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1.0 Introduction
 

The Organization for Energy Planning, in conjunction
 
with the plant staff of the Cairo Dyeing and Finishing
 
Company, and with the technical assistance of Foster
 
Wheeler Energy Corporation, has executed an energy audit
 
of the Cairo Dyeing and Finishing Company plant in Cairo,
 
Egypt. The audit activity completed the final phase of
 
a three step program (screening, preaudit and audit) under­
taken to determine and evaluate the energy conservation
 
opportunities which could be developed at the Cairo Dyeing
 
and Finishing Company.
 

This report documents the steps taken to identify'
 
the energy conservation opportunities and describes
 
salient technical details, investment cost, and
 
economic evaluation.
 

Section 2.0 of this report provides a sumiary of the
 
results of the audit, Section 3.0 includes an indepth
 
discussion of ali features-of the work, and the appen­
dices present various significant items of backup data.
 



12.0 Summary and Conclusions 

2.1 Summary
 

The Cairo Dyeing and Finishing Plant 'in.Cairo, Egypt 

produces nominally 60 million meters/year of dyed and 

finished fabric in two plants, -,the Shobra plant and the 

Fiber plant. 

The plant overall, is energy intensive', consuming 

8,162metric tons/year of mazout, and 11,151,000 kwh/year 

of electricity, for a total energy bill of 3.1 million LE, 

based upon worldwide prices, as explained in Appendix"A". 

The Organization for Energy Planning (OEP) in con­

junction with the Cairo Dyeing and Finishing Company
 

and Foster Wheeler Energy Corporation (FWEC) have
 

conducted an-audit of the Cairo Dyeing and Finishing
 

Company to develop, formulate, and rank energy conser­

vation opportunities (ECO's). These energy conservation
 

opportunities are presented in two categories, entitled:
 

o No cost/low cost.ECO.'s, and
 

o Investment ECO's
 

The overall program to evaluate the energy conserva­

tion opportunities in the Cairo Dyeing and Finishing'
 

Company was performed in three steps, namely:.*,
 

o Screening
 

o Preaudit, and
 

o Audit
 

The initial phase, screening, resulted in the selection 

of the Cairo Dyeing and Finishing Company as a reasonable 

candidate for an energy audit. 
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Upon completion of the screening activity, the pre­
audit 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 audit
 
activity, which include:
 

o.A discussion of the approach
 
o A detailed description of each ECO
 
o Supporting documentation,as required
 

The preaudit report predicted a goal which envisioned
 
the savings of 10 percent of plant energy in the first
 
year, following partial implementation of mo cost/low cost
 
ECO's. Audit results reveal a potential saving of over
 
500,000 LE/year with simply the implementation of only the
 
two largest annual savings no cost/low cost ECO's, thus
 
making this goal quite realistic.
 

Additionally, a total of,five 
(5) investments ECO's
 
will provide simple payout in one 
(1) year or less and
 
implementation of all of the most attractive no cost/
 
low cost ECO's will produce a predicted savings of
 
899,500 LE/year thus pointing up the practical achieve­
ment of the 30 percent savings set for a five (5) year 
period. 

The total list of ECO's, in summary form, with 
predicted annual savings, estimated investment and 
payout in years is presented in Table 1.1 ,which follows. 

Those items which have an investment Cost of LE 25,000
 
or less are listed in Table 1.1 as No Cost/Low Cost.
 



TABLE 1.1 (PRIORITY 1)
 

PLANT: CAIRO DYEING AND FINISHING COMPANY
 

ECO PAYOUT SUMMARY
 

PAYOUT OF ONE YEAR OR LESS
 

NO COST/LOW COST
 

Worldwide 
Cost, LE 
Annual Energy Investment Payout, 

ECO# TITLE ..Savings Cost, LE years 

A-19 	 Form a Committee to Plan and
 
Implement ECO's 


A-20 	 Publicity to Make Employees
 
Aware of Importance of
 
Energy Conservation 


A--I 	 Eliminate venting of Steam
 
Between Shifts 


A-18 	 Reduce Peak Demand of
 
Electricity for Fiber
 
Plant 


A-7 	 Shutdown water & steam
 
Usage during Power
 
Failures 


A-6 	 Study the Effect of Insu­
lation on Heat Loss From
 
Pipes 


Extensive 0 Immediate 

Extensive 0 Immediate 

200,000 (Note 1) 0 Immediate 

53,500 0 Immediate 

-4,000 0 Immediate 

0 0 Immediate 

A-14 Possible Operation of Boile]s 
at a Much Lower Pressure 

B-8 	 Eliminate Two Current Users
 
or High Pressure Steam
 

A-2 	 Repair of Steam, etc. Leaks
 
in Piping 


A-8 	 Improving Combustion Effi­
ciency 


A-3 	 Test, Repair, Replace Steam
 
Traps 


A-4 	 Trap Testing Program 


A-17 	 Investigate Putting Covers
 
on J Boxes and Other Equip­
ment 


Subtotal 


I 
-.17,400 sp80w. 0.51 

368,000 13,600 0.04
 

40,600 4,200 J.10'
 

120,000 22,900 .019 

60,000 17,000 0.28
 

36,000 22,800 0.63
 

899,500 (Notel) 89,300 0.10
 

NOTES: (1)This savings will be reduced by.approximately 103,700 LE/year

when ECO's A-10, 12, 13, A-2, rA-3, A-4, A-17 and A-5 'are
 
implemented.
 



TABLE 1.1 (PRIORITY) (Cont'd)
 

PAYOUT OF ONE YEAR OR LESS
 

INVESTMENT
 

ECO # TITLE 

B-11 Water Recovery System 

B-9b Power from Two Sources 

B-6 Consider Use of Heat 
Pipes to Recover Heat 
from Hot Air Leaving 
Dryer Stacks 

B-2 Condensate Collection 
System 

B-?4 Installation of Capacitors 
to Improve Power Factor 

Subtotal 


TOTAL 


Worldwide
 
Cost, LE
 
Annual Energy 

Savings 


307,300 


120,000 


48,000 

99,100 


133,400 


707,800 


1,607,300 


Investment 
Cost, LE 

50,200 

72,500 

Payout, 
years 

0.16 

0.60 

31,300 0.65 

84,700 '0.85 

119,500 0,o90 

358,200 

447,500' 

0.51 

0.28 
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TABLE 1.1 (PRIORITY 2) 

Plant: Cairo Dyeing and Finishing Company 

ECO PAYOUT SUMMARY 

PAYOUT OF ONE TO THREE YEARS 

NO COST/LOW COST
 

Worldwide
 
Cost,. LE' 

ECO # TITLE 
Annual Energy 
Savings 

Investment 
Cost, LE 

Payout, 
years 

A-15 Reduce Steam Required for 

Deaerator 4,700 11,100 2.36 

Subtotal 4,700 11,100 2.36 

INVESTMENT
 

Worldwide 
Cost, LE 
Annual Energy Investment Payout,

ECO # TITLE Savings Cost, LE years ­

A-5 	 Add New or Repair Existing
 
Insulation 49,000 59,600 1.22
 

B-5 	 Demand Controller for
 
Reducing Electric
 
Power Demand 38,500 73,800 1.92
 

B-1 	 Modify Thermasol Machine 
to Eliminate Electric 
Heating 401,600 100,000 2.46
 

B-3 	 Recovery of Heat from the
 
Stacks of the Existing
 
Four Oil Boilers 23,500 60, 2.55
 

•B-10a 	Power Recovery Turbine 389,000 1,100,000 2.83
 
(note 1)
 

A-10, Improve/add/fix
 
12, 13 Instrumentation 
 78,200 228,600 2.92
 

Subtotal 618,800 1,622,000 2.62
 

TOTAL 623,500 1,633,100 2.62
 

NOTES: (1) After implementation of ECO's A-2, A-3, A-4 and A-5 both
 
ECO-B-10a and B-10b should be reviewed to determine whether
 
or not it might not be better to implement ECO-B-10b
 
instead of B-10a.
 



TABLE 1.1 (PRIORITY 3) 	 7.
 

PLANT: 	CAIRO DYEING AND FINISHING COMPANY
 

ECO PAYOUT SUMMARY 

PAYOUT FROM THREE TO FIVE YEARS
 

NO COST/LOW 	COST
 

Worldwide
 
Cost, LE
 
Annual 	Energy Investment Payout,


ECO~# 	 TITLE Savinas Cost, LE Years 

A-i1 	 Consider the Use of 
"Bump and Run" on Dye 
Using Equipment 5,500 19,500 3.54
 

Subtotal 	 5,500 19,500: 3.54
 

INVESTMENT
 

Worldwide
 
Cost, LE
 
Annual Energy Investment Payout


ECO# 	 TITLE Savings Cost, LE Years
 

A-22 	 Reduce Heat Losses in
 
Mazout Storage System 30,600 118,100 3.86
 

B-10b Install a Cogeneration
 
System to Produce Total
 

(Note .1) Electricity and Steam
 
Required 518,000 .2,538,000 4.90 

(Note 1)-
Subtotal 548,600 2,656,100 4.84 

Total 554,100 2,675,600 4.83 

NOTE: (1) 	After implementation of ECO's A-2, A-3, A-4 and A-5 both
 
ECO-B-10a and B-10b should be reviewed to determine whether
 
or not it might not be better to implement ECO-B-10b
 
instead of B-10a. 



8 TABLE 1.1 (PRIORITY 4) 

'PLANT: CAIRO DYEING AND FINISHING COMPANY 

ECO PAYOUT SUMMARY 

PAYOUT GREATER THAN FIVE YEARS 

INVESTMENT
 

Worldwide 
Cost, LE 

EO# TITL_ 
Annual Energy 
Savings 

Investment 
Cost, LE 

Payout 
Years 

B-9a Install Emergency Diesel 
Generator to Minimize 
Problem of Repeated 
Power Failures 150,000 1,300,000 8.67 



TABLE 1.1 (NO PRIORITY)
 

PLANT: CAIRO DYEING AND FINISHING COMPANY
 

ECO PAYOUT SUMMARY
 

ECO'S NOT TO BE IMPLEMENTED
 

NO COST/LOW COST
 

Worldwide
 

ECO# TITLE 

Cost, LE 
Annual Energy 
Savings 

Investment 
Cost, LE 

Payout 
Years 

A-9 Check the Feasibility of 
Reusing Dye for More Than 
One Batch Not Yet Known (Note 1) 

A-16 Use Low Pressure Instead 
of High Pressure Steam 
for Deaerator Not Applicable 

A-21 Use of Less Expensive 
Heat Transfer Medium for 
Various Oil Boilers Not Applicable 

INVESTMENT
 

B-12 	 Heat Recovery from 
Hot Wash Water"to 
Cold Wash Water 	 Not Applicable
 

NOTES: (1) For ECO #CD-A-9 pilot ,plant tests, are requiredlprior 
to a detailed analysis. quired p.ior 



2.2 Conclusions
 

The audit activity, and the'results.obtainedpermits
 

the following conclusions:
 

a) 	Significant savings can be experienced by
 
implementation of no cost/low cost ECO's, based
 
on current worldwide pricing.
 

b) 	A large number of investment ECO's can readily
 
achieve a rapid payout, based on worldwide
 

pricing.
 

c) 	Plant performance and production improvements
 
should be expected, due to operating efficiency
 
improvements obtained during implementation of
 
the 	ECO's.
 

*d) Some of the ECO's were found to be unattractive
 
from a technical or economic standpoint-and are
 
not to be implemented.
 



3.0 DISCUSSION 	 1i.
 

3.1 	 Objectives of the..Atdit
 

The dual objectives of the energy audit are:
 

o 	identify and measure where energy is used, and
 
o 	identify, evaluate and list in orderof priority,
 

each no cost/low cost and each capital investment
 
energy conservation opportunity (ECO).
 

3.1.1 To Identify Where Energy Is Used
 

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

Subactivities to the objective include;
 

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

o 	the careful scrutiny of records, and their supple­
mentation by field measurements, as necessary to
 
establish the utility consumption.
 

o 	particular attention to the energy consumption
 
of large users, with thereasonable assumption
 
that major utility consumption devices offer
 
much greater opportunities for savings.
 

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

o 
a review of all losses which can be recovered,
 

and an appraisal of those which can not be
 
recovered.
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3.1.2 Identify Energy Conservation,OPortunities
 

This objective is based upon the proper and effective
 
completion of the identification of all locations:
 
iniwhich energy is currently used. After this defi­
nition is complete, the task of completing the
 
identity 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 no cost,
 
low cost implementation.
 

o 	evaluation of ECO's which require an investment
 

for implementation.
 

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

ECO's.
 



3.2 ";Method of Approach
 

:During the preaudit a detailed schedule for carrying
 

out the audit was developed. The time frame for-ithe
 
audit was set at seven weeks, including reports and
 

presentation.
 

OEP, plant persOnnel as required r and FWEC specia­
lists we re all deployed in a coordinated effort to
 

accomplish this task.
 

The first day started with a planning meeting between
 
OEP and FWEC personnel. A detailed measurement plan
 
was set up, followed by a visit to the plant to acquaint
 
the plant personnel with thu plan, discuss the need for
 
penetrations, agree upon the exact location of penetra­
tions, and incorporate any comments which plant personnel
 

might have.
 

During the .first two weeks, after the necessary
 

preparations were made by plant personnel, instru­

ment measurements, visual observations and all
 
necessary information required for the audit report
 
was gathered. In addition to the team present
 

previously for the preaudit, the audit staff was
 
augmented by FWEC specialist personnel,
 
which included an additional process engineer, and
 
combustion and electrical~experts. These
 

personnel worked with other audit team members
 
previously utilized in the preaudit and assisted in
 
instrument measurements, as well as in the gathering
 

and analysis of other relevant data.
 

After the first week of the audit was completed, a
 
cost estimating specialist joined the team, and
 

started the estimating work required for each of,
 
the ECO's.
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Almost all of the necessary plant data was collected
 
in the first two weeks, with the next two weeks
 
used for verification of plant data where required.
 

During this period sketches were started 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 second week, estimated sizing
 
of equipment was well under way.
 

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

Equipment sizing, system design, energy savings,
 
and estimated Investment for the various ECO's
 
were continued through the fourth week. 
Economic
 
evaluation and priority listing of ECO's extended
 
into the fifth week.
 

During the'latter part of the fourth week report
 
preparation began and continued through the fifth
 
week.
 

Weeks six and seven were reserved for presentations
 
toOEP and then to the'plant, culminating with the
 
finished report at the'end of the seventh week.
 



3.3 Goals and Special Considerations 15.
 

In order to have an effective energy conservation
 
progr4m it is necessary to establish a goal,'as a target
 
for which everyone in the plant strives. 
This gnal should
 
be realistic and alsb somewhat conservative, rather than
 
overly optimistic, in order to insure that it can be achieved.
 
A goal which we would recommend is a reduction in yearly
 
energy consumption of 10 percent at the end of the first year,

following partial implementation of low cost/no cost items
 
and 30 percent at the end of a five year program of imple­
mentation of investment related items.
 

The results achieved each-year are plotted and compared

against the base case 
(energy consumption before any imple­
mentation 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.
 

One special consideration which much be accounted for in

carrying out the audit is the fact that the Cairo Dyeing and
 
Finishing Plant is closed for two or three weeks every July

for maintenance. 
 Scheduling of the audit and subsequent work
 
must be coordinated in such a way that energy conservation
 
recommendations can preferably be implemented during this
 
period in July.
 



'16.
 

3.4 Aialysis of Energy Consumption
 

The preaudit established the need for a formal audit,
 
and the 'advantages which could be obtalned from that audit.
 

The preaudit provided a review of the energy consumption
 
of the plant, including an examination of the various types
 
of energy consumed', and their cost impact on production. This
 
energy consumption analysis, as fvuther described bFlow,
 
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 FWEC, and employed by OEP personnel in their preaudit
 
and audit work.
 

This program requires, as input, the quantities and
 
unit cost of all energy supplied to the plant. This
 
includes fuel oils, electricity, natural gas, and other
 
fuels, as applicable. These data, which includes
 
production quantities, are entered on a monthly basis,
 
for one recent calendar year. Through systematic calcula­
tions 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.
 

In specific terms, the following inputs related to
 
the plant are provided to the program:
 

o Mazout consumed, by month (metric tons)
 
o Sular consumed, by'month (metric tons)
 
o electricity consumed, by month (KWH)
 
o cost of Mazout, by unit (LE/metric ton)
 
o cost of Sular, by unit (LE/metric ton)
 
o cost of electricity, by unit (LE/KWH)
 
o production units, ,:by month (thousands ofmeters)
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The program then calculates a series of tables which
 
permit an effective review of quantity, cost and percentages
 
of each, and all, energy source(s).
 

Specific calculations produced, for each energysource,
 
for each month are:
 

o 
total cost of this energy source, LE/month­
.o total cost of this energy source, LE/yr'
 
o 
energy unit cost of this energy source, LE/MMBtU
 
o 	energy unit average cost of this energy
 

source 
 LE/MlMBtu
 
o 	production unit cost of this energy
 

.source 
 LE/unit
 
o 
energy cost per production unit of
 

this energy source 
 WIBtufunit/month
 
o 	production cost of this energy source 
 MIBtU/month
 
o 	percentage cost of this energy source 
 % of total Btu/month
 

Additionally, the program calculates the following
 
totals, again based on the primary input data.
 

o 
totals of all 6f the above, annually
 
o 	energy and grand totals per month
 
o 	averages of all of the above
 

Please note that each of the above tables"is produced

with both domestic energy prices and with worldwide prices
 
to permit a true evaluation of cost and cost savings.
 
(pricing basis as per Basic Engineering Data, see Appendix
 
"A" of this report.) 
 The worldwide price is of particular

value in this analysis, as it :eflects 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 table's data, and to aid with
 
analysis.
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*'The.choice of curves to be-presented is generally made
 

after a 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 heating or air
 

conditioning, costs which vary with season, such as fuel
 

(in other parts of the world), discontinuities in production
 

or energy consumption, and the like.
 

Generally, the plots of greatest.interest will be
 

production units, unit cost, and energy consumption per
 

production unit, plotted against calendar time.
 

Table A through D reflect the energy consumption f6r' 

the Shobra plant and for the Fiber plant. For each plant 

both the domestic and the worldwide price structure is given, 

as discussed above. Note that, in the-worldwide pricing 

case; the total energy cost for both plants is 3,100,000 LE/year. 

In all, eleven graphs have been plotted by the computer 

for which six are for the Shobra and five for the Fiber plant. 

Since there are no specific records as to how much
 

of the total mazout consumption is used in each of the two
 

plants, the management of the Cairo Dyeing and Finishing
 

Company recommended that the total mazout consumption be
 

divided in the ratio of 65 percent for the Shobra factory
 

and 35 percent for the Fiber factory. For the current
 

operation it is not possible to valididate these percentages,
 

however, in the future, when more instrumentation is installed,
 

it will be possible to measure the amount of mazout consumed
 

in each plant, and to verify the distribution.
 

By plant, the following conclusions are drawn from the
 

energy consumption tables and graphs.
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3.4.1 Shobra Plant - Conclusions from Tables 

1. 	 While the Shobra plant is designed to produce 60%
 
of the product and the Fiber plant the remainder,
 
the yearly production figures obtained for the past
 
fiscal year indicates that the Shobra plant produced
 
70% of the product and the Fiber plant 30% of the
 
product. 
Refer to the total in column 22 on Tables
 
B and D.
 

2. In the Shobra factory 00 percent of the energy is
 
based on oil usage. Refer to column 31 in Table B.
 

3. 	 Even though 90 percent of the energy consumed is for
 
.oil usage, based on domestic costs, nearly twice as
 
much money is spend annually on electricity than is
 
spent on oil. Refer to columns 5 and 9 in table A.
 

4. 	 During the seventh through ninth months 
(January
 
through March) as shown on the total cost and
 
production plots the energy cost is increasing
 
while 	the production is decreasing. This condition
 
is best illustrated by the graphic presentations
 
which follow, with specific reference to paragraph
 

3.4.2, plots #1 and #2.
 

3.4.2 Shobra Plant - Graphic Presentation 

As earlier mentioned, six graphs are prepared to
 
reflect significant trends in the tabular data in the
 
Shobra plant. 
 (All graphs in this section are taken
 
directly from the tabular data).
 

Plot 	#1 and Plot #3:
 

Plot #3 reflects the total cost (domestic price) of
 
energy for the Shobra Plant, plotted against time. Two
 
strong dips in cost per unit are observed, occuring at
 



20.
 

month 	3 and month 6. These two dips roughly follow the
 
plot of production units vs time, as shown by plot #1.
 
Beyond month 7, however, production decreases, while
 
total energy cost increases until month 10, at which
 
point 	both turn down.
 

Plot 	#g and #5
 

Plot #2 reflects total energy consumption per unit
 
of productioii, broken down by energy type. It is apparent
 
from this curve that, while the major cost element of
 
production is electric power, the major energy input comes
 

from mazout.
 

Plot 	#4 and #6
 

Plot #4 and #6 reflect the same data as plot #5 and #3, 
except that they are based on worldwide pricing. Trends 
and curve shape are identical to curves 3 and 5, except that 
relative position changes, since the world price for elec­
tricity is a lower multiplier than the worldwide price of oil.
 

3.4.3 Fiber Plant-Conclusions from Tables.
 

1. 	 One can see a very wide variation in the monthly consumption
 
of electricity. This is probably due to whether or not
 
the Thermasol machine is used and also due to how frequently
 

..there are power failures. (Power failures result in a
 
high energy loss due to shutdown of many units, steam
 
production, etc.) Refer to Table C, column 4 and.plots
 

7 through 9.
 

2. 	 The month of June has a very low prcduction rate which
 
most likely is due to a plant shutdown for maintenance.
 
The electrical consumption for this month, due to
 
reasons which are not clear, is quite similar to other
 
adjacent months. 
 This 	results in a ratio of electrical
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consumption to unit of production in the month of June
 

which is totally out of line with the other months.
 

This produces an unusually high electrical cost per
 

unit in June. Refer to Table D, columns 22 and 24.
 

3. 	 Mazout usage represents approximately77 percent of
 

the total energy usage while electricity represents
 

TOpercent and sular 13 percent. Refer to Table D
 

columns 27, 31 and 39.
 

4. 	 Even though 77 percent of the energy consumed is for
 

mazout usage, based on domestic cost twice as much
 

money is spent annually on electricity than is spent
 

on oil. Refer to columns 5 and 9 in Table C.
 

3.4.4 Fiber Plant Graphic Presentation.
 

Plots 	#7 to #11:
 

Plots 7 to 11 parallel the logic discussed previousiy 

for plots 1 to 6. 
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0.00 0.00 0.0o 0.000 I goalOCT 0.00- 0.0 I 460600 4606.00 0.0100 2.931 I 570 4275.00 7.50 0.194 1 0.00- 0.00 .00 .00 I 

0.00 0.00 .00 .000 1 0.00 0.00 0.00 0.000 1 9299 
NOV 0.0.0 0.00 1 623600 121.00 0.0100 2.31 1 399 29.50 7.500 0.1941 

.00 .0000 1 0.00 00. 0.00 0.00 I 7754
DEC 0.00 0.00 1 435100 4359.00 0.0100 2.131 I 459 343.00 7.50 0.14 1 0.00 0.00 

0.000 I
JAN - 0.00, 0.00 1 4971400 4174.00 0.0100 2.131 1 505 3187.7.56 7.500 0.194 1 0.00 0.00 .00 .0000 1 0.00 0.00 m 1 2 

1 ,1 
.0000 1 0.00 0.00 0.00 0.000 a 1 960!

FEB 0.00, 0.00 1 £12200 1122.00 0.0100 2.131 1 411 3132.5 7.500 - 0.194 I 0.00 . 0.40 .0 
0.000 1 10655

In 0.00 0.00 I 117100 7171.00 0.0100 2.31 t 414 3430.00 7.00 0194 I 0.00 0.00 . .00 0,000 1 6.00 0.00 0.00 

0.00: 0.00 .00 ' .00 I 0.00 0.000 1 10847
APR 0.00 0.00 1 732200 3"2.00 0.0100 2.131 1 470 35M.0, .00 7.5 0.19141 

0.1 t " 0.00 0.00 600 .00001 0.00 0.0.0 0.00 0.000 t 10101 
YA 0.00 0.00 1 729300 M3.00 -0.0100 2.931 1 441 330.0. 7.500 

0.0 000 .0 .,0o 1.1 
0.00 1 11300 7136.0 0.010 2.131 1 272 200.00' 7*501 014"i 

. * .1JUN '0.00 

0.00 0.0 - ttiai:i39734 1:3M 0.194 1 1,,:tata: 0.0"9" 0.00 n,taiits: 'a:I 530
:TOTALS 0.00 0.00 1 £9270 £9212.00 :tt s 

I OO - . . I. - . . . .. .- -+., .. . 

A..AL I I I 

.0 1 12121311om3IISIIIII 

AVERAGES tsisimist Imis~a~ian0.0100 L91Iaizs:tu~:rl 150 01 ~jggf3tlI~l 000 0.00003 00

,zz:,tsi t 

ELECTRICITY 3412 Dl TIIr OIL: 9 2 42.340 BIILLION ITO .,S 31375IIIUIIII ICIOTE 0 423400-TIIITO I 

Ul~iI .1 33.646 M L TOE 

MJAN IS 12 
WAOUTIS 16 

http:3187.7.56


23. 

DTEIIFINISHINCLIENT CAIRO CO, 
DATE JAJLIO,15AENR PRODUCTON VEST1C PRICINGCMsUrTtIIOX PER UNITPADE 1 2PLJ3T 911RA TAIEDL[ R liAR.17,1+85

PLAT S RAR ABU PAEV 
M4AJY[ARS 179168
 

NONE COST011,9 NATURAL I 011 I TOTALT UTEUTICITT I 1 AS PsUi
DITLlll901!.1BTU1
MCNTH PRODUCTION TOY 

I PER UNITI 
UNITS (itUIBTU) a-I 


I OFIUIN11COSTIUKIT 8I0UlI1O01f
IUNIT F I111101 EOSTIUNIT 1TU1O1T ITUIUtIT 7 OFIT1I0IOI LEI 
TH IOFMT/II COSTIUNIT ITU/iIONIN ITU/UNIT

PRODUCED s COSTIUNII ITI UT 1 JTUI1T 

I ( MY 1mITU) (M 3T11
L.EI 1133101 1013113)1010111 I+ LE.) (M BTU)

1 1000 I LE. I fiTgl1ut (sm 10. 
33 3?1033 3 353 36 37 

23 i2 33 t 32 
21 22 23t 24 25 2h 27 1 

L 4511 .0.oo0 .
 
16t 0.0 t."10 

1 3.4510.0 0.0. 
JUL 2016 14614 : 2.239 1801 0.714 10.90 I 1.212 13093 8.247 1.10 I 

I -0.00 .0.00 1.1170.0092.43 1 0.00 0.00 0.00 0.00 1 
0.360 7.52 t -0.41 11168 4.434 

AUG 4321 20726 a 1.054 1558 0 0.000 0.00 14.150 90.57.1 0.00 0.00 6.00 0.00 1 0.0 
SEP 373 171111 .287 64 0.432 - .43 I- ."05 15497 o.614o0.805
I •. .2 

0.00 0.00 1 2.0070.00 00.00 0.00 0.00 1
0.6, 22023 4.979 93.34 1 0.00 

OCT 4424 23&Q0 a 1.041 i572 0.335 6.66 1 
0.00 0 0.000 0.00 1 2.237

0.00 0.00 0.00 1
0.- '15420 3.714 57.77 1 0.00 

4152 17569s : 1.516 1 2149 0.517 12.23 1
Ilmv 

0 0.000.00 1 0.004.542 92.25 1 0.00 0.00 0.00 
3"9 7 M a 1.117 1497 0.392 7.75 1 0.381 17700 

DEC I 221.."-.0 .4-
0.00 0.0 .0.00 0.00 1 0.00 6 0.00 0.0026.915 1951. 4.974 92.00JAN 3924 21213 I 1.263 1897 0.432 3.10 1 

0 .00 000. 2.1070.00 1 0.00 
M.921 0.91 18915 5.045 90.a 1 0.00 0.00 0.00 

209 0.555210&4 a 1.628FED ". 371 
.0.000.0-01 0.00 4.000 11 323 

91.99 V 0.0 0.00 0.0 
0.754 12.01, V 1.01- 17932 5.519 

HAR .. 3249 20390 a 2.209 2449 


.0 0.0 0.00 
 I 0.00 0.000 0.01 3.1 
87.11 1 0.00 

-12.09
APR 331 20612 a 2.201 249 0.751 1 .300 314 541 

000. 1 3.409.
1 0..00 :4.00 .00 0.00 0.00

5.480 815.266 0.00:3.41F 3110 19531 2.345, 2493 0.900 1. 1 1.0&4 17043
lA •. . .. + +. . . .. 

24 0 6 sa .0 44 . - 320 77 7 . $.1 I9 • . C.00 1 4.010 .. 1.00AIICIA 0.0 9.0040.051.191 1 0.0 0.00 
24 294? 3.173 2435 -1.033, 33.31 I 0.107 10512 4.674 

JUN -' 

0.0 I.00 2.01
0.00 .0.00 0.00 0.00 1 

.. ... 

0.00 1 .73.00 .00 .00 1- .00 6.0 .00 
1970 .60~ + 0.34. 1 0-+.964 170s7 .4 039.61., .00 

i+.M + 1 9056.9 a~S .71s oo I oe 3.~ o o® o® oo 1 . . 
1'3 




24. 

TABU. I PASE 2 OF 2 

IONIN TOTAL BTU 0AL ARIEVI&TIMO 
PER UNIT 
(M BTU) rTAl 6.4:1 m igt mUIT XMBTU MILLIONS OF RITISNlTMIR UNITE 

41 42 
w KILOWATTMM 

JUL 
AUG 

7.01 
4.eo AM L.E. EmrTIAN MMSes 

SEP 4.58 
OCT 5.33 AVERAGE 5.53 la DT PM lT NIC THOUSANDSOFCU2IC MTEDS 
NOV 4.23 
DEC 4.92 
JAN 5.41 
FED 5.60 
MAR 6.27 
APR 6.21 
EAT 6.28 
JUN 5.76 



I 

1 

FILE: DYCICO 
25, 

CLIENT CAIRO DYINS I FINISHIKS C9.
 

PLANT FIE TA.Nt 
 COMSUPPTIONERGY SU1UIARY DOYCITic PRICINGDTE
D-TA,E S 23184 .A.O 95DATE JA . IO,l92


ELECTRICITY 
 I OIL 1 6 (SEE NOTE) I NAT, SAS I TH0 RMY IR.30, 5 

MONTH EATINS COOLING" 2| 
 TAl
 
DEREE DEGREE 2 OUANTITY --------COST L. -I. QUANTITY-------- COST L.E.- I QUANTITY - COST L.E.--
 I IATITY - COST L.E.: ENET
 

2 3 
 5 72 3 
 10
9 to I1I 12 13 
 14 is1 16 17 
 19 .191 20
 

JUL 

Aug 

S 

0:7 

0 

0 

0 

0 

0 1 

0 1 

0 1 

0 2 

264700 

269300 

275000 

262300 

2647.00 

2683.00 

2750.00 

2623.00 

0.0100 

0.0100 

0.0100 

0.0100 

2.X1 I 

2.931 2 

2.931| 

2.931 2 

192 

267 

216 

307 

165.00 

2002.!0 

1620.00 

2!02.!0 

7.500 

7.540 

7.00 

7.500 

0.1f4 1 

0.194 1 

0.194 1 

0.114 2 

0 

0 

0 

0 

0.00 

0.00 

0.00 

0.00 

.00 

.00 

.00 

.00 

.0000 1 

.0000 2 

.0000 

.0000 1 

35 126.20 

24 171.20 

to28652.6 

52 2102.M. 

3U.00 

36.00 

36.00 

36.00 

.I.502 

0.8.:0 

0.95L 1 

0.950 2 

5279 

5557 

5022 

7023 
.r' 0 0 I 401600 4016.00 0.0100 2.931 2 215 1112.40 7.W.00 0.194 " 0 0.00 .00 .0000 1 32 1!6.10 36.00 O.SSO: 609. 

*0 

0 

0 1 

0 1 

309800 

321000 

08.00 

3210.00 

0.0100 

0.0100 

2.9311 

2.931 : 

241 

272 

145.00 

2040.00 

7.!0 

7.!,0 

O.iCI 2 

9.!f9! 

0 

0 

0.00 

0.00 

.00 

.00 

.0000 1 

.0000 1 

30 

43 

1O0.M0 

179.E0 

36.00 

3600 

o.35): 

0.950 2 

6021 

61T2 
FE 

PAR. 

0 

0 

0 2 

0 : 

306,30 

247100 

30A .00 

247?.00 

0.0100 

0.0100 

2.931 : 

2.911 

2!4 

2.0 

19E0.00 

127S.00 

7.!0 

7.0 

#.:S4 

0.19.4 

; 

2 

0 

* 

0.0 

0.00 

.00 

.00 

.0000 

.0000 

43 

.-? 

17'.20 

21-9.40 . 

3.6.00 0.9)-; 

3.00 . 

6. 

69 
p 0 02 512O0 5169.00 0.0100 2.931 1 23 197.5) 7.540 '.**4 0a 0.00 .00 .0000 52 1579.P0 36.00 0.9.0 I 245 
NAY 0 0 522100 3221.00 0.0100 2.932 1 237 1777..0 7.'00 O.1T4 : 0 0.00 .00 .0000 1 34 1236.10 36.00 0.910 I 037 
JUN 0 0 532000 1-32.00 0.0100 2.931 I 147 1102.50 7.500 0.!74 0 0.00 .00 .0000 1 5 183.6 36.00 0.550 2 6606 

-"NU, - . .. .
l. 

-_ 


TOTALS 
 0 0 -4224100 42241.00 '2"sittz:li:mm:g 236 
 21420.00 u:zz::l: 0.194 1- 0 0.00 £1131attaist::s::Ms1 
 446 16006.C0 liti:tlzu::ns:ziml, 79717 

AT;WJAL..............*-Iz.--

. :--"r+ I I. ­ -

AVEASES :2:s:minumm::::::::,:I IIiI3IIIl1:tSR:::1t: 
 0.0100 2.131 I m:milli::::z:m::sgn, 7.500 ­0.11 Istults:1ssmal:ss:a 6.00 0.0000 2 tilsUlsiltIlzsga2aa3.00 0.350 2 issitls 

,OTE:.AZCI'Tt0ILI&V ,)QATITY IS 
35OF PLANTTOTALCONSUMTIOR 

ELECTRICITY 3412 ITUII"3H OILs 
OIL, 

I 
I 

2 
6 

42.340 MILLIONBtU 
38.646 PER N.TON 

SAS 375 ITUICU3IC AMu OtiER 42340000, ITUITGN 

SLAR I:12 
NAICUT ISIs 

http:16006.C0
http:21420.00
http:42241.00


CLIENT CAIRO OYEINGIFINISHIMG CO. 26. 

PLANT FIBER TABLE EUR6Y C0NSLPTICN PER PRODUCTIOND PAGE I OF 2 PRICINGUNIT DORESTIC DATE JA.10,1925
DATAYEARS 1103184 

REV HAR.17,I1s 

roNTH PRODUCTION BTU TOT m ELECTRICITY 1 OIL,I 
 IATURAL I6 1 GAS OTHER SULAR I TOTAL COST 

UNITS 11113TUl t I I PNWITPR 

PRODUCED t COSTIUNIT BTUINORTIT NIT Z OFITUINOI COSTIUNII 3lIP.OMTH IIUUNI IUIOI IIIOSTMlT3TUI6JNTN ITUIINIT COSTIUNIT STUIUNIT I OFITUIR: I L.E.II OF1111H0 IIIIIONTH 

I 1000 I L.E. I Im ITUI 6ilITUI I L.E.I IRKITUI I IMSU) I I L.I1 IM IT! IRKITU) I I L.E.) I ITU) I15 B111) I
 

21 22 23 24 25 26 27: 26 29 30 31 1 32 33 34 33 1 36 37 39 392 40 

JUL 1464 91427 : 1.704 103 0.609 .591 0, 20 7034 4.740 74.61 I 0 0 0 0.00 0.15 1490 1.04 15.1 I 3.5.7 

Aug 2580 12259 1.043 91S 0.355 7.47 1.- 0.77s. 10313 3.999 84.17-1 0 0 0 0,00 1 0.339 2025 0.37 3.36 1 2.154 

SEP 1520: 10052 1.809 -938 0.617 q.33 I 1.066 B348 5.492 33.04 1 0OC 0 0 0.00 1 0.429 761 0.504 7.s2 - 3.301149 .7o 69 ..59 8 1 .. .0 .4:.0
 
S OCT 1494 ' "15232 a 1.756 695 ' ,YY 5.991 1.541 11364 7.941 77.9 I 0 0 0 0.0 1,07 2473 1.655 I 4.7016.23, 


NOY 2316 11051 :1734 1370 0.592 12.40 I 0.6196- 3 3.59 - 75.191 0 0 • 0 0.001 0.504 1372 0.522 12.4t- 2.9:4 

DEC 1330 11930 - 2.320 1053 0.792 8.90 1 1.317 1507 7.141 80.36 1 0 0 0 0.00 1 0.812 1270 0.965 10.74 4.5-: 

JAN 1699 13152 1.502 1095 0.649 9.02 I 1.209 10512 6.227 77.00 : 0 0 0 0.00i 1.030 2045 1.212 14.96 1 4.14: 

FEB 1642 13294: 1.950 1037 0.631 7.90 1: 1.206 10203 6.213 76.0 1 0 0 0 0.001 
 1.059 2045 1.^45 15.3;:1 4.11!
 
-
" Aft 1 1 9 9 13 0 2 2 2.0B7 i6 0 .712 6.5 0 " 1 .573 9"6 2 .1 3 3 7 4 .1 9 I 0 0 * 0.00 I 1 0 0 2 l1 2 41 7 " 1I. 3 1 i 

-APR .1149 13751 4.02 1763 1.516 12.82 1.53 9777 8.517 71.101 0 0' 0 0.001 1.07 2210 1.92. 16.071 7,7t3
 
FAY 1318 - 12397 : 3.561 1761 1.352 14.. 1 1,49 9159 6.949 73.38 1 0 0 1 0.00 I "0,40 1456 2,105 11.75 

. . .. -. '7 --1.34 .4 . 1.10"5 117 M.""' 
UN- 7712 - 2.0 - 591 ­640 . .,313 " I -1 ..8337 23.54 I 1,72 -877

JUN 
.73.1 I -0 0 0 0.0 0297 212 "32.A0 1.3:-677 73. U 0 0.8 21 C.33 +1. 1. 2.0l 

.. II. -. I" . I
ANNUALi: 1 " " I : .. 2 


TOTALS 19349 143169: :::: 14413 :::::atm::: 1 H::::10373 iu:: 1i::::::: 0 :::::s: i81111 :uton::lt
:::: 194 It::::Im:::111 W.25. 

tTL 1436 I1 I1 
 1S
 
ANNUL . 1 ,
 

AVERAE 11972 i.735 1201 0.940 10.03 1 1.259 9193 6 712 1 
 00 0 0.00 1 095 17 .1 31 .3 



27. 

11ITH TZAL ISu* 

U)L0'-1 

41 42 

Mta 

ImBTU FE WiT 

AMREVIr9TIOR 

r STU Fr.;u.:a~ aT lmmsi4 IEFlA. ts:13 

r*:r1C.2CE.31 M! 17TFEE.UPUT Va.TM i OFrsI: !ET me 

JM 

l!AR 

E.07 

10.9L 

jum 12.05 



28. 
C.IET CAIRO D(ING IFINISHING CO. 

FILEs BYC 

DATE JAN.10,I1MSUMART ORLIDE PRICINGNEFY CONSU.VTII
PLANT SIOBRA TABLEE REV 
V.TA,YEARS 33184 I OTHER HONE INATURALI OIL I 5SEE NOTE)I AS

I EIECTRICITI 

I TOIALIIII
KONTH IrEATING COOLING 
LE. IL. L - I IUIATITY COST - flE 

I ------ L.E. I UAITIV -
I Ai1T1T , E-COSTL.E. 

LE LNIOIITUt TONSNETRIC TOTAL. . LETON COST 
DESREE DEGREE QIUITITY -- ST 

L LEIIIIIItiLE LEIIW.TUI IA TOTAL 1.1itl01
I XI I.A. LEIlitUt T RISo1ITPICTOTAL L,110TOTAL LEIKII1 

t 11 20 
OATS OAYS 

t10 ItI1 12 13 14 I II 16 17 
1 2 31 4 5 & 1 1 

0.00 0.00 0.00 0.00 I 125050.00 0.00 .0 .0000
4619.00 43175.60 , 0.020 26.164 I 33? 31919.42 241.800 6.257 1

JUL. 0.00 0.00 1 
0.00 .00 0.00 0.000 I 1619310.00 0.00 .00 .0000 1496 119932.00 241.800 6.257 1

AG 000 0.00 1 456500 41199.00 0.0120 26.964 1 

0.00 0.00 0.000 I 1404710.00 .00 .0000 1 0.00 
SEP 0.00 0.00 1 473000 43516.00 0.09 0 26.164 I 401 962.110 241.800 6.257 1 0.00 

0.00 0.0 0.001 1302010.00 .00 .0000 1 0.0013726.00 241.300 1.257 1 0.00
0.00 0.00 1 460600 42375.20 0.0120 2L.161 1 570OCT 

0.00 .00 0.000 I 1544010.00 .00 .0000 1 0.00 
Elv 0.0920 2Wil4 I 39 16478.20 241.300 1.257 1 0.00

0.00 0.00 I 629600 57923.20 
0.0 0.00 0.00 I 150947.0.00 .00 .0000 1 0.00 

0.00 0.00 1 435900 40102.30 0.0920 26.164 1 453 110744.40 242.900 6.257 1 0.00
DEC 

0.0 0.0 0.00 t 1170.00 .0000 1 .00
0.0920 2.164 1 505 122109.00 241.800 6.257 1 0.00 0.00

0.00 0.00 I 497400 4570.90JAN 
0.0 0.000 1 115041 

FE1 0.00 0.00 1 L!2200 56322.40 0.0720 2A.964 1 491 119723.30 241.800 6.257 1 0.0 0 .00 .00 .0000 I 0.00 0.00 

0.00 0.00 0.0 0.000 073214 
IIAR 464 112.13.2.0 41.300 6.257 I 1.00 0.00 Ow 1 

0.00 0.00 1 717100 66019.20 0.0920 26.964 1 

0.00 . 0.00 I 110080.00 900 .000 I .oo- 0.0 
0.0920 26.9 1 I 410 11310.00 241300 6.257 I '.00

0.00 0.00 I 732200 61362.40APR 
0.00 0.000 1 1712.0000 1 0.00 0.00 

729300 67095.6 0.0902 26.14 1 441 106633.80 241.800 a.2571 0.00 0.00 .00 
RAI- 0.00 0.09 

0.000 1 131421 
JUN 212 65769.60 241.30 .2 I 0.00 0.00 .00 .000 1 01. 00 0 0.0 

0.00 0.00 1 713600 655.20 0.022 26.964 1 

I
 
AHWJAL11 


0.0' 0.0
5301M 340.02 6mnhuW:1 0.00 0.06.2637302.400.00 1 692720ootiflhtoiIttoitTOTALS 0.00 


I I I
MJIIIIAL I 

6.0 10.00 1 u.00 
0.0120 26.46-I1 lit 22tItimii0ists241.00 1.26 .1 migtuittll 0.0 

ATOASS 0.u0usim0t nIm70I2li0tflhtllS
tflttti 


lS 36375 STIIICIC Nit OamE 42340000 £1101" 
IZIL(DILI &IUANTITYIS ECiRiCiT 1.412 ITOMIMI Ol~i 1 2 42.3401 NILLUON ITO

ROTE: 19 
OILi I a 38.6%6 PER N.lox651OF COKISUKPlIORPLANT TOTAL 

isSUEAKI2 
KAZOII 1S16
 

http:637302.40
http:65769.60
http:106633.80
http:61362.40
http:11310.00
http:66019.20
http:119723.30
http:56322.40
http:122109.00
http:110744.40
http:40102.30
http:57923.20
http:16478.20
http:42375.20
http:13726.00
http:43516.00
http:41199.00
http:119932.00
http:31919.42
http:43175.60


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

29. 
CLIENT CAIRO OYEIRSITFItISIt S CO. 

DATE JAM.tO,1135
PLANT SIMORA TABLE 	 [WiUY COXSUMPTION PER PRODUCTION UNIT VORLIKISEPltCINlF PATEI OF 2 

REV .17i. 25
CATA,YEARS 1993184 

COSTMflOTH PROtmCTION ST lOT ELECTRICITY OLol £ I NATURALGAS OTHER NONE 	 I TOTAL 

IPER UNITUNITS (tin TU) 0 1 

TU/lUdIT2 OFI1UIO; ( L.E.)COSTIUNIT 

(IM3TU) I ( L..I a113itU (m23TU I ( L.E.) 1 D(MR K 3TU I 

PRODUCED : COSTIUNIT ITUIIMIRII DUIUNIIT OFITU11Ft1 BTUINKTOl OIU/N| I OF3IUIR,OICOSTIIT ITUIAONTHITU lIT 1 OF3INI32 COSTIUNIT3IUIMONTH 

MI1 1000 a 1 L.E. I I,2 BTU) 11WSTU) 1 IL.E.1 W IUI 

21 22 23 1 24 25 2& 271 23 29 30 31 1 32 33 34 332 31 37 31 3 1 40 

JUL. 2016 14614 a 20.511 1101 0.7614 10.10 31.084 13013 1.247 31.10 1 0.00 0.00 0.0 .00 1 0.00 0 0.00 0.00 I 51.183 

AIUG 4321 20721 s 1.720 1538 0.310 7.52 1 27.756 11136 4.431 V2.43 1 0.00 0.00 0.00 1.00 1 0.00 0 0.00 0.00 ! 37.475 

SEP 3734 17111 a 11.654 16i4 0.432 9.43 2 25.167 15417 4.150 90.57 1 0.00 0.0 -0.00 0.00 1 0.00 0 0.000 0.00 1 374121 

OCT 4424 23600 99.579 1572 0.355 &." 1 31.154 22028 4.71 13.34 1 0.00 0.00 0.00 000 1 0.00 0 0.000 0.00 1 40.733 

NOY 4152 1369 : .13.951 2149 0.517 12.23 1 23.237 15420 3.714 57.71 1 0.0 0.00 0.00 .0 1 0.00 0 0.000 0.00 1 37.107 

DEC 3897 19107 t 10.211 1497 0.362 7.75 1 21.411 17700 4.U42 12.25 I 0.00 0.00 0.00 0.00 1 0.00 0 0.000 0.00 : 38.701 

JAN 3924 21213 a 11.12 1697 0.432 3.00 1 31.111 19516 4.174 12.00 1 0.00 0.00 0.0 0.0 0 0.000 0.00 1 42.780 

hIE 3711 21064 a 14.975 2099 0.555 1.92 1 31.517 te75 5.043 10.03 1 0.00 .00 0.00 0.0 1 0.00 0 0.000 0.00 1 46.542 

MAR 3241 20330 t 20.320 2443 0.754 12.01 1 34.5312 279 3 5.511 37.11 1 .0.00 0.00 0.0 0 .00.1 0.00 0 0.000 0.00 4.52 

APR 332L, 20662 a 20.253 2493 0.731 12.09 1 34.11 2I24 5.461 07.12 1 0.00 0.0 0.0 0.00 1 0.00 0 0.000 0.00 1 54.41.2 

RAT 3210 19531 a 21.574 - 2488 0.800 12.74 1 34.217 27043 5.430 87.2 1 160,0 0.0 0 .00 0.00 1 0.00 0 0.00 0.00 1 55.812 

J 2241 12947-a 2.111, 2435 1.0 3 10.1 1 21.244 10512 4174 11.11 1 O.0 0.00 0.00 0.00 1 0.00 0 0.000 0.00 2 53.435 

- - .1 	 . 0 I 
-LI~hUA -R+- -­

2..I"2" I . 

III IIII 30.33I 27)037 4.14~ll 31.1t12lU 0U. 0.00 0.U00l o.lO0I2 0.00~ 0 0.00U~ 0.00 2 47.3
AVETOAS 4"/ 5190..13 a' 21.25I 297 0.10U20.34 

11" 1 • .. 21* 	 1 

http:0.10U20.34


30. 

TABLEF PAGE2 OF 2 
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3.5 ECONOMIC EVALUATION
 

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

o 
Establish utility costs/economic criteria
 
o 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 "A".
 

The worldwide 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 is used in each
 
case is simple payout, defined as estimated invest­
ment cost divided by annual savings. This criteria
 
is simple to use and is very effective in establi­
shing a priority listing for a group of potential
 
projects.
 

As a part of the evaluation a simplified design 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.
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3.5.1 Value of Energy Saved 

The first step in predicting the value of the 
energy saved for any energy conservation opportunity 
(ECO) is to establish the energy consumption of the 
cu'rent 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 normally first calculated on an
 

hourly basis in terms of the units of energy nor­
mally used, for example KWH per hour for
 
electricity or tons/hr for mazout. 

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

(LE) through the use of the world wide cost data
 
for utilities given in Appendix "A".
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3.5.2 ESTIMATING INVESTMENT COST
 

Each ECO which requires the expenditure of money
 

regardless of whether it is a low cost or an invest­

ment ECO has been provided with an individual esti­

mate of costs. These estimates are of a budgetary
 

nature and have a degree of accuracy of plus/minus
 

twenty-five percent.
 

The majority of the estimates, especially those
 

which are well defined, are estimated using a
 

"definitive" type formate 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
 

can not be accurately defined, the estimate was done
 

using a factored technique for bulk materials and
 

labor.
 

Engineering data and technical information used in
 

preparation of each estimate is based on the equip­

ment list and technical description provided for
 

each E.C.O. as prepared by the responsible engineer
 

and shown with sketches or schematic drawings when
 

required. A site visit, for familiarization purposes,
 

was made by the estimator to the existing facility.
 

The'CHEMCOST computerized estimating Program ha.s
 

been utilized, where possible, for estimatihg
 

equipment cost, especially on larger or more well
 

defined equipment.
 

The estimates are done-using United.States material
 

pricing and United States-standard construction
 

manhours as a base line. The material costs are
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adjusted for a world wide pricing basis and then
 

the dollar (US) value has been converted to Egyptian
 

poxinds at the rate of 1.30 LE = $1.00(US). The
 

wo ldwide 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 purchases from these
 

locations.
 

Construction.manhours have been adjusted from a
 

base line representing a U.S. Gulf coast location to.
 
the productivity realized inprevious.Foster Wheeler
 

projects carried out in Egypt. Once again world
 

wide experience was used as the primary determi­

nent 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 Wheele:'s Labor
 

relations Dept., local Egyptian contractors,
 

and rates published in Engineering News magazine.
 

