency)-450 to 500 lz. 
Using other capacitor kVAIUtrans

former kVA ratiosthe following fre
quencies are obt'ined: 

3J% ratio, f-,100 to 450 lb. 
,10%rati,, f-4)0 to 400 liz 

The resonant frequency of electrical 
systems is likely to decrease as solid
state rectification devices become 
more economical aiiid proliferate oil 

smaller, weaker systems. It is impor
taut for the electrical coisultant to be 
alert against harmonics when small 

240/480 V airid 240/208 V transformers 
feed SCIt loads. 

The seiord criterion needed for a 
harmonic problem to exist is having aln 

excitation frequency mnatching the cir. 
cuit's natural frequency. And, not only 
is the rate of excitation imlrtant, but 
also tile alml ituile, which must be 
large enough to exceed circuit losses. 
To determine aii electrical system's 
high frequency excitation, an investi
gation should lie nmade of the loads, 
especially rectification devices. 

When evaluating a rectifier's har
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F'ig. 3. Chart showing resonant frequency vs. amount of capacitance (blue curve) it a 
circuit fed from a 1500 kVA substatio, with a 10u A, 200 ft bus with reactors. AlI 
shown are the renant larmonic freilencies that shiuhl lIe avoided. The red curve 
shows hiiw pf is iniimirved as capacitance is itcreasl. At tines acurnprumise must be 
rmade betweet pf improvenent aid extxjsure toharmorics. 

nnic excitation, itwillbe noted that Capacitor Level 

usually the th, 7th, I1th and 13th har- '[he electrical consultant has some 
monies are affected. 'l,',- haronics options if lie finds conditions are 
have frequencies of 300, ' ,60 atd favorable for oscillations. One-the 
720 IIz respectively and the most direct-is to limit capacitors to 
primary problem frequencies. 9th safe levels. '[his is done by having the 
iarnittic is;absorbed by dell: in- capacitor kVAI{ rating less titan 25% 
nected equiptlent it our experietce, of the transformer kVA rating.

t'there is little chance (ifhartitlc prit- Aitother is o start with a minimun 
tents if the syst'nu resonitates at t10 1 I. atiount of capacitors to avoid circuit 
(1 I thharmunic) or higher. resonance (see Fig. 3) and then 

With oversimplificat ion, the rectifier gradually inerease the amount until 
will create square waves of current Ont tle desired power factor is attained or 
the GOtliz s'steoi. The amplitude if until there are signs of troulile. This re-
each lartutic is reltted to the invere quires careful monitoring.
of the frelquetcy (i... the 5th is Another approach to avoiding the 
Sreatest, 7th less, ari so lit tip critic'al resonant point is by apptlying

throug,h even higher values than thus either a little nliore or a little less than 
nientiited, but tho;e values are itn :;ith the target attotutlt of capacitance. This 
small degree thm t they art usually may be practical if a system is 
t'lfigible). static-hut it a chatging system, ti,-
If tilegetirated harntitic: coiincide day's shlttioit may ttot be tontorrow..with aty resoneen;ii the5itit ply cir- Ail effective huL eXl1'nSive Optiln is 

cuit,there be and ti.tise rectifiers in which the ac pow rwill oscillatiins, tlwe.r 
possible trouUble. The hiiher the' fre- is divided into 12 or ore circuits 
quency, the less the excitation etergy nefore being rectified. This raises tile 
comes frtnt the rectifyinit device level tf harmonic frequency excitation 
(unbelievable a,;itnmay .ees, these 
 arge
it)it where itcallbe handled bet
units should be contsidtered as a current ter. This option is econttmical only forgenerattr for the harmouics!). large installations. 
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Filter Application 
A nore practical approach is to use 

filters, or traps, eitler in large (substa. 
tion) capacitor banks or in smaller 

A filter can consist simply of areactor in series with each capacitor, 
tuned near the lowest expected oscil.
lating frequency. Most commonly this 
is the 5th harmunic.These series.resonant filters invite 
tileharmonic currents to stay in the 
capacitor- rectifier part of the circuit,
relieving the electrical power system 
of the undesired excess resonance 
while ptroviding a sinooth dc to the 

To trap the 5th harmonic, a reactorof about 4% impedance at 60 Hiz is 

voltage on theused. This increases tile
capacittr by 5%, which, in view of tle
increased harmnltc currentt that thle 
capacitor 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 beevaluated. 

We have found the trapping method 
to he effective even on small systems,especially wleO the capacitor-at-the. 
load philosophy,is used with modular 
trapped capacitors near individual re
tifier loads and switched on and off the 
line with them. 

Conclusion
 
Resonance and spikes may become 

more common as rectification loads in
crease in use. The effects of spikes can
be mitigated us discussed. Resonancelproblems can be overcome by judicious 
selection of ratings for capacitors and 
traps. Costs must be weighed against 
benefits. U 
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S_Pwer fa c to r'a nd ,consrvtio 
A I~vI[VUW~ aa onserva ion 

.',You may look on PF improvement asa load easer in J 
--.,transformers, generators, and feeders, along with trimming 
k the rate structure and monthly billing. Now consider 

the sheer practical aspect of energy conservation 
Every plant-systems engineer should 

have a clear picture in his mind of just
what power: factor means. 'Ihis is a 

iliust, '.since 'pf, plant. operation and 
I eneig, economics go hand in hand. 