Each estimate includes:
 

a) 	Indirect costs, which include construction
 

supervision, major tools, temporary facilities
 

subcontractor's requirements, and
 

b) 	Home office costs, which include engineering,
 

purchasing, drafting and project management. 

Home office costs were estimated on a ifactored 
basis. 
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A contingency has been applied to each estimate
 
commensurate with good industry practice 
for a
 
budget estimate. The contingency ranges from ten
 
to twenty percent depending on the definition of
 
'engineering and accuracy of material pricing.
 

All estimates are based on instant execution (No
 
escalation has been applied). Labor is based on a
 
straight time normal work week. 
It has been assumed
 
that all construction work can proceed with conti­
nuity and without interruption or delay due to plant
 
operation interference. It is-anticipated
 
that plant shutdowns of sufficient duration will
 
be available, when necessary.
 

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

All estimates for engineering assume execution
 
by local Egyptian engineering contractors, with
 
engineering supervision and/or assistance from
 
an international contractor's.staff. This assis­
tance will involve local supervision on all
 
projects, and a "front end" engineering package
 
as a technical basis, on major projects.
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3.6 Energy Conservation Opportunities (ECO's)
 

General
 

The audit, as it proceeds from concept to conclusion,
 
brings many opportunities for plant personnel and the
 
audit team to work together. At the Cairo Dyeing and
 
Finishing Company, several such opportunities arose.
 

Typical of these were discussions on the adjustment of
 
the burners on combustion devices, such as the oil boilers,
 
during their efficiency measurement. The fired equipment
 
specialists of the audit team, with their portable in­
struments, used for the audit, assisted the plant per­
sonnel to adjust the oil boilers, such that an immediate
 
improvement in combustion efficiency was experienced.
 

Additionally, during a failure of the main plant boiler,
 
the Foster Wheeler Boiler Expert was able to enter the
 
boiler itself, and to assist the plant personnel in
 
determining the proper repair to be made.
 

3.6.1 Summary List
 

A) No Cost/Low Cost
 

.Under the category of no cost/low cost ECO's,
 
are items requiring better maintenance, better
 
operations and improved scheduling. In de­
veloping a list of these items, attention was
 
paid to leaks of steam, air, condensate and
 
water, poor combustion efficiency of various
 
fired devices, poor insulation of hot or very
 

cold (refrigerated) lines oz equipment,
 
operating procedures, instrumentation, etc.
 
Given below is a comprehensive summary list
 
of the no cost/low cost items identified
 

during the preaudit activity which were
 
further studied and evaluated during the
 

audit.
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It should be noted that upon completion of
 

the investment estimation activity of the
 

audit it became apparent that some of the
 
ECO's originally identified as no cost/low
 
cost were in reality investment items
 

instead. Because of this an investment cost
 
of 25,000 LE or below'was established as the
 
criterian for which items included in Table
 

1.1 of Section 2 are characterized as no
 

cost/low cost.
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3.6.1 	 Summary List Icontinued)
 

No Cost/Low Cost Items:
 

1. Change of ;procedures and/or shift starting times to
 
eliminate the need to vent steam to the atmosrhere
 
per:: ically between shifts.
 

2. 	Repair steam, air, water and :condensate leaks from
 
valves, lines, flanges, etc. in the Shobra Fact.r-:
 
and the Fiber Factory.
 

3. 	Test, repair/replace szea., t=ap.
 

4. 	institute a permanent przc==m f=ort r­

5. 	 Add new or re-ai- ex:s:inz cn .su.ation 
anrd anv hct ies ofS ipen_.. equ 

6. 	Study the effect of insua=icn on 11e
 

7. 	 Shut dcw:n water and steam usace d Crin"Powe 

8. 	 Check cc.rbustion e-fficienc-- of ci_ _- ­ -
and six oil fired oil bcilers. (excess a-r- .... ) 

9. 	 Check feasibilitv or reusin, dye for zore thanc.e ' a - . h. 

10. 	Ade new instrumen-aticn and fix eX 
t in :7, 4. a 
as reauired. 

11. 	Consider the use of "bump and run"k cn various d&e
 

ecuipmen-. 

"Bu: an. run" is an operatina procedure whereby a dye bath i­intermiztent-'heate, 
by 	steam. Steam is ad-itted tc t-- d-:e zath
and 	 zne drains close,;. The steam is shutoff when t- -- ­temperature is reached. A-ter .a eriod of t±me when-.. I--­ature in dve Inabazh drops, th. prccedure is reeaec. 



53.
 

12. 	Install automatic control or just a permanent temperature
 

indicator visible from existing steam-valve in all appli­
cations which use steam to achieve a specified temperature
 

level.
 

13. 	Add measuring and'control instrumentation on steam and fuel
 

systems.
 

14. 	Consider possible operation of the boiler at a much lower
 
pressure than 20 bar, as determined-by bottlenecks on
 
capacity to handle greater steam volume ata Icwer pressure.
 

15. 	Investigate possibility of reducing/controllinm by temper­
ature the quantity of steam used for the deaerator.
 

13. 	Consider the use of low pressure, rather than high'pressure,
 
steam for the deaerator. Perhaps this can beprovided by 

a condensate recovery flas-h, drum. 

17. 	Investigate the possibility of putting covers on cpen i 
boxes and any other-items wit! large emiscSns to the 
atmosphere. 

1-. 	 Reschedule operation to reduce peakdezrandofE e et-. t­

19. 	 Form a committee responsible for t I a 
ort..eo anning and izrible ­

mentation of energy conservation measures. This committee 

must be chaired by an energy conservation czcrdina tor. 

2Z. 	Use publicity, memos, newsletters, e4-c. tomake alI emI. .cE 
aware of the importance or energy cznservazion and its, 
implementation. 

21. 	 Use of a less expensive heat transfer medium than the 

thermomobile #605 oil currentlv being used. 

SInvestigate options to reduce heat consumption necessary
 
to maintain mazout inr a low viscosity condition.
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3.6 Energy Conservation Opportunities.ECO'S (Cont'd)
 

3.6.1 Summary List' (cont'd) 

BJ Investment 

Under the category of investment ECO'S are
 

items for which the investment made must be
 

paid for, as quickly as possible, by the
 

savings in energy cost resulting from the
 
implementation of the ECO. Given below is
 

a comprehensive summary list of the potential
 

capital investment items identified during
 

the preaudit activity. Each of these items
 

have been studied further during the audit
 

in order to determine the'potential energy
 

savings and estimated investment. This has
 

allowed for each potential item to be cate­

gorized and listed in terms of attractiveness
 

and resulting priority as shown in Section 2.1.
 

It should be noted that,upon completion of
 

the investment estimation activity of the
 

audit,it became apparent that some of the
 

ECOs originally identified as investment
 

items were in reality no cost/low cost
 

items instead. Because of this an invest­

ment cost of 25,000 LE or greater was
 

established as the criterian for which
 

items included in Table 1.1 of Section 2
 

are characterized as investment items.
 



3.6.1 Summary List (cont'd)
 

items Requiring A Capital Investment:
 

1.. Modification of existing Thermasol to use steamor hot 
oil instead of electricity, if feasible. 

2. Installation of a condensate recovery system to.include
 

all the big procedures of condensate and the smaller
 
products where feasible. There is an*existing conden­

sate recovery drum which is currently not in use. May
 

also require the cleanup of oil currently in some
 

condensate.
 

3. Recovery of heat from the 'stacks of the existing
 

oil boilers.
 

4. 	 Installation of capacitors is'needed 'to improve the 

power factor which is current ly 0.7. 

5. Consider the use of a demand controller to reduce "eak
 

demand of electricity.
 

6. 	Consider the use of heat pipes to recover. et fc 

the hot air leaving the 'idryer sackst ....preeatcod
 

incoming air.
 

7. 	 Investigate heat recovery from hot wash water to.
 
cold wash water.
 

8. Investigate the possible elimination of the cnly two 

current users of high pressure steam. Both these users 

are small. Specifically, they are: 

a) 	Replacing the existing steam jet ejector cn the last
 

stage of the sodium hydroxide'recovery system with
 

an 	 electrically driven vacuum pump. 
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b) Investigate the possibility of using lower pressure
 

steam for Thermasol service.
 

9. Consider the following possibilities for dealing
 
with the problem of repeated power failures:
 

a. 	Install emergency diesel generator.
 
b. 	Qbtain power from two zather than one power stations.
 

10. 	a) Generate electricity by letting down the high
 
pressure steam through a power recovery turbine
 
instead of a pressure regulating valve.
 

b) 	Install a true cogeneration system to produce total
 
electricity and steam required.
 

11. 	Investigate recovery systems for the treated hot and
 
cold wash water.
 



3.6.2 Detailed ECO Presentation
 

For each of the no lcost/low cost and each of the
 

investment ECO's included in the "Summary List"
 

given abave in Section 3.6.1, a detailed ECO
 

description and evaluation has been developed.
 

All of this information is now presented in the
 

pages which follow.
 

Note that each ECO is given an identification
 

number, as CD-A-l which ties it directly to the
 

list of ECOs, as shown in Section 3.6.1. Addi­

tionally, each ECO is written in s an 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, invest­

ment cost, savings, and payback can be removed
 

for easy use elsewhere in project definition
 

documents, financial discussions, and the like.
 



ELIMINATE VENTING OF STEAM Annual Savings LE: 200,000 

BET1EEN SHIFTS Investment Cost LE: 0 

Payout, Years: Immediate 

ECO #CD-A-1:
 

1.0 PURPOSE
 

The purpose of this ECO is to eliminate the loss in
 

energy which currently results from the periodic
 

venting of steam to the atmosphere, during the changing
 

of shifts, both for the Shobra and the Fiber plants.
 

2.0 PROCESS DESCRIPTION
 

Both the Shobra and Fiber plants currently work six
 

days a week (closed Fridays). During each day of
 

operation there are three shifts. The morning shift
 

works from 7:00 am to 3:00 pm. The aftetnoon shift
 

works from 3:00 pm to 11:00 pm and the night shift
 

from 11:00 pm to 7:00 am.
 

During the changing of each of these three shifts,
 

there is a period lasting from 60 to 90 minutes'in
 

which processing stops and steam from the main boiler
 

is vented to atmosphere.
 

It is now being proposed, through this ECO, that pro­

cessing not stop when the shifts are being changed,
 

but that it instead continue without interruption.
 

This can be accomplished by having the Shobra and
 

Fiber plants start their shifts one hour apart and,
 

at the same time, having a minimum number of workers
 

on each of the three shifts scheduled, on a rotational
 

basis to work 60 to 90 minutes of overtime during the
 

shift change, to result in a shift overlap.
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Those who work overtime can Y:e compensated either by
 

increased pay, increased vacation or other incentives,
 

whichever method appears most appropriate to plant
 

management.
 

3.0 EQUIPMENT LIST/SIZE
 

No new equipment required for this'ECO.,
 

4.0 PREDICTED ENERGY SAVINGS
 

Based on 295 days of operation per year and an
 

estimated average of 3 1/2 hours of steam venting
 

each day, the predicted energy savings corresponds
 

to 20,650 tons of steam per year. The value of
 

steam for evaluation is based on the worldwide cost
 

of 14.636 LE/ton,, thus resulting in an annual savings
 

in steam cost of LE 302,000.
 

If we assume that management is willing to use one­

third of these savings to compensate the workers for
 

overtime, then LE 340 are available each operating
 

day to pay for overtime and LE 200,000 is the total
 

predicted annual savings.
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

No investment is required forthis ECO. As shown in,
 

4.0 above if one-third of the annual savings is used
 

to compensate the workers for overtime, the total."
 

predicted annual. savings would be LE 200,000.
 

6.0 CONCLUSIONS
 

Based upon the analysis shown-above, if steam venting
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between shifts is eliminated, the total predicted
 
annual savings, after reimbursement for overtime,
 
would 	be LE 200,000.
 

7.0 	 RECOMMENDATION
 

This ECO should be implemented without any delay.
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REPAIR OF STEAM, ETC 'Annual Savings LE : 368,0C'. 

LEAKS FROM PIPING 'Investment Cost LE: 13,60: 

Payout, YRS : 0.04 
(15 dav 

ECO #CD-A-2 

1.0 PURPOSE
 

The purpose of this ECO is to:repair steam, airwater 

and condensate leaks from valves, lines, flanges, etc. 

to minimize energy losses. 

2.0 PROCESS DESCRIPTION
 

A detailed survey was made of the steam leaks in both
 

plants. 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. The
 

steam leaks and the average size for each are very
 

large in the Shobra plant while in the Fiber Plant
 

there are much fewer leaks.
 

Air, water, fuel and condensate leaks were noted but
 

not quantitatively estimated, as the quantity of
 

each was small as compared to the steam leaks.
 

Several of the major leaks in the Shobra plant
 

in this category are as follows:
 

1. 	Singeing machine, SG-2 - Hot water is spilling 

to the floor from the gap between the rollers due 

to lack of a spring and balancing weight on top 

roller. 

-Page 1of ECo ICDA-72
 



62.
 

2. 	washing machine, W' - Hot water is leaking.through 

cracks in the tank. 

3. 	Singeing machine SG-1 The tank for excess fuel
 
..should be connected to the underground fuel tank
 

.to prevent overflow which occurs once or twice
 
per 	week.
 

4. 	 Numerous condensate leaks were observed around 

the drier following the dye jiggers, ,',both steamers, 

the printing machines, the driersDR-1/2/3 and' 

saturator SAT-3.
 

3.0 NUMBER OF STEAM LEAKS
 

A total of 118 steam leaks were tagged with 72 being'in 

the Shobra plant, 26 in the Fiber plant and 20 in the. 

boiler plant) including outdoor steam piping. The 

source of leaks are distributed as follows: 

Shobra Fiber Boiler Total
 

Valves 26 .18 14 58
 

Pipe lines 33 2 5 4011.
 
14',
Flanges 9 4, 


-Equipment 4 -2 6,
 

Leaks from pipelines are largely at fittings in the
 

piping system. Note also that steam trap leaks are"
 

not included here as they are covered separately
 

under ECO CD-A-3.
 

The 	leaks are further categorized.by size as
 

.follows below in 4.0.
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4.0 PREDICTED ENERGY SAVINGS
 

It is estimated that the following quantity of steam is
 

leaking per hour from all of the above leaks:
 

Estimated
EtiakedPTotal
Leakage Per Leakage Kq/HR
 

Type Leak-Kg/HR Shobra Fiber Boiler Total
 

Small 9 210 65 30 305
 
Medium 18 435 180 90 705
 

Large 34 275 170 205 650
 
Extra Large 68 1150 270 410 1830
 

Total 2070 685 735 3490'
 

Cost of Energy Savings from repair of leaks:
 

Leakage Steam Cost Annual Savings
 
Plant Kg/HR LE/ton Worldwide-LE
 

Shobra 2070 14.636 219,000
 

Fiber 685 14.636 73,000
 

Boiler 735 14.636 75,600
 

Total 3490 LE 367,600
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION'
 

To repair the above described leaks the.estimated cost
 

of materials and labor is LE 13,600.
 

The payout on a worldwide basis is 0.04 years or 15
 

days.
 

6.0 CONCLUSIONS
 

For very little investment this ECO is extremely
 

attractive with a payout period'of 0.04.yrs.
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7.0 	 RECOMMENDATION 

This ECO should be initiated immediately. 
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TEST, REPAIR/REPLACE Annual Savings LE : 120,000 

STEAM TRAPS Investment Cost LE: :22,900 

Payout YRS 0.19 
(69 days) 

ECO #CD-A-3 

1.0 PURPOSE
 

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

defective steam traps.
 

2.0 PROCESS DESCRIPTION
 

Twenty of the existing traps in the plants were tested
 

to give an indication of the percentage of defective
 

traps in the plants. This quantity represents approxi­

mately ten percent of the total of 200 traps in the
 

two plants.
 

Various types of traps were checked by visual, sonic
 

and temperature methods. Since some of the traps
 

exhausted to atmosphere a visual check of these could
 

be made. Where steam blow-thru 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 either
 

of the two plants.
 

The next best method of testing is by use of a
 
sonic listening device. The listening device gives
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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 refer­

red 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.
 

A definite cycle rate can be heard when a disc 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. 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
 

steam trap has a cycle, but it is 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
 

bimetalic string as the actuation device, opening and
 

closing the trap according to a set temperature
 

differential.
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The last but least satisfactory test method is by
 

temperature measurement. A surface measurement can
 

be made of the inlet and outlet of the trap. This
 

is merely an indication of the corresponding satura­

tion steam pressure upstream of the trap and the
 

pressure of the condensate system downstream of the
 

trap. In the case of a completely failed trap the
 

inlet steam will be blowing through to the trap out­

let 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 these plants no condensate recovery
 

system is installed; however in some instances
 

several traps are tied into a common drain to
 

If one trap in this group is blowing
atmosphere. 


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 tempe­

rature must be carefully used.
 

3.0 EQUIPMENT LIST/SIZE
 

The following are the results of the trap survey
 

Location Te Number Failed Satisfactory
 

Steam mains Disc 5 5 ­

Shobra-New Dryer.Float 3 1 2 

Shobra-Old Dryer Disc 1 - 1 
Float 2 - 2 

Fiber-Finishing Inv. 
Mach. Bucket 5 -5 

Fiber-Dryer Disc 4 4 
20 6 14, 
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As noted six of the 20 traps tested were indicated to
 
be defective. Generally, traps located on machines
 
were in quite good condition whilethose on the steam
 
mains required replacement.
 

Four of the traps on the steam mains botkin the
 
Shobra and Fiber plants were blowing thru discharging
 
an extra large quantity of steam. 
The estimated total
 
steam leakage quantity for these four traps using the
 
methods defined in ECO CD-A-2 is approximately 365 Kg/hr.
 

It was noted on the old dryer in the Shobra plant many
 
of the condensate discharges from the revolving
 
cylinders were tied into a single trap. 
If more than
 
one drain point is connected by a single trap, con­
densate and air from one or more of the cylinders may
 
fail to reach the trap. Any difference in condensing
 
rates will result in a difference in steam pressure
 
drop. A pressure drop difference too small to register
 
on a pressure gauge is enough to let steam from the
 
higher pressure unit block the flow of air or condensate
 
from the lower pressure cylinder. The net result is
 
reduced heating, output and fuel waste.
 

4.0 PREDICTED ENERGY SAVINGS
 

Based on the results of the trap survey'6 out of 20
 
traps or 
30 percent of the, traps required replacement
 
Projecting this result to the 200 traps installed in
 
the plant we would estimate that 60 traps would need
 
replacement at this time.
 

As noted above four traps on the main steam lines
 
were blowing thru an excessive amount of steam esti­
mated to be 365 Kg/hr. For'other traps mostly used.
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,,on equipment we estimate an average steam loss per trap
 
of approximately 30 lb/hr. If this quantity is used for
 

'56 traps and 365 Kg/hr for the four'main steam.traps the
 

total,steam loss is approximately.''1135 Kg/hr"
 

This steam loss iz wcrthLE 120,000 based on worldwide price.
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

Kg of 

steam 


Estimated Steam Loss of Defec­

tive Traps
 

Est. steam loss per Hour 	 1135
 

Est. steam loss Annually 8,200,000 


Number of Traps to be Replaced 60
 

Est. average Cost to replace 


(380 LE per trap) including
 

material and installation
 

Steam: Annual 
cost Savings 
LE/ton Worldwide 

LE 

14.636 120,000
 

22900.
 

The payout on a wordwide basis is 0.19 yeas or 69 davs.
 

6.0 CONCLUSIONS
 

The testing, repair and replacement of steam traps 

has a paycut of 69 days and is therefore a.very . 

.attractive ECO. 

7.0 	 RECOM!ENDATION
 

-
This ECO should be' implemented immediately
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INSTITUTE A PERMANENT Annual Savings LE : 60,000 

PROGRAM FOR STEAM TRAP Investment Cost LE: 17,000 

TESTING Payout, YRS : 0.28 

(102 days) 

ECO #CD-A-4 

1.0 PURPOSE
 

The purpose of this ECO is to institute a permanent
 

program for steam trap test4.ng in order to replace
 

defective traps, as soon as practical.
 

2.0 PROCESS DESCRIPTION
 

Based on the results of testing of steam traps-covered
 

in ECO-A-3, it is evident that a permanent program should
 

be started to test all steam traps. Much of the efforts
 

to save steam in the plants 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 comittee. At a very minimum each trap in
 

the plant must be tested once per year; however, a
 

more frequent period of testing is strongly recommended.
 

It is preferable to test traps operating over 16 Bar
 
weekly, those operation from 2 Bar to.16 Bar
 

monthly, and lower pressure traps test at least once
 
annually. A trap item number.and permanent metal tag
 

must be assigned to each trap and records maintained
 

to indicate testing dates, results and trap replacement.
 

The benefits of a permanent steam trap testing program
 

can be as follows:
 

is Reduction in steam losses,
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2. Life expectancy of ,a'trap can ibe 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. 

3.0 	 EQUIPMENT LIST/SIZE
 

Not applicable.
 

4.0 	 PREDICTED ENERGY SAVINGS
 

From 	the steam trap survey covered by ECO'A-3 it was
 

noted that the estimated steam loss at this time from
 

defective traps is 570 Kg/hr. It is reasonable to
 

assume that this quantity of energy losses would occur
 

on a 	yearly basis if trap were not replaced regularly.
 

The savings in energy can be assumed to be at least
 

half 	of this value, since all defective traps will not
 

be discovered as soon as they begin leaking.
 

Therefore, eneray savings that result from a-permanent 

steam trap testing program is estimated to be as 

follows:
 

Steam cost Annual savings
 
Kg/hr steam LE/ton Worldwide'LE
 

Per hour 570
 

Per year 4,100,000 14.636 60,000
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5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

Using an estimated toztal installed cost per trap of
 

LE 380 and assuming that 30 traps or 15% of the total
 

plant's traps are replaced each year the total annual
 

cost to install new traps is LE 11400. In addition an
 

initial cost of LE 500 must be allowed to tag the traps
 

and LE 5,000 to purchase testing instruments. The
 

total first year investment will then be LE 17,Q00.
 

The payout is 0.28 years or 102 days based on worldwide,prices.
 

The above payout is based upon the plant personnel
 

conducting the permanent trap survey program. Repre­

sentatives of steam trap manufacturers will offer a 

service to survey steam traps in plants. However,. 

this service costs approximately LE 8 to LE 1Oper trap. 

Since the Cairo Dyeing and Finishing plant has only 

approximately 200 traps it is recommended that plant 

personnel conduct the survey and not the steam trap 

manufacturers representative. 

6.0 CONCLUSIONS.
 

The initiation and carrying out of a permanent program
 

to test, repair and replace steam traps has a payout
 

period of 102 days. This is a very attractive ECO and
 

is a continuing one,year after year.
 

7.0 RECOMMENDATION
 

This ECO should be -initiated immediately and carried out,
 

continuously.
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ADD NEW OR REPAIR EXISTING Annual Savings LE : 49,000 

INSULATION Investment Cost LE: 59,600 

Payou-t YRS : 1,22 

ECO #CD-A-5
 

The purpose of this ECO is to provide 'new insulation 

on piping and equipment in order to conserve energy
 

by minimizing heat losses,
 

2.0 PROCESS DESCRIPTION
 

A detailed review was conducted during the preaudit
 

to determine locations of hot piping that required
 

new insulation to be installed. It was determined
 

at that time that no new equipment 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 length to be insulated were
 

measured. The lengths include flanges and valves
 

that are not presently insulated. The required
 

insulation thicknesses were then determined by use
 

of the "Heatalyzer" Economic Insulation Thickness
 

computer program.
 

3.0 EQUIPMENT LIST/SIZE
 

The following tabulations list ,the-insulation
 

requirements by pipe size, length and-service.
,
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Shobra 	Plant
 

.
Steam Piping Header Pressure - 8 Bar 

Pipe Size. - inbh Estimated length - meters 

1 	 76
 

1 	 1222
 
2 	 104
 

3 85­

4 91
 

6 3
 

8 61
 

Condensate Piping - Pressure - 1 Bar 

3 34 

NOTE: 	 Condensate is to be insulated in ,anticipaionj
 

of future recoVery.
 

Fiber Plant
 

Steam Piping - Header Pressure -4 Bar 

Pipe Size - inch:-, Estimated length -meters 

1 76
 
121
 

2 18
 

3 76
 

4 9
 

6 64'
 

Condensate Piping- Pressure- 1 Bar 

Pipe Size - inch Estimated length -niters
 

1 	 40
 
11. 	 15 

S2 • 3 

Hot Oil 

2 3 
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Boiler Plant
 

Steam piping 


3 


8 

10 


121
 

Header Presure- 20 Bar
 

1'
 

7
 
4
 

4.0 PREDICTED ENERGY SAVINGS
 

The "Heatalyzer Economic Thickness" computer program
 

determines the heatsaved in LE/ft. of pipe for various
 

line sizes and at different operating fluid temperatures,
 

when also calculating the economic insulation thickness.
 

These heat savings are' summarized as follows based on
 

worldwide costs:
 

Shobra plant LE 31,400
 

Fiber plant. LE 14,600'
 

Boiler plant LE 3,000
 

Total LE 49,000
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The estimated total investment for applying'the,
 

economic thickness of insulation to all piping,,
 

listed above is LE 59600.
 

Based upon the above investment the payout period. .
 

is 1.2 years based on worldwide prices.,
 

6.0 CONCLUSIONS
 

Insulation should be applied to all bare lines
 

in plants including those where insulation is in
 

poor condition.
 

Page 3 of ECO #CD-A-5
 



76.
 

7.0 RECOMMENDATION
 

This ECO should be initiated, immediately,.,
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STUDY THE EFFECT OF Annual SavingsLE : 0 

INSULATION ON HEAT Investment Cost LE: 0 

LOSS FROM PIPES Payout, Years : Immediate 

ECO #CD-A-6
 

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 insula­

tion applications.
 

2.0 	 PROCESS DESCRIPTION
 

A chart was developed using the Heatalizer Economic
 

Thickness Insulation computer program which indicates
 

the optimum insulation requirements for different line
 

sizes at various temperature ranges. The chart covers
 

a temperature range from 660C through 318 0C for line
 

sizes 1 inch diameter through 12 inch diameter.
 

Fiberglass insulation material is the basis for the
 

chart.
 

The chart is to be used in the future by plant
 

personnel to specify insulation thickness on new.
 

or reinsulated lines.
 

3.0 	 EQUIPMENT LIST/SIZE
 

The following chart was developed:
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ECONOMIC THICKNESS OF INSULATION
 

FOR PIPING
 

MATERIAL - FIBERGLASS
 

Insulation thickness in millimeters required up to temperature
 
indicated
 

0C
PIPE FLUID TEMPERATURE 


SIZE 66 94 122 150 206, 262 318
 

1 25 25 . 40 40 65, 75 75 

1.5 25 25 40 40- 65 75 75 

2' 25 40 '40 50 75 75 75
 

3 25 40 40 65. 75. 75 100
 

4 40 40 50 65' 75. 100 100
 

50 65 75 100 100
6 40 40 


8 40 50 65, 7 90 100 100 

10 40 50 765:75 9,0 100 '100 

12 40 5065 7 5 100, 100 100 
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4.0 	 PREDICTED ENERGY SAVINGS
 

Not applicable to this ECO.
 

5.0 	 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

Not applicable to this ECO.
 

6.0 	 CONCLUSIONS
 

Based upon the results of ECO #CD-A-5 which covered,
 

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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SHUT DOWN WATER AND Annual Savings LE:. 4,000 

STEAM USAGE DURING Investment Cost.LE: 0 

POWER FAILURES Payout, Years: Immediate 

ECO #CD-A-7
 

1.0 PURPOSE
 

The purpose of this ECO is to-prevent the loss of­

energy which can occur if 'water and steam usage are
 

not promptly stopped at the onset of a power failure.
 

2.0 PROCESS DESCRIPTION
 

Both the Shobra and Fiber plants have recently lbeen
 

plagued by repeated and frequently occuring power
 

failures.
 

It has been the practice of the plant operators not
 

to take any specific course of action when a power fail­

ure occurs, but simply to allow the plant to attempt 'to
 

continue to operate. This results in continued flow of
 

steam and water until such time as the system is totally
 

drained due to the absence of any new feed water being
 

electrically pumped into the system.
 

This results not only in a loss of the energy which
 

for a period of time continues to enter the system,
 

but also the energy originally contained in the various
 

hot liquids and vapors which are permitted to continue
 

to leave the system.
 

It is proposed, through this ECO, that specific pro­

cedures be adopted that would require that the plant'
 
'
 operators take immediate preventative act'ion at the ,
 

onset of a power failure to stop all new steam and
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water from entering the system and simultaneously t6
 

prevent all energy already contained within the system
 

from needlessly draining out of the system.
 

The system will then remain in a passive state, with
 

no new energy entering or contained'energy leaving,
 

until such time as electric power is restored.
 

3.0 EQUIPMENT LIST/SIZE
 

No new equipment required.
 

4.0 PREDICTED ENERGY SAVINGS
 

During the period in which OEP and Foster Wheeler
 

carried out the preaudit and audit at the Cairo Dyeing
 

and Finishing Company, power failures of various
 

duration were experienced almost every day. If we
 

make a very conservative estimate that a power failure
 

occurs only once every 5 days and that when it occurs
 

the energy lost each time is equivalent to the cost of 15
 

minutes of steam production, then this loss, on an
 

annual basis, based on the worldwide cost, is LE 4,300.
 

The implementation of written procedures by the plant and
 

the training of plant operators to take action to prevent
 

the loss will produce a predicted annual savings, following
 

minor expenses associated with the training of the
 

operators, estimated at LE 4,000.
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

No investment is required for this ECO.
 

6.0 CONCLUSIONS
 

It would be beneficial to develop standby­

procedures and to train the plant operators to,
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.take action ito prevent,evergy losses during a power
 

Ifailure, since doing so would result in.aiconerva­

estimated atively
nnual savings of LE 4,000.
 

7.0 RECOMMENDATION
 

TnIS ECO ShOUld.be implemented,: as, soon as possible..
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IMPROVING COMBUSTION Annual Savings LE: 40r600 

EFFICIENCY OF STEAM BOILERS Investment Cost LE: 4,200 

AND OIL BOILERS Payout, Years: 0.10 

(37 days) 

ECO #CD-A-8 

1.0 PURPOSE
 

The purpose of this ECO is to improve the combustion
 

in the two steam boilers and the four identical oil
 

boilers by decreasing the oxygen content in the flue
 

gas.
 

2.0 PROCESS DESCRIPTION
 

2.1 Steam Boilers
 

The boiler load is automatically adjusted by 

monitoring the steam pressure. Measurements 

taken during the audit indicate that the cycling 

of the boiler is so large that the boiler draft 

pressure varies from 100Mm H2 0 up to 250mm H20. 

The measured excess air at high boiler load was
 

equivalent to 4.2 percent oxygen which is more
 

than adequate. At lower boiler loads the measured
 

excess air was equivalent to 9 percent oxygen
 

which is too high. In addition, the measured
 

stack temperature varied between 174°C to 196°C.,
 

Based on these measurements, the calculated
 

efficiency at high boiler load is 86 percent and
 

the calculated efficiency at low boiler load is
 

83.5 percent.
 

By additional regulation of excess air the oxygen
 

in the flue gas should be maintained at 3 percent.
 

The calculated efficiency is 87 percent based on
 

this quantity of excess air. To obtain this
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additional efficiency, all presently non­

functioning instruments should be repaired and
 

calibrated.
 

2.2 Oi IBoilers
 

The four oil boilers are currently operating '.
 
intermittently to heat oil. All are operated
 

with too high a quantity of excess air.
 

Measurements were taken on oil boiler No. 1
 

which indicated the following gas composition
 

in the stack: 5.8 percent 02, 11.5 percent C02
 
and 0.4 percent CO. The calculated efficiency
 

on this basis is 78 percent. This low value 

of efficiency was due to the carbon monoxide 

that was detected. Further, the smoke test 

indicated unacceptable soot formation. Based 

on this, cleaning of the burner tip was requested 

and immediately implemented. After cleaning, the. 

measurements taken indicated 7.5 percent 02' 10 

percent C02 and no carbon monoxide. The calculated 

efficiency on this basis was 80.5 percent. 

Measurements were also taken on oil boiler No. 2 
which indicated 3.0 percent excess air and 14'.5 

percent C02 . The calculated efficiency on this
 

basis is nearly 82 percent.
 

By cleaning the burner tips frequently and pro­

viding a stack thermometer and portable oxygea
 

analyzer, it is estimated that the boilers could'
 

be operated with 2 percent excess air. The cal­

culated efficiency on this basis is 82.5 percent.,.
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3.0 EQUIPMENT LIST/SiZ E 

-3.1 Steam:Boilers 

*No new equipment is required, only some repair 
* of existing instruments and calibration. 

3.2 -Oil Boilers
 

Provide a stack thermometer in each oil lboiler, 
and one portable oxygen analyzer. 

4.0 PREDICTED ENERGY SAVINGS 

4.1 Steam Boilers
 

By repairing and calibrating all instruments, the
 
efficiency of the steam boiler can be Lmproved by
 
one percent when operating at full load and by 3.5
 
percent when operating at low load. Using the
 
one percent efficiency improvement as a basis,
 
approximately 118 tons/year of mazout will be
 
saved. On the basis of worldwide prices, LE
 
28,500 will be saved annually.
 

4.2 *Oil Boilers
 

By cleanihg the burner tip on boiler #1, the
 
efficiency of the boiler improved from 78% to
 
80.5%. If a stack thermometer and a portable
 

02 analyzer were provided so that the boiler can
 
be operated more efficiently, the efficiency could,:
 
be further improved to 82.5 percent.
 

On boiler #2, the burner tip did not yet require
 
cleaning and the calculated efficiency is 82 per­
cent. By installing a stack thermometer and using
 

a portable 02 analyzer the efficiency could be
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1mproved -- percent.to, 2.5 

For the basis of predicting: energy savings,
 

assume that the efficiency of two boilers can
 

be improved from 78 percent to 82.5 percent or­

4.5 percent while the other two can be improved. 

from 82 percent to 82.5 percent. Only two of the 

four oil boilers, one in the Shobra plant and one­
in the Fiber plant operate'at one time. 

The total amount of mazout saved peryear for 

the four boilers is 50 metric tons. The annual 

savings based on worldwide prices is LE 12,100. 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EV!ALUATION
 

The cost to furnish and install the stack thermometers.
 

and furnish the portable 02 analyzer for the oil
 

boilers and repair and calibrate the steam boiler
 

instruments is LE 42001
 

Based on a total savings of LE 40,600 from the steam, 
boilers and oil boilers, the payout period based on 

worldwide prices is 0.10 yearsor 37 days. 

6.0 CONCLUSIONS
 

The rapid payout makes this ECO very attractive. 

7.0 RECOMMENDATIONS
 

This ECO should be implemented as soon as possible.
 

Further energy savings on the oil boilers can 'then be
 

made by implementation of ECO #CD-B-3.
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CHECK THE FEASIBILITY OF Annual Savings LE: not yet known 

REUSING DYE FOR MORE Investment Cost LE: 

THAN ONE BATCH Payout, YRS 

NOTE: Pilot plant tests are 

ECO #CD-A-9 required before proceeding,,,
any further. 

-1.0 PURPOSE 

The purpose of this ECO is to check the feasibility of
 

reusing dye for more than one batch in the various
 

dyeing machines.
 

2.0 PROCESS DESCRIPTION
 

The reuse of dye is not currently practiced in both the'.
 

Shobra and Fiber plants. In order to determine if it
 

is feasible to reuse dye, a discussion was held with
 

the manager of the plant's laboratory regarding the
 

types of dyes that currently are in use. The following
 

summarizes these discussions.
 

The plant dyes woven cotton and thread cotton in open
 

dye jiggers using approximately fifty (50) percent:
 

direct dyes with the remaining 50% of the dyes being '
 

reactive, sulfur, vat and indigasol dyes. The closed
 

dye jiggers are used for cotton dyeing only. Reactive
 

ihdigasol and vat dyes are used. Polyester is dyed
 

in the jet dyeing machines with dispersed dyes.
 

Dispersed dyes are totally consumed, thus no dye is
 

available for reuse.
 

Subsequent to the discussion with the plant the
 

following questions were asked to Dr. Fred L. Cook,
 

a well known international expert on dye reuse, of
 

the School of Textile Engineering at Georgia Insti­

tute of Technology, Atlanta, Georgia 30032, U.S.A.
 

regarding the feasilability of reusing the dyes
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described above. The reply from Dr. Cook follows each
 

question.
 

1. 	Have textile companies in the United States or
 

elsewhere reused specifically any or all of the
 

above dyes on the material described above?
 
Dr. Cook advised that no textile plant anywhere
 

has reused specifically these types of dyes on
 

the material as described.
 

2. 	If the answer to question numbe7: 1 is yes; then:'
 
a) Who, where, when and how?
 

b) What are the results?
 

c) 	 Any problems? 
d) 	Any additional equipment needed?
 

This question is not applicable, based on Dr, Cook's. 

reply to question 1. 

3. 	If the answer to question number 1 is no; then:
 

a) 	How do we know for sure that it will work?
 

b) 	Are pilot plant tests required?
 

Dr. Cook advised that the reuse of dyes will work,
 

with direct dyes based on pilot plant tests that
 

have been done to confirm the reuse. The reuse of
 

dyes will not work with reactive dyes, however.
 

Pilot plant tests have not specifically been done
 

using sulfur, vat or indigasol dyes, but Dr. Cook
 

expects that these types of dyes could be reused
 

on the materials in question.
 

Several papers on the subjecg of dyebath reuse are
 

included in the APPENDIX.
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During the discussions with the plant laboratory personnel,
 

a question arose regarding the manufacturer of a machine.
 

that can remove water by suction thaC could be located
 

before the finishing machine. This machine was shown at,
 

the recent fair in Milan. Dr. Cook advised that the
 

manufacturer is Gaston County whose address is Box 308,
 

Stanley, North Carolina, 28164, U.S.A. The person to
 

contact at this company is Mr. Jesse Camp. His telephone­

number is (704) 827-6751.
 

3.0 EQUIPMENT.LIST/SIZE
 

This section is not applicable.
 

4.0 PREDICTED ENERGY SAVINGS
 

It appears from Dr. Cook's answers to the questions
 

outlined in section 2.0 above that energy savings are
 

possible by reusing direct dyes and possibly by reusing
 

sulfur, vat and indigasol dyes. The savings must be
 

evaluated after pilot plant tests are run by the plant,
 

laboratory.
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

Investment costs must be developed after the evaluation
 

of the reuse of dyes by the plant laboratory.
 

6.0 CONCLUSION
 

Pilot plant testing by the Cairo Dyeing and Finishing
 

Co. must be undertaken, before %e decision is made
 

to proceed with dye reuse.
 

7.0 R . "OMMENDATION 

It is recommended that the plant laboratory conducts/
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pilot plant tests on the reuse of direct dyes, as
 
well as on the reuse of sulfur, vat and indigasol
 
dyes. Further contact with.Dr. Cook at Georgia
 
Institute of Technology may be helpful.
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91.
 

IMPROVE/ADD/FIX Annual Savings LE: 78,200
 

INSTRUMENTATION Investment Cost LEI 228,600
 

Payout, Years: : 292
 

ECO #CD-A-10, 12 and 13 

100 PURPOSE
 

The purpose of this ECO is to improve/add/fix instru-.
 

mentation, as required, to help conserve energy and to
 
properly monitor its consumption.
 

2.0 PROCESS DESCRIPTION
 

An in-depth study was made regarding the instrumentation
 

requirements for the Shobra and Fiber factories. 
This
 
study combined the overall requirements for instrumen­

tation improvement, addition, and fixing originally out­

lined as ECO's CD-A-10, 12 and 13. In general, the
 

instrumentation provided for the Fiber Factory is
 

adequate and is in good working order, but the instru­

mentation provided for the Shobra Factory and for the
 

various utility sections (fuel oil, raw and treated
 
water and szLam) is inadequate or non-existent and in
 

many cases the existing instruments are not in working
 

order. The adding and fixing of the instruments for
 
the Shobra Factory and for the utility sections is
 

described in the tabulations and sketches which follow.-'
 

3.0 EQUIPMENT LIST/SIZE
 

The equipment and material required is described in
 

thetabulations and sketches on the following pages.
 

The material of construction is carbon steel, except
 

where it is specified differently,
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4.0 PREDICTED ENERGY SAVINGS
 

If the adding and fixing of the instruments for
 

the Shobra Factory and for the utility sections
 

(as shown on the following tabulations and sketches)
 

is implemented, the predicted energy savings, based
 

on 7080 operating hours per year, will be as follows:
 

Energy savings Savings
 
corresponding to World price LE/year
 

Steam 5340 MT/year 14.636 LE/MT 78,200
 

TOTAL 78,200
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The total investment cost to purchase and install the
 

equipment (mainly the instruments and the associated
 

piping) and materials described above is LE 228,600.-


The payout on a worldwide basis is 2.,92' years for
 

an annual energy savings of LE 78200..
 

6.0 CONCLUSIONS
 

This ECO has a payout of 2.92 years.
 

We strongly recommend that all the instruments shown
 

on the following tabulations and sketches be.
 

added/repaired, not only to help conserve energy
 

but to propely monitor its consumption.
 

7.0 RECOMMENDATION
 

This ECO should !be implemented.
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IMPROVE/ADD/FIX Annual Savings LE: 78,200 
INSTRUMENTATION Investment Cost LE& 228,600 

Payout, Years: : 2.92 

ECO #CD-A-10, 12 and 13
 

1.0 PURPOSE
 

The purpose of this ECO is to improve/add/fix instru­
mentation, as required, to help conserve energy and to
 

properly monitor its consumption
 

2.0 PROCESS DESCRIPTION
 

An in-depth study was made regarding the instrumentation
 
requirements for the Shobra and Fiber factories. This
 

study combined the overall requirements for instrumen­
tation improvement, addition, and fixing originally out­
lined as ECO's CD-A-10, 12 and 13. In general, the
 
instrumentation provided for the Fiber Factory is
 
adequate and is in good working order, but the instru­
mentation provided for the Shobra Factory and for the
 
various utility sections (fuel oil, raw and treated
 
water and steam) is inadequate or non-existent and in
 
many cases the existing instruments are not in working
 
order. The adding and fixing of the instruments for
 
the Shobra Factory and for the utility sections is
 
described in the tabulations and sketches which follow.­

3.0 EQUIPMENT LIST/SIZE
 

The equipment and material required is described in
 
thetabulations and sketches on the following pages.
 
The material of construction is carbon steel, except
 
where it is specified differently.
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4.0 PREDICTED ENERGY SAVINGS
 

If the adding and fixing of the instruments for
 

the Shobra Factory and for the utility sections
 

(as shown on the following tabulations and sketches)
 

is implemented, the predicted energy savings, based
 

on 7080 operating hours per year, will be as follows:
 

Energy savings Savings
 
corresponding to World'price LE/year
 

Steam 5340 MT/year 14.636LE/MT 78,200
 

TOTAL 78,200
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The.total investment cost to purchase and install the
 

equipment (mainly the instruments and the associated
 

piping) and materials described above is LE 228,600.
 

The payout on a worldwide basis is 2.92 years for
 

an annual energy savings of LE 78,200.
 

6.0 CONCLUSIONS
 

This ECO has a payout of 2.92 years.
 

We strongly recommend that all the instruments shown
 

on the following tabulations and sketches be
 

added/repaired, not only to help conserve energy
 

but to properly monitor its consumption.
 

7.0 RECOMMENDATION
 

This ECO should be implemented.
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ECO: CD-A-10/12/13 Date: March 10, 1985 
ADD/FIX INSTRUMENTATION Surveyed by: P.N. Reddy 

PLANT: SIIOBRA FACTORY
 

EQUIPMEfT EXISTING TYPE OF DOES EXIST IS IT VISIBLE LEAVE AS IS,
 
ITEM NO. NAME INSTRUMENTS? EXISTING INSTRUMENT FROM CONTROL REPAIR OR
 

INSTRUMENTS OPERATE? 
 VALUE? UPGRADE
 

SG-1, Singeing Yes Solinoid Valve No Replace
 
on 1/2" Fuel
 
Line to the Top
 
Burner
 

Yes Two Regulators' Both Are Replace

0On 
 Electric Air Out of order 
 Range 50-200*C
 

Preheater. (22 Volt Regulators.
tn 

Regulated From 220


0 Volts & 50 HTZ)
 

O Yes Two Thermometers One is Broken Replace 
I on Preheated Air And the other (Range 0-200C) 

Line. is missing 3/4" Fitting.
0 

No Provide Temperature indi­
-cator on bath visible
K) 

from valve on steam line.
 
oprating Rang 7Q-100C 

No ProVide a Flow Indicator
 on I" Chemical Feed Line
 

(Range 0-200 Liters/1iR).
 

SG-2 Singeing No 
 Provide a Temperature indi­
cator on Bath visible from 
valve on Steam Line. 
(Operating Range 70-100*C).
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ECO: CD-A-10/12/13 
ADD/FIX INSTRUMENTATION 

PLANT: sifoRgA PnAr~RV 

Date: 
Surveyed by: 

March 10, 
P.N. Reddy 

1985. 

ITEM NO. 
EQUIPMENT 

NAME 
EXISTING 

INSTRUMENTS? 
TYPE OF 
EXISTING 

INSTRUMENTS 

DOES EXIST 
INSTRUMENT 
OPERATE? 

IS IT VISIBLE 
FROM CONTROL 

VALUE? 

LEAVE AS IS, 
REPAIR OR 
UPGRADE 

W-1 

O 

0 
OSat-i 

Washing 
Machine 

Saturator 

Yes 

Yes 

Temperature 
Giuge 

Flow Indicator 

No 

No 

Provide a temperature 
Indicating Controller 

On Washing Machine And 
1" control valve on a 
New Steam Line. See 
Sketch 1 of 10 . 
(Operating Range 70-100C' 

Provide a new Flow Idi. 

o 

cator on 3/4" Line for chem­
ical addition, 

Flowrate Range 0-200 
Liters/Hr. See sketch 
1 of 10. 

No Provide a Flow Indicator.on a New 3/4" Line f'rWater Addition. Flowrat, 

Range 0-2 H3/ Hr. 
See Sketch 1 of 10 

No Provide A 14" Range Leve 
Controller on Saturator 
and A 3/4" Control valve 
on a New 3/4" water line 
See Sketch.1 of 10. 

'a 
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ECO: CD-A-10/12/13 Date: March 10, 1985.
ADD/FIX INSTRUMENTATION 
 Surveyed by: P.N. Reddy 
PLANT: Shobra Factory 

EQUIPMENT EXISTING TYPE OF 
 DOES EXIST IS IT VISIBLE LEAVE AS IS,
ITEM NO. NAME INSTRUMENTS? EXISTING INSTRUMENT FROM CONTROL REPAIR OR
 
INSTRUMENTS 
 OPERATE? 
 VALUE? 
 UPGRADE
 

J-c J Box Temperature No Recommend to Upgrade Temper­
control Only one temperature ature Controller to An Auto­

gauge is working) matic Temperature Controller 

-M with a new 2"Control valve
D.Note: 

U' (The cost to upgrade the instrumentation located on 3" Steam Line.is covered by ECO # CD-A-17) Operating Temp.=100C 

Repair or Replace Hand
1Wheels of all three Gate
 
0 

valves. See Sketch-2of 10
 
0
 

- W-2 WASHING No Provide a Temperature indi-
MCIEcating 

Controller on washing 

> Machine and I" Control valve 
on a new Steam Line. See
 
sketch I of 10 (operating 
Range 70-100-C)
 

SSt t2 SATURATOR Yes Flow Indicator No Provide a New Flow Indicator 
_0 on I" PVC pipe for chemical 
nAddition. Flowrate Range 

0-200 Liters/HR.
 
See Sketch I of 10.
 

L0 
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ECO: CD-A-10/1?/13
ADD/FIX INSTRUMENTATION 

PLANT:z SHOBRA FACTORY 

Date: 
Surveyed by: 

March 10, 1985. 
P.N. Reddy 

NO. 
EQUIPMENT 

NAME 
EXISTING 

INSTRUMENTS? 
TYPE OF 

EXISTING 
INSTRUMENTS 

DOES EXIST 

INSTRUMENT 
OPERATE? 

IS IT VISIBLE 

FROM CONTROL 
VALUE? 

LEAVE AS IS, 
REPAIR OR 
UPGRADE 

SAT-2 SATURATOR No 
Provide a Flow Indicator 

on A New 3/4" Line For 
Water Addition. Flowrate 
Range 0-2 M3/HR 

See Sketch 1 of 10 

0 
iAnd 

NO 
Provide A 14" Range Level
Controller on Saturator 

A 3/4" Control valve on 

0See 

SAT-3 

0Plastic 

SATURATOR No 

a New 3/4" Water Line. 
Sketch I of 10 

At Present using A small 

0. 

-A 

-12"-

Make-Shift Bucket 
to Add Chemicals. Every 
1/2 hour Chemicals are 
prepared in the Bucket. 
Provide'an overhead Bucket 
(with a working capacity of 
1000 Liters) with a 0.25 HP 
Agitator. Impeller Diameter 

Provide a Flow Indicatoron 3/4" Line from the Bucket. 
Flowrate Range 0-300 Liters/
HR. See Sketch 3 of 10 for 
Bucket Dimensions and Other 
Details. 
MATERIAL: S.S. 



ADD/FIX 
ECO: CD-A-10/12/13. 
INSTRUMJfNTATId 

Date: 
Surveyed by: 

PLANT: SHOSRA FACTORY 

ITEM NO. 
EQUIPMENT 

NAME 
EXISTING 

INSTRUMENTS? 
TYPE OF 
EXISTING 

DOES EXIST 
IN]STRUMENT 

IS IT VISIBLE 
FROM CONTROL 

INSTRUMENTS OPERATE?. VALUE? 
SAT-3 SATURATOR No 

u1 
CD 

.- No'Provide 
t' 

_-0 

J Box CnTemperature 

Control. 
o 

Note: (The cost to upgrade the 

instrumentation is covered by
ECO # CD-A-17) 

,C 
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March 10, A985.
 
P.N. Reddy 

LEAVE AS IS,
 
REPAIR OR
 
UPGRADE
 

Provide A Flow Indicator
 

on A New 3/4" Line For
 
Waler Addition.
Range Flow rate
0-2 M3/HR.
 
See Sketch 3 of 10.
 

A 14" Range Level
 
controller on Saturator
and A 3/4 Control valve 
on A New 3/4" Water Line. 

See Sketch 3 of 10 

Recommend to upgrade Tem­

perature controller to
 
Automatic Temperature cont­roller with A new 
2"
 

control valve located on
 
2" Steam line. Operating
 
temperature = 800C.
 
Repair or Replace hand wheels
 
of all three gate valves.
 
See Sketch 2 of 10.
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ECO: CD-A-10/12/13/ 
ADD/FIX INSTRUMENTATION 

PLANT: SHOBRA FACTORY 

Date: 
Surveyed by: 

March 10, 1985 
P.N. Reddy 

ITEM NO. 

W-4 

EQUIPMENT 
NAME 

WASHING 
MACHINE 

EXISTING 
INSTRUMENTS? 

NO 

TYPE OF 
EXISTING 

INSTRUMENTS 

DOES EXIST 
INSTRUMENT 
OPERATE? 

IS IT VISIBLE 
FROM CONTROL 

VALUE? 

LEAVE AS IS, 
REPAIR OR 
UPGRADE 

Provide A Temperature 
Indicating Controller on 

M 

co 

0t.70-1000c) 
WM-1 

O 
Water 

Manqle 
Yes Machine 

Speed 
Recorder 

Does" Not 

work 

washing Machine And I" 
control valve on a New 
steam Line. See Sketch 
I of 10 (Operating Range 

C 

o 

.1 
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ECO: CD-A- 10/12/13
ADD/FIX INSTRUMJYTATION 

PLANT: SHOBRA FACTORY 

DatetSurveyed by: 
March 10, 1985.
P.N. Reddy, 

ITEMNO. 
EQUIPMENT 

NAME 
EXISTING 

INSTRUMENTS? 
TYPE OF 
EXISTING 

INSTRUMENT 

DOES EXIST 
INSTRUMENT 

OPERATE? 

IS IT VISIBLE 
FROM CONTROL 

VALUE? 

LEAVE AS IS# 
REPAIR OR 

UPGRADE 

DR-i Drying 
Machine(New Machine) 
( a 

No Provide A Flow Indicator 
on 3" Steam Line Upstream 
of pressure control valve 
See Sketch 4 of 10. 

0 

0 

DR-2 Anc 
DR-3-

Drying 
Machines 

tc For Each Dryer; Provide 
A Pressure Indicating 
controller And A 2" Cont­
rol valve on 3" Steam Lini 
See Sketch 4 of 10. 

! 
oof 
-

For Each Dryer; 
Provide A flow Indicator 
In 3" Steam Line Upstream 

Pressure control valve 
See sketch 4 of 10. 

0j, 
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ECO: CD-A-10/12/13 
ADD/FIX INSTRUMENTATIO 

PLANT: SIHOBRA FAC ORY 

Date: 
Surveyed by: 

March 10, 1985. 
P.N. Reddy 

ITEM NO. 
EQUIPMENT 

NAME 
EXISTING 

INSTRUMENTS? 
TYPE OF 
EXISTING 

INSTRUMENTS 

DOES EXIST 
INSTRUMENT 
OPERATE? 

IS IT VISIBLE 
FROM CONTROL 

VALUE? 

LEAVE AS IS, 
REPAIR OR 
UPGRADE 

(D 

O 

DJ-1 Throgh 10 DYE JIGGERS 
(DOTyEAL S10 
DYE JIGGERS) 

For Each Dye Jiggei 
Provide A Temperature 
Indicating controller 

on the DYE JIGGER to 
Maintain 70-900C in the 
Dye Bath. Provide A 1" 
control valve on I" Steam 
Line. See Sketch 5 of 10. 

0 
0 

Drynstea 

(Downstream 
of Dye JIGGERS) 

Provide A Pressure Indi­

cating controller and A 
2" control valve on SteamLine. Pressure Controller 
Range 3-5 BARS. SeeSketch 6 of 10. 

ProvideA Flow Inalcator 
on 2" Steam Line. See 
Sketch 6 of 10. 

-C> 

-a
0 
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ECO: CD-A-1O/12/13 
ADD/FIX IfJSTRIIMEJNET uij 

PLAlT: SOnRA FACTORY 

Date: 
Surveyed by: 

mdrell 10. 1985. 
P.u. Reddy, 

ITEH NO. 
EQUIPMENT 

NAE 
EXISTING 

INSTRUMENTS? 
TYPE OF 
EXISTING 

INSTRUMEUJTS 

DOES EXIST 
INSTRUMENT 
OPERATE? 

IS IT VISIBLE 
FhuM CONTROL 

VALUE? 

LEAVE AS IS, 
REPAIR OR 
UPGRADE 

QA
M 

PRINTING
MACIHINE 
MACHINEL 
( TOTAL 
3 PRINTING 
MACHINES) 

For Each Printing Machine;, 

Provide A Temperature
Indicating Controller on 
the Dryer to M&Intain 1506C 
In the Dryer. Provide 

2" control valve on 2 " Steam Line. See Sketch 

6 of 10. 
O 

i0 
0 

STM-2 STEAMER 
Repair the Pressure Reg­
ulator on 3" Steam Line for 
ELnergy conservation. SeeSketch 7 Uf 10. 

FN-2 Finishing
Machine 

Provide A Total of Two 

C1 

Temperature Indicating 
controllers and Two 2" 
control valves. 
One controller for Ground 
Level Box And AnotherController for Upstairs 
Box. The 2" control 
valves will be located or 
two 2" Steam Subheaders. 
Operating Temperature 
in the Box = 130-160*C 
See Sketch 7 of 10. 

Provide A Flow Indicator 
on 4" Steam Line Feeding 
the Two 2" Subheaders. 
See sketch 7 of 10 

" 
C 



ECO: CD-A-10/12/13
ADD/FIX INSTRUMENTAT'IO 

PLANT: SHOBRA FACTORY 

Date: 
Surveyed by: 

ITEM 

FN-3 

NO, 
EQUIPMENT 

NAME 

FinishingMachine 

MTemperature 

EXISTING 
INSTRUMENTS? 

TYPE OF 
EXISTING 

INSTRUMENTS 

DOES EXIST 
INSTRUMENT 
OPERATE? 

IS IT VISIBLE 
FROM CONTROL 

VALUE? 

(Control 

Oj 
0 

O 

0on 

W 

-Ao 
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March 10, 1985
 
P.N. Reddy 

LEAVE AS IS,
 
REPAIR OR 
UPGRADE
 

Provide A Total of Twu
 

Indicating
 

Controllers And Two 2"
 
valves.
 

One controller to contr(
 
the Temperature In the
 
First Half of the Box Ai
 
Another to control the
 
Temperature in the secoi
 
half. The 2" control
 
valves will be located
 

two 2" Steam Subhead­

ers. Operating Temper­
ature in the Box = 130­
1600C. See Sketch 
8 of 10. Provide A Flow 
Indicator on 4" Steam 
Line Feeding the two 2" 
Subheaders. See Sketch 
8 of 10. 
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ADD/FIX 
ECO: "CD-A-10/12/13 
INSTIwUiNTTIO 

Date: 
Surveyed by: 

March 10 1985 
P.N. Reddy/ J. Slomka 

PLANT: Shobra and Fiber Factories 

ITEM NO. 
EQUIPMENT 

NAME 
EXISTING 

INSTRUMENTS? 
TYPE OF 
EXISTING 

INSTRUMENT9 

DOES EXIST 
INSTRUMENT 
OPERATE? 

IS IT VISIBLE 
FROM CONTROL 

VALUE? 

LEAVE AS ISt 
REPAIR OR 
UPGRADE 

Steam Boilers No Provide a flow indicator 
in fuel oil header. See 
sketch 9 of 10. 

W 
Yes Oxygen Analyser No Provide a portable oxygen 

analyser. See sketch 
09 of 10. 

0 

0sketch 

Shobta Factory 
Oil Boilers 

No Provide a flow indicator 
in fuel oil header. See 

9 of 10. 

No For each boiler providea temperature indicatorto measure the stack 

temperature. Temperature 
range 0-7000F. See sketch 
9 of 10. 

Fiber Factory 
Oil Boilers 

No Provide a flow indicator 
in fuel oil header. See 

sketch 9 of 10. 

No For each boiler provide 
a temperature indicator 
to measure the stack 
temperature. Temperature, 
range 0-7000 F. See 
sketch 9 of 10. 

0 
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ECO:CD-A-10/12/13 

ADD/FIX ISrUMENTATION 

PLANT: Shobra and Fiber Factories 

Date: 

Surveyed by: 

Mrh 

P.N. Reddy 

5 

ITEM NO. 
EQUIPMENT 

NAME 
EXISTING 

INSTRUMENTS? 
TYPE OF 

EXISTING 
INSTRUMENTS 

DOES EXIST 
INSTRUMENT 
OPERATE? 

IS IT VISIBLE 
FROM CONTROL 

VALUE? 

LEAVE AS IS, 
REPAIR OR 
UPGRADE 

oBoiler 
LQ 

Utility Flow 

DIAGRAM 

No 
Provide New Flow Indic­
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CONSIDER THE USE OF ..Annual Savings LE : 5,500 

"BUMP AND RUN" ON DYE Investment Cost LE:19,500 

USING EQUIPMENT Payout YRS : 3.54 

ECO #CD-A-11
 

1.0 PURPOSE
 

The purpose of this ECO is to consider the use of a:
 

"bump and run" procedure for the various dye baths
 

in order to reduce the use of steam.
 

2.0 PROCESS DESCRIPTION
 

Dyeing is performed in open and semi open dye jiggers
 

in the Shobra plant and in closed dye jiggers and
 

closed jet dyeing machines in the Fiber plant. All
 

dye jiggers utilize a six hour batch operation in
 

which steam, water and several chemicals are put
 

into the dye baths. A temperature of approximately
 

700C to 100 0C is maintained. The temperature is
 

checked at least twice per batch and the entering
 

steam is adjusted accordingly.
 

This ECO proposes the use of a "bump and run" procedure
 

for each six hour batch. This procedure involves
 

heating the dyebath to the maximum temperature for
 

dyeing and then turning the steam off and allowing
 

the both temperature to drift downward. If the dyeing
 

machine is well sealed, such as those in the Fiber plant
 

the bath temperature will only drop a small amount.
 

*When the temperature reaches a minimum, the steam is
 

admitted again for a short *time to bring the bath
 

temperature up to a maximum. The control of steam flow
 

should be automatic. Plant laboratory personnel advised
 

that cotton is dyed in the Fiber plant closed dye jiggers
 

using reactive, indigasol and vat dyes. Polyester is
 

dyed in the jet dyeing machines using dispersed dyes.
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Dr. Fred Cook of the Georgia Institute of Technology,
 
School of Textile Engineering, Atlanta, Georgia 30032,
 
U.S.A. was questioned if the "bump and run" procedure
 
could be successfully utilized with these dyes. He
 
advised that pilot plant tests indicate that "bump and
 
run" will work with direct dyes, but not with reactive
 
dyes. Tests have not been run with other dyes such
 
as sulfur, vat and indigasol dyes, but Dr. Cook believes
 
that they could be used in the "bump and run" procedure.
 

Based on the above, the "bump and run" procedure could
 

be tried in the Fiber plant dye jiggers and jet dyeing
 

machines for some of the dyes used.
 

3.0 EQUIPMENT LIST/SIZE
 

Presently the nine (9) jet dyeing machines have controls
 

on the steam inlet to automatically adjust the steam
 

flow to maintain the bath temperature. The three (3)
 

dye jiggers do not have automatic controls so these
 

baths are operated by manually checking the temperature
 

followed by manually adjusting the steam valve as
 

required to adjust the bath temperature. To effectively
 

utilize the "bump and run" procedure, a 1 inch automatic
 

control valve should be added to the steam inlet line
 
to each dye jigger. These valves in addition to those
 

presently on the jet dyeing machines will then provide
 

adjustable temperature control, that will admit steam
 

at the minimum and maximum temperatures chosen for the
 

"bump and run" cycle.
 

4.0 PREDICTED ENERGY SAVINGS
 

The tests that have been conducted in other plants
 

to determine energy savings by the "bump and run"
 

procedure indicate a 38 percent savings in steam
 

to each dye bath.
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We estimate that a total of 500 pounds of steam
 

is used for each dye batch batch. If we assume
 

that weekly 15 batches are processed per machine,
 

the total steam consumption per year is 1800 metric
 

tons. This excludes those batches run with reactive
 

dyes in the dye jiggers. Conservatively, we estimate
 

that the "bump and run" procedure conserves 25 percent
 

of this steam or 450 metric tons. At a worldwide cost
 

of LE 12.308 per metric ton the annual savings is
 

LE 5,500.
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The investment cost to furnish and install the new
 

control valves for the three dye jiggers is LE 19,506.'
 

The payout is 3.54 years based on worldwide prices
 

6.0 CONCLUSIONS
 

It is recommended that tests be conducted to confirm
 

that appreciable steam savings can be made by using
 

the "bump and run" procedure. This procedure has
 

been successfully used and steam savings obtained
 

at other plants.
 

7.0 RECOMMENDATION
 

This ECO should be implemented, if plant tests confirm
 

the predicted savings.
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POSSIBLE OPERATION OF THE Annual Savings LE: 17r400
 
BOILERS AT A MUCH LOWER 
 Investment Cost LE: 0
 
PRESSURE Payout, Years: If done with CD-B-8
 

0.51
 

ECO #CD-A-14
 

1.0 PURPOSE
 

The purpose of this ECO is to consider the possibility
 
of operating the boilers at a much lower pressure than
 
the current 20 bar, as determined by any bottlenecks
 
which may exist in the capacity of the current system
 
to handle the greater steam volume which would result
 

at the lower pressure.
 

2.0 PROCESS DESCRIPTION
 

The steam system is currently producing 20 bar steam.
 
However, except for the very small users in or near
 
the Fiber plant (see ECO #CD-B-8), which consume a
 
total of only 0.8 tons/hour, the production of only
 
10 bar steam would be adequate from a standpoint of
 
required operating pressure.
 

A brief engineering evaluation has determined that there
 
are no apparent bottlenecks in the existing boiler system
 
and that it would be possible to operate the system to
 
produce 10 bar, rather than 20 
bar, steam. At this
 

lower piessure the main steam header will have a steam
 
velocity of approximately 18 meters per second and a
 
pressure drop of only 0.09 Kg/cm 2/100 meters, both of'which
 
are quite acceptable.
 

3.0 EQUIPMENT LIST/SIZE
 

None required for this ECO, however, the modification
 

described in ECO #CD-B-8 must be implemented.
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4.0 PPEDICTED ENERGY SAVINGS
 

The saturation pressure for 20 bar steam is 215"C and
 

the saturation pressure for 10 bar sfeam is 184 0C.
 

The saturated steam enthalpy for 20 bar steam is
 

1,203 btu/lb and that for 10 bar steam is slightly
 

lower at 1,195 btu/lb.
 

Over a period of one year this results in a predicted
 

savings of approximately 72 metric tons of mazout or
 

LE 17,400 at worldwide prices. In predicting this
 

savings we do not take any credit towards the use of
 

less electricity, since w6 do not propose to modify'
 

the existing boiler feed water pumps, or their controls,
 

to produce a lower discharge pressure.
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

In order to implement this ECO (ECO #CD-A-14) it is
 

necessary to first implement the modifications de­

scribed in ECO #CD-B-8 to eliminate the only two
 

current users of high pressure steam. As described
 

in ECO #CD-B-8, this requires an investment of LE
 

17,400. There is no additional investment beyond
 

this to implement ECO #CD-A-14.
 

With a predicted savings of LE 17,400, the payout for
 

operating the boilers at 10 bars, rather than 20 bars,
 

would be 3 months.
 

6.0. CONCLUSIONS
 

If we implement both ECO #CD-A-14 and B-8, t overall"
 

payout would be 3 months
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Only rough pricing was available from the thermosol
 
machine vendor during the time frame of the audit.
 
Prior to detail evaluation of this ECO a price con­
firmation is to be obtained.
 

7.0 RECOMMENDATIONS
 

Both ECO #CD-A-14 and B-8 should be implemented.
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REDUCE STEAM REQUIRED Annual Savings LE: 4,700 

FOR DEAERATOR Investment Cost LE: 11,100 

Payout, Years: 2.36 

•ECO #CD-A-15 

1.0 PURPOSE
 

The 	purpose of this ECO is to add instrumentation, as
 

required, to help conserve energy by controlling the
 

quantity of steam used in the deaerator.
 

2.0 PROCESS DESCRIPTION
 

For 	present operation, about 95 percent of the steam
 

required for the deaerator is supplied from the 19
 

Bar 	steam header by manually controlling the steam
 

flow (only about 4 to 5% of the required steam is
 

generated in the boiler blowdown drum). There is no
 

instrumentation on the deaerator vent line to measure
 

or control the flowrate of the vez stream. OnlY a
 

small amount of steam is required to be vented, how­

ever, from visual inspection, it appears that much 

more than the required amount of steam is continuously 
vented to the atmosphere. We estimate the quantity 

of excess steam to be 45 Kg/hr. The adding of the 
instruments is shown in the sketch which follows. 

3.0 ZQUIPMENT LIST/SIZE
 

The instrumentation required is shown in the sketch
 

which follows. The materials of construction is all
 

carbon steel. A summary of this instrumentation is
 

listed below:
 

a) 	Flow instruments
 

-" Flow indicator on 1" vent line.
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b)_ 	 Temperature instruments
 
- -Temperature indicating controller
 

(to 	control the steam flowrate to deaerator),
 

c Pressure instruments 

- Pressure indicating controller on 1" vent line. 

d) 	Control valves
 

-- 1" control valve on 1" vent line.
 

4.0 PREDICTED ENERGY SAVINGS
 

If the instrumentation listed above is provided to
 

controi the steam flowrate to the deaerator, and to
 

measure the amount of steam that is vented from the
 

deaerator, the predicted energy savings (based on
 
7,080 operating hours per year) correspond to 321 tons
 

of steam per year. If the value of steam based on'the
 

worldwide cost is 14.636 LE/ton, the annual savings in
 

steam cost is LE 4,700.
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The total investment cost to purchase and install the
 

.equipment and materials described above is LE 11,100.
 

The payout on a worldwide basis is 2.36 years for an,
 

energy savings of LE 4,700.
 

6.0 CONCLUSIONS
 

This ECO has a payout of 2.36 years. We recommend
 

that the above mentioned instrumentation be provided
 

for the deaerator to minimize steam consumption.
 

7.0 RECOMMENDATION
 

We recommend that this 'ECO be implemented
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USE LOW PRESSURE INSTEAD Annual Savings LE: None 
OF HIGH PRESSURE STEAM Investment Cost LE: None 
FOR DEAERATOR Payout, Years: Not Applicable 

ECO #CD-A-16
 

1.0 PURP'OSE 

The purpose of this ECO is to consider using the low
 
pressure steam, rather than the high pressure (19 bar]
 
steam, for the deaerator to help conserve energy by
 
minimizing the total requirement of the high pressure
 

steam.
 

2.0 PROCESS DESCRIPTION 

For the present operation, the 19 bar (275 psig) steam
 
is let down to about 0.35 Kg/cm 2 to provide about 95 percent
 
of the steam requirement of the deaerator. The remain­
ing 4 to 5 percent of the required steam is generated
 
in the boiler blowdown drum. The present operating
 
scheme is shown on the sketch which follows. After
 
evaluating the present steam system it was not possible
 
to find a sufficient source of low pressure steam to
 
implement this ECO.
 

It is feasible to use the low pressure steam for the'
 
deaerator, but it can not be implemented unless a
 
decision is made to implement either ECO #CD-A-14
 

(Possible Operation of the Boilers at a Much Lower
 
Pressure) or ECO #CD-B-2 (Condensate Collection
 

System) first.
 

3.0 EQUIPMENT LIST/SIZE
 

No new equipment is required
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4.0 PREDICTED ENERGY SAVINGS 

Since there is no present source of low pressure 

steam, it is not possible to implement this ECO. 

a decision is made to implement ECO #CD-A-14, the 

savings for ECO #CD-A-16 will be reflected in ECO 

#CD-A-14. 

If 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION 

Not applicable. 

6.0 CONCLUSIONS 

This ECO can not presently be implemented. 

7.0 RECOMMENDATION 

This-ECO can not be carried out at this-time 
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INVESTIGATE PUTTING COVERS Savings LE : 36,000 

ON J BOXES AND OTHER Investment Cost LE: 22,800 

EQUIPMENT Payout YRS :0.63 

(8,months) 

ECO # CD-A-17. 

1.0 PURPOSE
 

The purpose of this ECO is to reduce the steam leakage
 

from equipment, particularly the "J" boxes in the
 

Shobra plant.
 

2.0 PROCESS DESCRIPTION
 

Excessive steam leakage 
was noted during the preaudit 3
 

emitting especially from the tops of "J" boxes, items
 

J-1 and J-3 in the Shobra plant. Because of this, the
 

possibility of limiting this leakage by the installation
 

of covers was first noted. Subsequently, discussion
 

were held with a leading manufacturer of "J" boxes in
 

the United States. The manufacturer stated that this
 

leakage can be substantially reduced by the proper
 

control of the steam flow to each "J" box. Since no
 

control is currently used on this flow we recommend
 

the 	following be initiated:
 

a. 	Firstly, install an automatic steam control valve 

to maintain 100'C within the ,ji box. 

b. 	Secondly, if excessive leakage is still observed
 

Due to the mechanism
install a cover on the boxes. 


installed over the "J" box to distribute the cloth,
 

it is necessary to construct a box 	around and over
 

the 	present platform built over the "J" box. It is
 

important to note that the cover should not allow
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the the "J" box to become pressurized. This'-should
 

not happen, due to the opening required for the cloth.
 

In addition to the "J" box leakage, steam leakage is
 
evident over half of the ten dye jiggers in the Shobra
 
plant. Five of the jiggers currently have partial
 

covers over the baths, while the other five machines,
 
even though they are identical, otherwise, do not
 
have covers. We recommend that covers be installed
 

to reduce the heat loss from the dye baths.
 

3.0 EQUIPMENT LIST/SIZE
 

A. 	"J" boxes, items J-1 and J73
 

1. 	Firstly install a 2" control valve in the 2"
 
steam supply line controlled by a temperature
 
sensor in the box as indicated on sketch.SK-17-A.
 
The cost of this valve is included in ECO #CD-A-2
 

2. 	Secondly, if required after the controller is
 

installed, construct the housing over the box
 

as shown on sketch SK-17-A
 

B. 	Dye Jiggers, items DJ-6,7,8,9,10
 
Sketch SK-17-B indicates the approximate dimensions
 

of aluminum covers to be provided and installed.
 

4.0 PREDICTED ENERGY SAVINGS
 

The estimated savings in current steam loss
 
from each "J" box is approximately 115 Kg/hr. or half
 

of the steam admitted to each box under controlled
 
conditions. This assumes that the control valve, as
 
described above is installed-in the steam line and
 

the cover is also installed.
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For the dye jiggers, the energy savings per jigger
 

by installation of covers is difficult to estimate,
 

If we use a conservative figure of 22 Kg/hr per
 

jigger, the total loss for the five jiggers would
 

be 115 Kg/hr.
 

Location 


J Box J-1 and J-3 


Dye Jiggers 


Total 


Quantity of 

steam Kg/hr 


230 


115 


Steam Cost 

LE/Ton 


14.636 


14.636 


Annual savings
 
worldwide-LE
 

24000
 

12000
 

36000
 

5.0 	 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The total cost of materials and labor to provide covers
 

for the "J" boxes and dye jiggers is LE' 22800. The
 

payout based on worldwide prices is 0.63 years or
 

8 months.
 

If the "J" box covers are not required after installing
 

the steam control valves, the investment cost for this
 

ECO is LE 9800 with a payout based on worldwide prices
 

of 0.27 years.
 

6.0 	 CONCLUSION
 

The installation of the "J" box covers and dye jigger
 

covers is very attractive. However, the "J3' box
 

covers may not be necessary if proper control of steam
 

to the "3" boxes eliminates most of the steam leakage.
 

7.0 	 RECOMMENDATION
 

Initiation of this ECO is recommended.
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REDUCE PEAK DEMAND OF 
 Annual Savings LE: 53,500.00
 
ELECTRICITY FOR FIBER 
 Investment Cost LE: 
 0

PLANT 
 Payout', Years: 
 Immediate
 

ECO #CD-A-18
 

1.0 PURPOSE
 

The purpose of this ECO is to reduce peak demand of
 
electricity by rescheduling the shifts for certain
 
plant work of Fiber plant to reduce the cost of monthly
 
electrical billing rates.
 

2.0 PROCESS DESCRIPTION
 

The Fiber plant currently works six days a week (closed
 
Friday). 
 The Fiber plant operates 100 percent for the
 
day shift,7:00 am to 3:00 pm; 
70 percent for second
 
shift,3:00 pm to 11:00 pm; 
35 percent third shiftll:00
 
pm to 7:00 am. Peak demand is caused by using the
 
Th~rmasol machine (approximately 640 kw)on the day shift.
 
The Thermasol machine operates approximately 6 hours on
 
the day shift only and operates only for 15 davs 
n
 
month.
 

It is proposed by this ECO to reschedule the Thermasol
 
machine operation from the day shift 100 percent
 
operation to the third shift 35 percent operation. This
 
would provide savings for reduced peak demand.
 

3.0 EQUIPMENT LIST/SIZE
 

No new equipment is required 'forthis ECO,
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4.0 'PREDICTED ENERGY SAVINGS
 

Based'on the Thermasol machine operating 15 days per
 
month and 6 hours per day, the predicted energy saving
 
by rescheduling the Thermasol machine from the 100 per­
ccnt day shift to the 35 percent early morning third
 
shift will be as 
follows based upon a savings in
 
"Constant Annual Charge" due to a reduction in "Maximum
 
Stated Demand" from 2400 kw to 1650 kw.
 

"Constant Annual Charge" for 2400 kw
 
= 2400 kw x LE 71.35 = LE 171,253
 

"Constant Annual Charge" for 1650 kw
 
= 1650 kw x LE 71.35 = LE 117,728
 

Predicted Annual Savings 
= LE 53,525
 

The "Constant Annual Charge factor" LE 71.35 is
 
based upon the current Egyptian factor of LE 7.75(
 
adjusted for the ratio of worldwide to Egyptian
 
electricity cost.
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

No investment is required for this ECO. hnAs' shown 
4.0 above the total predicted saving would lbe LE,53',;500. 

6.0 CONCLUSIONS 

Based .upon the analysis indicated above, if-the
 
Thermasol machine operation were changed from the
 
day shift to the third shift the predicted annual
 
savings wou2d be LE 53,500.
 

7.0 RECOMMENDATION
 

This ECO should be imDlemented without any ,delay.,
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FORM COMMIT:ZE TO PLAN, 
 Annual Savings LE: Extensive
 
AND IMPLEMENT ECO's 
 Investment Cost LE: 
 0
 

Payout, Years: 
 Immediate
 

ECO #CD-A-19
 

1.0 PURPOSE
 

The purpose of this ECO is to insure that the con­
clusions 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 both the no 
cost/low cost and the
 
investment ECO's.
 

2.0 PROCESS DESCRIPTION
 

Plant management must show its commitment to ener-_
 
conservation by appointing g committee consisting of
 
representatives from each department of the plant.
 
The chairman of the committee is the energy cocrdinator
 
for the plant, who should report directly to.plaint
 
management.
 

The committee must meet at least once a month (mcre
 
frequently when it is first getting started) to
 
establish a concrete plan for energy conservaticn
 
implementation. 
Its first priority is to begin
 
implementation of no cost/low cost ECO's and t
 
develop a plan and a budget for the implementaton
 

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.
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Once implementation is begun the committee mdst con­
tinue to closely monitor the results and compare the
 
savings actually achieved to those originally predicted
 
In this way the effectiveness of the program and the
 
achievement of previously established goals for re­
duction in energy consumption can be firmly substan­

tiated.
 

An example of the systems and'methods used to imple­
ment this ECO is included in the Appendix "E".
 

3.0 EQUIPMENT LIST/SIZE
 

No new equipment and no new personnel are needed to
 
form the committee.
 

4.0 PREDICTED ENERGY SAVINGS
 

This will be a function of the committee's effective­
ness 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
 

Formation of the committee and appointment of the
 
energy conservation coordinator are truly a crucial
 
initial step 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 as the first completely implemented no cost/lowl
 

cost ECO.
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PUBLICITY TO MAKE Annual Savings LE: Extensive 
EMPLOYEES AWARE OF Investment Cost LE: 0 
IMPORTANCE OF ENERGY Payout, Years: Immediate 
CONSERVATION 

ECO #CD-A-20
 

1.0 PURPOSE
 

The purpose of this ECO is to make all employees of
 
the company aware of the importance of energy conser­
vation, through the use of publicity, memos, news­
letters, etc. Doing this will help insure that each
 
employee will contribute toward making the overall
 
energy conservation program a success.
 

2.0 PROCESS DESCRIPTION
 

In any effective energy conservation program, ideas
 
must flow in two directions, from management to the
 
employees and from the employees up to management.
 
Management must take the first step by showing its
 
commitment to energy conservation through publicity
 
such as posters, memos, newsletters, suggestion boxes,
 
and contests/awards for the best energy conservation
 
ideas submitted by employees. Once all employees see
 
that energy conservation is being treated as a serious
 
and important matter by their company, they in turn
 
will act in the same way.
 

Responsibility for seeing that employees are made
 
aware of the importance of energy conservation must'
 
be shared by both plant management and by the-com­
mittee responsible for energy conservation implemen­

tation.
 

An example of the systems and methods used to implement!
 
this ECO is included in the Ancendix_
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-3.0 EQUtIPMENT LIST/SIZE 

No new equipment and no new personhel are neede bn 

implement this ECO.
 

4 b PREADICTED ENERGY SAVINGS 

Not applicable to this Et0.
 

5.0 .INVESTMENT AN. ASSOCIATEL ECONOMIC EVALtATI6N.
 

A modest annual budget of approximately LE 1,000
 
should be established to pay for the publicity mate).ial
 
(posters, newsletters, etc.) needed to implement,thi's
 

ECO.
 

6.0 -CONCLUSIONS
 

Although it may not be possible to precisely measure
 

the effectiveness of an employee awareness program, it
 
is nevertheless a most necessary step in establishing
 

-the proper mental attitude needed to initiate an
 
effective and comprehehsive energy conservation Program,.
 

7.0 RECOMMENDATI.ON
 

Immediately following the formation of the energy con­

servation committee, a program of employee aware-hess
 

should be initiated as the second implemented no cost/
 

low cost ECO.
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USE OF LESS EXPENSIVE Annual Savings LE: None 
HEAT TRANSFER MEDIUM FOR Investment Cost LE: None 
VARIOUS OIL BOILERS Payout, Years: None 

ECO 	#CD-A-21
 

1.0 	 PURPOSE
 

The purpose of this ECO is to invescigate the possi,
 
bility of using a less expensive heat transfer medium
 

than the Thermomobile #605 oil currently being used in
 

the 	six existing oil boilers.
 

2.0 	 PROCESS DESCRIPTION
 

Currently the plant has six oil boilers, two in the
 
Shobra plant and four in the Fiber plant, which use
 

Thermomobile #605 oil or alternatively Caltex Texa­

therm oil (which is somewhat less expensive) as the
 

heat transfer medium.
 

The 	plant purchases the heat transfer medium in 200
 

liter drums containing a net weight of approximately
 

206 kilograms of oil. Historically the plant has
 

been consuming a total of approximately five drums .of
 
oil per year to make up for losses in the entire six,
 

boiler system.
 

3.0 	 EQUIPMENT LIST/SIZE
 

Not applicable to this ECO.
 

4.0 	 PREDICTED ENERGY SAVINGS
 

In the table given beiow we compare tne heat transfer
 

medium currently being used by-the plant with three,
 
commonly used, other heat transfer media, each having
 
similar physical properties.
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Thermomobile 
Name of Heat #605'or Texa-
Transfer 
Medium 

therm (Cur-
rently Used) 

Therminol 
"55" 

Syltherm 
"800" 

Dowtherm 
"A" 

Cost, 	LE/KG 0.57 2.79 8.80 .92
 

Estimated
 
Yearly
 
Consumption, KG 1,030 1,030
1,030 i,030
 
Yearly Cost, LE 587.1C 2,873.70 9,064.00. 5.067.6
 

As can be readily seen from the table above, the
 
heat transfer medium currently being used is by far
 
most economical alternative and thus there is no justi­
fication for making any changes. Perhaps in the future,
 
when petroleum prices are no longer subsidized, this
 
will 	no longer be true.
 

5.0 	 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

Not applicable to this ECO.
 

6.0 	 CONCLUSIONS
 

Continue to use either Thermomobile /605 or caltex
 

Texatherm oil as the heat transfer medium, since it has'
 
now been shown to be the most econonmical alternative.'
 

7.0 	 RECOMMENDATION
 

No new action or-implementation required.
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REDUCE HEAT LOSSES Savings (LE) :0,60 

IN MAZOUT STORAGE SYSTEM Investment cost (LE):118,100 

Payout, years : 3.86 

ECO # CD-A-22
 

1.0 PURPOSE
 

The-purpose of this:ECO is to'reduce heat losses in
 

the mazout storage system mainly by properly insu­

lating the three large currently uninsulated mazout
 

tanks whose contents must be kept hot to insure propez
 

pumpability of the contained mazout.
 

2'.0 PROCESS DESCRIPTION
 

The three (3) storage tanks are located out-of-doors.
 

Each tank is approximately 7.3 meters in diameter and 7.3
 

meters in height. All are uninsulated. Heating
 

coils supplied by steam are installed in the bottom
 

of each tank. Some of these coils are currently in
 

need of repair and this should be done as a mainte-,
 

nance item, as soon as possible.
 

In order to maintain the mazout in a pumpable
 

condition the mazout must be maintained at 490C
 

Heat loss calculations were performed using the
 

"Heatalyzer Economic Insulation Thickness" computer
 

program. The economic insulation thickness based
 

on the installation of fiberglass blanket insulation,
 

is 40 mm.
 

3.0 ,EQUIPMENT LIST
 

Fiberglass blanket insulation of 40 mm thickness shall
 
'
 be provided on the sides and top of each tank. Gal­

vanized steel jacketing shall cover the insulation.
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4.0 	 PREDICTED ENERGY SAVINGS
 

Based on the output of the computer program, the
 

present value of the heat saved by installation of
 

1 inches (40 mm) of insulation is LE 0.786 LE/m2
 

for the sides of the tank and LE 0.935 LE/m2 for the
 

top of the tank. The value of the total heat saved
 
for each tank is LE.10200/year'or a total of LE 30600
 

for the three tanks annually.
 

5.0 	 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The total investment for material and its installation
 

is LE 118,100 for three tanks. The payout is 3.86 years
 

6.0 	CONCLUSIONS
 

The installation of I} inches (401mm) of insulation
 
on the sides and topof -,each-of the 'mazout':itanks is
 

justified with a payout of 3.86 years.'"
 

7.0 	 RECOMMENDATION
 

This ECO should be implemented,
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MODIFY THERMASOL MACHINE TO 'Annual Savings LE : 40,600
 

ELIMINATE ELECTRIC HEATING Investment Cost LE:' 100,000
 

Payout, YRS : 2.46
 

ECO #CD-B-1
 

1.0 PURPOSE
 

The purpose of this ECO is to eliminate the currently high 
electrical consumption used for heating by the existingi 
Thermasol machine, by modifying the machine to use either' 

steam or hot oil instead of electricity. 

2.0 PROCESS DESCRIPTION
 

The Thermasol machine is currently the largest single
 

user of electricity in both the Shobra plant and the
 

Fiber plant. This machine, which is located in the
 

Fiber plant, uses approximately 640 kw (540 kw for
 
heating and 100 kw for other operations) and is run
 

for six (6) hours per day for approximately fifteen
 

(15) days per month (see ECO-CD-A-18).
 

It is now being proposed to modify the existinq
 

machine so that instead of using electricitv'for
 

heating it uses instead either steam or hot oil.
 

3.0 EQUIPMENT LIST/SIZE
 

The Thermasol machine vendor has given the following
 

preliminary estimate of what modifications would be
 
required for ths Thermasol machine to use either hot
 
oil or steam:
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16 new air heaters
 

16 new sieves.
 

8 temperature regulating units,,,
 

16 locking valves
 

8 throttle disks
 

lines within the machine
 

4.0 PREDICTED ENERGY SAVINGS
 

Based on the current operation of the Thermasol
 

machine in which it is run for six (6) hours per
 

day for fifteen (15) days per month at a heating rate
 

of approximately 540 kw, the annual cost for electrical
 

heating is LE 53,700. If mazout were used instead, to
 

produce either steam or hot oil as the heating "tedium,
 

the annual heating cost would be LE 13,000, based on
 

worldwide prices. Thus there would be a predicted annual
 

savings of LE 40,600, if the Thermasol machine could be
 

modified to use either steam or hot oil, rather than
 

electricity, for heating.
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The vendor of the Thermasol machine has provided prelimi­
nary information to define the modifications required and
 
has indicated that the associated investment cost would
 

be 140,000 Deutsche marks, not including erection. Based
 

upon this preliminary information, an allowance of LE
 
100,000 should be taken as a very rough estimate, for an
 
"all in" installation.
 

Based upon an allowance of LE 100,000 the payout for the
 

required modifications would be 2.46 years.
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6.0 CONCLUSIONS
 

Based upon the vendor's,very rough estimate the payout
 

would be 2.46 years. This must, of course,, be recalcu­

lated when better information becomes available from the
 

vendor. If., however, the better information from the
 

vendor does not produce a significantly lower investment,
 

it would appear that a more attractive approach to solving
 

this problem would be to implement ECO #CD-A-18.
 

7.0 RECOMMENDATION
 

Implement ECO #CD-A-18 instead of this ECO, unless a
 

significantly lower investment is proposed by the Therma­

sol machine vendor.
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CONDENSATE COLLECTION SYSTEM 	 Annual Savings LE : 99,100 

Investment Cost LE: 84,700 

Payout, YRS : 0.85. 

ECO # CD-B-2 	 (10 months)
 

1.0 PURPOSE
 

The purpose of thig ECO is to collect the steam conden­

sate and send it hot to the deaerator. This helps
 

conserve energy by minimizing the need to demineralize
 

raw makeup water and by lowering the steam-requirement
 

for heating the water sent to the deaerator to its
 

operating temperature.
 

2.0 PROCESS DESCRIPTION
 

At present all the steam condensate from both the Shobra
 

and Fiber Factories is sent hot to the sewer. It is now
 

proposed to provide for each factory a new condensate
 

collection drum and pump(s), each sized to handle 100
 

percent of the steam consumed if it were all
 

recovered as condensate and to pump the recovered
 

condensate into an existing currently unused condensate
 

drum". The existing currently unused condensate pump(s)
 

will pump the condensate to the deaerator. The flashed
 

steam from the new condensate drums is also sent to the
 

deaerator. 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 (the suitabi­

lity of the existing condensate drum to operate at
 

0.7 Bar is to be confirmed before implementing the
 

process scheme outlined in section 2).
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- DRUMS 

SBlobra-Factorv 
 Fiber Factory
 

Item No. 
 D,1.-
 D-1
 
Service 
 Condensate Collection 
 Condensate Collection
 

Drum .Drum
 
Size 1.5 meters:,DIA::Ix 3 met. 
1.4 meters DIA x 3 met.
 
Design press, 
 ..
3.5 Bax
 
Design temp. 0C
160
 
Material 
 CS,
 
Insulation 
 Yes
 

- PUMPS 

Shobra Factory 
 Fiber Factory
 

Item No. 
 P-i and P-2 
 P-i and P-2
 
Service Condensate Pump and, 
 Condensate Pumpand
 

Spare 
 Spare
 
Capacity 16.5 m3 /hr 11.1 
m3/hr
 
Head 
 meters
 
Motor HP 
 2 HP., 
 1.5 HP
 
Type 
 Centrifugal
 
Material 
 CS
 

- ESTIMATED PIPING LENGTH 

SHOBRA FACTORY
 

1. Condensate piping within Shobra Factory:
 

Line size Estimated length
 
inches 
 meters
 

4 30
 

3 120
 

2 180 

1 60
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2. On overhead pipe rack:
 

Line size Estimated Fluid Destination 
,inches length, meters 

4 150 Steam To deaerator 

3 120 Conden- To 4" inlet line of 
-sate existing condensate 

drum in boiler plant 

FIBER FACTORY
 

1. 	Condensate piping within Fiber Factory:
 

Line size Estimated length
 
inches meters
 

3 90
 

2 150
 

1 60
 

2 .	 On overhead pipe rack:
 

Line size Estimated Fluid Destination
 
inches length, meters
 

3 	 75 Steam To deaerator,
 

3 60 Conden- To 4" inlet line of
 
sate existing condensate
 

drum in boiler plant
 

INSTRUMENTS
 

1. 	FLOW INDICATORS - FI 

a. 	On 3" steam line from Shobra Factory.condensate
 

collection drum.
 

b 	 On 3" condensate line from,Shobra Factory 

condensate pump. 

c. 	On 3" steam line frcm Fiber iFactory condensate
 

collection drum.
 

d. 	On 2" condensate line from Fiber Factory
 

condensate pump.
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2. 	LEVEL .INSTRUMENTS
 

a. 	 Interface level indicating controller for Shobra:
 

Factory condensate collection drum.
 

b. 	 Interface level indicating controller for Fiber'
 

Factory condensate collection drum.
 

3. 	PRESSURE INSTRUMENTS
 

a. 	 Pressure'indicating controller for Shobra.
 

Factory condensate collection drum.
 

b. 	 Pressure indicating controller for Fiber
 

Factory condensate collection drum.
 

4. 	CONTROL VALVES
 

a. 	 2" control valve on 3" steam line from Shobra
 

Factory condensate collection drum.
 

b. 	 2" control valve on 3" condensate line from
 

Shobra Factory condensate pump.
 

c. 	 2 control valve on 3" steam line from Fiber
 

Factory condensate collection drum.
 

d. 	 2" control valve on 2" condensate line from.
 

Fiber Factory condensate pump.
 

5. 	SAFETY VALVES
 

a, Pressure safety valve (PSV) for Shobra
 
Factory condensate collection drum.
 

b, Pressure safety valve (PSV) for Fiber
 

Factory condensate collection drum.
 

4.0 	 PREDICTED ENERGY SAVINGS
 

Due to a lack of presently installed instrumentation
 

it is very difficult to measure the flow rate of
 

condensate from various individual steam users.
 

Therefore as a conservative basis in estimating the
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energy savings, we are assuming that only 50 percent of the
 

total'condensate produced can be recovered. This must,
 

of course, be confirmed later when proper instrumentation
 

for steam flow measurement is installed.
 

If 50 percent of the steam condensate is collected from
 

the Shobra and Fiber factories and pumped to the deae­

rator, the predicted energy savings (based on 7080
 

operating hours per year) will be as follows.
 

Enjrgy Savings World Price Savings
 
corresponding to LE/year
 

Steam Con- 70,800 MT/year 1.4636 LE/MT 103,600
 
densate
 

Power - 48,850 KWH/year 0.092 LE/KWH - 4,500
 

TOTAL 99,100
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The total investment cost to purchase and install the
 

equipment and matexrials described above is LE,84,7001
 

The payout on a worldwide basis is 0.85 years or 10 

months for an annual energy savinas of LE 99.100­

6.0 CONCLUSIONS
 

This ECO has an attractive payout of 8.5 months. We
 

strongly recommend that the condensate be collected and
 

pumped to the deaerator to minimize the need to de­

mineralize raw makeup water and lower the steam
 

requirement for the deaerator.
 

7.0 RECOMMENDATION
 

This ECO should be implemented after first installing
 

proper instrumentation for steam flow measurement which
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would allow for proper confirmation or revision of
 
the basic assumption that 50 percent of the condensate
 
produced can be recovered.
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RECOVERY OF HEAT FROM Annual Savings LE .23,.500 

THE STACKS OF THE EXISTING Investment Cost LE: 60,000 

FOUR OIL BOILERS Payout YRS 55 

ECO #CD-B-3
 

1.0 PURPOSE
 

The purpose of this ECO is'to study the recoveryof 

heat from the stacks of the existing :,"four ,oil boD'.ers 

fired with mazout. 

2.0 PROCESS DESCRIPTION
 

The recovery of heat froa the stack of each of the 

four oil boilers was studied based.on the use of 

heat pipes to preheat the.incominci combustion 

air. 

The heat pipes used for this ECO are manufactured
 

by Q-Dot Corporation. These are air to air heat
 

pipe heat exchangers that utilize sealed tubes
 

containing a heat transfer medium that pass through
 

both the hot and cold sides of the units. Thermal
 

energy applied to either end of the pipe causes
 

the heat transfer medium at that end to vaporize
 

The vapor then travels to the other end of the pipe
 

where thermal energy is removed, causing the vapor
 

to condense into liquid again, thereby giving up
 

the latent heat of condensation. The condensed
 

liquid then flows back to the hot sicde to be reused
 

thus completing the cycle.
 

Each of the four oil 'boilers haS a 500.um diameter 

exhaust stack,. The heat pipe unit will be mounted' 
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in the exhaust stack about 1 meterabove the oil boiler. 

This stack will then continue through the roof as
 

currently arranged. On the other side of the heat
 

pipe ambient air will pass through a forced draft
 

blower, then through the heat pipe and finally into
 

the present air intake on the existing blower/burner
 

assembly.
 

Sketch B3-A attached indicates the arrangement of.
 

the heat pipe above the oil boiler. Sketch B3-B.
 

shows the arrangement of heat pipe units and the,
 

principal of operation of a heat pipe sealed tube.
 

3.0 EQUIPMENT LIST/SIZE
 

The heat pipe recovery system for each of the four
 
,oil boiler stacks will e nnsist-of the followjn 

equipment: 

1. 	The heat pipe for each of the f our oilboilex 

stacks will be as follows: 

Manufacturer - Q.-Dot Corporation,..Garland,1 Texas 

Number Required- One (1) 

Model - TRU -625 

Material - Steel 

Fin Spacing - 8 

Rows - 5 

Height - Two 21" in serie 

Length - 72" 

Face Area - 101 ft" 

2. A blower will be provided for the inlet ambient 

air to each heat pipe unit as follows:
 

0F
Flow 2400 ACFM @60 

Exhaust Pressure 3" H20 

Horse Dower 5, 
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.3, 	New cLuct worn will be as £o11(.i for each of the 

four heat pipe installations: 

a. 	7.5 meters of 500 mm diameter aluminium duct inclu­

ding three elbows.
 

b. 	4 duct fittings ifrom 500 mm ,diaxeter-toI500 mm 

square,! 

4. 	Steel support of heat pipe units from grade and
 

support of inlet air ducting from.'
 

4.0 	 PREDICTED ENERGY SAVINGS
 

By use of the heat pipe unit on the exhaust gas stack
 

of each oil boiler, the exit gas temperature is
 

reduced from 300'C to 170 0 C. This represents an
 

efficiency improvement of approximately five and half (5.5)
 

percent which relates into a savings in mazout fired
 

to each bo.-er of approximately 48.6 tons/yr. and
 

97 	 tons/yr. for the two oil boilers. At a world­

wide 	cost of LE 241.8 per metric ton for mazout
 

this 	represents a savings of LE 23,500 annually.
 

5.0 	 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The total cost to purchase and install lthis',equipment 

is LE 60,000 

The payout on a worldwide basis is 2,.55-vears 

6.0 	 CONCLUSION
 

The installation of a heat ..
ipe 	unit on each oil
 

boiler exhaust stack should be considered with 'a'payout 
period of 2.55 years.
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7.0 RECOMMENDATION
 

This ECO should be implemqntedi.
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CAPACITOR INSTALLATION Annual Savings LE: 133,400 

TO IMPROVE POWER FACTOR Investment Cost LE: 119,500 

FOR TEXTILE PLANT Payout, Years: 0.9 
(10.7 Months) 

ECO #CD-B-4 

1.0 	PURPOSE
 

The purpose of this ECO is to raise power factor from
 

70 percent to alternate evaluaticn cases of 80 percent,
 

90 percent and 96 percent power factor to reduce the
 

cost of monthly electrical billing rates.
 

2.0 	 PROCESS DESCRIPTION
 

The Textile Plant, consisting of the Fiber Plant ana
 

the Shobra Plant has a power factor which is n.w
 

approximately 70 percent.
 

It is proposed by this ECO to indicate the annual energ3
 

savings which could be realized by raising the power
 

factor to 80 percent, 90 percent or 96 percent. The
 

capacitors will be installed in each 380 volt substation
 

of the Fiber Plant and Shobra Plant. Capacitor banks
 

will be connected by cable to either existing or new
 

380 volt circuit breakers, installed high on the back
 

wall behind 380 volt switchgear to provide safety for
 

personnel in the electrical substation.
 

The proposed capacitor installation will provide
 

higher power factor, ;hich will reduce wasted energy
 

consumption, and eli:L-inate P.F. penalties on the
 
electric bill.
 

3.0 	 EQUIPMENT LIST/SIZE
 

The electrical equipment required for this ECO will be
 

capacitor banks of different rating kVar, with rack in­

stalled, power cable, circuit breakers or fused switches
 

as required. See pages 5-and6of this ECO for table with
 

number and sizes of capacitors.
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4.0 PREDICTED ENERGY SAVINGS
 

Based on the Fiber Plant and Shobra Plant having an
 

existing power factor of 70 percent, the predicted
 

energy saving on an annual basis is as follows based
 

on worldwide price of LE 0.092 per KWH:
 

Fiber Plant Ref. Table G of Section 3.4.
 

Raise
 
P.P. Annual Annual
 
Percent Annual Saving LE
 

Annual KWH To Cost Percent* Saving
 

4,224,100 80 388,617.00 X 5 19,431.00
 

90 388,617.00 X 10 38,862.00
 

96 388,617.00 X 13 50,520.00
 

Shobra Plant Ref. Table E, of Section 3.4.
 

Raise
 
P.F. Annual Annual
 
Percent Annual Savin; LE
 

Annual KWH To Cost Percent Saving
 

6,927,200 80 637,302.40 X 5 31,865.00
 

90 637,302.40 X 10 63,730.00
 

96 637,302.40 X 13 82,849.00
 

otal Textile plant annual saving.
 

Raise Fiber Plant Shobra Plant
 
P.F. Annual Annual Plant
 
Percent Saving Saving Total
 

LE
To LE LE 

80 1.9,431.00 + 31,865.00 = 51,296.00 

90 38,862.00 + 63,730.00 = 102,592.00 

96 50,520.00 + 82,849.00 = 133,369.00 

* 	 Savins, as a result of a more favorable electric bill ­

see Appendix A, not including power savings from 
reduced line loss.) 

5.C INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The total investment for electrical components as
 

indicated in paragraph 3.0 above is as follows for
 

Fiber and Shobra plant:
 

PPc 2 of FCO ;!r'n-B-4 
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Raise Fiber Plant Shobra Plant Total Textile
 
P.F. Plant
 
Percent Investment Investment Investment
 

TO LE LE LE
 

80 18,600 plus 58,300 equals .76,900
 

90 34,500 plus 65,200 equals 99,700
 

96 47,300 plus 72,290 equals 119,500
 

The following economic evaluation is based on the above
 

investment divided by the annual saving which equals
 

payout time.
 