;"That's fine," you'll say, "but m'nyplant 
'has been running for years and he elec-
trical system appears OK. Why should I 
start worrying about pl'" Well, l:f is im-
portant because good power factor 

,,means less load oin your feeders, bctt'r. 
, ant voltage, a good-sized dip in your 
',monthly power bill aid, if you buy 
i power, probably lower electricity rates 
;:,froi the utility company. . 
.1i Interested? Of itlrse you're always 
,;interested in and on tire lookout for 

.ways to cut costs. Your first step is to get

.a clear picture as to what pi really is. 
-'.We're not going to cover pf calculations 

now. For the time being, let's settle for a 
clear picture of what pf is, in simple 
terms, and what you call do to improve

'it in your plant. The sa.vilg in power 
losses--transfories, feeders and gener-

.atom-can coustitute a si..able energy 
'saving. .m. 

','hat pflis. Think of your electric sys-
1 tent as one carrying two types of power: .

useful ixwer (kilowaths). that goes to 
, work pulling your load, and reactive 

power (kvar) that generates mnagnetisms
within induction motors. The only one 

1	of the two that drives load on the end of 
the shaft is the useful power or kilo-
watts. Nesertheless the generator, trans-
formers and feeders carry both. 
, You call get a clear picture of this by 

%studying .the sketches on thr facing
page. Ilie niug of beer represents your
electrical systemn. It, too, is made ip of 
two parts; the useful (liquid) beer and 
the suds. 

teer aiud pf. Compate the liquid beer
with useful power, kilowatts or watts, 
used to drive the load is your plant. 
ihen compare the froth or suds 1t the 
reactive kva flowing through your plant
rceders and transformers. Now what is 
pfl Well, we could say the pf of the nIug
of beer is the ratio of tire useful beer 
(liquid) to the total voluiste of tie Ihug.

Let's apply tile saile ldelinition it) 
,you electrical system. L.ooking at it in 
the sanse light, you will tind that pf is 

.nuthing more than the ratio of the rise-ful rver (kilowatts) to the plant's total 

I',.: MI, i", . 

kva. Translating that, we may say that 

kva is voltage multiplied by amperes
(flowing in a single-phase circuit), di-
vided by 1000. 

-' Coining back to our. homely beer-
inub analogy, we can readily see that 
we're much better off with less suds in 
tle beer mug and less reactive power in 
our electrical system. You can under-
stand this at a glance by just looking at 
the sketches once again, 

tReactlve power. For tic moment, let's 
. look at electric power flowing between 

.. 	 generator and motor as through it were 
beer. It doesn't take a genius to realize 
the size of tire generator and trans-
forner, as well as the feeder, must be 
large enough to handle both liquid beer 
and froth. We're saying that an induc-
lion motor needs both froth and liquid 
beer; this certainly holids true ii. coin-
paring beer to electricity, since your in-
duction motors iieed both real power,
kilowatts, and reactive power. 
'Now the froth flowing through the 
pipe causes loss in tire generator, trans-
forniersf. r. and feeders similar to that
caused by the liquid beer. Such is also 
the case in your electrical system, where 
the reactive power causes power loss all 
along the tite just as real power does. l'f. 
in your plant is low when there's a lot of 
froth (kvar) flowing. ' 

What to do. Now tire thought might 
occur to you that it would be wise if we
could place a machine next to our ro-
tor just to supply the fioth. Ard that is 
often the way pf is improved in the it-
dustrial plant. By supplying the froth
front a source other than tie original 
generator, the load oil tie system is re-
duced.l 

Realize that you're not going to ina-
prove pf and then buy a smaller goner-
alor, transformer and feeder for your 
plant. What you have already installed 
will probably remain there. The point 
is, by improving pfyou reduce tire reac-
tive power flowing in your system, and 
wiid tip with amnple electrical room to 
add additional load without going to 
bigger feeders and transformers. 'Iis is 
in addition to reduced losses within the 
generator, translormers and feeders. 

We inetioned before that reactive 
powr supplies the magnetism in yourinduction motors; this also holds for 

other inductive equipment. Remember 

that this reactive power is roughly con
stant between low and full load of an 
induction motor. Naturally the useful
power, kilowatts, drawn by the molor 
will be much less at low load than at 
full load. On the ot.r hand, since the 
reactive power to the motor is prac
tically constant, you can see that pf of 
tire 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-notoring. This all leads to the 
first rule for establishing good pf in 
your plant. And that is, don't "over-mo
tor" when using induction motors. • 

Of course, the best time to analyze 
over-motoring is when you select mo 

trs. The next thing to remember is a 
possible rearrangement of induction 
notors in your plant. Along these same 
lines, think or the synchronous motor
when selecting motors for slow-speed
 
application.
 

Capacltors. Now for a word about
 
shunt capacitors. They are stationary"
devices whose main function is to de-" 
liver froth or reactive kva to the induc
tion motors and other induction equip-' 
ment in the plant. These do the job 
nicely aid require little attention in the 
way ofmaintenance or operation. Don't 
overlook tite fact that they can be in
stalled practically anywhere without
disturbing production. 

Synchronous motors. Take arsother . 
look at the sketches. Remember, there 
is a big difrerence between a synchro
nous motor and a capacitor. The nyn
chronous motor will supply mechanical. 
power output as w,'ll as reactive power 
to induction motors in tihe plant. In 
other woits: The solution to your prob
lent might be to install a synchronous 
motor aleng with smaller induction mo
t.rs ! make up the total shaft horse-.' 
power required.

On the other hand, tise capacitor is 
strictly a froth machine. It is tied onto 
your line to supply this reactive kv to 
induction motors in tire plant. You will 
have to make a detailed cost study to 
determine whether the synchronous 
motor, shunt capacitor or a combination 
of the two i. the best bet in your particular case. . 
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