Total
 
Textile Total
 

Raise Plant Energy
 
P.F. Investment 7.,,aual Payout
 
To LE Saving Time
 

80 76,900 51,296.00 18.0 months
 

90 99,700 102,592.00 .11.7 months
 

96 119,500 133.369.00 10.7 months
 

6.0 CONCLUSIONS
 

Based on the analysis indicated above in paragraph 5.0,
 

the payout time for raising the power factor percent to
 

96 is most attractive since it has slightly better than
 

the 	90 percent case, for a relatively small increase in
 

investment. Therefore, this ECO recommends that the
 

power factor be raised to 96 percent.
 

In addition to the above electrical energy saving,
 

there are three important additional benefits when the
 

power factor is raised to 96 percent for the Textile
 

plant.
 

1) 	The release of electrical system capacity which
 

provides more available electric power.
 

Page 3 of ECO #CD-B-4 

http:133.369.00
http:102,592.00
http:51,296.00


162. 

2) 	The voltage will rise a percentage whichmay
 

require the changing of taps on transformers to
 

lower the voltage to correct ra*:ing.
 

3) 	Improve the power system 12R loss which can be
 

calculated to be 40 percent. This improves
 

cable capacity, transformer, switch-ear and other
 

electrical component efficiency.
 

4). 	The electric bill as received from the E.E.A.
 

will be reduced.
 

5) 	Additional capacity will be made available at the
 

main power station, since the power factor correction
 

reduces current draw on the station, and since heating
 

(line) losses are decreased.
 

7.0 RECOMMENDATION 

This ECO should be implemented without :any'delay.
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SUMMARY OF PRELIMINARY RATINGS OF CAPACITORS 

1. Shobra Plant 

Two Groups of Capacitors 

a. Group 1 for substation units 1,2,3
 

Raise Rating Number of
 
PF to KVAR Capacitors Description
 

0.8 80 3 2x25 KVAR, lx30 KVAR 

0.9 170 4 3x50 KVAR, lx20 KVAR 

0.96 230 5 4x50 KVAR, lx30 KVAR 

b. Group 2 for substation units 8,9,10
 

Raise Rating Number of
 
PF to KVAR Capacitors Description
 

0.8 70 3 2x25 KVAR, lx20 KVAR­

0.9 140 3 2x50 KVAR, lx40 KVAR 

0.96 200 4 4x50 W AR
 

2. Fiber Plant
 

Four Groups of Capacitors
 

a. Group 1 for substation unit 3
 

Raise Rating Number cf
 
PF to KVAR Capacitors Description
 

0.8 100 2 2x50 W"VAR 

0.9 200 4 4x50 KAR 

0.96 275 6 5x50 KVAR, ix25 KVAR 

*b. Group - for substation units 6,7
 

Raise Rating Number of
 

PF to KVAR Capacitors Description
 

0.8 75 2 1x50 KVAR, 1x25 vAR
 

0.9 150 .3 3x5o WAR 

0.96 200 4 4x50 KVAR 
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c. Group 3 for units 10,11
 

Raise Rating Number of
 
PF to KVAR Capacitors Description
 

30 1 ix30 KVAR0.8 

0.9 60 2 2x30 KVAR 

0.96 85 2 ix55 KVAR, lx30 KVAR
 

d. Group 4 for units 14,15,16,17
 

Raise Rating Number of
 

PF to KVAR Capacitors Description
 

0.8 100 2 2x50 KVAR 

0.9 200 4 4x50 KVAR
 

0.96 6 5x50 KVAR, lx30 KVAP
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DEMAND CONTROLLER FOR Annual Savings LE: 38,500 

REDUCING ELECTRIC POWER Investment Cost LE: 73,800 

DEMAND FOR TEXTILE PLANT Payout, Years: 1.92 

ECO #CD-B-5
 

1.0 PURPOSE
 

The purpose of this ECO is to reduce peak demand of
 

electricity by automatically shutting down Textile
 

machinery when electrical power reaches a pre-deter­

mined electrical peak to minimize the cost of the
 

"Constant Annual Charge."
 

2.0 PROCESS DESCRIPTION
 

The Textile Plant Shobra Plant now has a contract speci,
 
fying a "maximum stated .demand" of 960 kw and a normal
 

electrical demand of 960 kw as is supported by 1984
 

consumption data. Based on information received from
 

the plant this demand reaiches a 1500 kw demand on
 

occasion. The Fiber Plant has a normal electrical
 

demand of 1500'kw (without the Thermasol unit operating)
 

based on information received from the plant
 
and .auditteam measurements (but not supported by 1984
 

consumption data), with a contract of 2400 kw as
 
"maxm,_m stated demand."
 

It is proposed by this ECO to automatically reschedule
 

the use of non-essential electrical loads to auto­

matically turn off, when the peak demand reaches a
 
pre-set amount in the Shobra Plant. A Demand Con­

troller with relays will be installed in the electric
 

power substation, set for this duty in the Shobra
 

Plant Substation. (The non essential equipment list
 

will be described during the design phase).
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This will provide savings for reduced peak demand 

during 24 hour plant electrical operation because 

the peak.kw wi'll not be permitted to reach the pre-. 

set alowable peak value. 

3.0 EQUIPMENT LIST/SIZE
 

The equipment required for this ECO is one Demand
 

Controller instrument, several contrel
 

relays in junction boxes, (depending on electrical
 

equipment location)and some small control wire.
 

4.0 PREDICTED ENERGY SAVINGS
 

BL3e on the Demand Controller automatically preventing
 

the Shobra Plant from reaching 1500 kw demand and not.
 

exceeding the 960 kw contract by automatically stopping
 

non-essential units, the predicted annual saving would
 

be as follows based upon a saving in "Constant Annual 

Charge" due to a reduction in "Maximum.Stated Demand"
 

from 1500 kw to 960 kw. 

"Constant Annual Charge" for 1500 kw
 
= 1500 kw x LE 71.35 LE 107,025.,
 

"Constant Annual Charge" for 960 kw 

= 960 kw x LE 71.35 = LE 68,496. 

Predicted Annual Savings = LE 38,500. 

The "Conutant Annual Charge factcr" LE 71.35 is 
based upon the current Egyptian factor of LE-7.756
 

adjusted for the ratio of worldwide to Egyptian
 

electricity cost.
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5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The total investment for electrical components as
 
,indicated in paragraph 3.0 above, is LE 73,800 for
 
the Shobra Plant installation. The predicted annual
 

energy savings in paragraph'4.0 is LE 38,500, which
 

yields a payout in 1.92 years.
 

6.0 CONCLUSIONS
 

Based on the analysis indicated above, if tI-e
 

electrical Peak Demand Controller and their asso­

ciated components were installed in the Shobra Plant,
 

the annual saving would be LE 38,500 which corres­

ponds to a layout of 1.92 years.
 

Since the peak demand contract rate is high for the,'
 

Fiber Plant tIis ECO recommends that the plant manage­

ment review the electrical power requirements for the
 

Fiber Plant witha possibility of having the demand
 

contract rate lowered.
 

This ECO will provide,:anexcellent payout povided
 

that a sufficient number of ncn-essential or 

rescheduable loads can be identif- ed. 

7 . 0 RECOMMEN ATION 

This ECO should be implemented without any delay. 
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CONSIDER THE USE OF Annual Savings LE : 48,000 

HEAT PIPES TO RECOVER Investment Cost LE: 31,300 

HEAT FROM HOT AIR Payout YRS : Qj 
LEAVING DRYER STACKS (7.8 months 

ECO #CD-B6
 

1.0 PURPOSE
 

The purpose of this ECO is to consider the use of
 

heat pipes to recover heat from the-hot air leaving
 

the drjers and/or finishing machine stacks to preheat
 

the cold incoming air.
 

2.0 PROCESS DESCRIPTION
 

The heat savings that can be realized by the use of
 

heat pipes was analyzed for the three exhaust air
 

stacks from the Bruckner finishing machine in the
 

Fiber factory.
 

The heat pipes used for this ECO are manufactured
 

by Q-Dot Corporation. These are air to air heat
 

pipe heat exchaagers that utilize sealed tubes
 

containing a heat transfer medium that pass through
 

both the hot and cold sides of the units. Thermal
 

energy applied to either end of the pipe causes the.
 
.+
heat transfer medium at that end to vaporize.+ The'


vapor then travels to the other end of the pipe
 

where thermal energy is removed, causingthe vapor
 
to condense into liquid again. Thereby giving up
 

the latent heat of condensation. The condensed
 

liquid then flows back to the hot side to be reused.
 

thus completing the cycle. Details of a Q-pipe
 

unit is shown on sketch B6-C.
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The finishing machine currently has three exhaust
 

stacks each exiting from a fan mounted on top of
 

the machine and continuing by duct to the roof.
 

.The heat pipe unit will be mounted several feet
 

over the blower in this ducting. On the other
 

side of the heat pipe ambient air will pass through
 

a forced draft fan, then through the heat pipe
 

before entering the machine.
 

Currently, the flow of air is as shown on sketch
 

B-6-B. Internal to the machine air is sucked
 

into the heating coils at point A. Part of this
 

air is ambient air sucked in through numerous
 

small openings in the machine such as around
 

doorways. To exclude the ambient air leakage
 

into the machine, when the heat pipe unit is
 

installed, the forced draft fan will exert a
 

slight positive pressure on the air entering
 

via the heat pipe.
 

3.0 EQUIPMENT LIS2/SIZE
 

1. 	Each of the three stacks exiting the finishing 

machine will be provided with'the following 

heat pipe exchanger: 

Manufacturer - Q-Dot Corporation, Garland, Texas., 

Number Required - One (1) 

Model - TRU - 425 

Material - Aluminum 

Fin.Specing - 11 per inch; both sides 

Rows - 6, both sides 

Height - 27 inches 

Length - 48 inches 

Face Area - 72 inches 
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2, 	 Ar'blower will be provided for the inlet ambient 

air to each heat pipe unit as follows: 

66 Nm3 / mi n Flow - ACFM @ 160C 

Exhaust Pressure - 100 mm H20 

Horsepower - 5 

3.. 	New duct work will be as follows for each, of
 

the three heat pipe installations:
 

a. 10 ft of 400 mm Dia. aluminumductincudln 

one elbow. 

be Steel support of heat pipe units from grade.
 

4.0 PREDICTED ENERGY SAVINGS
 

By use of the heat pipe units the incoming supply air
 

or makeup air is heated to 101*C. This is an increase
 

of (101*C-27*C) or 74*C over the current makeup air
 

temperature based on a yearly average ambient in the
 

plant of 270C. Calculations indicate tA.at the higher
 

makeup air temperature results in an energy savings
 

in the hot oil system of 300,000 BTU/hr for each heat
 

pipe unit and a total of 900,000 BTU/nr for the three
 

heat pipes cn the finishing machine.
 

The 	hot oil is heated in a hot oil boiler fueled
 

by mazout. The boiler has a fired duty of 91915,000
 

BTU/hr. Using a heating value of 18,000 BTU/lb
 

for mazout and a boiler efficiency of 80%, the
 

energy savings from the heat pipes calculates to
 

a yearly savings of 200 tons of mazout. At a woract­

wide cost of LE 241.8/met.ton. This rdpresents a
 

savings of LE 48000 per year.
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qA 	TNTVP.RTMRNT AND ASSOCIATED ECONOMIC EVALUATIUN:
 

The total cost to purchase and install this equipment
 

is LE 31,300.
 

The payout on a worldwide basis is 0.65 years or
 

7.8 months.
 

6. CONCLUSIONS
 

The installation of a heat pipe unit on each of
 

the exhaust stacks of the finishing machine is very
 

attractive with a payout period of 0.65 yrs.
 

7.0 	 RECOMENDATION 

This ECO should be implemented.'. 
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0
HEAT 	RECOVERY FROM HOT .Annual Savings LE: 


WASH 	WATER TO COLD WASH Investment Cost LE: 0 

WATER 	 -,yout, Years: Not Applicable
 

ECO 	#CD-B-7
 

1.0 	 PURPOSE
 

The purpose of this ECO is to consider recovering the
 

heat from the hot wash water streams discharged from
 

the washing machines to preheat the incoming cold wash
 

water. This helps conserve energy by lowering the
 

steam requirement for heating the cold wash water,
 

2.0 	 PROCESS DESCRIPTION
 

The energy audit of the Shobra and Fiber factorie:.
 

took place in the second half of February, 19C5.
 

During this period it was observed that the hot wash
 

water that is discharged (sent to sewer) from any of
 

the washing machines was not hot enough (approximately
 

40*C was measured) to warrant any heat recovery.
 

Therefore, this ECO can not be implemented.
 

3.0 	 EQUIPMENT LIST/SIZE
 

No new equipment is recruired
 

4.C 	 PREDICTED ENERGY SAVINGS
 

Since the hot wash water that is discharged from any
 

of the washing machines was not hot enough to warrant
 

any heat recovery, this ECO can not be implemented.'
 

5.0 	 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

Not applicable.
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6.0 CONCLUSIONS 

This ECO can not be implemented. 

7.0 RECOMMENDATION 

This ECO can not be carried out at this time. 
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ELIMINATE TWO CURRENT USERS Annual Savings LE: 0 

OF HIGH PRESSURE STEAM Investment Cost LE: 8,800 

Payout, Years: 051 

ECO #CD-B-8 
(If done with 
CD-A-14) 

1.0 PURPOSE
 

The purpose of this ECO is to investigate the possible
 

elimination of the only two current users of high
 

pressure steam, both of which are quite small. Specifi­

cally they are the steam jet ejector in the sodium
 

hydroxide recovery system and the section of the Ther­

masol machine that uses high pressure steam, rather
 

than electricity.
 

2.0 PROCESS DESCRIPTION
 

The steam jet ejector on the sodium hydroxide recovery
 

system currently uses a small quantity of 16 bar, high
 

pressure steam as the motivating fluid. If the exist­

ing ejector were replaced with a larger ejector of a
 

size capable of using 4 bar steam instead, then the
 

use of high pressure steam for this service could be
 

totally eliminated.
 

The Thermasol machine currently uses a small quantity
 

of 16 bar, high pressure steam. If this machine
 

could be modified, then this could eliminate the need
 

to use high pressure steam for this service. Whether
 
or not this can be done requires further investigation
 

and direct discussions with technical representatives
 

of the vendor of the Thermasol machine. These dis­

cussicns must take place as soon as possible.
 

If both of the above could be implemented, then there
 

would be no further need to generate any high pressure
 

Page 1 of ECO #CD-B-8
 



178.
 

(20 	bar)steam. This would allow the existing boilers
 

to operate at a lower pressure, as proposed in
 

ECO 	#CD-A-14, until such time as the production of
 

electricity by either ECO #CD-B-10 A or B is imple­

mented,
 

3.0 EQUIPMENT LIST/SIZE
 

1. 	One new modified steam jet ejector capable of
 

using. 4 bar steam, rather than 16 bar steam in
 

carrying out the existing service. The quantity
 

of 4 bar steam shall be approximately equal to
 

that currently used for the 16 bar operation.
 

2. 	Modifications, as w..ll be determined later hy
 

the Thermasol machine vendor, and any associated
 
piping 	and instrumentation.
 

4.0 PREDICTED ENERGY SAVINGS
 

There is no additional predicted savings attributable
 

to this ECO other than that already shown for ECO
 

NCD-A-14 which predicts a savings of LE 17,400 annually
 

for 	being able to run the existing boilers at a lower
 

pressure.
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The investment to carry out the modifications to
 

the two systems described above is estimated to be
 

LE 8,800. Based upon a predicted annual savings ot
 

LE 17,400, the payout would bi 6 months.
 

NOTE: 	 The investment associated with the Thermasol
 

machine must be confirmed by the Thermasol
 

machine vendor.
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6.0 	 CONCLUSIONS
 

If we implement both ECO #Cb-A-14 and B-8, the over­

all payout would be 6 months.
 

NOTE: 	 Subject to confirmation of the cost of equipment
 

modification by the vendor.
 

7.0 	 RECOMMENDATION 

Both ECO #CD-A-14 and B-8'should be implemented. 
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Annual Savings LE : 150,000
INSTALL EMERGENCY DIESEL 


Investment Cost :1,300,000
GENERATOR TO MINIMIZE PROBLEY 

'
 8.67
Pavout YRS
OF REPEATED POWER FAILURES 


ECO #CD-B-9a
 

1.0 PURPOSE
 

The purpose of this ECO is-to study the possibilities of:
 

dealing with the problem of:repeated powxer failures by
 

installing an emergency diesel generator.
 

2.0 PROCESS DESCRIPTION
 

This ECO proposes to install one 3000 kw diesel
 

the Shobra,
generator unit capable of handling 


Fiber and boiler plant load when outside power is
 

This unit will generate electricity at
interrupted. 

kv system through a trans­380 volts and tie into the 11 


former in the Fiber plant substation which also supplies
 

the boiler plant. It will also be necessary to provide
 

a I kv electrical connection to the Shobra plant substa­

tion from the Fiber plant substation so that the entire
 

plant can be carried by the diesel generator unit. It
 

should be noted that the electrical tie between the Fiber
 

plant and Shobra plant substations is the subject of
 

ECO #CD-B-.9b. Moreover, in ECO #CD-B-9bpower from outside
 

the plant only will be available to run the plant. In
 

this ECO #CD-B-9a,additional investment is required,
 

but a more reliable source of emergency power is
 

The cost of the electrical tie between
available. 


the Fiber plant and Shobra plant substations is included
 

in both ECO's CD-B-9a and CD-B-9b.
 

The 3000 kw diesel generator sizing is specified as a,%
 

standard size unit which will allow for future plant
 

expansion.
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An option of providing only a small capacity emergenc
 

generater capable of maintaining the boiler plant on
 

line was considered. However, it is understood from
 

plant personnel that for a typical power failure a
 

very short period of time is required to bring the
 

boiler plant back into operation after power is
 

resumed. Thus, an emergency generator capable of
 

only sustaining the boiler plant would be of limited-,
 

value.
 

When a power failure occurs it will be necessa:y to
 

manually close the 11 kv electrical coupler between
 

the 	Fiber plant and Shobra plant substations and
 

(manually) electrically unload the system prior to
 

starting the diesel generator. While an automatic
 

system can be specified the additional cost and
 

maintenance associated with this more sophisticated
 

equipment does not appear justified for this plant.
 

It should be noted that it is not economical to
 

operate the diesel generator when electrical power
 

is available from outside the plant.
 

3.0 EQUIPMENT LIST/SIZE
 

The 	following equipment and materials:are required:
 

1. 	One (1) diesel generator unit sized fo0 3000 kw
 

output at 380.volts. Unit to .be provided with
 

day tank for diesel fuel and be completely self
 

contained on a common base plate. The unit is
 

sized for 25 percent of current maximum load.
 

2. 	One (1) diesel storage tank, 30,000 liters capacity,
 

horizontal drum, 2.4 meter diameter and.6 meter in
 

Page 2 of ECO #CD'B-9a.
 



182.
 

length. This tank will contain fuel suflicient
 

to operate the diesel generator for approximately
 

40'hrs.
 

.3. One (1)motor driven diesel transfer pump to
 

transfer diesel fuel from the storage tank to
 

diesel engine, 1 HP with 15 meters of head.
 

4. 	240 meters of 3240 mm2 copper oil filled cable
 

for underground installation. This includes 180 meters
 

of cable to connect tha Fiber Plant subs.tation to
 

the Shobra plant substation and 60 meters to connect
 

the diesel generator to the Fiber plant substation.
 

5. 	11 kv coupler, 1000 amp. (tie breaker)
 

6. 	11 kv-1000 amp circuit breaker for diesel generator
 

7. 	11 kv/380 volt 3500 KVA transformer to tiethe diesel
 

generator into the 11 kv substation. Connect to. the
 

generator with bus bar.
 

8. 	Recondition and connect existing 11.kv 1000 amp.
 

circuit breaker in Shobr. Plant substation.
 

4.0 PREDICTED ENE'.GY SAVINGS'
 

During the period in which OEP and Foster Wheeler carried
 

out the preaudit and audit at the Cairo Dyeing and,
 

Finishing Company, power failures of various durations
 

were experienced almost every day. If v:e make a very
 

conservative estimate that by elimination of power
 

failures five percent of the annual cost of energy
 

could be saved, then the yearly cost savings amount
 

to approximately LE 150,000, based on the worldwide
 

price of energy.
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5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The total cost to purchase and install the diesel cene­

rator and related facilities is LE 1,300,000.
 

The payout on a worldwide basis is 8.67 years.
 

6.0 CONCLUSIONS
 

The installation of a dies.el generator to supply
 

emergency.power may be considered, however, it has a
 

long payout period of 8.67 years as compared to other
 

alternatives. Also, fuel costs are high for the diesel
 

generator, if it is operated for extended periods of
 

time.
 

7.0 RECOMMENDATION
 

Due to the long payout period of.this ECO it is recom­

mended that ECO #CD-B9b covering the electrical tie
 

,etween both outside electrical power sources or ECO
 

#CD-B-10b covering a coceneration system independent
 

of outside electric power be considered in lieu of
 

this ECO #CD-B-9a. Also ECO CD-BI0a which covers a
 

steam turbine generator to supply all electrical
 

requirements of the Fiber and boiler plants should
 

be considered. In this case the elctrical tie
 

between plant substations could also be provided to
 

provide emergency power supply for the Shobra plant.
 

To initiate this emergency source of power, the
 

steam turbine would have to be shut down and all.
 

power wo:tld be supplied from the Bahteem area sub­

station.
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: 120,000
TO DEAL WITH THE PROBLEM Annual Savings LE 


OF POWER FAILURES BY OBTAINING Investment Cost LE: 72,500
 

POWLR FROM TWO POIUER STATIONS Project - YRS : ..6 
(7,2­
m6nths . 

ECO #CD-B-9b
 

1.0 PURPOSE
 

The purpose of this ECO is to study the possibilities
 

for dealing with the problem of repeated power failures
 

by obtaining power for the entire plant from either of.,
 

two existing substations located outside the plant
 

boundries.
 

2.0 PROCESS DESCRIPTION
 

Currently the Shobra plant receives its power from the
 

Shobra area substation while the Fiber plant receives
 

it power from the Bahteem area substation. Both are
 

located outside the plant limits. There is currently
 

no connection between these power sources within the
 

Cairo Dyeing and Finishincf Co. The purrosi of thi "
 

ECO is to provide a conne,;tion between the Fiber plant
 

substation and the Shobra plant substation within the
 

boundries of the plant. If electric power is cut off
 

from one area substation all plant power can be
 

supplied from the other area substation with the
 

addition of new connecting cable and new switchgear
 

located within the Cairo Dyeing and Finishing Co.
 

3.0 EQUIPMENT LIST/SIZE
 

.The cables aiid switchgear of the existing Fiberplan
 

and Shobra plant substations within the Cairo Dyeing
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and Finishing Plant are adequate for the total load
 

of both plants with the following exception. As
 

noted on the attached sketch an existing 1000 amp.
 

circuit breaker within the Shobra plant substation,
 

needs to be reconditioned. In addition a new
 
2
3 x 240 mm copper underground feeder cable must
 

be run between the two plant substations. The
 

length of this feeder is approximately 180 meters
 

In the feeder a new 11 kv switchgear coupler is
 

required and will be located in one of the plant
 

substations.
 

4.0 PREDICTED ENERGY SAVINGS
 

During the period in which OEP and Foster Wheeler
 

carried out the preaudit and audit at the Cairo
 

Dyeing and Finishing Company, power failures of
 

various durations were experienced almost every
 

day. If we make a very conservative estimate
 

that by elimination of power failures four percent
 

of the annual cost of energy could be saved, then
 

the yearly cost savings amount to approximately
 

LE. 120,000. Note that is not quite as high a­

savings as estimated in ECO #CD-B-9a,since it is
 

possible that both outside power sources may occa­

sionally fail at the same time.
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION.
 

The total installed cost for the equipment and
 

materials described above is LE 72,500.
 

This results in a payout 0.6 years or 7.2 months.,"-
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6.0 CONCLUSIONS
 

Based upon the analysis shown above, if the two plant
 

substations are tied together electrically the payout period
 

indicates this to be a very attractive ECO.
 

7.0 RECOM17INDATION 

This ECO should be implemented immediately.
 

Paae 3 of ECO #CD-B-9b
 



REF.DATE //
PAGE
JOINT ENGINEERING GROUP 

OEP /FWEC PAGE 
REV. C

CAIRO DYEING AND FINTA-RTN CO.
FOR: 

.j. :
I,
j 


,

01 I x 

0
Ve .1 'a 'C-I WV S PROCEWSSt SKETCHA 

&. LEGD, e ECO - . n-&A./ 

ECoNITrC THISIPMEN 

V'w~mGApIt WVIvc~1PI 

F WEcME ,-NT pPL 


PROCESS SKETCH 
To Deal With the Problem of Power Failure-= 
jy Obtaining Power f rom Tw.o Power StatiJons 

ENERGY CONSERVATION OPPORTU10ITY: 

ECO CI)- B-f?LEGEND 

- EXISTING EQUIPMENTPLN 'R JVI1 Ab 
hsq3riaAot 

- ~NEW EQUIPMENTPLN 

LOCATION CAI,/o e'?pr 

Page 4 of ECO #CD-B-9b 



-189.
 

GENERATE ELECTRICITY BY Annual Savings LE :389,000
 

LETTING DOWN STEAM THROUGH Investment Cost LE:1,100,000
 

A POWER RECOVERY TURBINE Payout YRS : 2.83
 

ECO #CD-B-10a
 

1.0 PURPOSE
 

The purpose of this ECO is to generate electricity by
 

letting down the high pressure steam through a power
 

recovery turbine instead of through pressure regulating,,
 

valves.
 

2.0 PROCESS DESCRIPTION
 

Currently approximately five (5) percent of the steam
 

produced at the boiler header pressure of 19 Bar is
 

utilized at that pressure. The remaining ninety five
 

(95) percent of the steam is reduced in pressure through
 

regulating valves to the 8 Bar pressure level
 
in the Shobra.plant and the 4 Bar level in the
 

Fiber plant. If this quantity of steam is directed
 

through a steam turbine from the 19 Bar pressure
 

level to both the 8 Bar and 4 Bar pressure levels
 

sufficient electrical energy car. be prodaced to
 

satisfy the requirements of the Fiber plant and the
 

boiler plant. It is therefore recommended that the
 

steam turbine generator electrical output be
 

connected into the Fiber plant substation which
 

also supplies the boiler plant. The current elec­

trical feeder from the Bahteem area substation to
 

the Fiber plan substation can be utilized as
 

required, if the steam turbine generator is out
 

of operation. Calculations of the steam turbine
 

performance were made assuming an inlet flow to
 

the turbine of 19.2 tons/hr of steam at 19 Bar.
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Twelve (12) tons/hr of steam are extracted at 8 Bar while
 

the remaining 7.2 tons/hr flow to the turbine exhaust at
 

4 Bar. Assuming a turbine efficiency of seventy five (75)
 

percent and a generator efficiency of ninety eight (96)
 

percent the generator electrical output would be approxima­

tely 900 kw. This electrical output is greater than the
 

average monthly kw consumed for the highest monthly
 

electrical power billing for 1984 which occurred in the
 

month of May. During this month 522,100 KWH were consumed.
 

For a six day, 3 shift week this corresponds to an average
 

hourly rate of 870 kw.
 

3.0 	 EQUIPMENT LIST/SIZE
 

One steam turbine generator set would be installed out­

of-doors in the open area next to the boiler plant.
 

This location will minimize the new piping required
 

to tie these facilities into the existing plant piping
 

headers fromthe boiler plant. Electrically, the
 

generator will be tied to the Fiber plan substation.
 

The outdoor area should be well lighted and with
 

sufficient access for maintenance. These facilities
 

are shown on the attached sketch.
 

The following equipment and material are required:
 

1. 	 One (1) steam turbine generator unit sized for
 

900 kw output at 11 kv voltage. Inlet steam
 

conditions will be 19 BAR and 300 0C with a flow
 

of 19.2 tons/hr. Sufficient safety margin shall
 

be applied to these figures. Extraction of 12 tons/
 

hr. of steam will occur at 8 BAR and zhe remaining
 

flow will exhaust at 4 BAR. The steam turbine
 

generator will be purchased aq a unit with its
 

own controls, lubricating system and generator
 

excitation.
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2. 	 11 kv 1000 amp. circuit breaker for tie to substation.
 

2
3. 	75 meters of 3x 240 mm copper oil filled cable for
 

underground installation to tie the generator to
 

the Fiber plant substation.
 

4. 	 Area lighting.
 

5. 	 Piping to connect into the existing steam headers.
 

4.0 	 PREDICTED ENERGY SAVINGS
 

Currently, a large quantity of energy is being lost
 

by reducing the pressure of 19 BAR stLam through pres­

sure reducing valves to the 8 BAR and 4 BAR pressure
 

levels. The installation of the turbine generator will
 

utilize this energy loss and eliminate the requirement
 

to purchase power for the Fiber plant and the boiler
 

plant.
 

Based upon the 1984 consumption of electricity in the 

Fiber plant which was 4,224,300 KWH, if we use the 

worldwide price of electricity which is 0.092 LE/KWH, 

this ECO would produce an annual cost savings of 

LE 389oo0 

5.0 	 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The total cost to purchase and install the power recovery
 

turbine and related facilities is LE 1,100,000.
 

The payout on a worldwide basis is 2.83 years.
 

6.0 	 CONCLUSIONS
 

Presently steam energy is being wasted by passing
 

most of the production of steam from the boiler at
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19 Bar through pressure reducing valves to the 8 Bar
 

and 4 Bar pressure levels of the Shobra and Fiber plants.
 

This steam can be utilized through a steam turbine­

generator to eliminate the purchase of outside power
 

for the Fiber plant with an attractive price of
 

7.0 RECOMMENDATION
 

This ECO should be implemented, unless ECOICD-B-lOb
 

is implemented in its place.
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INSTALL A COGENERATION Annual Savings LE : 518,000
 

SYSTEM TO PRODUCE TOTAL Investment Cost LE: 2,538,000
 

Payoust YRS 4.9
ELECTRICITY AND STE;M REQUIRED 


ECO #CD-B-10b
 

1.0 PURPOSE
 

The purpose of this ECO is to install a cogeneration system
 

which is able to produce the total electricity and steam
 

required to operate both the Shobra and Fiber plants.
 

2.0 PROCESS DESCRIPTION
 

In order to be completely independent from the outside
 

electrical supply which has recently been unreliable, all
 

plant electrical power requirements can be generated by
 

one steam turbine generator operating from the steam
 

produced if the two existing steam boilers are both
 

operating together. When this is done, all steam
 

requirements for the Shobra plant will be supplied at
 

8 BAR and for the Fiber plant at 4 BAR by extraction 

flows from the turbine. The turbine will exhaust into 

a surface condenser operating atlao0nm HG abs. Raw cooling 

water for the steam condenser will be taken from the
 

Ismailiacanal and returned to the canal. A once-through 

cooling water system complete with pump station will be
 

provided for this purpose. Steam condensate leaving
 

the surface condenser will be pumped by hot well pumps
 

to the existing deaerator where it will be heated by
 

excess steam and will then be returned to the boiler
 

by the existing pumps.
 

The output of the electrical generator will be ccnnected 

into present plant electrical system. The electrical • 
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connection between the Shobra plant substation and the
 

Fiber plant substation by underground cable covered by
 

ECO #CD-B-9b must also be included as part of the invest­

ment for this ECO. The present connections to the Shobra
 

area substation and the Bahteem area substation must be
 

maintained but the plant circuit breakers to these
 

outside substations are normally open. The outside
 

power is available for boiler plant startup and also
 

when the plant steam turbine generator is not in operation.
 

Based on the current use of 8 Bar and 4 Bar steam in the
 

Shobra and Fiber plants as shown on sketch B-10bA, the 19
 

Bar inlet flow required to the turbine to generate 2700 kw
 

is 30 t'ons/hr assuming a 75 percent turbine efficiency.
 

The 2700 kw output is specified to allow for a 25 percent
 

growth in plant electrical requirements.. The turbine
 

discharge flow.to the condenser is 10.5 tons/hr. If.
 

significant steam savings are made in the Shobra, Fiber
 

and boiler plants by implementation of the recommenda­

tions of several of the other ECO's contained in the
 

audit report, then the inlet flow to the turbine in the
 

future for a normal plant kw'load may not need to exceed
 

20 ton/hr steam output of one steam boiler operating at
 

full capacity. Spe:ifically, if a 40% savings can be
 

obtained in the steam usage of the Shobra plant and a
 

20% savings in the Fiber plant steam usage, which are
 

both consistant with the estimated leakage and insulation 
losses, then the turbine generator can produce 1700 kw 
output using the 19.2 ton/hr maximum steam output of one 

boiler. The 1700 kw output is approximately seven (7) 

percent greater than the average kw/per hour of 

purchased electricity based on the records of the itotal 

purchased power for the year 1984. 
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The steam turbine generator should be located completely
 

out-of-doors and adjacent torthe boiler plant,. Sufficient 

access must be provided for maintenance ,and.the area should. 

be well lighted. 

This ECO is based upon using the existing deaerator,
 

boiler feedwater pumps and water treating facilities
 

and all associated piping including'piping at the inlet
 

and outlet of the boilers. Cairo Dyeing and Finishing
 

Co. personnel have advised that this equipment and piping
 

is adequately sized for operation of both boilers
 

simultaneously. We understand however, the boilers
 

cannot presently operate below 17 tons/hr each due to
 

lack of automatic controls. The necessary controls
 

are included in this ECO.
 

3.0 EQUIPMENT LIST/SIZE
 

The following new equipment and materials must :,be
 

furnished and installed.
 

1. 	 One.2700 kw'steam turbine generator., Inlet',flow 

to be at,20 BAR and 300°C with extraction points 

at 8 BAR for 12 tons/hr of steam and at 4 BAR fox 
7.2 tons/hr of steam. Exhaust will be directed
 

downward to a surface condenser operating at 100mm
 

HG. absolute. Electrical generator output to be
 

at 11 kv. Excitation is to be provided for the
 
generator. All necessary lubrication system
 

components and turbine generator controls areto
 

be included.
 

2. One.930 M2 surface condenser sized for 11 ton/hi
 

of steam at 100mm HGabs.Provide steum ejec:or 

evacuation equipment. The condenser will be 

designed for a 110 C rise (32 0 C to 430C) on the 

'Page 3 of ECO #,CD-B-10b.
 



197.
 

cooling water side. The condenser will be flanged
 

directly to'the downward turbine exhaust.
 

3. Two vertical centrifugal hotwell pumps each 5.HP,
 
16.5 M3 /hr, 2.75.BAP.,
 

4. :Two vertical circulating water pumps located in a
 

pump station at the Ismalia canal. Each pump75 HP,
 
850 M3 /hr and 2.0 BAR head.
 

5. 	 Two traveling screens at the inlet to the circula­

ting water pump station to prevent debris from
 

entering the circulating water pump suction.
 

6. 	 One 11 kv 1000 amp. circuit breaker for the
 

turbine generator.
 

7. 	 One 11 kv coupler, 1000 amp '(tie breaker).
 

8. 	 24u meters .or 3 x 240 mm' crpper.,filled cable for
 

underground installation. This includes*180 meters
 

of cab:e to connect the Fiber plant substation
 

to the Shobra plant substation and 60 meters to,
 

connect 	the turbine generator to the Fiber plant 
substation.
 

9. 	 Recondition and connect existing 11 kv 1000 amp,.
 
circuit breaker in Shobra plant substation.
 

10. 	 Automatic boiler cor.-rols for *both existing 

boilers. 

Note: 	 Items 7 and 9 plus 180 meters of cable in item 8 
above are also included as part of ECO #CD-B-9b. 
If that ECO is implemented first, the investment 

associated with items 7 and 9 plus seventy five (7:) 

percent of item 8 above need no longer be included. 
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4.0 PREDICTED ENERGY SAVINGS
 

Energy savings will result from cogeneration and the eli
 

mination of the purchase of all power. However, at the'
 

current level of plant steam consumption, it will be
 

necessary to run the second boiler at all times to
 

generate sufficient steam to cause the turbine generator
 

to meet the plant's total electrical requirements.
 

Based upon the 1984 consumption of electricity in the
 

Shobra, Fiber and boiler plants, which was 11,200,000
 

KWH, the total cost of electricity for the year is
 

reported as LE 1,026,000, based on a worldwide price
 

of 0.092 LE/KWH. This amount will be saved annually
 

if cogeneration is implemented, however there are certair
 

new expenses associated with cogeneration which must be
 

taken into account.
 

Based upon the total purchased power for 1984, the
 

plant utilized an average of 1590 kw per hour.
 

Assuming that five percent of the time the plants
 

were shutdown for electrical failure, the average rate
 

would be 1670 KWH per hour if the failures had not
 

occured. To generate this quantity of electricity it
 

would be necessary to operate both boilers at 62%
 

capacity to generate 23.9 ton/hr of steam. As noted
 

in ECO # CD-B-10a 19 ton/hr of steam is required to
 

meet the total steam requirements of the Shobra, Fiber
 

and boiler plants while generating 900 kw and this
 

amount should hot be debited to the ECO. The balance
 

of the steam required or 4.9 tons/hr is necessary to
 

generate a total of 1670 kw. At a worldwide cost of
 

LE 14.63/metric ton, the 4.9 tons/hr of-steam results
 

in an energy cost of LE 508,000 annually.
 

Thus the net energy savings is LE 1,026 000 less
 
* LE.508,000or LE 518,000 annually.
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As noted in paragraph 2.0 above, if the steam leakag
 

and insulation is repaired in the Shobra, Fiber and
 

boiler plants, the 4.9 tons/hr of steam described above
 

will not be required. Therefore, the net energy savings
 

will increase from LE 518,000 to LE 1,026,000.
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The total investment cost to purchase and install the
 

equipment'and materials described above is'LE 2,538,000
 

The payout on a worldwide basis is A.9'years 'for an
 

energy savings of LE 518,000.
 

If the steam leakage and insulation is repaired, the
 

payout on a worldwide basis is 2.5 years.
 

6.0 CONCLUSIONS
 

While this ECO has a payout'of 4.9 years
 

without considering the implementation of other ECO'i
 

we strongly recommend that the steam leakage and
 

insulation, (ECO's #CD-A-2 and A-5) be repaired as
 

soon as possible and prior to implementation of this
 

ECO. On this basis the payout of 2.5 years is
 

attractive considering the elimination of the plants'
 

dependency on electrical power supplied from outside,
 

the plant.
 

.0 RECOMMENDATION
 

We recommend that this ECO be implemented after ECO'
 

4CD-A-2 and CD-A-5 are completed.,,
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WATER RECOVERY SYSTEM 	 Annual Savings LE :'307,300
 

Investment Cost LE: 50.200
 

Payout, YRS : 0.16
 
(5 ays)
ECO #CD-B-11 


1.0 PURPOSE
 

The purpose of this ECO is to recover the treated hct/
 

cold water for reuse to help conserve energy by minimi­

zing pumping cost, and the steam required for heating
 

the water.
 

2.0 PROCESS DESCRIPI.ION
 

The 40 ton/hr cooling water return (softened water)
 

from the NaOH recovery unit, which is at a temperature
 

of 600C is presently being sent to the sewer. It is
 

now proposed to pump this water for reuse to the washing
 

machines in the Fiber Factcry. The water recovery system
 

is shown in the sketches and tabulations which follow.
 

The hot water from the washing machines has chemical 

contamination and can not be reused.' 

3.0 EQUIPMEN: LIST/SIZE
 

requirediis list-ed 'below sho-wn in 
the sketch included at.the.end of this : 
The equipment .and 	 in' 

- P U:.P S 

Item No. : P-3 and P-4: 

Service : Cooling water:returnlpump and spare 

Capacity 58.5 M3/hr 

Head : 23 meters 

Motor HP : 7.5. 

Type Centrifugal 

Material : CS' 
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- ESTIMATED PIPING LENGTH 

1. TOTAL PUMP SUCTION PIPTNr.
 

Line size Estimated
 
inches length, meters
 

4 	 15
 

2. TOTAL PUMP DISCHARGE PIPING
 

Line 	size Estimated
 
.inches length, meters
 

- INSTRUMENTS 

1. One flow indicator in 4" water2line. !Normal
 

flowrate = 40 M3 /hr
 

2. One 4" globe valve.
 

4.0 PREDICTED ENERGY SAVINGS
 

If the cooling water return (softened water) from the
 

NaOH recovery unit is utilized in the washing machines
 

of the Fiber factory, the predicted energy savings
 

(based on 7080 operating hours per year) will be as
 

follows:
 

Energy Savings Savings
 
Corresponding to World Price LE/vear
 

STEAM 14,000 MT/year 14.636 LE/mt 204,900 

SOFTENED WATER 45.98x106 Imp. 2.3 LE/1000 105,800 
gal/year Imp. gal. 

POWER - 36,820 KWH/year 0.092 LE/KWH - 3,390 

TOTAL 307,310 
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5.0 	 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The total investment cost to purchase and install the
 
equipment and materials described above is LE 50,200. -


The payout on a worldwide basis is 0.16 years or
 
58 days for an annual energy savings of LE 307,300.
 

6.0 	 CONCLUSIONS
 

This ECO has an attractive payout of 58 days., 
We
 
strongly recommend that the cooling water return from,
 
the NaOH recovery unit be utilized in the washing
 
machines of the Fiber Factory.
 

7.0 	 RECOMMENDATION
 

This ECO should be implemented without-anvdela..
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Basic Engineering Data:
 

The Basic Engineering Data (B.E.D. Sheets) which will be
 

used during the audit and subsequent designof the various
 

ECO's is given in the pages which follow:
 

The source of the data lisred below is as follows':
 

Utility Cost (Paragraph 3.0)
 

Fuels - Per Egyptian General Petroleum Corporation.
 

Electric Power - From Organization for Energy Planning
 
(OEP).
 

Steam - Developed by FWEC from data fur.iished by Chemical
 
Process Economics Center for Stanford Research Institute
 
and modified to reflect the energy cost used in this
 
report.
 

Water - Developed by FWEC from data furnished by Chemical
 
Process Economics Center for Stanford Research Institute
 
and modified to reflect the energy cost us-Be in this
 
report.
 

Meteorological Data (Paragraph 4.0)
 

As developed from data provided by Egyptian Meteorologi­
cal Authority for a five year period (1978 through 1982),
 

Minimum Dry Bulb Temperature is average of mean minimum
 
temperatures.
 

Design Dry Bulb Temperature is average of mean maximum
 
temperatures.
 

Design Wet Bulb Temperature is determined from Psychro­
metric Chart using an average relative humidity of i64.
 
percent.
 

Utility Information (Paragraph 5.0)
 

Fuel oil specifications -Per Egyptian,General Petroleum: 
Corporation. 

Sular specifications - Per Egyptian General.PetroLeum 
Corporation. 

Rules from Electric Billing
 

Specified by contract between the plants and the
 

Electric Authority,
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or-anizaticn for Enercv Plannina 	 P.EF. Ener5" Conse.vatic: 
DATE Jan., 1985 
P.GE I 
Reised Feb. 23, 1985 

p Revised April 4, 1985 EUERGY CONSERVATIOr 


BASIC EGINE'PT"G DATA­

pLA:,T CAIRO DYEING AND FINISHING CO.
 

1.0 Generl: 

This fom defines the basic e-ngineering data which wifll provide the 
tecl'mical and economic basis for the evaluation .of eznercy c-nst?.­
ticn o=ortunities (ECO'S) for the above n-_. irdust-ria! c:P eX. 

2.0 Eccnc-ic Guidelines: 

2.1 C.perating T-e: 

2.1.1. M=,-er of o:erating days per year 295 
2.1.2 V1U-*er of shifts per da- 3 shifts, 6 days per week 
2,1.3 No=a!!ned nu-~er of c-er-zr hotrs per year 700 7 

2.2 Eccnomic Evaluation Easis: 

2.2.1 Payback pricrity list, s-i.3.e basi4 s . Y_- _ 

2.2.2 Discounted cash flc" - . 

Taxes 
Inflatlon 
Interes't 
Reauired R.0.Z. _____(if J-on 

3. 0 Uti!!.i.. " Cost: r eo 

Public Sez--r , 

U t . Units Desu.= World, 
Cost:
CLE) 

Cost 
(".E) 

Fuels 

tazu-t (4G) LE/=et-. tcn 7.5C0 -241.8 1) 

Sul-= 	 LE/=e+. tcn 36.0c 325.0C0 (1) 
0092 (5)lecric Power (3) LE/kwh 	 0.0!0: 

* Stea= (2)
 
(4)--..h -- escure LE/met. ton 0.516 16.632
 

(4) Med"- Pressure LE/=et. ton 0.454 	 14.6-6 
(4)Lcw.rres.ure LE/-/et. tcn 0.384 	 12.308
 

Water 
Raw LE/1000 Imp. gal 0.086 0.80 
Cooli-:. (circula- LE/1000 Imp. gal 0.007 ,067' 

ted.
 

(1) 	 oeedvalue (Feb. 21, 1985) with a conversion of 1.3 LE to LUcn 	 FCE*Iav 
(2) 	 Ncze EP. 35 Bar or more 

ZLp. 10 to 35 Bar 
LP. .3 to 10 Bar 

(3) High 	voltage (11,000 volts)
 
(4) The cost of condensate or boiler feed water is 10 percent of the: 

steam cost. 
(5) Marginal cost for electricity with fuel copi'onents valued at world wice Prict. 
*"Free on Board" 
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Organization for Energy Planning REF. Energy Conservation 
DATE Jan., 1985 
PAGE 2 
Revised Feb. 28, 1985 
Revised April 4, 1985 

4.0 Meteorological Data: 

4.1 Meteorological Data: (Cairo Area) 

Temperatures: 
Minimum Dry Bulb 
Design Dry Bulb 
Design Wet Bulb 

66C 
340C 
280C 

Note: 	 For insulation calculations use dry bulb temperature
 
at 20°C.
 

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

Winterization Area Classification: None
 

Allowance for Earthquake Forces: None.
 

Rainfall: Less than 10 cm/yr.
 

Design 	Humidity (relative) = 64% (34eC/280C) 

5.0 Utility Information:
 

5.1 Fuel Oil (mazout #6):
 

Temperature (pour point), 'F 100.0
 
Specific Gravity @ 600F/600F 0.99
 
Viscosity, Redwood No.1 @ 100 0F 2000.0
 
Viscosity, Redwood No. I @ 210OF 115:
 
Sulfur, % by wt. 2.5
 
Heating Value, HHV, BTU/metric ton 18,646,000
 

5.2 Light'Gas Oil (Sular)
 

Specific Gravity @ 15/4 0 C 	 0.82'.,
 
Viscosity, Redwood No. I @ 1000F 30
 
Sulfur, % by wt. 1'.5
 
Heating Value, HHV, BTU/metric ton 2,340,000
 
Flash Point Penske-Martens closed, OC 	 55
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Organization for Energy Planning REF. Energy Conservation 
DATE Jan., 1985
 
PAGE 3
 
Revised Feb. 28, 1985
 
Revised April 4, 1985
 

6.0 Rules for Electric Billina
 

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 (5U0 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 load for a 
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 entire billing year (5% grace is allowed). 

6.2 Power Factor
 

The target power factor for all users is 1.0. To price variatic::s 
exist, however, based on an acceptable power factor of 0.8. These ire 
respectively, an incentive, :.nd a penalty, as well as a shutdowm 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 of 0.005) on each percent of power factor 
greater than 0.9 (i.e. a maximum of 20 steps at I% to ac.-ieve a P.F. 

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 of 0.005) on each percent of power factor 
less ,than 0.8 (i.e. a penalty of 10 x 0.5% or 5% for a PF eq'z.l to 0.;). 

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 proviies a clause to shutdown any user who has
 
a power factor of less than 0.6, who does not correcz chis adverse power
 
factor within 3 months. 

6.3 Billing Rates:
 

The following rates are based upon a yearlv 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, 'raticed Up or down by 
the power factor rate adjustment. 

• 960 kw Shobra plant
 

2500 kw Fiber plant
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Organization for Energy Planning 	 REF. Energy Conservation
 

DATE Jan, 1985
 
PAGE 4
 
Revised Feb. 28, 1985
 

The 	three major elements are: Revised April 4, 1985
 

a) 	constant annual charge, based on the ma.imum stated demand,
 
and priced at 7.756 LE/year for each kw.
 

b) 	a cost per KWH consumed, on a,sliding scale, in accord
 
with .table 41.
 

c) 	 taxes, which are the sum of: 

o broadcast tax, @ 0.001 LE per K.H for lightin*
 
o consumption tax, 0. 0.005.LE per MWHfor lighting*. 
o power tax, @ 0.0001 LE per KWH for 90% of KH.
 

See 	Table #1 on next page.
 

7.0 CURRENCY CONVERSION RATE
 

The conversion of U.S. dollars to Zgyptian pounds (L.E.) is 
accomplished by multiplication of USD by 1.3 to obtain LE.' 

assumed to be 1O of total. 

http:0.005.LE


Oraanizaticn for EnerVy Plannini 	 3F. Energy Conse.vaolon 212. 

DATE Jan, 1985 
PAGE 5 
Revised Feb. 28, 1985 

.Rate Ta e .-Revised April 4, 1985
 
1 2 4
3 5 6 7 

Ranme Tize, Maxi=um Total To:al Power R.ate CcS. 
Rate Power . P.wer P.e=aining 

(qeasured) (calc-lated) 

(hours) (.) (rz_)/yea-- M) (-ra.) ME) -=
 

.1 1000 ( 
 ) 	 0 .
 0.013942
 
2 500 . " '-- -	 0.0131143 1000 "_0.011458

4 1000 .___"_0.0092021
 
5 1500 "_0.007456

6 * 0.006352
 

No-s: 	 TOTAL
 

1. 	 column 1 rerresents ho=us at the stzateg dem-and raze, i.e. first 1000
 
hours, nex- 500 hours, etc. Rance 6 dzes not have an en.-, s.nc.e
 

at rate rane 6 is found bY d±ifereneIv:e tower 

2. 	 col.=l 2 is the _ax- r- e, as de='r--.= from short to. =_..
 
during tne year (not a -- _caleto _amne 6).
 

3. 	 column 3 is =easured =-wer at the .et.., in M.-, for the hillng yar
 
(enter at range 1 .csitim c=,-) .
 

.4. 	col"-n 4 is total pjc. - ccloated, as the product of col..-- I & 2. 

5. 	 c IuT-n 5 is nin-_ow , a coiumn 3 column 4 f!r r--.aas 

and thereaf--ter the f-f x th_ ce.ious ra.nce min= 
 the entry
 
in colu 4 for the cu_-re_-- ra.e, i.e. cower in rK not yet
 
accou-ned f..
 

The 	 caicu cnce u--. is.i the power rema-inn 

-
less 	than the cower calrl e­

6. 	 coi,."-n 7 is t'he. .roct-"f co--s 4 & 6, until such as theu 	 ti--e
power remaizin- is less -h-n the ower c9. 
z: t-


.nd column 6. Note that this occurs al;o'avs at rance 6, if not
 
efore.
 

occurs, clu_-. 7 _a ------c power _-ri.._i-a (co-un 5)
 

(.--iun hours which could exist in col"_-un cna would he: 
-65 x 24 - 5,000 = 3,760 hous). 
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APPENDIX "B"
 

NEW DATA COLLECTED
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PORTABLE INSTRUMEATS 


The audit team was provided with a complete set of various
 

portable instruments to permit field measurement of data
 

parameters, as necessary to carry out the engineering cal­

culations associated with the audit.
 

These instruments, as described by the attached list, were
 

carefully selected to provide a well. rounded set, able 'to 

measure those parameters which are basic to a-broad range
 

of audit types.
 

The instruments will permit any conceivable audit, to a 

significant depth, to include the following typical plant 

systems: 

o 	 Combustion devices, including boilers, furnaces,
 

kilns, heaters, ovens etc. 
 -

o 	 Steam systems, including traps
 

o 	 Electrical systems, with demand and power factor
 

o 	 Heating, ventilating, and air conditioning 

o 	 Lighting
 

Where required, instruments are multiple range, and
 

specified to be compatable with the power sources f.und
 

in Egypt.
 

Each instrument is provided with a calibration record card,'
 

and a stick-on label, physically attached to-the instrument,'
 

to show calibration period data.
 

Each instrument was rechecked, after receipt in Egypt,
 

using standard calibration techniques, to insure that no
 

damage had occurred in transit.
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P6RTABLE INSTRUMENTS USED BY THE ENERGY AUDIT TEAM
 

. AmUFACT.UFZRS NAKE 
IN:STRUMENT TYPE 

Thermo Electric 
Temperature Indicator 

Transcat 
Thermometer 0/220F 

3 "40/160F 

o Glass Tube 

MC Products 
Infrared Temerature 

6 Bacharach 
Boiler Test Kit 

E 

Bacharach 
Sa=ple Test Cooler 

MC Products 
Cor-1ustion Analyzer 

Davis Instrument 
Anemometer 

Dwver Instrument 
Air Velocity Meter 

Taylor Instrument 
Sling Psychrcmeter 

U Sonic instru:ent 
Stethoscoce 

U 

.4 

Cole-Palter 
Stopwatch 

YEW 
Tachometer 

SERZAL NO. 


110984-1-11 


None 


None 


N:ne 


0'1270 


10-8001: 


None 


10500 


STSS 


S449 


1330 


407620 


Nnne 


02012M, 

. .digital 


QUANTITY 'PART NO. 


1 "351153 
000000 

I PT1/220 

I iiPJI/160
 

1 6907T/300 


1 LT-100 


1 10-8001 


1 11-7046 


1 M-50 


1 A/2-4" 


1 400-10 


1 .TA 16301 


1 Sonic 3000 


-

I- R-8672-20 


1 3632-00 


BRIEF DESCRIPTION-


Digital temperature
 
devicew/accessories
 

Temperature
 
Indicator
 

.
 

Mercury Thermometer
 

Hand held digital
 
temperature
 
measuring device
 

Kit of materials to
 
test boiler efficiency
 

Accessory to Boiler
 
Test Kit
 

Digital Combusticn
 
Gas Analyzer
 

Procel2:r Driven
 
Air Flow Indicator
 

Red Oil manometer
 
and accessories
 

Device to measure
 
humidity-relative 


Ultrasonic Device
 
to locate/measure
 
sound levels with
 
accessories
 

Measurinr device to
 
measu seconds
 

Optical device with
 
r..adout to
 

measure rotational
 
speed
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ET.: YAUFA.URERS NAME 
INS:RUME..T TYPE 

SERIAL NO. QUAJITY PART-NO. BRIEF DESCRIPTION 

General Electric 
Lightmeter 

154 1 214 Device to measure 
light output 

C- Enic Inc. 
Power Factor Meter 

45172 1 COS 051 Meter to indicate 
power factor 

17 Eoic Inc. 
KW Meter 

45172A t KW 480Z Meter to indicate 
power in kilowatts 

i Transcat 
A--meter 

1409031 7405-E50 Meter to indicate 
line current in 
amperes 

19 Fluke 
Multitest Meter 

3500087 1 802iB Meter for various 
electrical measurement.v 

20 Transcat 
Recording Ameter 

36535AE 
36536AE 
36532AE 
36534AE 

4 781tlE Recording meter to 
indicate current 
consumption in 
amperes with 
accessoriet: 
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ELECTRICAL FIELD MEASURLENTS .
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FOSTER WHEELER ENERGY CORPORATION 110 SOUTH ORANGE AVE., LIVINGSTON. N.J. 
By .DAT _ _ _ - SU BjECT- P. . , - .9.u :. e nt..._2-2 .2.-R €;. S HEE NO.. 1 ... F..I--

CHKD. ... DT_' ~.TEatig..,.. .­ onPe.Line,... " -JOB NO.-e 

UNIT 

NO. 

F.L.C 

LI 

.L.C. .L.C. 

L2 L3 

K1 

Li 

KW 

L2 

KW 

L3 

P.F. 

Water 

Well 

Pump 

No.3 

37 KW 72.9 

. 

73 73.7 32.4 .84 

Voltage 

Li L2_ 

370 358 

L3 
362 

Soft 

Water 

Pump 

75 H.P 

55 KW 123 115 124 75 .84 

Legend
 

F.L.C.- Full.Load Current
 

KW - Kilowatt
 

P.F.- Power factor
 

1 	 Single Wire i'entification 
on a multi line circuit 

L2 , 13-As L1 

KVAR 	 - Kilovolt Aperes Reactive 

b.C. 	 -Opez ating ,..urrent 

O.V.- Operating Voltage
 

O.KW - Operating KW 

rd 13I47 
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FOSTER WHEELER ENERGY CORPORATION 110 SOUTH ORANGE AVE...LIVINGSTON, N.J. 
13Y . . DATE - --...- SU J -r.Pl: ._2-.26= L. sHEEN O...,..- F-..,L.. _an~t ,Measurements 

380 OneCHK.BY--DAT AoilerAreav. Line__JO_ NO-... 

UNIT F.L.C.L.C.F.L.C. KW KW1 I KW P.F.
 

NO. Li L2 L3 Li L2 L3
 

Boiler 
Forced 
Draft 
Fan 
No. 1 
67 Kw. 115 16 119 , .845.8 

Deaerator
 
Pump
 
No. 2
 
75 HP. 100 100 102 56.8 .93
 
55 Kw.
 

I. 

1ON 3384 
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FOSTER WHEELER ENERGY CORPORATION 110 SOUTH ORANGE AVE.. LIVINGSTON. N.J 
BYDATE---... LCTT_. SUBJT _r ralg..Aaa...iEerr.2larLt.sHErNO _..I..-.XF..-I. 
CHKD. A E;.. . .... .JOB - --.... NO- - -

CORRECT POWER FACTOR TO 

Item No. 

_________ 

Motor Motor 

F~.L.g 

Name 
Plate 
P. 

Operating 

K. IWkvar 

Multiplier Required 
. 

______ 

Water Well Pumps 
P1- No. 1 
(Operating) 

P2- No. 2 

75 HP 
55 KW 
37 

101A. 

69.0A 

0.9 

.0.9 

(Spare, 
P3- No. 3 
(Spare) 

37 69.5A 0.97 

Air Pump Room 
Air Pump P-17 

(Feeds air to 
Filters 

13.5 HP27 A. 0.85 

• 
' 

Air Pump P-18 
(Feed air to watei 

Tank) 

5.5, 11 A. 

Deaerator Water 
Pumps 

No. 1 P-4 
No. 2 P-5 
No. 3 P-6 

22 
15 
15 

0.9 
0.9 
0. 

Filter Pump 

Acid Pumps 
No. 1 

No. 2 
P-12 

P-13 

7.5 

2.2 

2.2 

15.5A, 

5.2A 

5.2A 

0.86: 

Soft Water Pumps 

No. 1 P-7 75 H.P A 0.86 

No. 2 P-8 75 H.P 141 A 0.86 

Chemical Feed 

Pumps 
No. 1 P-14 
No. 2 P-1 5 

No. 3 P-16 

1.8 
1.8 
1.8. 

Chemical mixers 
M - o 
M2 - No. 255 
(Operates 15 Mint 
Per Week) 

5 

HCL Acid Pump 

(Not working) 
" 
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FOSTER WHEELER ENERGY CORPORATION 110 SOUTH ORANGE AVE... LIVINGSTON. N.J. 
O F ..  


BY-- - . DATE.- _ _ _...SU B JECT Ba~iler-. rea .Mot.orZ. - . ber-.P.],Ian sH EET NO -,-1 --- .. 

CHKD. BY.._---. DATE-----.--.-JOB NO 

CORRECT POWER FACTOR TO
 

Name 

Item No. Motor Motor Plate 


KW F.L.C P.F 


Instrument Air
 
Compressors
 
No. 1 20 P 28A.
 
No. 2 (Spare) 7.5 HP 11.4A 0.83
 
No. 3 (Spare) 7.5 HP 11.4A 0.83
 

No. 4 (Spare)
 

Boiler Forced
 
Draft Fzns
 
(Reduced Voltage
 
Start) Delta-

Star 
"No. 1 67 126A0.86 
No. 2 67 126 A 0.'86 

(Not operating)
 

Mazut Fuel
 

Injection
 

Puibps
 
No. 1 P-19 5.5 1A. 0.88
 
No. 2 P-20 OA.
5.5 0.88
 
No. 3 P-21 5.5 11A. 0.88
 
No. 4 P-22 5.5 11A. 0.?.8
 

Fuel oil
 
Pumps to
 
Burners
 
No. 1 P-23 1.5
 
No. 2 P-24 1.5
 
No. 3 P-25 1.5
 

Condensate
 
Pumps 
No.1 P-26 3.5
 
No.2 P-27 " 3.5
 
No.3 P-28 3.5
 

(Not working)
 

DEAERATOR 

No. 1 P-9 75 HP 139 0.91 
No. 2 P-10 75 HP 139 0.91 

(Spare) 
No. 3 P-11 75 H 139 0.91 

(Spare)--

Operating MutperRuid
 
Multiplier Required
 

r.IW P.. _ __ Kvar ___"_ __ 

http:126A0.86
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FOSTER WHEELER ENERGY CORPORATION 110 SOUTH ORANGE AVE.LIVINGSTON. !;
 
aY
CHKO. 

DATE sua ECT iL.c.o,. e-t-s_.26-1PR 
2Y..DATE--.3B.--.V---iJchoealr..B.--.iler Plant Motors 

s- HEET NO..LO.. 
jN 

0 =Ooeratina I 
UNIT "x 4 o x Kw 0.O6. . 0 V. 0.v. 0. 

O. i L2 L3 L KWL-L2 JL2-L3 LI-L3 

P-1 72.9 73 73.7 32.4 370 358 362 Water Well P­

P-8 123 115 124 75 Soft Water
 

SA Pum- --­.... 100 102 
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FOSTER WHEELER ENERGY CORPORATION 110 SOUTH ORANGE AVE.. LIVINGSTON. N...
 
BY.- - .DATE- - SLBJECT-2.. a .Uet.ent.S__26- c. _SHEET NO_.. . F_.1.--
E 
CHKD. Y-- -D T -F..er-... .- -_.-,wt h e JOB NO e-

UNIT , F.L.*C KW KIT KW P.F. M 

NO. L L2 L3 Li L2 L3 PFHARKS 

2A spare 

: 1144 146 13166 73 2 Spar 
3 B Bad Unit 

3D 

6 A 26.8 231.6 13 8.8 8.8 3.4 

6 B 160 128 124 64 56 2.8 

7A Not Working 
7 B Not Working 

io A 142 151 170 25 89 65 
10 B Spare 

11 A Not Working 
11 B Not Working 

14 A Bad Unit 
14 3 15.8 23.1 65.2 Lightin" 

15 A 228 30.6 216 110 115 7 

15 B 279 203 259 110 125 3 

16 A 112 117 110 47 57.3 13.1 

16 B Spare 

17 A 39 37.8 32.3 60 20 2.5 Bruckner 

17 . Spare 

17 C 

17 D 

9_6 105

I 
109 42 5. No. 1 (Old) Printing 

No. 2 (New) not working Prnting 
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FOSTER WHEELER ENERGY CORPORATION 110 SOUTH ORANGE AVE...LIVINGSTON. N.J. 
Y.... OATAT ___ . . . t.. ... SHEET NO.-. -----..--..susJE.-.'C? : r.E ns . 1 

Cl ':L.. ATE_3Q.2_..SWitchga L._...b /UL 2Z5.6-1, JOa No-.. ..BY......... 

b = Ooeratinc 

UNIT 0.C*. 

NO. Li 

.. .- 69.3 

.1B..__ 19.9 

504. 
2A 365 

2B 80.8 

.... 45.2 

...3B. 24.3 

o.c 

L2 

37 . 

95 

13 

94.6 

33.8 

48 

O.C 

L3 

52.4 

91 

276 

91.5 

52 

4.0 

o.KW r. 1. K T. 

Li L2 L3 Kw 

23.8 23. 16.4 . 

79. 115. 33.. 

85 135 47 

20.3 .35.6 8. 

26.5 -9-3 1.2. 

13.8 262 A... 

_ 

0.v. 

Ll-L2 

90 

392 

.1. 

389 

387... . 

L2-L3 

394.. 

3.94.. 

387.. 

394 

o.v " 

Ll-L3 

394... 

395__, .............. 
. 

.­

394--. ' . 

388 -. 

-..3D..- 55.2 37.9 25.5 18.8 19.. -87... 3183-. y5- . 

... B.118 .. 104 114 22.7 43.3_21.7­

9B 
104 

1.27 
92.5 

115 

95.5 

13.5 

26.2 

65 

34.9 

57 

19.1 

8 

BA 

1 8A 11 7 3 3 - 81 ..-

San 

-

-... 

I!I
 

.. . 1 
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ELECTRICAL ONE LINE 

DIAGRAMS
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COMBUSTION ,MEASUREMENTS:
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CAIRO DYEING AND FINI'.HING COMPANY
 

COMBUSTION ANALYSIS AND EVALUATION
 

MEASUREMENTS
 

CURRENT 
EQUIPMENT ITEM STACK 02 PERCENT CO PERCENT Co EFFICIENCY NOTES 

TESTED TEMP-OF IN STACK IN STACK PRESENT PERCENT 

Steam Boiler 	 385 4.2 13.1 No 86.2 (1) 

345 9.0 9.2 No 83.5 (2):,
 

Qil Boiler No.1 	 572 5.8 11.5 Yes 78.2 (3) (4)
 

517 7.5 10.6 No -80.8 (4)
 

Oil Boiler No.2 	 5 0 3.1 14.8 No 82 . , (5) 

603 2.9 14.4 No -81.9 '(5) 

Notes: 	 1) Steam boiler operating at full load
 

2) Steam boiler operating at low load
 

3) Oil boiler No.! burner tip required cleaning
 

4) Oil burner tip cleaned
 

5) Oil boiler burner tip did not require cleaning
 

6) Efficiency calculated
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MeATUR= MEASURMENTS 
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TEMPERATURE MEASUREMENTS 

CAIRO DYEING AND FINISHING CO. 

Location T2Mrazure *F 

Shobra - Hot wash water 

Shobra - Dye Jigger bath 

Fiber - Finishing machine FN-i stackszeach 

105 

160 

321 

Shobra)- Checked inlet a;d outlet of 20 
Fiber ) Steam traps as indicated in 

ECO #CD - A3 
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.iNSULATIION MEASUREMENTS 
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INSULATION MEASUREMENTS 

CAIRO DYEING AND FINISHING CO. 

SHOBRA FACTORY 

TAG No. DESCRIPTION FLUID PIPE DIA.IN ESTIMATE LENGTH.FT.' 

I-I Bleaching Ist page Steam 1. 6 

I-1 Bleaching,- 2ri C page Steam 

3 

30 

6 

20 

2 6 

1-2 

1-1/2 

1-3/4 

Blea,.hing 

Bleaching 

- 2n 

rd3 

page 

page 

Steam 

Steam 

6S 

8 

3 
1 

2 

26 

20. 

30 
0 

I-I Bleaching 4th page 

6 

11­
2 

26 

3 

20 

I-1 Dryer (old) 

6 -

2 

3, 

50 

1-2 

1-3 

1-1/2 

Dryer (old) 

Dyeing 

Condo.nsate 

Steam 

3 

3 

3 

1 

65 

45 

170 

1-1 Dryer 

3 

2 

100 

40 

I-I Washing Steam 

o4 

1 

40 

10 

I-1 Dryers Steam 2: 40 

4 "150 



INSULATION MEASUREMENTS 

CAIRO DYEING AND FINISHING CO. 

SPOBRA FACTORY 

242. 

Tag No. Description Fluid Pipe Dia.In. Estimated Length.Ft. 

-'Main steam to finishing 

Main steam to bleaching 

Steam Collector 

2 

2 

3 

80 

70 

10 

Drying (new) Steam 

Condensate 

8 

3 

8 

4 

1-, 

31 

4 valves 

6 valves 

90 

30 

I-I 

-

Width Tensioning 

Printing 

Fininshing 

Main Steam header 

Steam 2 ' 

4 

2 i 

20 

20 

100 

(Includes all missing insulation 

plus uninsulated flanges.) 

8 150 
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INSULATION -MEASUREMENTS 

CAIRO DYEING AND FINISHING CO. 

FIBER FACTORY 

Tag No. Description Fluid Pipe Dia.In. Estimated Length. Ft: 

1-6 Washing Machine 

" " 

Steam 

" 

1 

4 " 

4 

1" 

I-I Drying "1 40 

I-i Drying Condensate 

3 

1 

H 

40 

40 

40 

I- ! Main 'Steam Steam 

3,1 

1. 25 

1-2 0 Steam 

6 

6" 

6" 

170 

4 

• 3 

Includes 10 
Flanges 

valves 

valves 

1-1 Width Tensionina " 

6" 

1 

40 

90 

- Includes 
15 flanges 

16 valves 

1* 12 

Condensate 1 90 

I-i Steamer Hot oil 

1 

3 

12 

20 

Steam 3 130 

Jet Dyeing Steam 160 

3 .24 
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INSULAPION MEASUREMENTS 

CAIRO DYEING AND FINISHING CO. 

BOILER PLANT 

TagNc Description Fluid Pipe Dia. In. Estimated Length.Ft 

I-I Main steam 1 20 

1-2 

I-I 

Collector-Valves & flanges 
not insulated 

Collector outside toward 
Shobra Factory 

3 
8 
12 
0 
10 
8 

3 
3 
1. 
8 
12 

- 4 Aalves 
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FLOW MEASU.-MENTS
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EXHAUST FLOW FROM INISHING
 

MACHINE, FN-1 

CAIRO DYEING AND FINISHING CO.,
 

FIBER PLANT
 

No. of stacks - 3
 

Diameter of each stack - 16 inches
 

Exhaust temperature measured each stack - 3210F..
 

Exhaust velocity measured - per Dwyer ma.nometer''
 

Stack I - 1.05 "max, reading
 

Stack 2 - 0.85 " "
 

Stack 3 - 1.05" "
 

Transversed each stack with probe to determine average velocity., Howee,,. 

inconsistant reading occurred due to close proximity of blower:upstream
 

of measurements.
 

To determine average velocity use maximum velocity times 0.60 and read. 

velocity from chart enclosed with instrument. 
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MISCELLANEOUSMEASURM.ENTS,
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COUNT OF TOTAL STEAM TRAPS
 

:hIRO DYEING AND FINISHING CCO.
 

SHOBRA FACTORY 

EQUIPME] 

ITEM No. DESCRIPTION TYPE iQUANTiTY 

SG-1/2 

J-1/3 

Singeing Machines 

"J" Box 

Float 

Bucket 

i 

W-1/2 

DR-1/2 

Water Mangle 

Drying Machines 

Floati 

Float 

Float 

1 

21 

NT-1/2 

PR-1/3 

Width Tensioning 

Printing Machine 

Disc 

Disc 

Float 

7 

3 

2 

FN-1/3 Fininshing Machine 

Disc 

Bucket 

1 

2 

STM-1/2 

CL-1/6 

Steamer Machine 

Calender Machines 

Disc 

Float 

Float 

. 

6 

2 

Main Steam' 

Other 

Float 

Disc5 

. 
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INSULATION MEASUREMENTS 

CAIRO DYEING AND FINISHING CO. 

FIBER FACTORY 

Tag No. Description Fluid. Pipe Dia.In. Estimate Length. Ft. 

1-1/6 Singeing Steam,. 1, 60 

'2 .1s 

1-1/5 rd3 Washing I 11 20 

1-8 It3 .10 

I-1 2 dL-Box 2 .10 

1-2 3 

1-3 U " It 3 30 

1-4 " "It 2. 3 

I-5 " I It 2 5.' 

I-I . Washing After Box 1 , 5 

1-3 1'IC 

1-4 1 4 

1-9 3 S 

1-2 Third L Box 2 6 

1-3' 4 2 

1-4 ' 626 : "'• 45 

1-52 5 

14 Washing Machine - 4 

1-3 'Hot Water 2 10 

Steam 1 4 

1-4 Hot water 1 . 4 

2 10 

I-S Steam I .4 
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COUNT OF TOTAL STEAM TRAPS 

CAIRO DYEING A:TD FINISHING CO. 

FIBER FACTORY 

EQUIPMENT 

ITEM No 

DR-I 

WT-I 

STM-1 

FN-1/2 

JD-1/9 

DJ-I/3 

DESCRIPTION 

Drying 

Width Tenioning 

Steamer. 

Finishina.Machine 

Jet Dyeing 

Dyn Jiggers 

Main Steam Line 

TYPE, 

Disc:i 

Disc 

Disc 

Bucket 

Float 

Disc 

Disc 

QUANTITY 

39' 

4 

21 

7 

24 

3 

3 

-4. 
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,COUNT OF TOTAL STEAM TRAPS
 

CAIRO DYEING AND FINISHING CO.
 

BOILER PLANT
 

EQUIPMENT
 

ITEM No. DESCRIPTION 


SG-1 Steam Generator 


DE-1 Deaerator 


TYPE 2UANTITY 

Disc 6 

Float .1 

Floai 2 
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STEAM TRAPS TESTED
 

CAIRO DYEING AND FINISHING CO& 

Location Type No. 	 Conditionl 'Comments,, 

Shobra - Main steam Disc 2 	 Both Failed Visib1e-BJ.ow~ng,'tru 

One failed Visible-Blowing thru.Shobra New Dryer Float 3 

Shobra Old Dryer Disc ', .Satisfactory 

Float 2 Satisfactory 

Fiber-Main Steam Disc 2 Both Failed Visible-Blowing thru, 

Fiber-Finishing Inv. Bucket 5 	 Satisfactory
 

Fiber-Dryer Disc 4 	 " 

Note - all checked for noise of.trap operation using sonic instrument,., 

and inlet and outlet temperatures were measured with optical pyrometer.
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APPEUDIX "C"
 

SC !E ATIC FLOW DIAG.R . S
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APPENDIX "D"
 

EQUIP,4ENT LIST
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APPENDIX "E"
 

SUPPLEMERMARY ECO DATA
 

1. 	Form a committee to plan and implenlent""Ecs, 
Pages 271 through 328
See ECO #CD-A-19 

2. 
Publicity to make employees aware of importance of
 
energy conservation
 

Pages 329 through 333
 
See ECO #CD-A-20
 

Dyebath reuse
 
Pages 334 through 356 
See 	ECO #CD-A-9
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2. ENERGY CINSE-1VATION P.ROGMI.l IIPLEMENTATION 

2.0. INTRODUCTION 

This section of the kit describes the initiation and 
implementation of an energy conservation program. 
Section 2.1 is an outline of the elements of a pro-
gram. It may be used as a guide to design your 
own program, tailored to your company's require-
mnents and capabilities. 

For those interested in more detail, the remainder 
of Section 2, starting with 2.2, illustrates the im-
portant steps in the program by a series of memo-
randa based on the internal correspondence gener-
ated in several actual energy conservation pro­
grams. Many of these communications .jull I ­

com-accomplished verbally at staff meetings and 
mittee meetings and then be docume :ted in minutes. 
AU of your needs may not be anticipated and some 
of the actions illustrated may not be necessary or 

appropriate for your management structure bi't you 
will find illustrated in this section most of the neces, 
sary communications. Suggested methods and forms 
for recording and rcporting plant survey data and 
for tracking the progress of the program are in­
cluded. 

The memoranda are based on a hypothctical com­
pany, the ECONERGY Company, which has two 

production departments, a utilities department,: a 
maintenance department, and an administrative serv­
ices *department responsible for the purchasing, ac­
counting, shipping, and receiving functions. 

The formnl organization chart for the ECON-

ERGY Company is shown below for reference. The 
nn--ies shown beneath the department blit.". are 
the names of members of the Energy Consurvation 
Committee. 

Dept. Hecd 

Operations "A" 


W.0. Smith 

2.1 PROGILrA 

D.T.Parker 
Plant Manager 

I 
Dept. Heed 

Operations "D" 
Dept Head 

Administrative Services 
I Dept. Head 

Utilities 

A.8.Jones R.B.Robinson J. C.Baker, 
Coordinator 

OUTLMNZ 
ReferenceRd 

Section 


L 	TOP MANAGEMENT COMMITMENT 
A. 	 Inform line supervisors of: 2,3.1 

for 	 the1. 	The economic reasons1.eee tconscresnsrgy tthe 
need to conserve energy 

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

D. Establish a committee having the re- 2.3.1 
spo:osibility for formulating and con-
ducting an energy conservation pro-
gram and consisting of: 

1. 	Representatives from each de-
partment in the plant 

I 
Dept Head
 
Maintenance
 

T. G.Marshall 

S.Con
 

2. 	 A coordinator appointed by and
 
reporting to manmcg.nent
 
Note: In si:taller or,anizations,
 

manager !ind his staff 
may conduct energy c a­
servation activities as 
part of their -ranage­
ment duties. 

C. 	Provide the committee with guide- 23.1 
lines as to what is expected of them: 
1.Plan and participate in ene .y 

saving surveys 
2.Develop unifo" -i record keeping,
 

reporting, at, Ienergy accounting
 

2-1
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Refcrc:.ceReference sectionSection 

4. 	 Net energy charged to the main
3. 	 Research and develop ideas on 

... 	 productways to save energy 
5. 	 Energy dissipated or wasted

4. 	 Commun :ate these ideas and 
Note: Energy equivalents will need 2.5.4

suggestions 
to be. developed for all raw5. 	 Suggest tough, but achievable, 
materials, fuels, and utelities,goals for encrgy saving 
such as electric power, s:eam,

6. 	 Develop ideas and plans for en-
in order that all energy

listing employee support and 	 em, 
can be expressed on the :om­

participation 
mon basis of ":uunits.7. 	 Plan and conduct a continuing 

D. 	Analyze al pocess energy balances 2.5.3 
program of activities to stimulate 

in depth:interest in energy conservation 
L .Can waste heat be recovc ed to

efforts 
genenite steam or to heat water

D. 	Set goals in energy saving: 
cr a raw material?1. 	A preliminary goal at the start 

2. 	 Can a process step be eliminatedof the program 
cr mudifed in some way to re­

2. 	 Later, a revised coal based on 
dace energy use? 

savings potential estimated from 
3. 	 Can, zn alternate raw materat

results of surveys 
with lower energy cc :tent be

E. 	 Employ external assistance in sur- 6.2 
USed?veying the plant and making recom-

4. 	 Is th-re a way "-improve yie!'?
mendations, if necessary 

5. 	 Is the:. justificatic .,for:
F. 	Communicate periodically to em- 2.8.1, 

a. old eqtuipment
ployces regaiding management's em- 2.3.2 	 Replacin. 

with new equipment requir.
phasis on energy conservation action 

ir 	 less er' ;y?
and 	report on progress 

b. 	 Replacing an obsolete, in-
U. 	SURVEY ENERGY USES AND LOSSES c hient process plant with 

A. 	Conduct first survey aimed at identi- 2.5.2, v.. whole new and different 
fying cnergy wastes that can be cor- 2.6.1, 	 pocess using less energy? 

rected by maintenance or operations 2.6.2, .. Cendua weekend and night sur- 2.7.5 
2.6.3 dodieally 	 2.5.2actions, for example: 	 ve-r .. 

1. 	Leaks of steam and other utilities F. Plan surveys on specLic systems and 2.5.3 

2. 	 Furnace burners out of adjust- cquipment, such as: 
1. 	Stat systemment 

3. 	 Repair or addition of insulation 2. Compressed air system
 

required 3. Electrie motors
 
4. 	Nawral gas lines4 	 Equipment running when not 

needed 5. Heating and ai- condit )nLg sys-

B. Survey to determine where addi- 2.5.3 te,
 

tional instruments for measurement
 
M. 	IMPLEM1'lT NERGY CONSERVATION

of 	 energy flow arc needed and 
whether there is eccomic justifica-	 AMlONS 

A. 	 Correct ener.' wastes i. :-'ified in 2.6.3
ti, n for the cost of their installation 

the Frstsurvey by t; king the nee.s-
C. 	Develop an cnergy balance on each 2.5.3 

sary maintet nce or c-peration ac­r 	 cess to define letail: 
dons1. 	Energy input as raw materials 

B. 	 List all energy co: servation projectsand 	utilities 
Iving from energy balance anal­

2. 	 Energy consumed in waste dis- ovr 
yses, surveys, etc. Evaluate a.! St­posal 
lect 	projects for implementation:3. 	 Energy credit f. r by-products 

2-2
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Referenc 	 Reference 
Section 	 Se'tiou 

and cor­
for each project rect the caus- ior lncrcac 

1. 	Calculate annual energy savings C. Investigate, ide. "fLy, 

2. 	 Project future energy costs and that may occor in Bw unit 
calculate annual dollar savings of product if feasible 

3. 	 Estimate project capital or ex- B. Cotinue energy conservation corn- 2.7.5 
pense cost n- .in'tics 

4. Evaluate investment merit of 1. Hold peroic"n mnetings 
projects using measures, such as 2. Each committee member is the 
return on investment, etc. cormi..uication link between the 

5. Assign priorities to projects committee and the department 
based on investment merit supervisors reprcsentad 

6. 	 Select conservation projects for 3.Periodically update energy sav­
implementation and Tcquest cap- s-n 


ital 	 4. Plan 2d' participate in energyauthorization 
7. 	 Implement authorized projects saving surveys 

C.Rc .'iew design of all capital projects, 2.7.2 5. Communicate energy conserva­
such as new plants, expansions, ton tecaiqnes
 
buildings, etc., to assure that efficient 6. Plm and conduct a continuing
 
utilization of energy is incorporated ro.m of acti: and corn­
in the design. Maunimdon to keep up interest in
 
Note: Include consideration of en- energy corsevation
 

ergy availability in new equip-	 7. Develop cooperation with com­
ment and plant decisions. 	 munhy ox'gmnizations in pro­

mcting cnerg, conservationIV. 	 DEVELOP CONTNUING ENERGY 
CONSERVATION EFFORTS C. Involve employees 2.7.5 

A. 	Measure results: 2.5.7 1.Service oi energy conservation 2.7.4 
1. 	Chart cnergy use per unit of pro- 2.5.6 comluece 2.6.4 

duction by department 2. Energy conservation training 
2. 	 Chart energy use per unit of pro- COWS4 

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

energy coc ,mption per unit • aggestion awards plan 
of product is presented in 5. Rexoiton for energy saving 
"How to Profit by Conserv- .hitevements 
ing Energy" 6.Technical talls on lighting, in­

3.Monitor and 2nalvze charts of sulation, stea traps, and other 
Btu per unit of product, taking Vlbj=. 
into consideration effects of corn- 7. "savEncrgy" posters, decals, 
plicating variables, such as out- siiers 
door ambient air tcmperature, 8. Publcity in ;)lar. news, bufle­
level of production rate, product 
mix, etc. 9. Publicit, in public news media 
a. 	 Compare Btu,/product unit 10. Iuters on conservation to homes 

with past performa: :e and 11. Talt - lc al c .'Sanizadons 
theoretical Btu/ product unit 

b. 	 Observe the impact of en- D. EviUDate program 

erg' saving actions and proj- 4. Review pi gre: :i energy saving 
ect mplemcntation on de- 2. Evaluate .-riginil goals 
creasing the Btu/unit of 2.Consider I.ogrmm rodifications 
product 4. Revise goals, 2s recessary 

2-3 
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2.2 	 FORMAT AND CONTENTS 

Thrc %ighoutthis section, the letters, repo", forms, 

"and mecting agendas are in time sequence. \\here ap. 

propriate, there are comments or explanations which 

relate to the following memoranda. 
Energy 	 costs and cost projectio,,s, quantities of
 

for utilities
 energy, and equivalent energy factors 


have been left as blanks, rather ,ban stated numeri.
 

cally, In order to a.,oid any implication that the fig­
..ary from indus­ures are typical. Such numbers will 

try to industry, plant to plant, and region to region.
 

must make its own determination of
Each plant 

these figures.
 

Names of individuals and of the company are, of
 

course, fictitious.
 
Please r',e the definitions of the following sym.
 

bols used in this section:
 

k -- thousand or kiloi
 
M = million or mega
 

2.3 	 PLANT LA.NAGER TAMES FIRST
 
ACTION
 

con-The plant manager has decided that energy 


scvation must become a specific part of the company
 
He takes action by appoint­m,,i-meit program. 


ig an energy conser' :ion coordinator and request.
 

Ing the head of each ,,epartuent to select someone
 
are ex­to work wi'h the coordinator. His actions 


pressed in the following memoranda.
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ECOAFERGY COMPANY INTER-OFFICE C MRRESPONDENCE 

Un~Jnuary 7, 1974 

-Dpart2Dent H~eads 

FrVM D.T. Parker, Plant Manager 

-c'Formationof Energy Conservation Conittee 

Tie rising costs of energy and the allocations brought about by 
a problem of increasing concern. The need for

butshortages have become 
energy conservation has been discussed in previous staff mee.ings, 
franly we are not getting the results we e-,int. 

Mafrny companies achieved 5 to 10' savings inenergy usage last year by
 
Oir plant usesimJplementing for.al energy conservation programs.

A bill for prchasedmillion Btu of energy yearly and our ann If
at current energy prices.
f3Tri1 electric power isabout $ 
a Ij in our annual consurption,we couald achieve, for example,

$ an appreciable amount of money.that would be a sa.: --
rate of about %
Consider also that energy costs are rising at a 


per year.
 

Ve rmust initiate an aggressive energy conservation program 
at once. We 

mecd to establish a ccNrittee with the responsibility for forma
1 ating 

era conducting the program. I am appointing J.C.Baker to the fuiltime 

as corttee coordinator, reporting directly to me, and
responsibility

asking tnat by one week from today each of you assign someone 
to


I ='m :at person .hould be
 represent your department on the cormitt .e. 

He will be the con-unication lirkn.owlcdgeable and influential. 

areas.
between the cormittee and the key supervisors in your Appoint­

a major assignment requiring
.- this co.,nnittee will be considerednt to 
significant anount of tine, particularly du-ing the early stages of a 


the energy conservation program.
 

savEnergy
 

2.-5 
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up vrith ideas, to establishWe expect the committee to research and come 

an energy conservaticn goal, to caTmunicate suggestions on ways of 
to w.rk fLim, andto develop a common economic base

achieving that goal, 
some record keeping. The ccunittee will need to compile lists of 

to do 
their costs and benefits so that we can 

energy conservation projects, 
t6eine sup.isors, however, .ho 

plan our expeniitures. Lt Ai11 be 
taken to accomplish energy co.servatiol. mist see to it that actia-s are 

way to kick off the program would be to conduct 
I suggest that a good 

the energy streams to identify 
surveys thrtrghout our plant - tracing out 

can be reduced or elimi­is used so that wasted energywhere oir energy 
Fixing leaks of steam and other utilities, adjusting furnace 

nated. 
steam traps, and repairing or adding insulation are 

burners, repai-ing .ake inmediately to 
some of the rn--.ntnance and operating actions we can 

The Energy Conservation Program Guide 
start realizing energy savings. 
for Industry and Cman.ce (EPIC) publishcl by the U. S. Department of
 

developing our program.

Comnerce wil provide trhe guidance for 

thorughly convinced that the continuing success of our company
I am 

energy supplies as effectively as possible. The 
ourrequires that we use 

the support and interest that we,il, depend uponsuccess of c pro - = 
as management, demonstrate. 

Let's set 
I think we should set a tough, achievable goal for ourselves. 

in energy this year. This goal can be 
an initial target of 10% savings 

and estimate the actual potential
ar-er 'we conuc-t our surveys 


savings.
 
revised 

.savEnergy
 

2­
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ECONERG Y COMPANY 
'EIIPLG YEE, BU'LETIN 

Date: January 15 1974 

To: All Employees
 

From: D.,T. Parker, Plant'WMnager 

Subject: Initiation of Energy Conservation Program 

Television, radio and newspapers are filled writh reports on the energy
 
shortages. This problem has implications far beyond the inconvenience
 

This energy
we experience at our local gasoline service stations. 

problem has a potentially serious impact on American industry, including 
the ECO\ERGY Company.
 

Not only are the costs of purchasing electricity and fuels soaring but
 result of
the availability of our vital raw materials isdeclining as a 

the energy shortages. To avoid production disruptions which may result
 
from these shortages, the ECONERGY Company isinitiating a far-reaching 
Energy Conservation Program (ECP) to identify and eliminate inefficient, 
mnecessary, or wasteful uses of energy throughout the plant. 

To accomplish this task I have appointed Mr. J. C.Baker, Utilities De­
partment, to head the Energy Conservation Committee. This Committee
 

us to reduce our energy con­will fon-,ulate a program which will enab] 
sumption without disruption to our produccion flo". The support and
 
acti"e r. rtir:ipation of every employee is essential if we are to achieve 
our goal of 10% savings L. e-nergy -so this year. 

You will soon be seeing signs that say "savEnergy." This is more than 
a catchy slogan: itisa reminder that energy will always be available
 

at home and at work if we are careful in the ways we use it. 

savEnergy 

2-7
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2.4 	 FIRSF MEETING OF ENERGY 
CONSERVATION COMITEE 

- 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 letter (2.3.1). When 
be has the names of all members of the committe, 
and a plan in mind, he calls a meeting of the com­
mittee and submi:, to them the proposed plan in tb­
following letter. 

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

2-8
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ECONERG Y COMPANY 	 INTER-OFFICE CORRESPONDENCE 

Date: 	 January 18, 1974 

W. D. Smith, Operations "Al 
To! A. B. Jones, Operations "B" 

T. G. larshall, Iaintenance
 
R B. Robinson, Administrative Services
 

From: 	 J. C. Baker 
Energy Conservation Coordinator 

Subjec.-	 Comimittee Assignments 

D. T. Parker's letter dated January 7, 1974 outlines the formation ot 
the Energy Conservation Conittee, 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 faniliar 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 
ceveloped a plan for dividing these duties among us. The first priority 
is to conduct a surv:ey of present energy usage and to begin reducing or 
eli-nating waste. Because of their familiarity iith these problems, 
our cperations representatives, 1W. D. Smith and A. B.Jones, should be
 
responsible for developing a plant-wide plan for energy saving surveys. 

Another area that requires early a*tcntion• is the establish.ent of a 
co~mon 	 economic base from which to work. There will be ene. _ 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 would appreciate it if R. B. Robinson of Administrative Services 
could obtain from Accomting data on the quantities of purchased fuel 
and electric power used monthly last year and this year. A continuing 
plot of energy consumption per unit of production is necessary to help 
us monitor the progress in our plant-wide energy conservation effort. 

savEnergy 

2-9
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would
In addition, we need to consider projected energy costs. 	 So, 

R. B. Robinson also please ask the Purchasing Section if they can develo 
fuel and electric power cost projections for this year, three years and 
five 	years into the futre. 

on energy con. are going to need to conmunicate ideas and suggestionsWe 	
to our plant. Since T. G. Marshall of

servation techniques applicable 
askingMaintenance has had broad experience throughout the plant, I am 

that he assume responsibility for coordinating this function. To start 
literature references and the Energy Conservationwith, we have several 

surely will haveOpportunities (ECO's) in EPIC. As time goes along, we 
generated additional ideas deserving of broad conmmunications through our 

comittee.
 

If all of you are in agreement with this plan, I suggest that each of -s 
in our areas this week to inform them of 

meet with the key supervisors 
up with energy saving projets.our program plans and to ask them to come 

time, to
Let us meet again in my office one week from today, at the same 

to attend that meeting or any
report our progress. If you are unable 
future meeting, please ask an alternate to attend in your 	place. 

cc: D.T.Parker
 
Plant Managei 

-savEr 

2-10
 



2.5 	 SECOND MEEITG OF ENERGY
 
CONSERVATION CO 1ITTEE
 

The week passes and the committee holds Its 
second metring. The coordinator gives each member 
a copy of he agenda shown on the next page. Then, 
in the sequence of the agenda, evch member presents 
his report, giving a copy of his letter and attach­
ments to hII present. The following sLx letters docu­
ment the reports and proposals submitted at the 
meeting. It is assumed that all these matters were 
accepted or approved by the committee. 

Note that in Section 2.5.4, and elsewhere in EPIC, 
a ratio of 10,000 Btu/kWh is used for illustrative 
purpos.-s for the energy used by a utility to generate 
electricity. According to the Federal Power Com­
mission, the national average for 1972 was approxi.
mately 12,000 Btu/kwh. This figure will vary from 
region to region, however. 

29--II
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ECONERGY COMPANY 
IN;ER-OFFICE CORRESPONDENCE 

Date: January 25. 1974 

To: EnergyConservation ' Committee 

From: J 'C.Bakier, Coordinator 

Subijcc- Agenda for Second Meeting of the Energy Conserva7tionComittee 

1. Report of plans for energy saving surveys 

2. Energy equivalents for plant utilities 

3. Present and projected fture costs of energy 

4. Monthly energy use for 1973 and 1974
 

5. Proposed forms:
 

a. Calculation of Btu per unit of production 

b. Tr.c!Tng chart 

cc: 	D.T. Parker
 
Pant Manager
 

savEnergy
 

2-12
 



2.5.2 

284. 

INTER-OFFI .E CORRESPONDENCEECONERG Y COMPA NY 

January 25, 1974 

J. C. Baker, Energy Conservation Coordiname r 

T. G. Marshall, intenance 
R. B. Robinson, Administrative Services 

,: Energy Saving Sur.,ey Team 
W. D. Smith, Operations "A" 
A. B. Jones, Operations "B" 

Plans for First Energy Saving Surveyject: 

The first survey will be aimed at identifying energy wastes that can be 
The .'.ttached survey

corrected by maintenance or operations actions. 
the types of wastes we will be looking for. In addi­

form indicates 
we will refer to the Energy Conservation Checklist Ln EPIC. All 

in the sution, 
areas and buildings will be included vey. The main 

process 
part of the survey will be conducted during normal daytime work hours, 

but one or more night visits will be required to 
search for excess 

nighttime lighting and hVAC (heating, ventilating, 
and air condition-

Areas or buildings
ing), as well as equipment running when not needed. 

full or partial shutdowm condition on weekends will 
that are in a 

look for energy use that is not necessary.
warrant weekend visits to 

in coopera-
The survey team pvoposes to conduct the survey of each area 

a forean, supervisor, or eng'neer desig­
tion with and accompanied by 
nated by the department head. Findings of the survey of each area will 

form and copies will be made available to 
be recorded on the attached and the Energy Con­the maintenance department,the department head, 
servation Committee.
 

i.ll L'. prerared by depart-
Work orders for correcti-n of energy wastes 

is the case for any other maintenance work. 
ment supervisors, as 

the survey team will prepare a timetable for visits to the 
This week, 
various areas and conrunicate the schedule to department heads. 

weBy cc.?y of this letter to Mr. Parker are requesting management en­

dorsement of our plans for this first energy survey. 

cc: D. T. Parker, Plant Manager 

savEnergy 
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ECONERG Y COMPANY 
"INTER-OFFICECORRESPONDENCE 

Oate: January 25, 1974 

To: J. C. Baker, Energy Conservation Coordinator
 
T. G. Marshall, Maintenance
 
R. B. Robinson, Administrative Services
 

From: Energy Saving Survey Team 
W. D. Smith, Operations "A" 
A. B. Jones, Operations "B" 

Subject: Future Energy Savings Surveys 

After our first energy saving survey, which isaimed at correction of
 
the more obvious energy losses, there are other surveys which we feel
 
certain will reveal additional ways to reduce ener.-y consunption but
 
which probably will require capital investment.
 

1. The Energy Balance
 

The basic data needed for energy conservation efforts is an energy 
balance on each process and department. This study can be done by an 
engineer in the depai.tent concerned, i-ho is thoroughly familiar with 
the process flow sheet or the building energy uses. The object is to 
define in detail the energy input, energy utilized, and energy dissi­
pated or wasted. In some areas this will require improving measuring
 
capability. The co_ L of ti.is additional measuri g capability must be 
weighed against the potential savings. An example is show.nm on the 
following energy flow diagram for a steam generating Unit. Having 
identified the individual energy wastes, the engineer can then deter­
mine methods for reducing or using these energy wastes. (The ECO
 
Checklist in EPIC can be helpful.) The engineer's next task is to
 
evaluate the alternate methods and reconmend the best one.
 

savEnergy
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2. Enerysurpussurvey 
After the energy balances survey tezm is 

have been completed,indicated. some coordination by theThe survey teamhave prrnared the can contact the engineers whoenergy balances to detn-ine ifthat cot .d be therex :c. ered economically are energy wastescess area. Let's but have no use within their pr. ­say that there is potentialfrom furnace flue gases for recovering waste heatby using it to(b) generate low pressure (a) preheat combustion airsteam. orSuppose that air preheatbecause of furnace construction and there is 
is impracticalsteam no useithin that department. for low pressureThe survey teamthe energy conservation conmittee can communicate through 

use 
to other depai .nents and perhaps find afor the lcw press .re steam. 

3. Survey of Pressure Reducin Stations 

Determine location of all steam and high pressure gas,valves, Ucs-ream and downstream pressures, pressure-reducing
andfeasibiliiy of letting pressure don by flowing through an 

flow rates. Evaluate 
driving scme equipment, suc*. expanderas a _np or compressor. 
4. Survev of Compressed Air Pressure Requirex.nts
Survey all users of plant air to find mininmumLowering coressor discharge pressure 

pressure levels required.
two users can saves energy.be satisfied with a If all but one orlower pressure,feasibility of installing a separate compressor 

an evaluation of the or a booster to supplythese higher pressure users should be made. 

savFlnergy 
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5. Steam System Survey
 

a. Traps 

Review all steam trap installations. Are th..re too many traps on a
 
Or too few? Of an efficient type? Or inefficient? Are traps
line? 


Are they functioning as they
sized properly? Installed properly? 

should? Should traps receive special maintenance attention?
 

b. Increase Co".lensate Return c.Boilers
 

Loss of condensate isa waste of heat and of valuable high purity
 

water. Identify all sources of condensate and evaluate economic feasi­
condensate tobility of installing pump ana insulated piping to return 

boiler feedwater tank. Ifcondensate iscontaminated, evaluate possible 
clean-up. 

c. Use of Lower Pressure Steam
 

Search for situations where use of high pressure steam can be switched 

over feasibly to lower pressure steam. It isadvantageous to use the
 
This is

lower pressure steam where the higher pressure is not needed. 
par'.icularly true uhen the lower pressure steam is being supplied from 
extraction or back-pressure turbines or a low pressure boiler separate
 

Of course, lowering pressure by a
from the high pressure boiler. 

pressure reducing valve offers no savings inenergy.
 

6. Survey for (.ersized Electric Motors and Equip.cat 

Electric mtors and equipment, such as centrifugal pumps, operate 
with
 

best efficiency at rated load. Ifthey 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 insulation and furnace walls with infrared scamnrers to detect
 

excessive heat losses. Repair insulation and walls where needed.
 

8. Combustion Survey
 

Evaluate economic fea­Peter,=L.coimbustion efficiency inall furnaces. 

sibility of replacing burners with more efficient type and .nstalling
 

oxygen and combustibles analyzers on flue gas along with improved 
com­

bustion control system to maintain optimum excess air. 

cc: D. T.Parker
 
Plart Manager 

savEnergy
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INTER-OFFICE CO.RESPONDENCE 

Oate: January 25, 1974 

To: W.D. Smith, Operations ,A"
 
A. B.Jones, Operations "B"
T. G.Marshall, Maintenance
From: 
 R.B.Robinson, Administrative Services
J. C. Baker, Energy Conservation Coordinator
 

Sublect: Energy Equivalents and Costs for Plant Utilit-:es 

We need a uniform method for calculating the value of our energy savingsfor our various u..ilities and I recomend wesysten based on Btu usage. institute an accounting
accounting For our purchased electric powe *, doll:iris simply a mitter of using t"i /1±rr rate(s) we pay theutility company. The ma-...ceraccounting of electric power. is n e inle, however,' for our Btuof heat. But due 

One Hh is capablL of producing 3412 Btu
of fuel are 

to power plant inefficiency, approximately 10,000 Btuburned by the utility company to generatefore, the "energy equivalent" one k'.h. There­for electric Ix;er is: 

Following this example then,
10,000 Btu/Mf 

anthe number of Btu of fuel that 
"energy equia- mrt" may be defined as

utility, such as 
are consumerd in generatinga keh of electrici*ty a unit of

this way, th. or 1000 lb of steam."energy equivalent" Definedis the factor weboard to put all projects on a can use across the
common base inour energy conservation
program.
 
Next let us consider the fuels that we purrchase.is the heat of combustion. The energy equivalentThe unit cost canes fron accounting.Fuel Cost 
 Ferg, EuivalentNatural Gas Cost/MStu
$ /1000 cu ftFuel Oil Btufcu ftga S /mtuCoal $ /ton ----- j

Btu/Th $-__ Btu 

SsavEnergy 



290.
 

The costs of our generated steam, compressed air, water and treated 
boiler make-up water published by our accounting department include 
depreciat.on, maintenance and operating costs, etc., and therefore cannot 
be used in figuring dollar value of energy saving. When we save these 
utilities we save only the fuel or electric power that was used to gener­
ate, compress or pump the utilities. In our boilers generating 400 psig 
and 150 psig steam, the energy equivalents of steam are the fuel Btu used 
in generating steam based on the boiler efficiencies. The steam costs to 
be used in energy saving accounting are, therefore, the costs of the 
energy equivalents. 

Steam 	 Cost Energy Equivalent 

400 psig $ /1000 Ib Btu/1000 Ib 
150 psig $ /1000 lb Btu/1000 lb 

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

Utility 	 Cost Energy Equivalent
 

Compressed Air $ /1000 CU ft 	 Btu/1000 cu ft 
Water $' /1000 ib 	 Btu/1000 lb
 
Boiler Make-Up
 
Water $ /1000 lb 	 Btu/1000 lb 

When we save condensate and return it to the boilers, we reduce the 
boiler make-up water requirement and save t:.e Btu difference between the 
heat 	content of the condensate at F and of fresh water at its tem­
perature. Thus, our energy equivalent for condensate is Btu/1000 lb 
and its cost is $ /1000 lb. 

cc: 	 D. T. Parker
 
Plant Manager
 

savEnerg 
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ECONERGY COMPANY 
INTER.OFFICE CORRESPONDENCE 

Date January 25, 1974 

To: J. C. Baker, Energy Conservation Coordinator 
W. D. Smith, Operations "A" 
A. B. Jones, Operations "B" 
T. G. !rsall, Mainter nce 

From R. 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 $ /klh $ /dh 5 klsh 

Natural Gas $ /1000 cu ft $ /1000 cu ft $ 100 Cu ft' 

Fuel Oil $ /gal $ /gal $ /gal 

Coal $ /ton $ tonn/ton 

Purchasing has agreed to. advise our committee whenever these"costs- are 
revised. 

cc: D. T., Parker , Plant Manager I 

savEnergy 
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ECONERGY COMPANY 
INTER-OFFICE CORRESPONDENCE 

Ote: Janua.y 25, 1974 

To: J. C.Baker, Energy Conservation Coordinator 
W. D. Smith, Operations 'W' 
A. B. Jones, Operations "B"
 
T. G. Marshall, Maintenance 

Iram R. B. Robinson, Administrative Services 

Subject: Month1y Use of Fuels and Power - 1973 and 1974 

The attached form was developed and submitted to Accounting.: They 

hope to have the information compiled within a few days. 

cc: D. T. Parker, P-.ant Manager 

savtnergy 
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ECONERGY COMPANY 
INTER-OFFICE CORRESPONDENCE 

Date: Janutxy 25, 1974 

To. V... D. Smith Operations "A" 
A. B.Jones, Operations "B" 
T. G. Marshall, Maintenance 
R. B. Robinson, Administrative Services 

From: J. C. Baker, Energy Conservation Coordinator 

Subject: Department Energy Unit Ratio and Tracking Chart 

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

Inour particular operations, we have no by-products, and our energy 
use for waste disposal isnegligible. Therefore, our pr.ie concern is 
raw material energy and conversion energy. Conversi n energy isthe 
energy equivalent of utilities used in manufacturing the product. Raw 
material energy content can be samewhat more involved. The raw material 
suppliers may be able to providc this number, or an approximation is
 
available for most materials from the U. S. Department of Cc :.nere. If 
unavailable from these source-, itcan be estimated as the heat of com­
bustion of the material. This estimate is always low. Any energy spent 
on the raw material in getting it to the point of use Fhould be con­
sidered - for example, mining, crushing and sizing, and transportation.
Bear in mind that less energy intensive raw materials should escalate 
less inprice as energy costs increase. Having determined the energy 
content of raw materials, and given a choice, a better rawi material 
selection should be possible. 

Attachment B is a three page form for tabulating monthly department use 
of raw materials and utilities, for calculating Btu content of these
 
quantities, and for determining the total Btu and the energy/production
unit ratio inBtu per unit of production. As this information is 
developed we will prc.bably find that there is a need to install addi­
tional metering and to rehabilitate some existing meters, if economi­
cally justified.
 

savEnergy
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Attachment C is a graph for plotting the monthly Btu per unit of
 
production for 1973 and 1974. This graph can be used for charting

the energy used by individual production departments and also by the
 
total plant.
 

Ifyou have any questions, see me. These records are important
 
to our on-going program.
 

cc: D.T.Parker, Plant Manager 

savnerg'y 
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ATTACHMENT A
 

HOW TO PROFIT 
BY CONSERVING 
ENERGY 
A Do-ft-Yourself Kit 

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

OBJECTIVE 	 Encourage industrial firms to set measurable goals for r.,­
ducing energy consumption per unit of product produced. 

GOAL. 	 X-percent. reduction in energy content* expressed in BTU'S 
per unit of product. 

PROCEDURE 	 Use the energy calculator on page two to determine the' 
current ene.rgy content in BTU'S per unit. for any kind of 
manufactured or processed product. 

With this yardstick, measure progress to determine if energy 
reduction goals are being met, exceeded or missed. 

"Energy content per unit of product includes energy content of 

the raw rr.aterial plus energy spent in converting or upgrading and 

Inwaste disposal. 



297. 
"DO IT YOURSELF KIT" For Calculating The Energy Content of A Product 

GUIDELINES OF THE NATIONAL INDUSTRIAL ENERGY CONSERVATION COUNCILSUCGESTiD PROCEDURE FOR CALCULATING ENERGY CONTENT (BTU'S) OF A PRODUCTFOR THE PERIOD BEGINNING
,++,,,+,,,PERIOD 'nuary 1. 1974 ENDING. February 1.1974 

The Dow Chemical Co. IG.Snye,,r. 

RAW MATERIAL ENERGY (LIST MAJOR RAW MATERIALS) T A6 

AtA~RIA 
ILlW GMLATCei £t. 

TOTAL STU 

CONVERSION ENERGY (LIST ALL PAJCR UTILITIES) 

if ~UTI1L!TY ,,v1=TOA0US 

C.,
 

TOTAL BTU' _ 

WASTE DISPOSAL ENERGY 

Dt 

TOTAL BTU '1 
GROSS ENERGY CONTENT OF PRODUCT (SUM OF ITEMS 8. 13 AND I.)BTU'1S 

BY.PRODUCT ENERGY CREDIT (LIST ALL MAJOR BY-PRCDUCTS) 
BY.PqCOUCT IX -- -2 ,OA T' 

I2n 

---- ---- ----- 7TAL BTU 2 
[NT NERGY CONTENT OF PRODUCT (ITEM IS LESS ITEM 23)2 

ENERGY CONTENT PER UNIT OF PRODUCTION 1ITEM 24 DIVIDED BY ITEM 3) "N 
GOAL (TARGETED ENERGY CONTENT FOR THIS PERIOD) BTU'S UNIT- -IF ITEM 26 IS EQUAL TO ITEM 25, GOAL WAS MADE (CHECK ITEM 27)--- ---

-

27MADE 
IF ITEM 26 IS NOT E "UAL TO ITEM 25, CCMPUTE DEVIATION FROM GOAL: COaL 

ITEM 26 LESS ITEm 25 46 
ITEM 28 DIVIDED BY ITEMA 26 _ 
MULTIPLY ITEM 22 BY 100 - - - - - -
IF ITEM 26 IS GREATER THAN ITEM 25, COPY ITEM 30 HERE.-
IF ITEM 26 IS LESS THAN ITEM 25, COPY ITEM 30 HERE ----

- -

-- ----------­

-. 

-COAL 

". 8.,OAL 
,"--SSEQ 
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GUIDE FOR FILLING OUT FORM ON OPPOSITE PAGE 

1 Finished product ready for shipment.
 

2 Product I.. No. is the numerical Identification of the product.
 

3 units 6f 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 as'ecific energy content. Energy content is measured in termt, of BTU'S. Raw 
material supplier may provide this number or an approximation is available for most materials 
from the U. S. Department of Commerce. If unavailable from these sources, it can be estimated 
as the heat of combustion of the material. This estimate is always low. 

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. For 
other utilities, this is the energy necessary to generate one unit of the utility (e.g., 1 KWH). Use 
10,000 BTU'S per 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 and 
bury a solid, the energy to burn 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 the 
by-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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299.
"DO ITYOURSELF KIT" For Calculating The Energy Content of A Product 

CUIDILINES 0f THE NATIONAL INDUSTRIAL INERCY CONSERVATION COUNCILSUGGESTED PROCEDURE FORCALCULATING ENERGY CONTENT IBTU-SI OF A PRODUCT 
FOR THE PERIOD BtCONrNINC- J00 r .OING Ftbuary 1,1974 

The Oow Chemical Co.1 _ _ _ GSnyd.e Esh l n _ _ _ _ _ _ F I. Jr._ _ _ _ _ _ _ _ _ _ _ _ _ _ 

RAW M6ATERIALENERCY ILIST MAJOR RA. MATERIALSO~ ~ 
1 N )5!.6 z7- _I 42000 

,HvdrTOTATon CisCol. a1.', rlc*n! _______ ' lI 
 Pounds
 

CONVERSION ENER'y ILIST ALL MAJOR UTILITIES 

* S ISOPillIIan ,€o,,..,,,.. l-1 PI!3 19510A 

10EN .a,,CI5 , 


: _._. ! ,. ,. .. ,to. i 

I 
... 21... 3 7s7,., , ,

Ci t t0 1 ISX
 
IC! vP, Gict, ft. 301 
 IS' I. l ot71Gt 

WASTE DISP0OSALENERGY 

IU L .... .. A dI* m,ut, ,,, i, 

l :T 
 TA I -3 1lll¢(5 101I0 b
 

CGR01'ENERGY CONT147OF RT'UrT 'SUM 06 EM(. 8.1 16,STUSAND 1 6-13 aIoe 

SYP ROOUCT ENERGY CREDIT 'LIST ALL mAIJOQByPP .JCTS%
 
ai7Eo: 2 X.,s1.i.
 

I+.._2R cun,.. 21+ 4I 1* ,________ 2I Ill ,, ,!! ; 

L- TOTALA!. ?2s 27?, IOTUal 
NETC1NCiGy CONTENT OF PRODUCT l'IM It LESSITEM 31 r10 T' 
ENERGY CNTENT PERUNITof PRODUCTION OTC. ,DvoeoBy1-M 31, 3,lTs.-

COAL ITARG.[TF.D ENERGYCONTENT FOR THIS P[RiOOi BTu's UNIT.---------

IF ITEM 26 IS E2UAL TOITEM , "AL
7. WASMADE ICHECK ITC" 27'-----. MaEIF ITE, 26 IS NOT EOUAL TOITEM20. COMPUTE DEVIATION FR m GOOL. 
ITEV 3SLeSS ITEM .---------------------------------

IT OIVIDED BY ITIM - ­ - - 0135
 
MULTIPLY 
 ITEM 27 BYr0iC-- -- -- --
If ITEM 26 IS GREATER THAN ITEM25.CCPY ITEM 0 mERe --- ~A.. a1 ."O CAL 
IF ITEM 26 IS LESSTHAN ITEM 25, COPY I--EM30 Hir

E O 

All significant input materials are listed even though they may not 1030 BTU*S/ft 3 
ofapopear in the finalproduct. gas was provided by the gas sucoolier.

The energy in the cooling and the process wre- is Tre cowerThese ouans .es of malerials were used during Jansuary. 1974. The necessarydesiccant may be purchased only once every 
to Duma the waler. The power in K;H'S!-- Ion wassix months, but a multiplied by 10.000 BTU'S/KWHproorionrtal amount is allocated to this montlh. to arrIve It tise STU'S er ;"w1an
15 The oily. caustic water was neutralized and then treated
The energy content of ethane in ais the heal of combustion which is bhO-Oxidation pilant. The total dispoisl BTU'S inc:ijle tne c-re rgy toavaiable from several reference books, run the bieoxicdation Clant plus the energy in the neulraliz 'gagent. 

TheThe austhro from literature Source.energyhnergyConteitcontent ofOf Ccsthc~ W316estimated murliat acid.matfro la tatre 21sores.n
The heal content All of the energy contents here %%ere assumeduf the hyarogenaloro catalyst and to be ecua to thethe desiccant heat of comoustion since theseare educated guesses. The ouantiies of these matrials used are 
materi3ls may be readily bjrned asso fuel. Resioue gas was essum^d to besmall that tIeerror inilroouced by an incorrect guess i the same as lignt fel oi.insigificant, pyrolysis gas was assumed o be the same as toluere broIn C3 -C 4Tht TU'S Per unit of steam are available from steam tables. In thiscase credit was taken for the hot water returned to fraction was assumer to be butene.Oe steam plant. The basic information in this amole10,000 BTU'S:KWH was taken from the St-Alfordwas useo snce this rs ciose to Ihe energy that Research Institute report on "Ethyiene" dated August. 1957. pagean average utility uses to generate a KWH of electricity. 219. 
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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 States, significant contributions 

can b3 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 ita 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 manufacturing processes which use large amounts of energy 

will be pinpointed. 

What To Fxpect - Once BTU content is determined, products can be ranked by BTU'S per unit, 

BTU'S per dollar of sales, and BTU'S per dollar 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.hogging equipment is isolated, efforts can be focused on replacing old machinery and 

equipment, using more energy-conscious designs, and improving maintenance programs. 

Less energy-intensive raw materials should escalate less in price as eriergy costs increase. Having 

determined the energy content of raw materials, and given a choice, a better raw matwrial 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 
tof identifying the..
first attempt will account for less than 50"a of the input BTU'S. Simply the 

other 50% will reveal many opportunities for improvement. For example: 

1. 	A reduction in scrap or an improvement in yield will often be the most significant energy 

reduction that can be accomplished. 

2. 	 Leaking water, steam, inert gas or raw material may seem quite small as it escapes into the air, 

but over time this can represent asizeable quantity of energy. 

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

identified. 

4. 	 Sometimes energy lost to the environment, either through cooling water or through air, can be 

used advantageously to heat inlet raw materials or process equipment. 

5. 	 The energy content of waste may be recovered in part or in total by treating and recycling the 

waste back through the manufacturing process. In some instances, it may be possible to burn 

the waste and use the recovered heat in the process. 

6. 	 Temperature .ontrol enuipment may be alternately heating and cooling. This problem isoften 

corrected by a Jimple adjustment of the controls. 

7. 	 Recognizing that it takes 10,000 BTU'S to generate one KWH may suggest usinl less electricity 

. for heating since this same KWH iscapable of producing only 3,413 BTU'S of heat. 

8. 	 It may be possible to combine some manufacturing steps so that the product dces not cool 

down between steps and subsequently have to be reheated before it is processed further. 

The energy shortage is a national concern. It can also be viewed as ar exciting challenge. Those 

companies that move quickly to meet the challenge will contribute substantially to the solution of a 

naional problem - and make money at it. 

The first step ismeasurement. 
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DEPAnTMENT 
MONTHLY DEPARTMENT ENERGY USE 
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2.6 	 First Energy Savin- Survey 
The survey tcam's plan for the first survey was 

approved by t, - Encrgy Conservation Committee, 
you recall. Nowt we have a sequence of four letters 
regarding the survey. The manager endorses the 
survey p!an. The team submits their timetable to 
department hezds. Findings of the survey are re­
ported. Finally, the team suggests the need for fore­
man traiung in energy conservaion. No.e the appli­

cation of: 
" Survey 
* Employee involvement
 
" Top management commitment
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ECONERGY COMPANY 
INTER-OFFICE CORRESPONDENCE 

Date: Januar 2,is 1974 

To: Department Heads' 

From: D.T, Parker, Plant Manazer 

Subject: First Energy Saving Survey 

You each have a copy of the January 25, 1974, letter from W.D. Smith
and A.B.Jones detailing their plans for the survey aimed at energy
wastes that can be corrected by maintenance or operations actions.
These are the types of energy losses that can be stopped or reduced
right away, cr fairly soon, and at little or no expense.
 
Smith and Jones will contact you inthe near future regarding a time­table for the survey. Each of you should inform then of the name of
the person you designate to accompany them and participate with them
in the survey of areas under your responsibility.
 

Everyone's cooperation inthis program isimportant. 
I urge that you
put some real priority on this survey and on taking corrective actions
 
as soon as practical.
 

cc: If. D. Smith, Operations "A" 
A. B. Jones, Operations "1" 

savEnergy
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2.6.2 

.ONERG Y COMPANY
 
INTER-OFFICE 
 CORRESPONDENCE 

Date: Flbruar la 1974 

To: Department Heads 

From: W. D. Smith, Operations "A" 
A. B. Jones, Operations "B" 

Subject: First Energy Saving Survey 

The timetable for this survey is given. below.dates If any of theseare not convenient, please contact us so that other tt.,escan be arranged.
 

Area 
 Date 
Furnaces 
 February 11 
Shop February 12 
Heat Treating 
 February 13
 
Shipping February 14 
Receiving February 15 
Laboratory 
 February 19 
Utilities February 20
 
Chemicals February 21 
Administrative Building February 22 

cc: D. T. Parker, Plant Manager 

savEnergy , 
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ECONERGY COMPANY 
INTER-OFFICE CORRESPONDENCE 

Oate: February 28, 1974 

To: Department Heads, 

From: W., D Smith, Operations "A" 
A.B. Jones, Operations "B" 

Subject: Results of First Energy Saving Survey 

Attached are the findings of the survey. Some of the operating items
have already been corrected by operations personnel. Department
supervisors have already written work orders for a number of the
maintenance repairs. Those operating or maintenance items that require
process shutdoun for correction have been added to the lists of jobs
to be done at the first shutdown opportunity by department supervisors. 

Ih is importt that we monitor the progress of work on correctingthese energy wastes by keeping up-to-date records; therefore, itisessential that we are advised when each job is completed. 

If there are any questions concerning the survey, please contact us. 

As a result of the survey and some energy conservation projects beingproposed, we have 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 Conmittee
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2.7 THIRD MEETING OF THE ENERGy
CONSERVATION COMMITTEE 

This meeting is the last to be recorded in thissection. On the following pages are four memo.­randa dealing with the topics shown on the agenda.The last memorandum presents
activities plans for specialeach month for the rest of the year. Atthis point an active, effective program should bewell into the process of implementation. 
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ECONERGY COMPANY 
INTER-QFFICE CORRESPONDENCE 

Date: March 8,1974 

To: Energy Conservation Comittee 

From: J. C.Baker, Coordinator 

Subject: Agenda,for Third Meeting of the Energy Conservation Committee 

1. Capital project reviews
 

2. Energy saving project lists and project evaluation samar) 

3. Conmmication of ways to save energy 

4. Continuing program
 

cc: 	 D. T. Parker.
 
Plant Manager
 



313.
 

ECONERGY COMPANY 
INTER-OFFICE CORRESPONDENCE 

oate: March 8, 1974,. 

To: Department Heads 

From: D. T. Parker, PlantMnager 

Sublect: Capital Project Reviews 

As you know, in our authorization procedure every capital project 
must be reviewed and approved uith regard to safety, fire protection,

pollution abatement, and additional utility requirements. As of this
date, we are adding energy conservation to this checklist. 

Every capital job will be revitwed by the Coordinator of the 
Energy Conservation Comittee. On large jobs the interested 
committee member will also participate with the coordinator and project
team. The purpose of these revie..s isto assure that there is 
efficient utilization of energy inthe design. Ifthe project has to 
do with production, the design Btu per unit of production will be 
calculated and compared with the historical Btu unit ratio. More 
efficient use of energy isexpected. 

cc: Energy Conservation Committee 

savEnergy 
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ECONERGY COMPANY 
INTER-OFFICE CORRESPONDENCE 

ote: March 8, 1974 

To: W. D. Smith, Oerations "A" 
A. B. Jones, Operations "B" 
T. G. Marshall, Maintenance 
R. B. Robinson, Administrative Services

From: J. C. Baker, Energy Conservation Coordinator 

Subiect: Energy Saving Project Lists and Project Evaluatiom Summary 

Some of our energy conservation projects will require capital; others 
can be done on expense. Therefore, we should have Two separate lists 
of projects. In order to have the lists ina uniform format, the 
two attached forms for capital and expense projects are provided 
for use by all departments. 

The ratio of energy savings/year per dollar invested is an 
indicator of how good a project is, compared to other projects. 
The higher the numaber, the better the project. In the forms, a column 
for percent return on investment is also included as an aid in 
assigning priorities on projects.
 

Also attached is an evaluation sutrmary form to be used for each project. 

Please submit copies of these forms to the key supervisors in your area 
and request that they enter their project information and return 
completed copies (lists and evaluations) before our next meeting one 
month from today.
 

Our manager, Mr. Parker, has requested that we continue working on the 
lists, revising and updating them monthly, adding new projects that 
evolve and additional maintenance jobs that become necessary. 

cc: D. T. Parker, Plant Manager 

savEnergy 
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ENERGY CONSERVATION 

CAPITAL PROJECTS 
Department: 

Date: 
Project 

Number 
Project Description Energy 

Savings 
Btu/Year 

Capital Cost 

$ 
Ratio 

Btu/Year Savina 
$ Capital 

Pc R Priority Status 

. ._ _ _.. _ 
• I _ _ _ _ _ _ _ _ _ _ _ _ 



ENERGY CONSERVATION Department: ,
EXPENSE PROJECTS Date: 

Project Project Description Eneigy Expense Cost alltio Percht RO1 Piodrty+ Status
Number Savngs$ Biti/Year Sav. .'

Btu/Year S Expense 

, o 

LGO 
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ENERGY CONSERVATION PROJECT 
EVALUATION SUMMARY 

Cap!tal ' or Expense 

Department " 

Date .. ... 

Project No. ." . Person Responsible 

Project Title: 

Description of Project: 

Location:
 

Financial Evaluation
 

Estimated
 

Energy saving (electric power kWh/yr. steam lb/yr etc.)I .
 

Utility or Raw Material Saving
 

/yr 

'yr 

Total energy saving . .MBtu/yr
 

Total energy cost saving .......... _•____S/yr.
 

Other cost saving due to:­

yr 

Additional cost due to: 

Net cost saving . . St_________.__________________yr 

Cost of project ;_______________...... 

2-"6 
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ENERGY 	 CONSERVATION PROJECT 
EVALUATION SUMMARY 

Calculated 

Return on investment 

Pay back period 
_ m-z.. .. : : _.m onths 

Other _ _.. __.. __ _ __ _ _ __ _ __ .. . .. 
Btu/unit of production: Now__ After project implemenftd " _ _ _ 

Benefits/Problems - . 

Product quality _ _....... .. .... . _ _ _ _ 

Product yield "___ 

Production rate _____________"______ 4___"____________________________r....	 ___-- ____ 

-- •----------------
 -
Safety
 

Pollution __ __ __.__ __ __ __ __ _ 
 _ 

Maintenance-manpower/ma terials d _,_... . _______ ______________________________ 

Utilities . _ _ _ _ _ _ _ _ _ _ ._ _ _ _ _ _._ -

Working conditions ________....______l_______________.....___ 

Employee atitude .. ... __ _ _ _ _ _ _-__ _ _.__ . 

Community
 

Other benefits/problems connected with implementation:
 

Project rating: -

Planned authorization request date: - " 
-
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ECONERGY COMPANY 
INTER-OFFICE CORRESPONDENCE 

Date March .8, 1974 

To: Energy Conservation Comittee 

From T. G. Mrshall, Maintenance 

Subject Conimmication of Ways to Save Energy 

I have assembled a group of ECO's from EPIC, which are 
particularly applicable inour operation, along with a 
few good 
articles from the literature. I propose that we publish this as 
a booklet for plant wide use by supervisors. A copy of the list 
of ECO's chosen is attached hereto. After each of You has looked 
over the copy and indicated your approval, I will proceed with 

.publication and distribution.
 

May I suggest that this booklet could be a useful tool ina 
training course as suggested in the recent letter from W. D. Smith 

and A. B. Jones. 

cc: 	D. T.Parker
 
Plant Manager
 

savEnergy 
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LIST OF SUGGESTED ENERGY CONSERVING OPPORTUNITIES 

ECO 
Building and Grounds
 

Reduce Warehouse Ventilation Air 
 3.2.1
 
Reduce Outside Lighting 
 3.13.1 
Reduce Air Conditioning During Non-Workine Hours 
 3.2.5
 

Electric Power
 

Schedule to Minimize Electrical Demand Charge 
 ."3.3.1
 

Steam
 

Insulate Bare Steam Lines 
 3.4.1 
Return Steam Condensate to Boiler Plant 
 3.4.3
 
Stop Steam Leaks 
 3.4.S
 
Inspect and Repair Steam TraDs 
 3.4.6
 

Other Utilities
 

Eliminate Leaks in Combustible Gas Lines 3.5.1
 
Lower Pressure of Compressed Air to Minimum Necessary Level 
 3.5.2
 
Eliminate Leaks in Ccmpressed Air Lines 
 3.5.3
 
Use Fan for Personnel Cooling - Not Compressed Aix 
 3.5.5
 

Combustion
 

Replace Worn and Obsolete Controls 
 3.8.2
 
Daily Monitoring of Boiler Efficiency 
 3 8.4
 
Flue Gas Analysis as a Maintenance Tool 
 308.S
 

Scheduling
 

Standby at Reduced Temperature 
 3.9,1,
 
Shut Down Idle Heating Equipment 
 3.9.2
 
Process Specifications as a Sourct of Energy Savings 
 3.9.3 
Schedule Equipment for Maximum Utilization 3,9.4 
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ECONERG Y COMIPANY
EO R COMPANY":' INTER-OFFICE CORRESPONDENCE 

Date: _Marchi8, 1974 

To: Energy Conservation Cormttee 

From: JC.Baker, Energy Connnmitte .e Coordinator 

Sublct: Continuing Program 

At this point we have our program well underay, but I believe youwill agree that we need a continuing program to maintain ourmomentum. 
Periodic energy saving surveys are one important activity,
Communication and education also need emphasis
I thought itwould to develop awareness.
be well to list the elements in this area, some
of which we already have in the mill and others we may wish to includeinplans for the future. 
1. Monthly meetings of Energy Conservation Connittee.2. bnthly meetings of each co-mittee member with keysupervisors inthe area he represents.
3. Booklet on wa)s to save energy.
4. Energy conservation 
course to be included inSupervisor
Training prog-rai.S. Periodic bulletins or features in the Plant News publicizing
energy saving achievements and recognizing individuals
responsible.
6. Posters on energy saving to be used inmuch the same way as
safety posters.
7. "savEnergy" decals for placing atlight switches, typeuTiters,and on hard hats.
8. Techniczl talks on energy saving aspects of steam traps,lighting, insulation, etc.
9. Letter!; to employees and their families giving energy saving
tips for the home.
10. In public relations, company ads stressing energy conservationon radio and innewspaper, talks on energy saving before civicgrottos. 

'Attached to this letter is the outline of a proposed program of
activities for each month for the rest of the year.
 
cc: D.T.Parker, Plant I'Wnae.­

savEnergy
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Planned Activities in Energy Conservation for
 
Remainder ef 1974
 

The following activities will take place each month and will not berepeated in the plans for individual months: 

1. 	 Meeting of Energy Conservation Comittee2. 	 Meeting of each Committee Member with the key supervisors in his area3. 	 Updating of energy saving project lists
4. 	 Conmmunicate progress with updated plot of Btu/unit ofprbduction
5. 	 Department supervision will conduct weekend audit 

Month
 
April 1. Distribut booklet of selected ECO's
 

2. Review status of corrective actions regarding first energy
saving survey

3. 	 Publish bulletin on energy saving tips for driving
4. 	Technical talk on steam traps
 

may 1. Energy conservation course in Supervisor Training
2. 	 Departments develop energy balances 
3. 	 Distribute "savEnergy" decals
4. 	 Technical talk on economics of insulation
5. 	 Letter to employees at home with energy saving tips for Tne nome 

June 1. Trained foremen start holding monthly meetings with their people 
on energy conservation 

2. 	 Publish bulletin on air conditioning tune-up
3. 	 As a result of energy balances, committee will conduct enerey

surplus survey 
4. 	Coordinator gives talk at high school
 

July 1. Poster contest
 
2. 	Bulletin on energy saving during vacations
 
3. 	 Survey of steam pressure reducing stations 
4. Technical talk on lighting 

August 1. Publicize poster contest winner in plant and camniti,,newspaper
2. 	 Distribute posters
3. 	 Survey comtpressed air requirements
4. Bulletin - "Don't use compressed air for cooling" 

Sept. 1. Bulletin - "Tune up space heating systems"
2. 	Survey steam condensate system

3. 	 Coordinator prepares talk with slides for local technical society

meeting
4. 	 Comittee rides through plant at night and sug3ests corrective 

action on lighting
 

October 1. Demonstration of infrared survey to detect excessive heat losses 
2. 	Steam trap survey

3. 	Bulletin on steam tracing systems

4. 	Technical talk on combustion
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November 1. Survey oversized electric motors and equipment

2. Bulletin - Recognize someone's ehergy saving achievement
3. Second course inSupervisor Training

4. Technical talk on electric motors and power factor 

December 1. Bulletin - "Use reflectors and reduce Christmas lighting"
2. Report achievements in reductions of energy use and announce 

goal for next year

3. Survey use of low pressure steam
 
4. Plan program activities for next year
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2.8 CONCLUSION 
This section on program implementation began

with a discussion of the importance of management 
interest and support. It sedms appropriate to in­
clude in the conclusion a letter from the manager
to his sta,'W demonstrating his continuing concern 
about energy conservation. His request for a con­
tingency plan is then answered by his department 
heads with a report on the status of the contingency 
planning in each deparment. 
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ECONERGY COMPANY 
INTER-OFFICE CORRESPONDENCE 

Oate: March 20, 1974 

To: Department Heads' 

From: D. T. Parker, Plant Manager 

Subject: Request for Energy Curtailment Contingency Plan 

You should all be aware that energy supply is a very real and seriousproblem to our operations. Briefly, our anticipated allocations offuel oil, natural gas, electric power, and gasoline are insufficientto support our operation as they have in the past. Our ability toeliminate unnecessary use of these commodities and to allocate fuel tovital functions will ultimately determine how severely our operations
are curtailed. 

Even more serious is our inability to secure adequate quantities ofcoal to meet anticipated needs. Efforts during the past two monthshave failed to increase deliveries, and inventories are currently at alow level. Current fuel suppliers are operating at their ultimatecapacity and they face problems associated with weather, fuel shortagesfor their mining equipment and ever increasing strip mine regulations.To date, we have been unable to secure additional suppliers as thosewho are mining coal are sold out beyond their production capabilities. 
At this time it appears that some production curtailments may benecessary. 
Each supervisor should review his operaticas: those
pieces of equipment which are operating at less thandesired eficiencywith respect to energy consumption should be identified and-plans madeto restrict or curtail their operation. The basic factors which in­fluence fuel efficiency and/or energyutilization in all processesshould be identified and immediate steps taken to minimize our energy
requirements. 

savEnergy 
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In anticipation of possible short term reductions in energy supply,
for instance electric power, we need a contingency plan. This should 
include a list of the equipment that would be shut down and the 
sequence of shut doun in your department in case of 25%, 50%, 75% 
and 100% energy curtailments. 

Your plan for reducing energy requirements in your area should be 
formalized and available for review by ne one week from today
Remember- NO SAVING IS TOO SMALL TO BE CONSIDERED. 

cc: Energy Conservation Comnittee 

savEnergy 
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ECONERG Y C&,ivuiv r . INTER-OFFICE CORRESPONDENCE; 

Oate: Mard 27- 1Q7d 

To: D. T. Parker, Plant Manaer 

Fam Department Heads 

Subject Reduction of Energy Requirements and, Contingency'Plan Status 

Significant reductions in energy use have been achieved in our 

operating units as follows: 

Utilities 

It has been our operating practice to fire all three boilers even 
though steam requirements could be provided b4,two boilers fully
loaded. In this way, a forced outage of one boiler could be handled
 
without decreasing steam output and causing interruption of operations 
of steam users.
 

We have shut down #1 boiler, the oldest and least efficient boiler, and 
the result is a fuel saving of _ Btu/hr. In case of a forced
 
outage of one of the two operatin-g-boilers, we have set up a communications 
procedure to curtail steam to certain units that can be shut down safely
and quickly with the least impact on other operations in the plant and 
re-started with a minimum loss of productivity.
 

Operations "A" and "B" 

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

savEnergy
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Contingency Plan Status 

(<) 1. Electric Power
 

In general, during any curtailment of power, air conditioning
thermostats inall buildings will be reset to 
 F. System inter­locks have been provided to avoid inadvertant operation of the heatingsystem, except inthose situations where the controlled lower humidity

isrequired.
 

if a "broun out" occurs (voltage reduction inexcess of 10%), certain
motors trip off automatically and others must be tripped manually toavoid damage. We are surveying all motors to identify the ones thatrequire manual tripping. Utilities will set up a communicationprocedure to inform the appropriate people when a "brown out" occurs. 
Following is a tabulation of shutdowns sequence for curtaibnei-ts of 
electric power: 

Curtailment 

25% 


30% 

75% 

r 100% 

Shutdown Section 

1
 

1,2 

1,2,3 

1,2,3,4
 

We have designated a number of units that will be included in each
of the four sections but the plan isnot complete yet.
 

2. Fuels
 

For each fuel, we will have a tabulation like the one for electric
 
power. We are holding meetings this week to complete the designationof units ineach section for each tabulation. We hope to submit the

detailed plan to you next week.
 

Ingeneral, when fuel curtailment causes a cut-back insteam
generation, all steam heated buildings will have thermostats reset
to 
 F. Again, system interlocks will prevent inadvertant operation
of the-cooling system, except where the controlled lower humidity
isrequired.
 

savEnergy
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EMLOYEE MOTIVATION AND COMUNICATION HETHODS
 

David M. Neller
 
A., Products and Chemicals, Inc'.
 

Paulsboro, New Jersey
 

ABSTRACT
 

This paper discusses the compelling reasons 

for Involving all employees in the plant energy con­servation effort, offers suggestions on how to Imple-
ment and maintain a plant-wide, peoale oriented con­servation program and provides examples to illustrae 
the methods involved and benefits possible. Three
 
areas will be stressed: publicity, or communicating
down the ladder, through newsletters and the use of
 
distinctive logos; cc-iunicating up the ladder, by

reans of employee suggestion programs and discussion 
forums; and training, necessary to free employees 
from a pre-Embargo approach to manufacturing.
 

Current technical literature is full of infor­
ration on how to reduce energy use. Consider energy

management systems, waste heat recovery or heat
 
punps - all the facets of the design, construction,
and operation of such equipment and many other new
devices takes uD an ever-increasing amount of our 
tine. 
 No one can deny the benefits achievable 

through caoital investment and new technologies, but
there aee other, oft-neglected aspects of energy con­
servation to be considered. The development and use 

of in effective energy management organization and
the involvement of the entire plant inthe conserva­tion effort can and should go hand-in-hand with the
physical improve-ent of the operat'on.
 

I'd like to share with you my experiences as a
 
"e-ber ofganization one very successful energy management or­- explaining how we are set up to imple­

ment energy conservation and detailing a number of
 
programs we have found effective. 


0RCANIZATION FOR ENERGY CONSERVATION
 

I am employed as Technical Supervisor at Air 

Products and Chemicals' Paulsboro, flew Jersey plant.
The Paulsboro Plant is part of the ChemicalsGroup 

of Air Products. We are located in Southern New
 
Jersey, inthe'Greater Philadelphia area. Of our 

100 employees, 25 are exempt and the balance hourly

or non-exempt. lieproduce various types of indus-

trial catalysts, with our major product being DABCO, 
a urethane foam catalyst. 


The Paulsboro Plant has seen sharply spiraling 

energy costs over the last few years, as we all haw.

from 1978 to 1981, our average cost for energy rose 

by more than 90 percent. The impact of these costs 


PAULSBORO PLANT
 

ENERGY, MANAGEMENT
 
ORGANIZATION 

IIPtovsm
 

AIgk I l , 

!1 
. 

1;i 

ENERGY SAVINGS
 

Irlauxt1 

forced us to re-evaluate our conservation efforts
 

and two conclusions came to light. First, conserva­
tion projects once glossed over because of a low
 
rate of return now looked more attractive. Itbe­
came necessary to refocus our technical efforts to­
wards auditing our process flows and examing heat
 
and material balances with the proverbili 'fine
 
tooth comb.' Secondly. we came to realize that in

order to be successful in reducing energy costs it

made sense to involve the entire plant in the effort,
 
not Just a handful of engineers and technicians.
 
The Paursboro Plant conservation effort was thus or­
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USE PAULSBORO 
ENERGY \ 
WISELY E E(V NUMBER 10'EN RG RET 20 JULY, 19 61 

ENERGY USAGE REMAINS DOWN
 

Through Dune, plant energy usage was 4.0% less than the same periodlast year. Remember to keep your eyes open for energy waste. 

THIRD QUARTER SUGGESTION DRAWING
 

Bud Johnson was picked as this quarter's winner of a $25 gift certi­ficate for energy suggestions. 
Thanks to everyone who submitted
 
suggestions over the last three months.
 

STEAM TRAP CAPS
 

During the next round of steam trap inspections, Dave DiPietro will
be adding caps to all steam traps. 
 The caps insulate.the traps by
providing a layer of dead air around the trap and protecting it from
rain. We'll save about $4,500 a year on our steam bill. 
Plant steam
traps are inspected every three months.
 

OXIDIZER SAVINGS
 

The oxygen controls on the Thermal Oxidizer saved $20,000 in natural
gas last quarter, or $80,000 
over the entire year. 
A few bugs cropped
up or savings would,have been even greater.
 

5;E THE LIGHT
 

Flourescent lamps produce up to five times .as 
much light for the
same energy as incandescent lamps and last 10 to 15 times longer.
 

Wattage does not measure the amount of light ­ it measures the
 energy needed to light the bulb. 
The amount of light Is measured
in Lumens. Example 
 - you need six 25-watt bulbs to equal thelight from one 100-watt bulb. 

It's an old wive's tale that there is a surge of power when you

turn on a light. 
If you leave a room, even for a minute, turn

off the light.
 

iF YOU HAVE ANY SUGGESTIONS FOR IMPROVING THIS
NEWSLETTER, DROP THEM IN THE SUGGESTION BOX.'

I'DAPPRECIATE YOUR IDEAS. 
 THANKS.
 

FIGURE 2
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ganized along the lines shown In Figure 1. often difficult to quantify - a steam leak report­

ed a few days before a supervisor notices it, a
 
The Technical Department and Technical Super-
 spare pump turned off. a steam tracing line insula­

visor have major responsibility for the program. ted rather than Ignored. Then again, an operator

The Technical Supervisor serves as Plant Energy Con- might suggest a process modification that could
 
servation Coordinator; a part-time function at Pauls- yield large savings. There are also a number of in­
boro, but a position that requires full-time atten- tangibles - an Improved morale, an esprit de corps,
tion at larger facilities. The Conservation Coordi- a spirit of cooperation. The point ;s that the bene­
nator's responsibilities Include:' developing and fits will far outweigh the costs of organizing the
 
xcamunicating conservation techniques and ideas to program and maintaining the effort.
 
the employees, monitoring and reporting plant energy
 
consumption, developing plant programs, goals and 
 There are many methods that can be used to moti­
budgets and maintaining a plant environment conducive vate and communicate with your employees. The ap­
to energy conservation. proach should be one of ccmnron-sense, stressing


facts, with Just enough pizzazz so they are noticed,
 
The Profit Improvement Program Is a suggestion without being laughed at. I'd like to stress three
 

program for ou- technical people. This program en- areas 
- publicity, or communicating down the lad­
courages new ideas and recognizes the contributors. der, communicating up the ladder, and training.
 

The Energy Conservation Comlittee Is composed PUBLICITY
 
of representatives from Production, Maintenance,
 
Technical and Project Groups. The Committee meets 
 The "Paulsboro Energy Newsletter, (Figure 2)

monthly to discuss and evaluate the status of the 
 was developed to publicize the plant program. The
 
plant conservation program. The Committee feeds In- Newsletter has been published monthly since October,
 
formation to the employees and cormunicates employ- 1980 and is posted on plant bulletin boards. A va­
Ce's concerns to management. The most important riety of Items are presented 
- updates on plant con­
function of the Committee is to serve as a place servation projects, recognition of outstanding con­
where inter-departmental problems involving conser-
 tributions, progress toward conservation goals, and
 
vation projects or programs can be resolved. home energy tips.
 

Management commitment Is a major component of The Newsletter has been very well received by
 
our overall effort. tonagement communicates stand- our employees. One comment I often hear Is thet
 
ards and goals and measures performance. 
 Group and they feel better about their jobs and relations with
 
Corporate management provide support through people the plant when they're told what's going on. Now
and capital, and acts as a clearing house for ideas, that we've established an energy conservation pres-
On the plant level, management communicates directly ence at the plant, I find employees asking me if I 
with the employees through our newsletter and letirs have any Information on air conditioner sizing, 
sent to the homes, solar heating, and other Items discussed in News­

letters.
 
The position of Energy Coordinator, the PIP
 

progrzm, and the Conservation Committee have all
 
betn active for a number of years. I[believe the
 
fat: that we have organized specifically for the
 
ccnservation 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. 

INVOLV! THE ENTIRE PLANT 

Prooer motivation of operating, maintenance, Ed[E
laboratory and clerical personnel can be one of the. 
rost cost-effective energy conservation techniques.

Haurly employees have the closest contact with the
 
0o-eraclng equipment and are often the most knowled­
geable about production problems and unit Idiosyn­
cracies. They will see things that you as an engi­
neer or manager might overlook and they will extend
 
your eyes and ears to round-the-clock coverage. FIGUE 3
 

These people are just as concerned as you are
 
about the continued escalation of energy costs and Please notice the iblem in the top left corn­
the implications of dependence on foreign oil. Our er of the Newsletter (Figure 3). One of the first 
responsibility is to direct them to utilize on the steps in publicizing Paulsboro's program was the 
job the same resourcefulness they demonstrate in development of an energy logo. This is a recogni-Swthsame eney theylemonstraein tion tool used on all our conservation literature.
dealing with home energy problems. We based ours on our corpornte logu, adding the sim-


What kind of results can be expected? The ple phrase "USE ENERGY WISELY" and adding a gas

effects of Improved operations and maintenance are 
 flame, an oil derrick, and electrical transmission
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lines to Illustrate our plant energy sources. 
 One 
 receives a personal reply thanking him and explain.
excellent way to kick off a conservation program Is 
 Ing what the follow-up action will Involve. The re,
to hold a logo design contest among employees, or ply is most important, unfeasible and even absurd
their children. 
 suggestions are acknowledged in order to show we
 
appreciate the Interest and respect the input.
The types of publicity vehicles you employ will sponsibility for acting on worthy suggestions is

Re­
depend on your Imagination, and your ability to 
 assigned at Conservation Committee meetings.

Judge what will be effective at your location. 
 Hand- (Figure 4).

outs and pay envelope stuffers can present useful
 
news, especially home conservation tips. These 
 During the first full year of operation twenty.
Items can be obtained at a ncninal price from pub-
 five percent of our hourly personnel submitted sug­lic and private energy conservation organizations. gestions and total suggesticAs numbered sixty. Ur.
Your local utility conpanies should also be a good 
 terly a randomly drawn suggestion wins a $25 gift
.source of information. 
This material is usually certificate at a local department store and a $50
presented on a seasonal basis 
 - heating tips in certificate is given each year for the best sugges-
January, air conditioning ideas In July. 
 tion. After completion of all projects and work
LO 
 orders resulting from last year's suggestions total
 
LISTENING TO EMPLOYVEES 
 savings are expected to be $25,000. The suggestions


have included Items such as:
While cocrunication down the ladder has been installation of light
switches in under-utilized rooms, installation of
stressed to 
this point. input from the hourly em- skylights 
to reduce the need for light fixtures
ployees should not be ignored. The programs alre-dy during the day, and lists of areas 
requiring insula­mentioned will help promote a spirit of cooperation tion that were overlooked during energy audits.at your location and e-iloyees will feel better 
We 

have received only a few worthy process Improvement
about approaching their supervisors with their 
 suggestions to date. 
 Process improvements could of
thoughts and ideas. 
 And the number and quality of course save many times over 
the $25,000 figure.

those Idoas would probably surprise many of you.
 

There are pros and cons on 
the question of
To help tap this source of Information, an 
 prizes. One of the most-voiced complaints - whenEnergy Conservation Suggestion Program was begun 
 prizes are discontinued the signal is given that the
at Paultboro. Our capital expenditure consisted of program Is ended. 
This Is a valid point, and the
a short fom and a suggestion box. Each suggestor 
 answer must be decided at each location, based on
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ENERGY CONSERVATION SUGGESTION
 

TO SAVE ENERGY IN THE .PLANT, I SUGGEST:
 

SHUT OFF GLYCOL CIRCULATING PUMP FOR DABCO II 
STILL WHEN NOT IN USE.
 

PU.PL RAN 22 DAYS DURING JANUARY WHILE STILL WAS DOWN.
 

SUGGESTOR T, 14AM7! DEPT. npmOSTnia DATE 2/14/Al 

SEND SUGGESTION TO: DAVE HELLER
 

(Figure A
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past experiences. 
 Any publicity or motivational 
 Costs. 
program is going 	 The slides will be accompanied by a tape
to slack off after the first flush 
 recorded narration. Employees relate well
of enthusiasm. 
This can be discouraging and help to Chis
 
put a damper on everyone's conservation spirit. 

type of program since it is specific to their activ-
Let ities.
me suggest that 	 At a cost of twenty to
this slackening off is 	 thirty dollars per

transfuse some new 

a Sianal to 	 show,"homemade" training aids are less
ideas 	 expensive and
into your program." 
 more effective than commercially available programs.
 
I have always had an aversion 
to the use of com-
 A number of equipment vendors present short
petition between shifts as a means of promoting ener-
gy conservation. The key point in any awareness pro-	

training seminars for operating personnel. Recently,
we had a steam trap manufacturer present Information
gram should be cooperation, and competition, as 
 on 
trap inspection and repair techniques to our
friendly as you might try 
to make it, will often maintenance men.
ruin any cooperative spirit. As an example, at aplant where I was formerly employed, we were 
inter-
 Instruction In conservation techniques should
ested in seeing which shift could produce the high-
est percentage of on-!pec product. It was discover-	
be included in the training of new employees, but if
experienced men are used to train the newcomers, as
ed that the operatc:s on 
one shift would come in and 
 is often the
rearrange the settings on 	 case, be sure the experienced ones are
a number of critical instru-
 not going to hand down a pre-Embargo approach to
rents to settings they knew worked well. 
 Just before manufacturing.


tne shift ended, they would return the settings to
those in use before they came on. 
 Of course, after
running lined-out for seven and one-half hours at 
In summary, I've tried to present a "punch-list"
of techniques and tools
one set of conditions 	 to increase the effective­the unit would go to pieces


and the 	 ness of your energy conservation programs. 
 Consider
next shift would require several hours to
get lined-out again. 	
organizing for energy conservation.
We decided after that to stick 	 And try to find
 

to softball 	 one person in your organization who shows
for inter-shift competition." 	 an inter­est in conservation and formalize that 
interest into
 
El;.:Y COUSERVTION TPlflilG 
 the position of conservation coordinator.
methods are evailable that will Plany
pull your entire or­

ganization into the effort
Back in the gc.ad old, pre-F.mbargo days, it was posters. Remember - newsletters, handouts,no: uncommon for operators in the chemical industry 	
to listen to your employees too,
through suggestion programs and forums.
to 
use a little extra energy to maintain a safety 	 And retrain
 

your people to appreciate the impact that energy is
rargin on product cuality. Increasing the reflux 
 having on 
the cost of doing business.
rae on a distillation colurn 
is one example. f'ore
often than not, supervisors shared the blame for
-asting energy since they took the lumps 
The mix of methods you use will of course, vary
if the prod-


uct was off-spec. Unfortunately, old habits die 	
with the type and iize of the audience and the re­

hard. 	 sources available, but
Employees must be re-trained to respect ener-	
I hope you have discovered
 one or two techniques that might be worth a try.
SY costs.
 

As I mentioned earlier, an "energy-awareness"

isa necessary first step. 
 But specific training

will also be required.
 

One of the first things our suoeivisors did at
Paulsboro was 
to 
re-read and where necessary, revise
 
o erating procedures to 
focus on conservation.
Tere is no point in purifying a product way beyond

its specification. 
Ve also expanded our preventive
maintenance program in the hopes 
that it would help
us eliminate energy-Intensive startups and shutdowns.
 

This year, we plan to ir,troduce energy training

sessions for all employees, similar to a program we
 
now use for safety training. A typical session could
include an explanation of the operation of a newpiece of equipment, information on how much a steamleak can cost and how to report one, and a question­
i3d answer pe: iod on energy issues.
 

Currently, we are developing an energy conser­vation slide show for presentation tu all employees
itUpcoming training sessions. The program will use
Photographs shot at our plant to explain our energyusage, showing plant utility tie-ins, the operation
Of energy users, examples of energy wasters - such as Steam leaks, and uninsulated lines, methods for
frducing energy use and a review of plant utility
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First mill report:Resultsfrom two 
firms on savingsfrom analysisand 
direct recycle ofdyebath ingredients 
Between 1978 and 1980. a team 
from Ga. Tech's School of Textile 
Engineering conducted three full 
plant demonstrations of dyebath 
reuse technology. it documented 
that the concept could save about 

*2e/Ib of dyed goods In energy.
water/sewerand chemical savings.

Multiple batches were dved from 
thesamebath.andshades couldbe 
easily switched, as long as they 
were composed of the same dyes.

Plants participating In t.he dem-
onstrations have continued to
expand and refine the technology.
Two firms. Adams.MiLls Coro. and 
E&B Carpets. are realizing sub-
stantial savings from vigorously
embracing dyebath reuse.. 
Adams-Millis converts 

to dyebath reuse 
The first demonsration %as con-
ducted at- Adams-Millis Corp.'s
High Point (N.C.) dye plant. One 

-By Dr. Fred L Cook, 
Associate prtfessor.Te-rtle 
Engineering Ga. Tech 

rotary-drum machine was outfit-
ted with a holding tank. and reuse 
trials on dfsperse dyeing of nylon 
got under way. 

Aterreviewi ngresultsandbene-
fits. company officials planned ex-
panston of the technology to its 
Franklinton. N.C. plant.

Wade Johnson. superintendent
ofseamingan vJeingat Frankiln. 
ton. says that 95% of the plant's
rotary-drum machines are now 
operating routinelv on dyebath 
reuse. Production is disperse dye-
Ing of nylon pantyhose. with 160-
180 lb of goods dved per batch in 
2C0-gal baths. Problems have been 
minimal. 

'We use the final softener bath 
from the preceding batch to pre-
rrise incoming goods," explainsJohnson. '"The practice removes 
most of the spin finish and knit-
ting oils, while partlally replenish-
Ing water lost to the dyed goods." 

The plant calculates that a dye-bath Is totally replenished In 
volume after about seven cycles.
based on 15%loss of dyebathto-

Table 1. Batch dyeing systems that arm adaptable to dyebath reuse 

ProductTh 

Knit fabric Polyester 
Cotton 
Poly/cotton

Yarn package Polyester 
Poly/cotton

Socks Nylon/spandex 
Pantvh.se Nylon/spandex
Carpet 	 Nilon 

Polyester
Woven fabric Aramid 
Skein Acrylic 

'in-plant demonstradom conducted by Ga. Tech. 

Dye dl"&(el) Utchlue Instalons 
Disperse Jet
 
Reactive 
 Beck 
Disperse/reactive Beck
Disperse Palage
Disperse/reactive Package
Acid Paddle 
Disperse/acid Rotarydrum X0

Disperse/acid 	 . o...Bek X4 
Disperse Beck XBasic Jet X6 
Basic .. Skein X 

Textile World September 1983 

each batch.
"We foUow the light-medium. 
rule." notes Johnson. This mini.dark.then revers shadesequenc 
mizes machine cleanup.

The analysis system installedfive years ago is still operatng
smoothly. But Johnson says it 
needs "'better automation." An 
Ideal system would automaticallv 
sample a spent dvebah and c21-.1 
the sample through any required
manipulations, such as solvent ex­
traction. The system 	would then 
analyze the pertinent dye-contaln-
Ing layer automatically. and prir
the add-back formula for the sub­
sequent shade. This would elimi­
nate human intervention from the 
analysis process. 

Johnson is reluctant to give
exact plant savings. 	but he con­
firms that 2C:'Ib Is a "validbaPpark
figure." varying with shade se­
quencing. 

Johnson is emphatic about the 
value of dvebarh reuse: "It was anexcellent move by Adams-Mil-lis. 
Dvebath reuse is the wave of the 
future. and Ibelieve those who do 
not incorporatu the technology 
may not have a bright future."Savings from reuse also entered 
Into catital decisions. 'We ealu­
ated replacing our roary-drum 

Kawn plti: 
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'T able 2. E&'B Carpets' annual savings on five becks have been minimal. Scheduling 

Dyes. chemicals 

Water/sewer (gal)
Energy (Btu. millions) 
Total savings 

machines with newer, more effi-
dent. low-lIquor-ratio machines." 
notes Johnson. "Considering dye-
bath on the rotary-drum ma-
chines. payout for the new ma-
chines became excessively long." 

E&B: reuse on 

a grand scale 
Evans & Black (E & B) Carpets. a 
subsidiary of Anstrong Vorld In-
dustries. Incorporated dyebath 
reuse in its Dalton, Ga- plant with 
minimal assistance. Inspired by a 
seminar on the subject. E & B's 
plant dyer. chemist and engineer-
Ing team at E &B began a cam-
paign in 1979 to adapt the concept 
to disperse dyeing of polyester 
carpets in jumbo becks (1.800-
2.000 lb/batch). 

Rejecting holding tanks. E&B 
connected five becks wl'ith a pump 
manifold system. A small micro-
processor unit sequences valves 
and pumps betveen any two becks. 
The dyer controls shade/beck se-
quencng from panels In the lab. 

When the first dyeing Is com-
pieted and the second beck is 
empty. the microprocessor acti-
yates the proper ,l'ves and pumps 
to transfer the bath. 

If scheduling permits. the same 
shade Is dyed each time a dyebar.h 
is reused (about 90% of the time). If 
not. the dyer chooses a light-medi-
um-dark sequence. Each dyebath 
Is used three or four times, depend-
Ing on shade. Reuse is limited, as 
dye exhaustion decreases slightly 
with each use, due to a surfactant 
used to scour the goods. 

A color computer system (IBM) 
conducts dyebath analysis. In ea-ly 
trials, dyeings consistentlyshowed 
90% dye exhaustion. 50% carrier 
loss and 25-50% loss of leveling 
agent. depenJlng on shade. Since 
only six dyes were used for all the 
pol'ester shades, experience even-
tually led to successful add-back, 

An evaluation of E & B's five-
beck svstem after a year of reuse 
operation Is detailed in Table 2 

Texiile World Sepcember 1983 

Volumc ct production so that several loads 
"Tinp saviop are dyed the same shade In a 

-43.400 sequence Is more difficult when 
business Is slow. Minor crocking

6.75-million 3.700 on dark shades has been linked to 
.- 4,231' 17.135 reu s e . 

. b64.235 But savings have more than 
offset minor problems.. The plant

(above). Based on actual savings, a has subsequently Interconnected 
2-yT simple payback on capital I six more becks of smaller size in a 
investment was the result. Savings f reuse system. About 45% of the 
were realized with about 25%ofthe plant's current polyester produc­
plant's polyester production being J tion goes through the reuse 
dyed via reuse. concept. with projected annual 

Problems with reuse at E&B savings of almost S115.000. 0 

Ga. Tech spawned dyebath reuse 

during the oil embargo 
-

In 1974. the pictureforbatch dyeing had turned pessimstcalLvbleak. for
 
several reasons:
 
e Effluent guidelines were becoming increasine'y stringent:
 
* The oil embargo of the previous year had caused concenis about 
energy supplies and rapidly escalating prices: 
* Water supplies had become a variable In some areas, as expanding 
municipalities and industries placed heavier burdens on delivery 
systems. 

Surveying the situation. Dr. Wayne Tincher and graduate student Gary 
Mauldin of Ga. Tech's School of Textile Engineering realized that 
"business as usual" would not suffice, given the realities of the 70s and 
beyond. 

Batch d:eing's most obvious drawback was the "one bath. one batch" 
practice. After dyeing a single lot offabric. the bath was routinelydrcpped 
to the sewer. In the process. valuable energy. unaffected auxiliary
chemicals/dyes and water were lost, while effluent treatment problems 
were magnificd. 

Logically. if single dvebaths could be directly reused to dve multiple 
" batches, savings In all aspects of batch dyeing would be substantial. 

The key problem %as to develop an analytical system that could 
accuratelydefline the dye concentration left in the bath.andyet bc simple 
enough for plant personnel to operate. Development Wa aided by early
recognition that most auxliar chemicals are usually present in excess. 
arid are not exhausted Into the fiber. 

Auxiliaries are colorless and thus require sophisticated techniques for 
accurate analysis. In practice. however, add-back of the auxiliaries 
proved sufficient. at a level commensurate with the fresh water necessary 
tc return the exhausted bath to original volume. 

Tincher and Mauldin demonstrated that simple visible spectro­
photometry. using the Lambert-Beer Law as a basis. w as adequate to 
accurately analyze residual dye concentrations in exhausted baths. 

Since absorbances at any wavelength of visible light are additive, even 
mixtures of colorants could be analyzed for their separate components. 
Differential exhaustion between dyes therefore presented no problem.

For plant application. Dr. Howard Olson Interfaced visiblea 
spectrophotometer (Bausch & Lomb) with a desktop computer (Hewlett-
Packard 9815A). A custom interface device provided logic-level 
conversion to provide standard BCD encoding. 

After receiving proper input data from the spectrophotometer, the 
computer printed out reuse formulation for the next shade, including
weights of dyes and chemicals to restore the bath to original strength, 
and the volurne of water to be replaced. 
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Dyebath Reuse in Batch Dyeing
 
By F.L COOK and W.C.TINCHER, School of Textile Engineering,Georgia Institute of Technology, Atlanta Ga. 

T HE textile industry uses over a 
- _.__ ±trillion eallons of water annually,- muchABSTRACT of which is discharged alongwith appreciable quantities of organic

and inorenic chemicals.Dyebath reuse has La 'nsystematically The estab-
investigated as aviable low capital 

lishment bv EPA of strict pretreatment
modification of batch dyeing and discharze standards by 19S3quirehat an re-
processes to reduce the volume of water Inaton be 
reiremade qudesoa an in-depth examidischarged and ihe euer y consumed of all the available optionspollution reduction.
in the coloration of textile products. Dvebath reuse has been systemati
Instead of discharging the bth calhyinvestigated as a viabie. low cai-at the end of theare cYCle, tbe dyebath tal modification of batch dveing pro.is analyzed spectronotmetrically
and reconstituted to the ccncentration cesses to reduce the volume ofrequired, quantities waterthe of chemicalsrecuired for a subscuent d~yeing.Laooratory dyein7 at S pound nylon 

discharged and the ener,v consumedin the coloration of text decaroet samples to a single shade with products.The reported re~earch dealsacid dyes and to 10 different shades in with pilotscale demonstrations of dyebatha color line with disperse dyes from reuseadaptation to atmospheric dis~e;reused dyeba:hs indicated that theprocedure had comnercial potential. d"Trine o nyo"" Color reproducibility and levelness of nylon carper and nylonpan-Cyhose and pressure disperse dyeing ofof dyein~s were within industrial
standards. polyester yarn packag-.s. These ma-terials andapproximately 930processes accountedmillion pounds forDyebath reuse has been expanded Inproitely 

o0 
our laboratories to include pilct scale 930dmion n d fdyed textile production in 1973 (1).dyeing of nylon carpet, nylon pantyhoseand pressure package dyeing of MaterialsPolyester yarn. Initial experimentshave also been conducted on batch The carpet. hosiery and yarndyeing cotton knit fabric with reactive supplied by leading were

dyes. polyester carpet with disperse manufacturers inthe Soothe'ast.dyes. mens nylon and acrylic The" nylon carpet wascomposed of nylon 6 facepolypropylene primary yarn andbacking, and 
Combination of dyebath reusetechnology with other recent contained both regular and cationic-developments in treatment of dyehouse dveable ends. The construction 
waste,vater to permit closed cycle 

short sha. The ladies' pantyhose 
was 

constructed from was 
operation are also discussed. nvion 66. 'The polv.ester was of the pol'ethlene tereph. 
KEY TERMS thalate variety, and "both"st:jle spunand continuotus filament textured yarnsBatch Dyeing

Disperse Dyes were utilized. The dyeing procedurefor the carpet was patierned after pro-
Dyeing rocedures common to the industry. TheNylon procedures for the pantyhose and pack-Pollution 

Polyester age yarns were supplied by the partici-
Wastewateron pacing companies. The carpetT was dyeda 4-ft amospheric beck.cry was dyed on The hosi.a 2-ft Smith rotating 

drum machine. A I-package Morton 

pressure machine (1- and 2-lb pack­

was used dye te po.'esrerto agesk 
yarn.

The initial dvings in each series 
were conducted* as standard dcveingsby the chosen procedures. At the corn.pietion of the dyeing cycle, a samplefrom the hct asat, anahz 4 spec.f rote hot batonb'lh da 

Mo-1,nityotdetermineto the 
tut the bath to the oricnal ccnc ntra. 

tons. ther the bath withA relenishin'g 

tthe necessary dyes. a predetermined
I amount of auxiliaries (alwaysI from the orieinal procedure)reducedand 
I water were added to ccm:ensate forevapcration and fiber retention losses.a second batch of material was enteredinto the hot bath. and a se-ond dyeingc.cle was conducted. The reuse se­

rasen se" quence was repeated a number oftimes until the desinated series
ccmpleted. was 
CrptPo1dr 
Carpet Procedure 

Approximately 32 lb of the nylon 
carpet was mounted in the 4-ft beck,cold water was added to reach a liquorratio of 25:1 (96 eal), and the auxili.ary chemicals added: Tanapal NC.1% owf: Plexene D (Tanatox Chemi­cat Co.), 0:5% owf: trisodium phos.phate. 1% owf. The carpet was circu. 
lated for 5 min and the dyes necessaryto obtain a lieht green" shade wereadded over a /5-min period: a dis.perse blue (0.03%): a disperse yellow(0.35% ow): a disperse red (0.04%
owi). The bath was brought to theboil at 3F,"min with dnct steami in­
jection. the boil held for 45 min. and
the carper was removed by hand at
 
200F and rinsed three tirnes in a sepa.
rate machine. The water volume that was removed with the carpet and byevaporation (23 gal) was added to theremaining bath. and only auxiliarychemicals calculated to bring the pure 
water to the initial concentration were 
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337. 
Dyebath Reuse InBatch Dyeing 30 min, cooled to 200F, and the 	 hot

Table I-ye Formulations 	 bath pumped into a holding tank. The 
dyed package was rinsed, carriedthrough a 	reduction clearir.: vith0y Calico 	 caustic/hydrosulfite, and a fin. ' oil 

o.soene OesI (%awn) 
was applied. The analyzed batn vasGreen 	 Blue A 2.15 

Yellow 1.30 pumped back into the machine, raisedGray 	 Blue C 1.10 to 175F, and the next package entered 
Orange 0.65 into the kier of the machine. The dye
RedA 0.032 was added as in the initial cycle, andYellow Yellow 0.53 the remainder of the dveing sequencesadded. The 	 residual dye concentra. Orange 0.06 repeated as detailed ab'ove. AdditionalOions were determined by using the Pink II(Light) Red C 0.12 packages were dyed from the bath inanalytical procedure detailed below. A Blue Blue A 1.75 the initial series to give a total of ninesecondbatchofcapet wa mouned inBlue a 0.73 th nli sretogvattlofie


second batch of carder was mounted in Yellow 
 0.03 pink I packages. A series of three re­the beck after bringing the bath back Maroon Red B 3.70 use dveings of the pink shade was con­to 175F. The dves were added to the Orange 0.16 ducted 	on the filament yarn, followedrecirculation stream over a I-min pe- by single-shade reuse "sequences 	 oniod at 175F, the bath brought to the both staple and filament packages withboil at 3F/min and the cycle con- a green shade and a gray shade (Ta­tinued as in the first run. the reuse batch of hosiery entered into the ma. ble I). Several multishade seouencessequence was repeated three additional chine. The dyes and 10% of the origi- were also dyed front single bathi.
 runs to give a total of five dyed carpet nal weight of auxiliaries were added

batches, over a iS-min period at 175F. The 

Paths-rcdr bath was brought to 200F at 3F/min AnalyticalFor DilperseProcedureDyes
Pantyhose Procedure and the cycle was completed as in the 

initial run. The reuse sequence was re- In a typical isolatio., scheme com­"The nylon 66 panyhcse (S-lb loads) peated eight additional runs with in- mon to all three procedures, a IS0-mlwere loaded into the .1.ftSmith rotary termittent shade change (light to me. satnic of the weil mixed, exhausteddrum machine, live steam was injected dium to dark and back to light) by bath was added to a separator" fun­for 10 min. and ccld water was en- altering the'prcortion of dyes in the nelalong with 25 g of salt and'30 mltered to reach a liquor ratio of 23:1 three dye color line used by the ccm- of benze-ne. After separation, the ben­(22.5 gal). The bath temperature was pan " to give a total of ten 	 dyed hosi- zee laver was centrftuecd for 10 minraised to 90F. the au.i'ijries added. erv batches. A seco.ic series of dye- and a small aliquot passed twiceand' the dnim rotated for 10 mm. ings was conducted by dropping the thrcugh 0.22 gm Millipore fitters. "rhe 
R1Srvanol (.Marowe.V Lano Cor.) bath at 2cOF. pumping the bath-backRE-182-. 1% o-vf: Mar'anol Le\'ei 	 resulting transparent benzene layer wasinto the machine after first loading the subje-,ed to analysis for residualTone 7.5, 1% o%%(: and Marvanci hosiery to give a 175F system. and re- concentrations. 

d.e 
Penetrant 35. 0.50% owf. were added. peating the earlier procedure. The dye concentratios were de-
The dyves were then added. he tern tet.ined optically on a Beckman Scec­perature raised at .-Fmin to 200F. and Polyester Yarn Procedure 	 ironic 70 spe:trczhccme:er uti.izing
the bath held at 2COF for 20 min. the 	 I e
dye concentrations were disce:!e red. A single 1-lb spun yarn package the Lambert-Betr Law (:, 3):

0.070% of. disperse yeilow. 0.17% was positioned in the Morton pressure (41) abc -logA = kc
 
owl and disperse blue." 0.016% owf. d'ein. machine for dyeing to a pink I
The exhausted bath was pumped at (medium) shade, 
 the machine filled I., is the intensitv of light falling on17SF after cooling into a hoiding tank. with water, and the temperature raised the glass cell co~uaining the solution 
the dyed gaods were rinsed and a fin-3 dddtmnsmitied 	 to be teste.. intensity or aish to 175F. Acetic acid (0.0:% owf) and throughI isthe the ss:e.-.'n lightis
ish added. Due to a volume increzse -carer (Retool LE. 1% owill were transmstebethrogh theitni,.b isduring each 	 dveing cycle caused 'b added, and the bath circulated for c th icnsi centimeter. a Acell thickness in centimeters. andAsteam condensation. acproximately 	 2 2 min. The pink disperse dye (1.2..) is e.ed the absor'ence (dimension.gal liquor were drained from the bathaferechbtc was oadded slowly over a IS-min pCe- se Fr given deada€ntnacless). 	 For a covsnantafter each batch to retain the same riod. the machine sealed, and the tem­
liquor ratio. After analysis, the hot perature raised at 3F/min to 250F be grouped together at 
a givenglass cell type and width, a and bwave-canbath was pumped back into the ma- (272F, for the continuous filament length X to te a combied absorb­chine, raised to 175F, and the next yarn runs). The bath was circulated lencth to ntg ao aof rency ive ieconstant K. with units of liters 

per gram. The combined constant for a 
given dye is found by measuring the

Table li-.End-to-End Color Differences of Nylon Carpet Dyed with Disperse Dyes absorbence for a dye solution of given 

Color Dittorence(MicAdam Units) 

Conventionl 	 Table III-Lotto-Lat Color DifferencesReuse Runs 
 of Nylon Carpet Dyed withPgwun Iu I um,II_ uu III Run IV snVtim 	 Disp rse D es 
1 1.68 0.76 2.61 1.81 0.632 0.67 1.33 4.02 5.16 0.40 Color Olffsnc Vs.3 1.04 	 3.90 0.97 3.17 1.30 ( Ut s)4 1.99 1.82 1.00 1.90 1.13 (McAamUnti)5 0.35 3.57 3.75 1.61 2.146 1.60 2.38 3.15 2.11 0.69 (Standard)7 0.72 3.21 1.41 0.76 0.46 If 1.318 3.39 0.84 4.17 1.55 1.79 III 0.449 0.98 2.53 1.96 3.59 2.09 IV 0.4510 1.10 5.78 1.23 1.52 1.64 V 0.48 
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concentration at a chosen wavelength.
Once K is defined, the concentration
of an exhausted bath containing that
dye can be determined simply by
measuring the anc at the
chosen wavelen th and mathematically
substituting in the Lambert.Beer equa'.
lion. 

For a multicomponent dye system,waveleneths are chosen for caci dye, 
and the K values for each of the dys'esat each of the choscn waveleneths are 
determined as outljned. As the ab. 
sorbence of a mixture of the dyes isthe sum of the individual absorbences
(4), the individual dye conccntrations 
can be determined for the exhaustedbath by solving simultaneous linearbqatii,b eolvn simltnu lear
equations based on absorbence inLa-
surements and the Lambert-Beer Law;
e.g., for a three-dye system: 

Aua = KuC1 + KzuC2 + uCa1
"
AU=KUC'I+KIU.' KaaCS
A x - K, Cl + Kl,,C + Ka3,C, 

where X represents the chosen analysis 

Table IV--Lot-to-Lot Color Differences 
of Commercial Polyester Carpet Dyed
With Disperse Dyes to a Beige Shade 

Sampie 

. 

2 
3. 

5 

67 

8 

9 

10 
1112
13 
14 
is 

16
17 

17 
18 
20 

ColorOirnc,, Vs. 
Uanits 

(Mac ,,mU,,s, 

3.9 
1.2 
3.9 

3.0 
5.25.2 
0.9 
1.7 

0.21.1 
1.2 
3.4 

2.5 
3.1 
L.
 

6 
1.9 


5.2 

Results And DiscussionWaVeieneth fcr each of the three d'os.The cho'sen waveenehTheusualh'crrec re. Capet nalsesblesualyhoe waelenthCarpet Analyses 
st'Onds to the absorbence peak of th'e Ten random samples were cut fromde found by potting A vesjus ,\. each of the five nviun carpet sectionstransversitn the visible region of licht 
(400-700 nm). In practice. after EheK values are determined. the absorb, 
once of the exhausted bath is men.
sJred at X,. X ,x,and the three
equation-s are solved in term-s of the
three unknown concen::atcns. Inex.
pensive calculators can be utilized to
solve the ecuations, though the solu.
tions can be determined inanuallh if
desired. A He'let:-Packad 9100 B
czl.ulator was used in the present
study. Utilizing the derived exhausted 
bath concentrations. the initial bazh
concentraticns and the volume of the
bath, the de:erminat:on of the quanti-
ties of dyes to be added to the bath to 
recenerate the orizinal concentrations 
is straightforward. 

Evaluation of Dyed M~laterials 
Visual inspections and instrumental 

measurements of color were used to assess level and variation between san-
pies in a series. A Diano LSCE Auto-
mate system consistino of an auto-macic abridged spectrophotometer 

andcolorim eter incorporating an I S -in.il-
luminated sphere for integration of the
light diffusivel, reflected fron the 

sample. was used 
 for color differencecalculations (5). The X,X'. Y and Z 
tristimulus values were determined.which were converted mathematically
to CIE X. Y and Z tristimulus valuci. 
The color differences between sam-
pies and standards were determined 
inM acAda units by the 

ned
Fried­

nacAdamChickerin eence metric (6). 11color differ-The calculated color
differe:ices placed the product uni-
fortuity on aquantitative basis. 

(3 ft X 33 ft)tat were dyed ; 
green in the reuse sequence on the: 4-frAbeck. Color differences between the
samprles from the four reuse runs and
samtles from the initi.J (conventional)
dyeing were calculated. Th.e tristimulus
values X. X. Y and Z were obtained 
on the Diano instrument by measuring
each sample three times against a white
tile standard for a total of 30 color 
measurements for each carpet length.
The tristimulus values were first uti-lized with the FMC II prom-am to de-
termine Lhe end-to-end variaticn of thecarpets by theaverieing tristinculus 
values from the 3b0measurentents andcalculating color differences in Mac-
Adam units between the individuai 
5ample positions ard the average. The 
results are shown in Table II. T1he end-
to-end variation corresponds well with 
that of the conventional dveinz and iswell within observed industrial toler-
ances. The aver-ages of the tristimulus
values for all 30 measurements of each 
carpet section were then assimilated,
and the color differences between those 

T W 

averages and the average tristimulus 
values for the conventionally dyed
standard were calculated in o'."::- todetermine overall lot-to-lot vat: n. 
The results are shown in Table 111. :or

comparison with commercial toler. 
ances, 124 samples of first quaiity.
separate-bath beige polyester carpet
were obtained from a leading manut.facturer and the tristimulus values de­

vu3.8termined for all of the samples. The 
average tristimulus values were de­termined for the entire series, and thecolor differences calculated between
the tristimulus values for each sample
and the average values over all thesam the orreus adomlsamples. The results for 20 randomly
selected samples from separate first
quality lots are shown in Table IV.


In comparing the data, it 
was con­
eluded that the carpet dyed in tbh,re­
use sequence met industrial criteria forend-to-end and lot-to-lot shade varia­
tion. Visual examination by several ex­the d~-eines wereperienced plant dyers corfirmed thatfirst quality. The ac­tual savings in water and chemi.als for
the five-run reuse sequence over five 
conven ional d,:'ei.-:sare shown in Ta-IV, along with the calculated en­
erVsavins.
 
-"s
 

Pantyhose Analyses 

In the initial pantvhose squence.
ten dyings were conducted from the
 
same bath'with drops at 175F pro-ress.

ine through four liht. two 
medium. 
two dark and endina with rwo licht

shade runs. Three pantyhose from

each batch %%ere randomiy cl.csen for

color difference calculations. Five

swac:hes were cut from cne !e; cf each
panc'.hose at set points down the 1cn.and t:istimulus values were d:-ermined 
on the Diana instrument for the sam­pies to give a total of I!.measurernents 
for each batch. Color difference caicu­
lations were then derived on the FMC
II program between the average trs­
timuius values for each batch and 
standards supplied by the participatingcomnan:. The results are shown in 
Table Atk'. the end of Table VI. thecolor differences between "just pass­
able as first quality" hosiery sa.mples
suppiieJ by the company and its stan­
dards are shown for the medium and
dark shades. The data show that the 

Table V--Chemical, Water and Energy SavingsinApplication of Dyebatc Reuse to Disperse Dyeing 

Chemical 

0g.ye Coa £utliary Cot Water Energyujirwi 1%) M.I M%)Ms. 

Nylon Carpt- 3.7 65 65 ISNylon Pantyhose 5.2 86Polyester Yarr 90 351.5 82 81 42 
ined on the 5-cycle dyeing sequence. 'Based on the 10-cycle dyeing sequence with a200Fdrooof bath. 'Based on the 9-cycle multicolordyeing sequence on soun yarn. Fora comlaraole9-cycle sequence on filament yarn. a 50% 8TU savings iscalculated. 
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Dyebath Reuse InBatch Uyeing 

shades on the reuse runs were within 
the tolerance ranges required carn-
mercially by pantyhose producers.

Run III color difference was 
omitted from Table V due to a tc:h-
nician weighing error on reconstihu-
tion of the bath. resulting in gross 
visual shade variations. The reuseanalysis system was versatile enough, 
however, to allow coninued use of the 
bath with correction of shade on run 
IV. On run IX, the shade appeared
duller than run IV, probably due tolinin sulfonate or sulfonated finish 
oil buildup in the bath (and hence on 
the fiber). An alkaline wash at a pH
of S (0.05 g-. monoscdium phosphatnen 
X H:O plus 2.50 g: . disodium phos-
FI:ate x 12 H O buffer) for 15 min 
a: I5OF res;cred the brichness and re.
suited in a slihtlv opa( ue whce solu. 
tion with no bleeding or dye. Run X 
was dyed from the reuse bath directlvat aapH of 8 with the same"sme buffer 1oIIo0 
ive acc:bi, cclor dierenesfromv

the standard. 
A two-scouence reu-se series was 

run on the Iizht sh:de to determine 
the feasi*biiit of dropping the bat'hs 
E 200F. The color diiference calcula-
dens were derived as for the earlier 
secuen :, uihh a d~ifer6nce of 5.47and 6.0S .MacAdam units for the runs. 

"The ex.eriments conirmed that the 
reuse tecnique could be applied
readi'' to hosiery dveing, that ra.
ornly switching 'from shade-to-shade 

in a color line was feasible, and that 
level d.ein.s could be obtained by
dropping baths and entering goods at
 
high" temperatures (175-260F). The
actual chemical and water savings for

the 10-run reuse sequence over con-

ventional procedures are shown in Ta­ble V. along with the calculated energy
savings based on a 200F drop. 

Package Yarn Analyses-

The nine pink I spun yarn pack-
ages dyed in the initial reuse sequence 
were backwound and fabrics knitted 
on a FAK laboratory unit from yarn
corresponding to the outer, three. 
fourths, one-half, one-fourth and in-
ner portions of each package. The
tristimulus values for the sets of five 
package samples were determined, the 
values averaged, and the averages uti-
lized in color difference calculations
against the average tristimulus valu-s 
of the initial (conventional) dyed
package. The results are shown' in 
Table VII. 

The remainder of the package se. ­

339. 

DTableV--Lot-to.LotColor Differences of Nylon Pantyhose Dyed with 
Color Oiftsrance 

Shade VS.Standard 
IMJCAdAm Units) 

.'(Conventional). II 
* 

. 

Light
Light' 4.36 

6.15 
II, Light 

IV 
IV 
VI 

Light
Light 
Medium 

63
6.35 
3.30 

M 

VII 
1III 
IX 

Dark 
Dark 
Light
Lignt 

4.06, 
4.48,: 
6.04 
5.64 

Dark Limit aru 8 

"Hosiery samoles suoplied by the Participating company and termed "just passable as first 
quality" by olant personnel. 

i
Table VII-t.ct-to.Lot Color Differences

of Spun Polyester Yam DyedPink with Disperse Dyes 

Coloraiftrefnca 
Pink IShlaa Vs. staoi'ld 

R (MaCAOM Intsu
litsri Al 

I 


IV 


VI 
VII 

VIII 

M 

Standard 
4.401.616.71 

0.68 
8.06 
7.95 
6.44 
&07 

ries that were dyed from companyprocedures. the yarn construction, and 
the number of c.-cles per bath are 
listed in Tables VIII and IX. The 
.green series C examined if the yarn
construction could be switched during 
a series without detrimental effect. The 

multicolor series E and G were run 
to determine if shades that were notpar of a cclor line, but which shared one or twoor to dyes and had hi:h ex­
haustion. could be dyed in secuenceif judiciously se!ec:ed. The color dif­
ferences be'ween the seies packages
and the correscondine szandards are 
also shown in T. bIes VIII and iX. 

The color differences for the sineite­shade series A-E '.werc deemed com­

mercially acceptable. although the dif­ferences for series A (Table %*I) were 
considered marcinal for several runs. 
In the initial multicolor series F, o­
vious visual and quantitative prob.
lerns arose in ccnvetin,. from green to 
ye!lcw (Table IX). The color" d:fier­
once of the final gray run in the
series (package 9) was likely due to 
technician e."or, as the earlier single­
shade gray run shown in Table VIII 
g.ve closer results. The muhicclor 
series G (Tabie X) proved to be a 
wiser six-shade sc!ection sequence for 

Table Vill--Lnt-to-Lot Color Differences of Polyester

Yarn Dyed in Single-Shade Series
 

sies shade NWombor 

B :". 
Pink I 

. go yis 

I 
ConhnucJas 

Filament 

C Green 2 Filament 
:, 

" 
- . 

1 
Spun 

. 

0 
" ""' 

3. 
Spun 

.ray 
' 

.'3"." 
" 

E Gray 3 Filamnt 
.I 

___-_.._.._..._-___ 

In ColVs.ortag,tlirant 

s$is IiMcAdam Units) 

1 Standard 
2 1.35 
3 0.54 
1 Standard 
2 1.90 
4 1.35 
5 1.86 
6 Standard 
7 1.47 
1 1.30 
2 3.11
 
3 32
4 6.86 
5 5.56 
1 Standard 

. 2 3.54 
3 ,5.55 
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filament yarn. resulting in acceptable
color differences from the standards 
with the possible exception of gray tomaroon (package 6), with the maroon 
being

To marginal.ocheck through-package uni-
formity, the color differences between
the tristimulus values of each sample
knit fobric and the averace of thetristimulus value of the five fabrics of
the standard were calculated. For ex-
ample, the color differences between
packages of the green shade from
ties C are 	

se.
hown in Table X. The color

differences of each of the fabric sam-
pies of the standard against the aver. 
age for the sample are shown for com-
parison. 

The polyester yarn experimentsdemonstrated that dyebath reuse is.
adaptable to pressure diyeines, that lot. 
to-lot and throueh-package shade uni­
formity is acceptable in single.shade 
seauences. and if isthat. exhaustionhieh. multicolor sequences not in a
color line can be dyed satisfactorily if 
at least one dye overlaps and if the
shade series are chosen judiciously.Thie actual chemical and water savings
and the calculated enercv savings for 
the nine-run. multicolor'series F areshown in Table V. 

Summary 

Dvebath reuse 
 in batch dveinz has

been demonstrated on a pilot -scale
basis to be a feas:cie technicue for re.
ducing water usate. che.milcal costs and 
ener,"ccs 	s. as we!l as ofe.in; a lowcapital cption for meetin :end-nz pol-

lution guidelines. Tlhe d-emonsirat;ons 

or atmspheric dveing of :.lon car-
pet. nylon pantr.ese and pressure 
packae dvein' of olvester arn, 

with disperse dves gave first quality 


as deermined by sophisti.
cated color difference calculations 
against commercial standards and by 
plant personnel exanninaticn. The re­
sults paralleled those re:Dried earlier 
for small scale reus: deings of n%-Ion carpet with disperse and aciddyes (J). By co-ordinatin2 closely with
participating plants in -the curren,
trials. p:oblems should be minimized
in transferring the technology to in-
plant demcnstrations. Negotiaiions are 
now underway between the investi-
gators. plant personnel and ERDA to
conduct the commercial scale demon.strations of dyebath reuse,

The uvcer limits on how many dye. 

for te various systems have not beendefined. The oniv problem with im-
purity buildup that arose was the shadedulling around the tenth dyeing on the 
pantyhose, which was avoided bv re-
verting to a slightly alkaline pH'dttr-
Ing theIn thdye c ce Necotiations. arzcycle. 
underway with Clemson University(7) and ERDA to bk'nd dvebath re'-
use technology with hyperfiltration
technology in one of the in-plant dem-
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Table IX-Lot-to-Lot Color Differences of Polyester
Yarn Dyed in Multishade Series 

I1 shad 

F 	 Pink II 
Blue 

Green 


Yellow 

Gray 

G 	 Pink II 
Yellow 

Blue 

Green
MaroonGray 


_._7
 

1 Soun 
3 Spun 

2 Spun 

Spun 
3" Spun 

1 Filament 
2 Filament 
3 Fiament 
2 Filament 
3 FilamentFilament2 

capa-ings er bath thai can be accom plishedtar mevarios sysems
hve no been bility" than a plant wou!d norm all "re-

" 


onstrations. The combination of the two technologies will provide a means
of lowering impurity buildup in the
bath by passing a small portion of the
liquid Ithrough-the hyperfiltration unitafter each dyeing (c.10% volume),
and will provide a closed-loop sys.tern when the bath has reached an 
upper limit of utility and requires atotal drop. The redL[ced water usage
dictates a lower hyperfiltration 

qtiire, and should thus lower thesiderable 	 capital cost of con-such units 
since the size and cost is directly pro-portional to the water flow pear uniL 
time (7). 
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Number yam Package in VL 11111r11048of C4awuCrtIOtys eakI (Mac Adam units 
I Standaro 
2 3.53 
3 1.97 
4 2.21 
5 148 
6 24.8
7 10.9a 5.17 
9 11.9 
I Standard 
2 * 2.79 
3 1.78 
4 2.84
 
6 4.336a4 

Table X-Through.Package Coloi Differences of Polyester
Yrn Dyed In Green Shade eries 

Color Olffeteatsliict Packig in farn position Vs.$AnROSrAverafe 
Wiso Constrctio inpackage (MOCAlllUn,411C 1 Filament Outer 4.38(Standard) . 0.73
 

1.69
 

Filament Outer 
F46 
 .8 

3a 2.8
" 
 2.E6

Inner 3.11
 
6 Spurn Outer 3.75
(Standard) 1.69 

.46 
-"9
 

Inner 1.12 
8 Spun Outer 2.39 

L'.4 
% 1.57 

inner 1.29 
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REUSING DYEBATHS ZN JET DYEING 

Wayne C. Tincher, F. L. Cook,. and Lynn A. Barch 

Georgia Institute of Technology, Atlanta.,Ga. 

A8.TRACT 


of dyebaths have beenieconstitution and reuse 
;xtended to the dyeing of f.oric in jet dyeing 

conducted oni:a.hines. Initial studies were 

,..,=;ex Type 455 fabrics dyed to three 

shades in both pilot-scale and
t-.r7ercial

::L-scale in-plant experiments. Dyebaths 

times before beinghavy been used up to 15 

color
Color reproductibility, 


-n.formity, crockfastness, and flar~maoility of

oiscnarged. 


am les dyed by the reuse system 'uere 

samples. 

chemical, water


Co-,arable to conventionally dyed 


significant reductions in dye, 

in theand 	 energy requirements were achieved 

The 	 captal cost for modift-r:.jse d.'eings. 

a ty:iaI 3et dveing machnhe for:aticn of 


and 	f r the required analyticalre.ase dyeing 

in.s:rumentation 
 was $15,000. Annual savings 

the reuse system are pro)ectedpnssit1e with 

at over SIO0,OO.
 

of energy, dyes, and 


cne-ica.s and the to 

'eincreasing prices 


ex=enditures necessary 

an
:eet environmental regulations require 


.nrensive examination of ways to reduce the 
zests of dyeing textile products. For the 

past several years a -ajor research program in 
tne Scnool of Textile Engineering a't Georgia 

Tech has been directed toward evaluation of 

economical feasibility oftr.e 	 tecnnical and 

dIrectly reasing dyenaths. At the conclusion 

.)f the dyeing phase of the cycle, instead of 
to t-e drain, theJischaraing the dyebath 


Jyeoath has been analyzed, reconstituted and 


reused for subsequent dyeings. D'yebath reuse 


reduces the quantities of dyes, chemicals, and 


ecergy required for the dyeing process and 


greatly reduces the quantity of wastewater 


that must be discharged and treated. In 

the laboratory
previous papers on this work 


reuse system has been
development (1-4) of 	the 

and 	 the actual demonstration of
described 


tu tion and reuse of dyebaths in'econsti 
his iery (5-6) and carpet dyeing (2) have been 

the laboratoryreported. This paper ,escribes 
development and plant experience with reuse of 

dyeoaths in ,jet dyeing of faric. 

of Nomex Type 455 (Dupont) plain weave
Dyeing 

fabrics was selected for initial studies of 


fabric was
dyenath reuse in jet dyeing. Nomex 


because large quantities of costly
selected 

material,auxiliaries are required to dye this 

thertby giving a significant economic advan-

tage for the reuse procedure. Dyeing of Nomex 

also -roduces an appreciable quantity of high 


strength wastewater that is difficult to treat 


in standard biological treatment systems. 


DEVELOPVXNT OF THE REUSE SYSTEM
 

The 	 procedure recommended by Dupont for dyeing 

of Nomex Type 455 is given in Taole 1 (8). In 

the dyebath reuse procedure, at s tep 12, 

instead of dropping the bath to the drain, it 
the
is 	 pumped to a holding tank. A sample of 


spent bath is collected foranalysis irmediately
 
tanr.• The
before pumping to the holding 


rinsed and scoured in tr.e dyeing
faoric is 

the 	 usual procedure and then
machine by drying. At the beginning of theremoved for 

the dyebatn is returned to the 
next cycle 


Make-up
dyeing machine from the nolding tansk. 


water is added tcompensate for 
the 	1iuid
 
tne 	 dyeingretained by the fauric and 

indicated in Taole I.procedure continued as 


The quantities of auxiliaries and dyes saown
 
reconst~tu­by the analysts to be required for 


tion of 
 the 	 bath are added at steps 3, 5, 7, 

TABLE I. Recommended Dyeing Procedure for
 

Nomex Type 455 (.._
 

1. 	 Fill dyeing machine.
 
2. 	 Load fabric.
 

0 

3. 	 Add to bath at 1 (38°C):
 

1% surface active agent

(Merpol HCS)
 

20 g/1 carrier (Dymex)
 
4. 	Run 5 minutes.
 
5. 	Add cationic dyes which have been pasted
 

with acetic acid and dissolved in water.
 

6. 	 Run 5 minutes.
 
in three parts over 20 minutes: 

20 g/1 sodium nitrate 
to 3.5 to 4.0 with either TSPP 

7. 	 Add 


8. 	 Adjust pH 

or acetic acId as rcuired.o
 

9. 	 Rais8 to 250 F (121 C) at 3 F
 
(1.7 	C)/minute. 

10. 	 Run I hour at 250 F (121 C).
 

11. 	 Cool to 150°F (66°C.) and sample. Dye
 

addA shoulg be run at least one hour at
 

250 	F (121 5) to nsure penetration.
 
and dr~p bath.
12. 	 Cool to 120 F (49 :) 


Rigse clear at 120 F to 130 F (49 tO
13. 

54 C).
 

AFTER-SCOUR
 
14. 	 Set bath at 1200 F (40

0 C) with:
 

1% surface active agent (Merphl HCS)
 

5 g/l Varsol or similar hydrocarbon
 
solvent
 
0.5 	acetic acId (glacal)
 

15. 	 Raiss to 180 F (82 C) at 3 F
 

(1.7 	C)/Minute.
 

16. 	 Run 15 minutes.
 
to 130°F (400 to
 

0
 
17. 	 Rinse clear at 120°F 


54 C) for 10 minutes.
 
18. 	 Check for crocking; extract and dry.
 



anO.8. The-only changet,; dyeing salt in step 

(the quantity required 
..7el, was usually less 
.. eeded for a conventional dyeing cycle), 

.4%A%YSIS FOR RESIDUAL DYES 

The very strong absorption of dyes in the 

of the spectrum provides thevisible region 
method for de-.;mplest and most precise 

:Lrmination of dye concentrations. The ab-

norbance, A, of a dye solution can be related 
by the modified Lambert-to the concentration 

beeir equation (9) 

A W log Io/I a KC 

0 


where 1o is the 	 intensity of the visible 

on the sarmple, I is the:adiation falling 

of the radiation transmitted by tneintensity 

tample, K is a constant including the path 

.',2nth of radiation througn the sa-ple and a 

related to the absorptivity of theconstant 

aple at a given wavelength and is the
c 

of the absoroing species. :n 

txtures of absorbing 
roncentrtion 

species, tne aoso:bance 
of theat any wavelength is the sum 

ansoroanzes of each absorbing s=ecies and is 

iven oy: 
+

A a Kc+ K c 2 Kc... Knc n 
1 1 K2 c2 3c 3 n~n 

T we additive characteristic of light ab­

..orption by dyes is important in tne analysis 
in spent)f dye mixtires of the type found 

,:yeza %..s. For such dye mixtures, the 
of.A*.sor:ance can be Teasured at a number 

wavelengtns and tne concentrations of the dyes 

determined by simultaneous solution of a set 
of the type shown above,.t linear equations

:v wa.elencths selected for the analysis are 

one of the dyes has,enerallytrose for which 

a ,ax.imm in absoroance. 


is 

the ready availability of a nu.-er of.low cost 
accuracy and 

A further advantage of soectropv.otometers 

-nstrument s with sufficient 

:e!:roductivity for dyeoatn analysis. Much of 

tn. wrrk in the current study was carried cut 

on a single beam grating spectropnotome ter 

ccst-ng approximately S3,300. The computs-

tns required for the analysis can be 

conveniently carried out on low-cost desk 

calculators or microprocessors. The calcula-
can be
t:ons necessary for a four-dye mixture 


than $4,000.
nandled on a system 	 costing less 

Two major problems require solution for use of 


for residual dyeoath ana-
dyes are * not completely in

spectropnotometry 
lvsis. Some 
scultion and therefore do not follow the 

Many dyebaths alsoLanbert-Beer equations. 
turbidity or backgroundshow significant 

which interferes with analyses
absorption 
of a light beam passingbased on attenuation 

through the sample. In the current work both 

of these problems were circumvented by 

the dye from the dyebath samplec-%tractingnt organic solvent. 

solvents it was
After screening several 


almost
that 1-octanol would 
quantitatively remnve cationic dyes used indiscovered 


required is thdt all 
7 is added at one time 

for a reuse dyeing 
than 201 of the amount 

342.. 
placed in a separatory funnel with approx­
imately 50 grams of common salt and the' 

mixture shaken vigorously for 2-one minute 
then allowed to separate into 2periods and 

layers. The quantities of dyebath and octanol 

are selected to given an absorbance of the 

octanol layer for each shade of between 0.2 

octanol layer containing the
and 0.8. The 


placed in a glass syringe
extracted dyes is 

4 cotton balls. The cotton ballscontaining 

layer and absorb 	 any
filter the octanol 

octanol solutionresidual water. The clear 

a I cuvette andthus obtained is placed in cm 


the analysis for dyes carried out spect­
constants (K values)
rophotometrically. The 

for the analyses were determined fromrequired 

known concentrations o the dyes using 
 the 

the analyses.
same extraction process used for 

For dyebath analysis a spec tropho tome ter
 

(Bausch and Lomb Spectronic 100) inter­was 


faced directly with a Hewlett-Packard 
 Model 
calculator could 

from the spectro­
981'5A calculator so that the 

read absorbance directly 


pno tome ter. Measurement of absorbances at 2
 
!or recipes ccntain­wavelengths were required 


ing 2 dyes and measurex.ents at 3 wavelen.ths
 

for recipes contain-ng 3 dyes. Tne calculator
 

then printed out the'residual dye concentra­

the and weight of dyes
tions in oath tne 

required to reconstitute the dyebath for the 
system ;roved sufficientlynext dyeing. The 

simple in operation that dyenouse personnel 
could be trained to accurately conduct 

anaLyses in one day.
 

ANALYSISAUXILIARY CVEvICAL 

The majority of auxiliary chemicals used in 

dyeing are generally nonreactive, and are not 

absorbed by the suc-:trate teing dyed. Since 

they are not consu.ed or removed during the 
dyeing cycle, the principal loss occurs due to 

the factic te'rnc dyed.retention of li;uor in 
can be alded toThe auxilliary components 

baths in direct pro.=ort'on to thereconstitute 
water added. As an 	 example,amount of MaKe-up 

%f 10% of the dyebath is lost during t.e 

then 10% o tne original cuantities ofdyeing, 
are added to the dyeDat'auxiliary chemicals 

in preparation for the' next run. This 
was fnr the additionapproximation method used 

of surfactant, dyeing salt and acid used in 

all Nomex dyeing cycles. 

Unlike these auxiliaries, the dyeing carrier
 

was absorbed strongly by the Nomex fazric.
 
the carrie: is thereforeExhaustion of 


from that of other auxiliaries, and
different 

different method of reconstitution was a 

required for this component. The carrier 

problem was further complicated as initial 
carrier consistedstudies indicated 	 that the 

of unequal portions of two chemical components 

which exhibited different exhaustions. It was 
the nature of the necessary to first determine 

of eachcnemical components 	 and the proportion 
Nuclear Magnetic Resonance
in the carrier. 


to analyze for theSpectroscopy was emploved 

two carrier components in exhausted dyeoaths.
 
The exhaustion was sufficiently similar from 

cycle to cycle so that an average exhaustion 

be used to reconstitute the dyenath.could 

revealed that component A of theThe. analysis 

carrier (35%) was approximately 65% exhausted 
55% exhausted. TheB (65%) was 65% ofthe aqueous dye ath and component showed that addingdeings from th aqeousdyeathlaboratory dyeingsNomex (Jomxfrmdcing ex­-octanol 

sample. A procedure based on 	 carrier eachthe original amount 	of blended 
was therefore developed. Measuredtraction cycle gave sufficiently accurate reconstitu­and 1-octanol arevolumes of spent dyebath 

http:consu.ed
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tion of .the dyebath without creating problems
in.Jiomex dyeing. 

II.1.iT-SCALE DYEINGS 

*ilot-scale evaluation 
of the dyebath reuse 
o-.ste. conducted on a Gaston County Mini-was 


'tt lab dyeing machine.
 

" procedure similar 
was to the one shown in Tableemployed with the exception that 

:xcessive foaming problems on both conven-
.:nnal 
and reuse 
runs 
required scouring and
aiial rnse to be carried out externally.:wvee 
 large volume comrnercial shades ­:.low, black and blue ­ were selected for 
tat pilot scale studies. The first series ofy-':in-js consisted of 4 yellow shades dyed in 

same bath, the second series consisted of
olack shades in the same bath and the third
sLries 3 blue shades. The yellow shade was

iyed using ro cationic yellow dyes, the blue 
.ttn 
a red and blue dye and the black with a
:.J, yellow and blue dye. A liquor ratio of
,:1 was used for all lanoratory dyeings. 

Analyses 
 of the spent dyebathi for residual
::loran:s were 
 carr,.ed out as described 
"rsviouslv. Reconst:tution of aux.liaries 
-as based on tne volume o! make-um waterr:-uired except for the carrier.
,:uncentr~tion was reconstituted The carrierby addition 

65t of the a.ourt specified in the:'in.'entxcnal dyezngrec:me. 

ELsch of the laooratory dyeings were evaluated
&';' measurement of color u.iformity, color-d i!'tyan ;. 

-:tn:e a use 


r~p ci astness properties.-
aor for :omex faztics is in 


",otect:ve clotning, fla-%abil.tv character-
:..:ics were also determined. 

.oior of all dyed samles was measured on theAz:i Model 400 Z)PecrOsensor. Color differ-
.:nces De:ween each sanple and the conven-

t:ona run were calculated using the 1976 

. .Lab colcr dizference equation (1v).
n.esults are given in Table zi. The color:dfferences were within limits usually
ziered as co.-z.ercially acceptazle con­for these 


shades 
 on *;omex ,aorlcs. Visual inspection 
A.d color measurements on each of the reuse
 

TABLE Il. Color Difference Values Between 

ur.ventional and Reuse Samples Pilot-Scale•ries Under Light Source D 


Lole No. L at h' DL DE 
-wBlue
dlow 

­

(conv.) 79.31 9.86 
 86.77 -­
;ellow 2 78.18 10.51 
 86.44 -1.13 1.34
;ellow 3 79.14 10.73 88.21 -0.16 1.75 

Yellow 4 78.53 11.08 
 87.17 -0.77 1.50
 

cn. 1County

(conv.) 14.31 0.32 -1.45 
 .3 .4
black 2 14.69 0.35 -1.66
Blace 3 14.78 0.38 -1.50 0.38 0.43
0.46 0.47


Blac? 4 14.96 
 0.26 -1.63 0.65 0.67 


Blue .below: 
(conv.) 39.55 5.10 -32.4 
 .. 
 ..

Blue 2 30.81 -5.18 
 -32.8 0.26 0.45

g1ue 3 30.35 -4.87 -32.8 -0.20 0.47 

343. 
samples also showed that the dyeings were 
I evel. w 

Colorfastness 
to crocking was determined usingAATCC TEST method U-1977 (1), Results areshown 
 in Table III. No differences were
observed in crockfastness between samples dyed
by conventional and reuse dyeing cycles.
 

TABLE III. Colorfastness to Crocking - Pilot 
Scale Dyeings
 

Chromatic Transference 
Shade Cycle 
 Scale Ratino 

Wet Dry

Yellow I Conventional T 
 5
Yellow 2 Reuse 
 5 5Yellow 3 Reuse 5 5
Yellow 4 Reuse 5 5BlacK I Conventional 4 4Black 2 Reuse 
 4 4
Black 3 Reuse 4 4 
Black 4 Reuse 
 4 4
Blue I Conventional 5 5Blue 2 Reuse 5 5

Blue 3 Reuse 5 5
 

Flammability was evaluated by Federal Test
Method Standard Numer 191-5003.2, "FlameResistance of Cloth. Vertical" (12). Average
char length for each of tne dyeTrns is strewnin Table IV. No increase in cnzr length
resulted from reusing dvebaths. 

These pilot scale studies indicated that Nomex 
fabric can be 
 dyed oy tne reuse system withacceptable color reprodc:cicility, and uni­
formity and with 
 no adverse efects on
properties of the dyed fabrics. 
A full-scale

plant test of recornstitution end reuse ofdyebatns in Nomex dyeing was 
therefore planned

and conducted.
 

TABLE IV. Average Char Length - Pilot 
Scale Dyeings 

Average 
Run Numner Cycle TvoeChar Length Standard(inches) Deviatlon
 

Yellow 1 Conventional 1.6 0.3
 
Yellow 2,3,4 Reuse 
 1.4 0.4
Black I Conventional 1.5 0.6Black 2,3,4 Reuse 1.7 0.4
 

1 Conventional 
 1.6 0.4
Blue 2,3,4 Reuse 
 1.4 0.4
 

PLANT DEMOdSTRATION DYEINGS
 

In-plant dyeings carriedwere out on a Gaston 
Aqualuft 4-port Jet Dyeing Machine.
The same shades were dyed as in the pilot­scale experiments.
one A procedure similar to theshown in Table 
 1 was used in the plant


dyeings. A surmary of 
the plant runs is given
 

Series I 
 Yellow 6 dyeings

Series Il 
 Yellow 7 dyeings

Series III" Black 3 dyeings

Series IV Blue 
 15 dyeings
 

http:fla-%abil.tv
http:carr,.ed


.hn only difference between Series I and 
1I 

wd4 that benzene was used as the extraction
-jIvent in the analysis of spend dyebaths in
:,rrjes 1 and 1-octanol was used in Series II. 

:.-a ies III was originally planned 
to include 6
:'-t ings but the dyebath was lost to drain duer.o oerator error 
after the third dyeing. Innei'ies IV the first 10 dveings were carried 

out with the usual quantity of carrier out
 
zc=v.blems with dye streaks were encountered and 
tnt quantity of 
 carrier was increased by
aFpraximately 
 501 . Dye streaks were also


encountered 
 at this time on cor.ventional 

Jyeings so the 
 proolem was not related to
reuse of dyeoaths. Accetable dyeings were 

Cutained in t:.,elast five 
c.cles with the
increased carrier concentration. 


E*',:,uations of plant dyed samples were carried
sit in the same manner as previously described 

gr the pilot-scale dyeings. 

.:ess:its of color 
 measurements 
 are given in 


ale V, crockfastness testing in Table VIand fla-maoility test results in Table VII.
ith the exception of the yarn s treak 


prcbI e.s noted previoUsly for the early blue
d'.ei.ngs, all sa.ples dyed were judged to be 

ce-c ally accentable. No significant

if-erences were 
 .fcund between the faorics
dyed v the conve, tional and the reuse

•Ys tes. 


11_rrjCT.,C!. 14 
DYEING COSTS WITH DYEBATH RZ£USE 


.h water, chemical and dye requirements for

onlt ccnvven tiona. and 
 reuse cycles were
:tonItored for 
 all three shades dyed in the
 

ABLE V. Color Differernces by
and C77 L'a'o" FMC 1 (13)
(10) Equations for Plat

"-tMonstra:tion Seres'-%7ight Source D) 


S- No. D-"(CIEL'a'b') DE FMCII) 


Series 11 
Yellow I 
 Conventional 
 Conventional

Yellow 2 
 1.77 
 1.50 

Yellow 3 
 1.27 
 3.20
Yellow 4
1,-jilow 5 4.50
4.41 5.40
3.72
 
Ye-low 6 
 1.94 
 5.61
Yellow 7 
 4.98 
 5.42 


Series III 

Black I 
 Conventional 
 Conventional 

Black 2 
 0.69. 
 1.50

Black 3 
 0.59 
 1.21 


Ser:es IV
dlue 1 
 Conventional 
 Conventional 

Biue 2 
 0.88 
 1.12 

Blue 3 
 0.37 
 0.59

Blue 4 
 0.49 
 0.67
lue 5 
 0.63 
 0.84

Blue 6 
 4.68 
 9.19
Blue 7 
 3.63 
 6.94
Blue 8 
 2.45 
 5.15 

Blue 9 
 3.06 
 4.46

Blue 10 3.25 3.77
blue 11 2.26 3.68
Blue 12 1.39 
 3.32

Blue 13 2.34 4.09Blie 14 2.09 3.70
Blue 15 1.36 
 3.44 
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TABLE VI. Colorfastness to Crocking - Plant

Demonstration
 

Ctromatic Transference

Shade CycleTve 
 Scale Ratine
 

Wet Dry

Yellow I Conventional We _r
Yellow 2 Reuse 
 5 5

Yellow 3 Reuse 
 5 5
 
Yellow 4 Reuse 
 5 5
Yellow 5 Reuse 
 5 5
 
Yellow 6 Reuse 
 5
 
BlackYellow 7 Reuse 5I Conventional 544 
Black 2 Reuse 4 4
Black 3 Reuse 4 4
Blue I Conventional 
 5 5 
BlueBlue 23 ReuseReuse 
 55 '5
 

Blue 4 Reuse 
 5 .5Blue 5 Reuse 
 5 5

Blue 6 Reuse 
 5 5
Blut 7 Reuse 5Blue 8 Reuse 
 5 5
 
Blue 9 Reuse 
 5 5

Blue 10 Reuse 
 5 5
Blue 11 Reuse 5 5

Blue 12 Reuse 
 5 5
 
Blue 13 Reuse 
 5 - S
 

13 ReuseReuse
BlueBlue 15 
 S
5 5 

in-plant demonstration. 
 A su.mary of the
materials 
requirements fcr a conven=t-cnal and
average reuse cycle is given in Taole VI:I.
The dyeing machine was not equipped witn steam
flow monitoring equipment so 
energy re-J'r­
ements for ccnvent.onal and 
reuse dye cycles
 
were ca]uclated assming 
a inccming water
 
temperature

temFerature ofof F a maximum dyeing
225 F, pumping tne dyenatt to 
the holding ta-nK at 1400F;bath to dyeingand pumping the
spe~t back 
 the macnine at
120 F. Calculated energy requirements !or a
conventional cycle were 7.06 
x 1 BTUs and
 
for a reuse cycle 5.19 x 
 10 BTUs, a
reduction of over 
25%.
 
From the. calculated energy requirements and
the quantities of 
 water, chemicals and dyes
 
for conventional '
Table reuse cycles snown
VIII it .; possible in
to calculate cost

reductions with 
reconstitution 
and reuse of
dyebaths 
 for Nomex dyeing. Using current
 
costs for chemicals, dyes 
 and energy and
 

TABLE VII. Average Char Length - Plant
 
Demonstration
 

Average 
Char 

Shade Run No. Cycle Type 
Length 
(in.) 

Standard 
Deviation 

- - - --
Yellow 
Yellow 
Black 
Black 
Blue 
Blue 

1 
2-7 
I 

1,2 
1 

2-15. 

Conventional 
Reuse 
Conventional 
Reuse 
Conventional 
Reuse 

1.7 
1.5 
1.9 
1.7 
1.6 
1.6 

0.4 
0.4 
0.3 
0.4 
0.4 
0.4 
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TABLE VII!. Material Requirements for Conventional and Reuse Dyeings
 

5eries I Yellow
 
Fabric Water Surfactant 

(pounds) (callons) (aallons) 


Conm. 556 595 1.0 
Ieuse 672 91 0.2 

Series II Yellow
 
Fabric Water Surfactant 

(pounds) (callons) (callons) 


Co. . . 700 595 1.0 
r.-.a 705 0.2
ie 73 


Z.Vles III Black 
Fabric Water Suractant 

(poinds) (callons) (callons) 
:v. 65 595 1.0 

.euse 681 60 0.2 

Series IV Blue 
Fabric Water Surf.actan t 

(=cunds) (cp!lons) (callons) 
Con'. 95 0.5 

7%ease 506 60 0.2' 


assu...- that a dyebath can be used ant
.Average of 10 times before discharge, tne

of conventional and reuse dye:ngs were 

caIcula ted and tne savings achieved by reuse 
of dvebaths deter..ined. T te savings in 

'.Ilars per cycle and cents per pound are 
.;4wn in Table IX. 

:ne plant at whicn the demonst:ration was:onuc:ed dyes an avera.e of 675 cycles per 

year on me Jet macnine. 301 of 
:ne c:cles (263) are black, 401 (350) are 
ye.13w and 20i (175) are :; .e. About 10% of 
.:no cycles are other .iscellaneous shaces, 

doe annual savings achieved by adoption of 
v.oat.n reuse are expected to exceed Sillo,000 

,er year. The caoital equipment costs for the
'ralytical system, pumping system, and holding 
tnk were less than $15,000. 
T(e reduction in volume of wastewater 

discnarged with dyebath reuse was of particu-
lar interest at the demonstration plant site 
due to problems with overload of the treatnent 
facilities. Conventional dyeing produced over 

50C,000 gallons of spent dye liquor per year. 

ReJie of dyebaths can reduce this volume to 
140,000 gallons per year, a reduction of 72% 

•n the quantity of high strength waste 
entering the treatment plant. 

TABLE IX. Savings by Reconstitution and Reuse 
of Dyebaths in Nomex Dyeing 

Cost Reduction Cost Reductions 
Shade Dollars ner Year Cents per Pound 

Yellow $117.70 17 (7061/cycle) 
Black $179.63 26 (6851/cycle) 
Blue $141.89 28 (5031/cycle) 

Carrier Acid Salt 

(callons) (aallons) (pounds) 


50 r.0 Wo) 
36 1.0 20 

Carrier Acid Salt 

(callons) (Lallcns] (pounds) 


50 5.0 100 
35 0.8 15.5 


Carrier Acid Salt 
(gallons) ('callons) (pounds) 


50 2.5 100 
35 0.4 15.5 


Carrier Acid Salt 

(gallons) (gallons; (pounds) 


Z5 

35 


5.0 ICU 

0.8 15.5 


CONCLSIONS 

Yellow Dye 1 Yellow Dye 2
 
(rounds) (bounds)
 
12.95 2.50
 
15.59 3,01
 

Yellow Dye 1 Yellow Dye 2 
(pounds) 
L6.54 ' 

(pounds) 
.ZU 

15.68 3.04 

Black Dye 
_pounds) 

109.6 
99.5
 

_lue Dye Red Dye 
(rounds) (Pounds) 

15.i9 0.iO 
17.45 0.87: 

The current work has denonstrated that 

reconstruction and reuse of dyetatns can be 
extended to dye img of faoric in jet dyeing 
machines. Plant personnel can be easily 
trained to operate the new systen and reuse 
dveincs are essentially identical to conven­
tional dyeings in mportant color, fastness
and flar..anility characteristics. In the 
dveing of Nomex substantial cost reductions 
approaching 25 ce.-.s per pound of !acric dyed
 
can be acnieved by t.e reuse system. Th;se 
results should make reconstituton and resue 
of dyebaths very attractive for dyeing cf 
fabrics in jet dyeing equipient. 
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' , ,, d the '.unl :s\.

T2d .mons'., e the com mercial 
the G;€r. iliirie.. and all ,f:ade'. were dei.'ed;bjljr/ of uhe s y ste m. Adam s -Millis : . tId iea . pnm,: Inddrp iupl ;n t impl e tt. f rt lg.,i n 4)"d veh; sh I n Ih . .".;1111 ' d y e . VT€ I .wC=r. tesed it on pantyhose made from 	 h ereu% for the I'illowing re:it...I8. 6 and nylon ES. Results: 19%* "lc principal piece 	

.ua C-OP.--.c ,'i,..dut.1'.rv;iuer-xuon in dye usage: 35% 	 ll* cquipulnlsavinEs in 	 RL-I24. ;n in­e,-tcal auxhiiaries: 43% drop UNeJ (o dv pantyl'., i. 	 dI'sHirlnU.hIv.eiitin 	 the r4.toianu 
.=esewer costs: 57% savings in 

dnm machine. The machine' sipcrate:,l 
acent: Marvanul I.evcl Tone 7. ;'eveijitani:and Plencrr.int 15".lont liquir rtlitoi 121): 1. 25: 11. the% all, 	 :1gere An avera.e of 	 ,Agny as 30 batches (and 	 tilUg a.l 	 .n.41) are being dyed in the '.tc:1m to e.cp' fr.ely di'irel;llp 	

the lintil C.1)ll~tlirlliland hold evCL*'...ard thc%-	 tili;v haler: Illie'..011.11 1hcf'll IV. FoIr 
R A.io. rather iha.pumped to heat e.hanuur',pantyh.,eI'rmrttl:fiii I'.r.. dcntratiw.•tlcic iencei . the linalwere anpprohNiluld. o.l'prot Pineway intere'.ti. the d,:.%..mic.,I ,.lu:ili-ries

0ESr'o Des 	 f c hemical 'lndpoint-aire nir.roUdly de1ned. Sh.de, encr.111. u'.cd are identilied unIv ai. I)i'pcr'.eareLoc i at Yellow. Di~per'. Red "nd Di'per'.
 
,eoser grouped in variations ut'hrown. an'd fre.
nKr';C od 	 quenyarc derived from the Name thrce 

Blue. 
disperse dyes hy aitcrint: their relatki All dycint!% were conducted tintahlse 	 e .tmnd.'rd 0lbx..Smith rotary drum mi't­ater Ca.nsrnotion 	 pruertions.

W35.mvho'.e 0Au.iliary Chemich, itsed in dycing chine. MNlkilicatiiin oI" the miachine fr.W.. S ~;wosal nottent. and theye are eh;.tdnot 	
tihe dictrc'.niti,,n nlaiiitv inv..ilved in­t any t!-de.lro vcd i* Ihe Itimitl ,ti"a holdinu'whtr to ;lttnsid~ tank, p~itptnU- dyeing, pnoccs. 	 1 lt, the 'rent dye­i h vli thath. The tliun tit thealrcitf'h r~tde.%h:tm ,% 

! 15 
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Reconstitution and pH was meatured by an F.ctch 

Reuse of yebaths Model 6,0)XI hand held combination 

s ypHqlemperature 	 meter. The extracted 
dyebrah saimple was filtered lir nem,-
ary) hy pushing the soltiion thrmuuh a 

syuin e fitted with 	 :t 13 mm Swinney 
attachmnt Millipore Corp.i cont:ining 

%huwnin Fig. I. The insulated stainless dispii,,ihle filters desiuned to handle 
-.feel holding tank wua on the floor. ortinc solvents. A standard desktop 
u')vc the dyeing machine. all wing a centrifuge was used in the separation or 
gravity return reed. the ory.in0c and aqueous layers. 

A Gould Model'316 centriliuual pump The lca-s ol'the pantyhose consisted of 
driven hy it2 hrv IS() rpm "'ES.C motur either nylon 6 or nylon 6h made into one 
wus ttd to transfer the dyhath to the uftwo hieh volume Adams,Milli %tles. 
tank. A Taylor FuI-Flex Cuntroiler t;- All hose, were pulled randomly from 
ready on the machine) was used to con- tock. A standard load of nylon 66 hu,e 
trol terperature. and a calibrated site weighed 96 lb. a standard. l,.%s dense 
glass ti5;,:tl incrementsI wa atlached to load ofnylon 6 weighed X4 lb. The same 
the,,ideo'thedrum machine f'ur %olthme amount of' water (130 eah was tiscd in 
control. processing both fiber types. Thus the 

A 	 lrooks Propeller %tcter IModel liquor rtio v;ied from 20:1 for ny Ion 6h 
3312.(3A31.AI was used to measure to 23:1 for nylon 6. 
total water Ilow. and i J. W. Sweet D)ychlathaialysesweremai leusing nr 
TDI-IIXI Flow Monitor was used to integrated Bauch & l.umb . nectror. 
munitur steem flow via the presure IX) ,pectrophctmeter:Hes.'tt-Pa,-
drop across a ,enturi inserted into the ard 9,1 A desktop coinputer vt .n. 
.team line. A chemical .dd system con- The intnjments '.ere connt;.ed hy an 
tiisttin- of'a 2-,al staiinldi ,teel tank at- inter';ce desiened anJ b"jilt at Georgia 
tacncd to a 0.2.-in. %.,-ct.eduie 4:) pipe Tech. The in'er'iice provided logic 
positioned across the ,Aidth oi' the m;t- le:l converion and complementcu the 
chine with eoiially ,paccd 1/16 in. h..,cs spctropnotometer in proO iding stan-

:%,added for mrte:'n in cuncenir::ted dard binary coded decim.,l tRlDI en-
dyedisr,ersion..A spi,,tws attached to coding to the computer. The desien 

the side titthe drum to pruvide u canve, critena dic.ied: i1) t hi..gh impedance 
nient draina.e po il'ir onlaining ., d:.e- flr low :tirrent de.mand 'trim the rei,-
halh ,ampie oramn.il. si,.t the cnd, ilhe totranitor lovic (Rrl. ciriiiur. :t 't 
dtcing u. anadjustat-ie thrchold fur the "'logiC It 

l'"Ro'o or.iM,'-V.., Vol, 
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348. 
to loie I**tranition to permit varia. 
tion ror optimum noise immunity: and 

(3)provision oft copy or the HCD out. 

put tn ulight emitting diode: 7.'D) dis. 
play using a seven semcnt t. 'tor. 
It.nsicor logic (TTL) decoder t, jw 
that level conversion ard BCD encotn­
were being accomplihed. The interf'ice 
was powered byanindcpcndenttS volt. I 
ap reul~ated power supply with short 
circuit and oven temperature protec­
tion. Details of the interface circuitry 
have heen puhlished elsewhere (5). 

The programs written for the :nalysii 
system werc desiuned to provide a con. 
versational mode of interf.:ce between 
the dyer and the system data. The in­
terctive interface was accomplished hy 
printing alphanumeric questions to the 
dytron the computer tape printer which 
solicited respones through the key. 
xard: i.e.. enterine the number -'I for 
'*ve'"and the number -2- for "no." 
The progtrms that %,eredeveloped coy. 
erednotunlvdyebath reuseanalysis hut 
alo provided general utility routines 'oi 
evaluation of dye lot strencth. recipe 
scor-.e :nd char.L . and dye add cLIcu-
Ltions,. All of the nrocrams and dat3: 
%%ere ,tared on maqne:ic tape. av;til:the 

I-the HP-41,W \hruu.gh i!, buil-in t;ale 
drive keyeJ by program contrul. 

The main dehuth 	anily'is program 

flow b"gnn %kitha request to load a sam­
pie in the spectrophotome:er and set the 
w.:rs1ien'n ,ucse'iely to the prorer 
vulut-, for individual dye ubsorhunc: 
L-A) b.,sarnanee reat­pdaks 0-). Two 
inps %ere take.n aiiotrnatic. - t eac 
w, ve~eath with j haif-,econd inter.:; 
-enkern readings. If :he values %ere 
equal. program process,,in5coninued. 1f 
the reading-i were not equal. the pro­
gn4t returned for another pair of rc:id­
ings until the data ,tanilized. 

program next tested for larce 
valtes ofu sorhance %%herethe Lan. 
ber-Reer Law would not hold. and re­
que.,ed that the srectrophoiometri:
sumple be dilted 1: 11.4 ; I..) or 3:1 IA 

2.0) depending on the ahsorhanc, 
value. De-tiled instructions for the di. 
lution were given to the dyer via the 

printout. 
Next the program inquired whether 

the mihseqteni run wa. to be a reuse ru. 

or not. Ifnot. intermediate value-­
us dye cuncentr:tions found in the 

printed. and. later. tofu! 
dye needs without reused dye liquor 
were detailed. Reuse rmns assumed t1e

of a standard set of K values for tr.e 

current dye lot (2-4). The alternate 
pnth-not a regular reuse run-ao 
ottered the opportunity of selectinr 
anotheret ofK values fora different se. 
of dyes. 

The program then proceeded to cal. 
culate and store the concentrations et 
dye present in the hath sample pre. 

0 Vol. 12. Na. 
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'ntell rrrn:ilyi. The con e nitratinn 3 49 .

%mc In unal,. ,E" .raln', per
w:ith. inn- Table I-- Conventional Adams.Millls Procedure.l~eni With leta'remenl %yi.c1I%in i 
IN ; A:itn%'.talli For Dyeing Pantyhose in 1976 . The t;Iatl qimn­iti' of dye. in ; I .:3 rcniiv hathIa'l1ume reairned trum the hildine taink) Time "e";l% printed. (mini. Dieing Batch ITCUNI ketrin c hich If. Finishing Batch INf step w;i%to 1. Load machine,h;,lew;a. I0)he ',,cqraI.nrl dyed. File 

3 10. Refill with cold water. 202. Inject live steam 10 rinse 10 mim:P:le haid heelt I';tedI'im lp it,:0) 
12 

'*1'ule'% ,f each tal Ile in'.li it alld I1, i, 
min at 20OF dumo the :ath3 Fill with cold waler. 7 11. Refillwith Cold water 3

fA fI'l c . 'lThe pnoutl-1ntt1 rv4I.lhei ,,lcd c.'ntry airi raise to 9OFMltalil tpe tit aI' l :rod ,i~ledIflrt 4 12. Inject steam rapidly to 4Add auxilary chemicals.'lncllherjpL li,%d ed•andIaskdil'a run 10 acfieveIh:ldu nllmher/naime 10 mincr ,. ra.'crence 5. Add yes 13. Add finish chemical and i0 
run 10 mm at IIOFli',lltwing needed. Inc l. Ihe ,hade 6. Raise temcerature at 45 14. Oumo the oath tadrain 3h',,lin ':t, gnvriid. (In rccei %ine Ihe 3Fmin to 20OF7. Run 20 mm at 20OF 20 15. Unload the pantyhose 3tl.rprIrc hade nitinher. the dyec re. E. Samoe: make ado it 10 43,OrN a;il ll.a l' aat ded. The dve :on. necessari4•Clrlrllhllt recipe'. were fras.Id tin the 9. Du,.u ,he oatn to drain 3.i.~lj al tI.abrc It) bi. dye'd• Ea.hUvii aht. iI e dvc ~ ,,en correct snace isvo"ncuntnritm w4.i, •ts it .mildd i At his, rwitt rjObtained tIM
 

hY; d I st:n'glh .'tr %khich chanced
With .:ch ne. dye iw. The tlye r4 C T 1trenth 
Cycie I Totals man . ;cumpinlcd the aIe.ial;ar ort pe..:,l ilyL K v:alie h:k, ;al"'r. .l-ere

• 44:1!in the .Itiir "'tt ";r:~ h'" i lie d pro.i.11.h therefore
nte:tliilimar- Slciteenali "M)e th1%.capdpl)nlI.h' been pith. tion. RecormenjLlion'. were hruer. t ;i. t" ic,,ld tvt.din pnrm , mtJe th' phla dver 'oraptimi/in. ;he196Cnetoa rcsC"%ito the Lcm. ctln~cntin:l prucei,. which leJ to' his1976 Conventional Process de'.elopment"ciPht It hc d c.d. ol" the 197SIhereh dercrminin, procets' de-The prioce,, ted h% Ad:wm.Milliihla~.I d.e :and .arllirvneed'. Isrlh;,i tiled in Table 11.The major chances

*wh-.n the c-oaper.iti.e prourrm with ettcted in the 1976 process were:.nirh::lr dln., Ifthe h:lth d, ni:a . (kt'iiuli'et.h h gan in 19"h i detiiled infir liy ait the e".crceded Ihe 
a Reduction ofthe hold .,cle temper.hanaI Table l'16%I. rin' h the 19Th procc,.. wtureqiu;,-ifyl needcl I'rom -')F to IIF.Air the ne,\t dwCI,1al. a %'cn. niforcd ht'r }vtdea hsdablinc for fW: ,rni ,', w'.,% .ddinv Jyt:,is d % h,ii d it, t he v r It s. r e . o vei .il l ,,;v in ,, I l In c r it li cl , r pid ly rai i .in ,.t he to the frceh ath andt em".pe matttre to 1641F 

.h1%,t i,,eu t h " hoith n th. I"h.:arre ;tddin.g the pant%hs.e to :he mu."it:hein.llt heiihirnoit necdcd hi 1973 Ccr.mized Process chiele. The mk.X.ditrC:ln ;ailu,.scd rfu%.il'tcic *etpcunslrlmnt. nil~~~ liheuctecsaion.ase in TuIe heatup and 
,d Then the The co;'rot: thu. '.hortered Mtedyi.:l.lflleall, . necded for ;I prouee.- detailed in Tuberc. i it etn.ldered l'~was cNtcle. intreau.in-l' n , r ; t. cyle hroducdon.. E inein.rnln;aton ol' .everl nn-;es.
 

f'.:Iec -' in Iv.rlh ;I rniltdi:anl irV 
 itM til. %ilh haher ene ;nd nateri: T 
a. irtit rit)i v pi't d.1 i.m.epli4;,1 it(. ;I ret,, i. MI. in

hl tClnlirtc-.rcuiid 
ll n. he tnctnl it..d;pArilitintlist oc l ime from 15- minute,,

Xcc'I hy the re- d'ch:fth reus e . k II manutes. Savings in energy"vclre::l printed. The coi rect hoial I to %itch a proc'.rrlu - andu.aler re.;Oized th-ou.=,h the,,e chan-.-.sthc,:efire unwarranted a'. h 
d..e -i.l'jilne', .xnd 

the ain. me Acre al',o ',uh,,lnmtial. The d'chunfInish .mtixiiirle,, d. Worclue wotjsld ha%,c been m%'kd 
Ijc-e 


,. r mmned ;Ind I \e h% hy-tho}c achieved 

1 : ' pnee:durr-wab, mcd;ieJ a+ccorJ-

I,_,_____ r__inh by imple optlmiza. 
____ 4,%. Iur the demonsration to correWdne_Iii__._ I ih the 1978 optimized process. Fit'.'u A h i iic n h~a :lin % : dJn ins v aecre o cu nd ,c:eI-ni.the dyer w:a'. ailfed the tip.irl h: the" "r i d"" Table Il1-Conventional Ada rns.Millisp•. ceL.. Procedure For Dyeing Pantyhose as 

~ and monitored aa'.ing the 197N rrsce'' '.0that ;avin. introdu ed sulely by dye­
o a iun; of October 1978


a"I.iflorid be handed the prinimit orHd.e Iath reuse culd later he deermined
;.lariiarv quantitate'. to wei,.,h
he. Plix"cJarc fIr h. 

aInd 
sendplinI. Construction OfFill with ccld waterInL. (Iin Cimmpltiain il thi. ",.p. pm- Dyebath Reuse Process2. , d auxiliary chemicals. run 3 min* artW rertlnnett It) the Isltilu- 3. aise terratute as raoin!y as cossacle tolairpi aier11i tlafleleralmi a '.l miajr Neveral preliminary experimentsd the I jugO. 

vF.were cotlateted inthe plant hebre the
PlIm•?I;I Irancliion Ito he tindeit;akcn. 4. Aed disperse dyes. Start bOasket turning rllchat l Iep e wer inliir lhe anily'i%. . 5..llitRun machine 2 mn dychalhthe ~innII retlhs procedures were final­ny, in-ladanr 6. Lcaa .ocOOsevenly wnile turning machine Led. First. minimizntion of' water 1o,.tenC~lclit' aind IiJtr~aion step. Wat'n illnt% wr downward into bath due Ilwn:.c'. ompleted. 7. Run 45 mm at 16OF machine overflow was sought.i0mdaltlal'ili•s Itm'.arthe '.mlt'.eqlent 8. 
U.sing the water meter. the volume oc-Samole: made add if necessaryd'.eii.'m. Weiched. r- tO. Refill with cold water cpied onP.,rd well h'l'irc ;,dditim~lli

to the d'-e. 109. Dumo the tath he sight puufe by the hosieryIt. Inject steam raioly to reach lIOF i1,,!i" was determined. In addition, the:ivera e itire flr the volume oti watcrhlh lir the next hach was.reqtlil6ed. 12. Add finish chemical and run 10 min at% who lad n i 
rntained hy the saturated ho.iery onthe nr. nal lech-im. 

ta1.atir W.% running"the an:alyse . 
11 O dning t13. Dump the oath Ihe hnth was also determined.him 14. Unrooa the pantyhose The re.sull. -howndann in Tahle Ill, werealer Iwo ds;l% trWimining. :tnd h:,% Avoarerate Running Time lZero Addslh~analh.d le n:al'.e, ;thone ,,ince Mth.cqttentlys used in the compilation ofthe I hr 40mm i100 min) energy halances for the reusePrijet ended. A .11il decriplin "all proce. 

dur__._ 

aukar/17 
J a n u a y is a c r~3 /1 7 
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350. 
Reconstitution an 
Re useon and Table IIl-Results of Volume Experiments on PantyhoseReuse of ByebathsJ
 

Second FillFillinitial 


Waler Volume 

Nylon 
Type (11 (gall (gal) (gal) . (gaulbI (gall (gall 

66 44.6 200.0 194.5 5.5 0.123 200.0 167.3 
168.36 50.5' 200.0 1900 100 0.198 200.0 


-eased on the standard weighed toad of 96 Ibof nylon 66.
 

Rttained Water '3.1umi 
Sight Volume Occuoied -by Hosiery Retie.cVolume Occuumed 

Hosiery Sight by Hoslerl tf 
by Hosiery Full Bateh

Wt. Glass Meier. Glass Meter 

*Baswe on the standard weignea load of 8A 

lhit';c.,%trchcr%dictsvcrcd that the 
.dmuii'-Milis dye alttered the onson 
t,ltiin ofau-iliary chemicals inti:ad 
u%inv the .ame concentrniion%,,, thot 
et;hlishcd in the plthi research. 'he 
pilot ,cale conceniitifl level-, are 
.ainiparcdl in Tihlc IV %&ilhIhiae in use 
:it Adarn-Mnsilis it the hc-innuit: otfthe 
dun trtmilion pro)ecl. No clear e%-

planation %%aw,ei.un loruthenn; the cOn-
nF dtt,ll lt,,,wuh it %-as pecuilated 

t..,the switch to the lfAlF d.etn,-, tem-
penattire and %uih c lieln :oncern Ibsr 

leveling r theimjur Lctor'. Hul he. 

csthe in ,natlvt:: colnInt I'r the 
denontration .cre de:ivcd with the 

oninal ,ti.liai. ,onc nmirlumns. and 

sinr: the efect ofl the altered lonten-
ratiin, on the petrm "'h; tkr,.,tnt'" 

cotll!id I- t *certtllld thl.ui ctcitl, 
the Jve'.ah auu\ili0rv cv\l, were re-
Itirned to ihe onginol valhic dcelopcd 
;it (;coq "-eh. 

Retlurn ti tlt orictil vtlic-.--hich 

Table IV--Camoariscn of Initial and 
Altered Concentration of Auxtiiaries 

in the Dyeoath 

Initial Altered 
Cone Cone 

. emiuiil . owf, M..owfl 

RE 824 1 3 
Lr47.5 1 1.5 

0.5 0.25P.35 

*Reverted the olanback to tese levels. 

lb of nylon 6. 

w €coi snlrahl) lower Ihan the re-
,d valu,,--:on,,vrvcd chemi::. In 

addltllion. the RE-1,84 aittiliary chen. 
cal %%a.t'ound ithe a mild di,,pere dye 
retarder. For example. to redttce at 
shade In the orinentlional run.. the dyer 
trdiliunalk added nore R:E.182 and 
nrikd the hold tenperature to ITlF. A. 
dychth -ainptc wa, ;inl,.'/,d for di,. 
pere dye concentr;iton before and 
ateler the panial ,tnppint w., eftected. 

The reduictions in percent e vhaus. 
tiin--nd heref'ore dye on the tir-
%Crc: l)ircrr,, Red. 7';: iis,pe: Yel. 
low. 6'; : ard Iipcrsp liltie. 7' ;. "rhe 

hther lcet l RI. - in the .leered 
plaIt lonnutIution h:td thereftore also re. 
%tilted in inreaed d e reuttlrerent% 
which had een ,r.adu:all. otipenatcd 
h.Irh%thed er. .h.ide fiiintul;itsuuts thus 
Kid to he .ud iitid dov-vrvvrd on re-
tarmint to the ori.'inil :uwtilia level. 

euioeqtuenlly con*,erv',tl de. 
-tp:mcnmet% were .ondtwted nett (i 

dctermine the elTfe: i.F tn%i of the pi'o-
fxitsed prescot.r on the final d ehath pH. 
On conent:onat Rtun .7inyvl, nh. I.9E 

shadcl and 4 inylun 6. BRM shadel. 
whiehdid ottinc:tude a prsc,,:oiur. th: pH 
was checked at various staees in the 

to detcritne the controlling fo:etor 
in the Itnal pH. 'The rctills are show&n in 
"l.le V. eh m..ii fa c or in the pH 
han.v.vhlchadiiitCd the bath fronmn 

ia lieI %iLllI acidic pit la';nith. h.3 t 

;1 tilk;hlii." ph O' hib0tl .X.h. W.P, the 

_cle 

ptl'si Iheinselves. Apparently the --pin-
ning oils. knitline oil,,. oli'urmers and 

other impirities that \w ere leached ftrom 
the nylon hy the bth were prcsent in 

Igal) (gal) (iallb) igal) 

5.5 27.2 0.610 58, 
10.0 21.7 0.430 36b 

,iflicient quantities to strongly intlu. 
cnce the pH toward the htic ,%ide. The 
avera;e pH value IM). fur the suh. 
,,equent 15 conventional cycles vus 
found to he in the same httic range. 

To s es, the effect of the propo,;ed 
presour step on the d.chath pH. "a 
simaited reu.se rtn wts conducted 
dutin; the I5 con,entiunal.cyc!e sc. 
cuincee. The inihed hosiery 'ofRun 8 
was removed from the sotf€.ener bath. 1% 
RE-14 wa, uddeJ as in the pilot scale 
reearch, and the pre.eighcd vre ,-d-. 

hosiery r'or Rin 9 wv, add to (he 
chine. "r7hehosicry was retal-led for Ii\e 

minuites at imhient lemfcrature. ur.J 

the pre,,cour bath was dropped to the 

sewer. The %ct hosiery removed.ra 

the m:chine w:r, tiled \Aith fresh w;,ter. 

and :he nin continu:ed in the tsull ilutf­
. 

ncr. Meat,en er.t lt t-were t'c, on.t
the pr-,tuir bath and the stucquer t 

dvch;:th aYt |inois icp, and the reut'.­

are rcorded inr.:.le V. The .aods tha:: 
contrui~tteJ the blu!k of the nP cnr.. 
11.73 ti,.. 'tY'h of the -otaD. The pre. 
cotirv;a ,onc!ude.i to have lit:e -:e:'-' 

on the: inul derath pH. and thus on t, 

dyein. ,tna ior of the disrerne .y te. 
The e\periment alo irdicated. hO. 

-
ever. th:at the pre,cour us pert,:rm. 

had little intdienee on remo%al ot t rer 

imptiritie. that were de/ermninl v". 
linal pH. At the umiv:nt temper:tt:r 
ICa. 1111:).the Rt'-lX24;mn iliarydid nu: 
posses, Ihe s tor aclition that it appar' 

enlly e.hihiced ;t I) . 
Based oi the pH experiment. the d. 

ciion %w.%Nmade to split the planned ',0 

cycle reu.se eqtuence for the demon 

Table V-Variation of pH with Stage in the Conventional Cycle and the Simulated Reuse Cycle 

Chants _______________________________________ 

Pfretcour Oycoath Attributed to 
to Goods 

Run 
No. 
7 
8 
9 

Cycle 

Conventional 
Conventional 
S;muluted3
Reuse 

Nylon 
Type 

66 
6 
6 

Shade 
Coe 

LBE 
BRM 
8R.M 

Alter 
RE.1 824 

8.02 

At 
End 

7.93 

Incoming
Water 
6.24 
6.40 
6.42 

After 
Steam 
6.70 
6.72 
6.75 

After Alter After 
Auxiliaries Dyes Goods 

6.80 7.00 7.90 
6.73 6.87 -
6.84 6.6 7.62 

End of Overall 
Rin Change 

8.62 2.38 
8.66 2.26 
8.59 2.17 

pH 

1.62 
1.79 

% ofTot. 

68 
19 
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Table VI. Reuse Procedure With Table VII. Reuse Procedure Without 
 TVllProdu ion Cost Faar71 

Prescour for 5-Cycle and 17-Cycle~Sequences Io Prescour for 14-Cycle Sequence I197[dmMilij97 AdI.Ml I 

StAD 	 Slep Cost 
I. Load gJ,os evemy to macnine full of soft. 1. 0copwl dyeoath into machine (130-140 WateriSe,,er (c'1CC0 gai)a so." Raer5 from prevous cycle 2. Drain sioe pooe 	 Enertyvlb Steam 0.3752. Run 5 mm Bo 	 3. Addmake-uowater to 190gjalonsignt llass ,ICOO 8TU 0.3264. Uro Cresccur oath ;o rain 	 4. Add steam to 160F Auxiliaries4. UnlSa. et nose ftem macAdne . l auxiliary chemicais RE.1824 (I.oz) 3.75Oo (1vcran into macnine (130.140 gail 6. Add aisoerse dyes (lus 3 gal water) LT-7.5 (eozl 2.416. Add witer until 160 gi reacred on signt 	 7. Load oo:s (ry) P.35 l'ozi 2.16glass 8. Run 45 min at 16OF 	 Pcmosztt ioz)7. Ralse temc-.racure as raoidly as oassir,le -O 9* Semele: mane aoa if necessary 	 1.38

Dyes160F wtn rotation. 	 10. amoie ayeoati for analysis Red (ec) 0.6728. Ad auary cre ca s 	 11. Puma dveoatn to noildng tanr0. ARin2 riSn 	 12. Add 160 jal of fresh water (to 200 gal Yellow l ) 0.637 
I. Rns nt ass). on Blue (cg 0.807
 

. aro joas eveny nieeturning down. 
 13. Raise to I IOF 	 "Aquantitative costgallon for water sewer2.Runaran 14. Ado finisn anemical (plus 3 gal water) Could not be oeterminea for Adams-Malls, as12. 45 mman f 15. Run 10 min13.Samee: mae a ,I necessary 	 16. Drai softeneroatn boils well water and city water were oeingutLrizea. and a total water usa;e for a iven time 
.a.n Cedyeoan tor analysis coas 17. Unload jet was unknown. Therefcre are.resentativeI . anto w.eatn to noidn; tanK and eraen 	 IS. Return to Steo I cinoinea water:sewer cost for tne Scuth-.east of150 163 ai waterill 3,jai onto 2ma sgnt .. S1p.,010O.ai was usea in trfe caicitations. 

17.1assi.
1 I"a . I: 1 OF19 - 10nnm in18. : .:l finisn cremic.ai	 used. The ret.ie dycing procedure. de. dyehath. The fixed quantity necessary 
;0. u1.caa ;Xs iled in Table VI. waf the same as that 	 to repienish each reused dye*ath was21. 	e:0m to S:ec 1 used subequcntly in the l7-cvc!e reuse c',a:ul;te-d o be 33% of the auxiliaries 

"equenec. The process included pre. required by the 1978 ccnventionatl 
%courmnv of*ech bht h of hosiery in the €,ce. The .,3r • tkurc was hased sole!ytritin into shorer csequences. First. ; rei:ditil finth hath from the previous, on Inc ,olume of uwter lot durne theI7" rc: ,mc otitivnc thait incthid'd c.cle. -Ind Ihu,.p;rimeled the procdir," prie-., with exhaution to the fibe1.4 pre, :ti.r w 1, , hdulcd. The I'; .ltili/cd for the pint ,c;le research. considered to he ne-lible.
 

:ild:tiin R
I :'i' ofl i'. hs,4 tho rie. R;tcd tin the exterimen(al eidcr-.ce Tt simplify the reu-,e prccess ard
tir.lt,. clirnina:cd. roeli ie:v rtrm the preliminatry ',uuence%. the re- la, dunth pHex.cniientm.a I4-ce 

l ':. ij sp:irlc I-,:,c:! rcu,e ,car ;hr,, .difitisted the ,hade, and il- rcu,.e euucncew a:tcondu,.td in wih',ciler:.c that Jid not in:!ude the re. lered the rck'.'int computer proor:m,, in no prescour %,usutlized. The revited
'.,Itur W-, ,,nedu:lcd. pre'ar.ition for the rnulli,.ice rc-se %e- proce", is detai'ed in Table VII. By 

quences. eliminating the pr,.cour step. the 
C1ttath Reuse Sequences In the 1T-cyc!e reu-e ccuencc with neessity of removin. we. hose beforeprcotur. the plant d..er eie::ed nut to m:erine iri the rcu-.ed bath wae, climi-Tu clfiv 1"urther the Formulation drain the hot d.e,";itn from the hoiidin. naied. amd the entire prc e€s morein., s cessit.;:C-1 by ciling h;tcK to %,mink dirne:lv oht the hu for 	 withwet I'eo cloe!v corre!nec the optimized 

,.orq;:l ,ixliiry conc.!nratiun lit 1978 cunvention.l procedure ITahle II).te'r'-oI"problem,, with lev'eint. The %et 
.*Cel=,"iotcdi ,T v;i linec A-. with the 17-cyc:c reue tcquenc=.prmary 	 .C Mdtineeiinduc:cd that In- piWou:-. :Utcr . and were rc!tided .Il. the aumilieies %ere added in smaller 
¢"rT'4nltd all fie "of lowinthe ,hades heing dilutimun ;nd rcpieni.,hment oihe quantities, to the reued haths (4l4-' of 

Table IX-Shade Sequences Followed 

1976 Conventional 1978 Optimized 17-Cycle ReUSE 14-Cycle Reuse
 
Prote 01  Run In Nylon Shade Project Nylon Shade Profect Run In Nylon Shade Prolect Run In Nylon Shace
Run Sequence Type 	 Coca 
 Run Type Cede Run Sequence Type Code Run Sequence Type Cads 

52 I 66 STA 1 6 SUN 21 1 66 LEE 38 1 6 SUN53 2 66 LEE 2 	 6 SUN 22R 2 66 STA 39R 2 6 BRM
3 66 STA 23R 3 6 SUN ACR 3 66 LEE4 66 STA 24R 4 	 6 8RM AIR 4 66 STA5 6 BRM 25R S 66 COF 42R S 66 LEE6 66 LEE 26R 6 66 LSE 43R 6 66 STA'7 66 LEE 27R 7 6 SUN 4-R 7 6 SUN
8 6 BRM 28R 8 66 LEE 4.R 8 6 arM9 6 BRM 29R 9 6 SUN 46R 9 66 LOE10 6 BRM 30R 10 6 ORM 47R 10 66 STA11 6 SUN 31R 11 66 LEE 	 48R 11 6 SUN
12 6 BRM 32R 12 66 STA 	 49R 12 6 BRM13 66 STA 33R 13 6 SUN 5OR 13 66 LEE
14 66 LEE 34R 14 6 BRM SIR 14 66 STA 
15 6 SUN 	 35R 15 66 STA 

36R 16 66 LEE 
37R 17 
 66 STA 

January 1980 
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Table X-Consumption Data and EnergyMaterial Costs forConventional Process as Utilized in 1976 (2.Cycle Sequence) 

nerumateria [neyMase a 

Load. lb Consumco~tn Cast IllSteam 96.0 

WaterSewer (gal) 


Lb. 
Auxiliaries 06a30 	 338.TU 1.263.89 

0.2.0LT.7.5 (oz)
P.75 toil 	 16 0.600

168 0.3860.173 
. O.	e tl 


Yelk , ,g) 32 

0.293Yelis

Blefgal 86.4Adds ino.) 	 84 00.2H 3Elausm Time 
1.0 o.ev

(ramoie 	 .91niTotal Cn'Run 	 157 
4.380 

lro 
Table XI-4verage Consumption Data and Energy-Material Costs 

For timiZed Process as Utili in 1978 For 5Cycle Sequenc 

Enerfy'Malenai Enerl 'MaterialLoad. lbLo.am 	 Consumotion Cost Is)Lbe 	 S88 

eTU o 103waler se rWux,,,aCte% ,e , 	 193.8 0.7272.23 . 0.181
, E. .82" tO:l)Lr.7.5 o. 

;0.; .S
P.35 lcriPC.so,' (ov 	 148sCyes 	 . 2 0.3570. !!56.1a8YetowI 0.E37 

1k.3 0.165RM ii. 

E8acs,-,=s Time 

461.007
Inc.) 69.00.7 0. C5 

rimn,runitlagCzst'r:un 114 " 
4.672 

X oTable su Data afor 17-Cycle7.le ra eReust ence rgycotrDSequence with Prescaur 

EnercyiMatenal EnerlyMaterial
Load. Ib Consumpion Cost ($1 
Steam 	 91.1

BTULb.Warer,Stwer (Eat) 	 87.2 0.327Auiharies 	 100RE-24 oael 205 0.103 

LT.7.5 (oz
P.35 (ozi 	 7.2 0.270
Pomrosort toi) 	 6.6 0.160Dye, 	 3.3 0.071

51.8.Yelo (gi 	 '0.715
Yll Ig) 	 '43.9 0.29595.2Elaosea Time 	 0.0A
A,40S Ino.) 	 0.4 0,44(mirunl


Total CoStlun 1 


2.993 

20 
6 

oriinal weighl than in the conventio 

Economic 

A calyseslihctiun cot hictors -..hie V
for Ad.aulms.Milli% werc %"ppljm,compaily*' aCcountinu denar"menr.

hv• 
T 

CO'ft ctors were used verbtim in 
,suheqlien Cosuhenefit analyseste project. 

Results And Discussion 
The shade sequences dyed by t:various, proceJures are detliled in Ta;-IX. BIE ws ;, light brown shade 'L"nylon 66: -SUN and STA were mediu;brown shades on nylon 6 and 66. % 

pecivev- and. BRM and COF66we­
N48.5dark brown shades on nylon 6 and 6rrespctivel. 

Two runs based on the 1976 convertional proces! iTuble I procedure) wer 
conduced and the consumption mor'lured. The consumption and cost dr:t;are compiled inTabhle x. 	The FMC' 
'Icopileien Tbl:eeX.The FaMC

STA lde th ri.. 

Fifteen optimized run% werL. the"COnduCed by Adanms.Mj-fi ii,5 in the r:;7ner detailed in Tah!e II uint! the ,:­techniques as the other m-achines in tr., 
pl:nt. The consumnt:en and cost d:.for the runs are ,ho-A n in Tahle XI. T;';compilation wa;s totaled and avcruc.­r.prescnting a Se, o Pi:cl clant ru,
 

%%hichthe dyer was.tud
th al!o .eCo:.­
the shade qequence as v"haustion. delermined-.	 hy the dy.era:¢.mnrer plant produc;ion %c?,-dule. E. reuse anal."is scheme. ranged fro-W; to 96r f" for the thed. i1 M! 

optimized pruce.,. FMC II color cit(e.Cnec, for the 15 ded ane,avera,-..4.1 Mc.Adam unit' from the stand,,r'u. 

With Ri 6ofT:H]I IX re:"sterin- .i._
ot'.9 units. Correspondingly, this A;ii
the only hatch in the proiect returned ;othe dyehouse as or1fhade.
 

Since the tve.cvc~e reuse sequence
W'L. involved oniv with re.ormilliatln:
 
the dy'cs to compensate (or the 
 rcver.
sion t) the earlieralugiii:iry levels ITahle 
IV). none of its data are presened. The
 
iverage consumption and cost data lur
the 17-¢yclc reuse quence withwflmirfTahib VI procedutre pre.

are givcn inTable XII. The uverice FMC Ii color
 
difference hetwen the 15 d'es samples
and plant standards 
was 4.j. MacAdamunits. All hatches were concluded to Nelirstquality hv the Adams-,Millis qualitytontral secti•n.

slight (5-77) decrease in exhaus.on ocurred during the first four to sixlion -" 

cycle" rahle XilI). After the initialdrop in exhaustion. the impurity con.ccntrhltion reached a stea:dv state a1s 
predicted Io,'* systems in which u small 

OXVol. 12, No. I 
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Table XIII-xhaustion in the 17-Cycle and 14.Cycle Oyebath Reuse Sequences 

5@tiueto 

17€Cole Sequence 

Project 
Run No. 

21 

Run In 
Seouence 

(No. 
!.1 

Nylon 
Type 
66 

Shade 
LEE 

Izhaustion to fiber 
Red Yellow 
(% 

92 95 

Blue 

.90 
22R 
23R 
24R 
25R 
25R 
27R 
28R 
29R 
30R 
31R 
32R 
33R 
34R 
3SR 
36R 
37R 

, 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
is 
16 
17 

-. 

66 
6 
6 
6e 
6 
6 

66 
6 
6 
66 
66 
6 
6 

66 
56 
66 

STV 
SUN 
8RM 
COF 
LEE 
SUN 
LEE 
SUN 
GRM 
LEE 
STA 
SUN 
GRIM 
STA 
LEE 
STA 

92 
90 
88 
85 
87 
89 
89 
87 
86 
89 
88 
86 
81 
83 
83 
92 

95 
94 
92 
90 
92 
13 
93 
93 
91 
94 
91 
91 
85 
a8 
90 
95 

.1 

90 
8s 
85 
83 
82 
83 
85 
86 
84 
87 

30 
77 
79 
78 
90 

4'Cic:e Sequence 38 1I 6 
Average Esnaustion 

SUN 
87 

'93 
92 
95 

84 
89 

39R 
4GR 
4IR 
42R 
43R 
tR 

4-R 
46R 

2 
3 
4 
5 
6' 
7 
8 
9 

6 
66 
66 
66 
66 

6 
6 

ES 

8RM 
LEE 
STA 
LEE 
STA 
SUN 
8RM 
LSE 

88 
e9 
69 
87 
s 

87 
87 
82 

92 
93 
S3 
91 
.93 
92, 
91: 

85 
87 
87. 
8 v5 
86 
84 
84.
I9'78 

47R 
4eR 
49R 
!OR 
SIR 

to 
11 
12 
13 
14 

66 
6 
6 

66 
66 

STA 
SUN 
9RM 
LEE 
STA 

87 
87 
87 
I8 
89 

.92 
.1, 
91' 
93 
94 

56 
83 
84.., 
ES 
87 

Average finaustion: 88 92 85 

.=-..hof"rr,h uter i. added each trtc:ionihavior in the mtivcznd the M. SucAdarm units. au"in %ithin the ., t, t. .I*nme:.nv tl Cn;,ottn luw numivr o ' required aids. dictated color tolernce rancei1 H.;. a blo'edby theR i,€.enteenth c',.l tit' the that :he dveiath o the 14 .¢y!e rta,, .d;un,.,Mili. quality eontrol .cziton. 
Run .21.:l,.- the%:lconv.ention-a%:l,, ,;1me th:atfurthe c.vcle:is Jel'nitetly t itin .i 'een tulizeJ ure. tie,e*ece couldh havea, si,, dl reilume in-of From aver-e.- con.,utflin rli­for the vanou% pro.cesses. a per­

;. h . j.I.%,h w.'ilet was. requ~ired 1r e;:cn run cent.t s;avi.ns in nerv ;nd ma:t."iak,g,: v ct, he- T;,ieNire :: numflitn and IlL Theraee color di-rence can ' e;;kuite'. XV det:ik the 
,,r , ,,41q.- l nj¢ . Iv [he dyed'%,mpl% of the 14-,c i¢c:* '.Lift-,t, rtrctntce ,avinu:. "i-e197 optimizedprescntr atre .unt;unCd in reu e e ,nd plt %tlnd rds wu proceand the o rus:sequencs .,re

T.aih XIV. In line %tiththe deheloped 
thv:,r. the 14-ceile ret,,e sequence 

,th.,t, prc iur did nut precent either 
J. 'r,- or milysi., prIhlen, due to a Table XlV-Average Consumption Data and Energy, 1Materials Cost far 14-Cycle ReuselNIdlIp in inipiriies Ill. rhe dc ex - Sequence Without Prescour

'll'lhnI -tpires f r the 'ei.uene Ir.ihi 
XIII, Ceflinn d the sarm e heh.ivir as E lertyiatenlai nerw hia. rialKt.k tIh~ejvcd in the 17-eykle rc, se Consumption Cost $)
%1ln(e-. i.e.. the eha. tion de . Lo d..lb 90.9 

i":htly during the lirt Itoir it Steam" ' %&. Lb. . 
e l'lr v'hiclh it remained rela- 83.7 0.314 

ins',ltant..ltji The e-th;m-otiun Innre, BTU # to 210.96 
WateriSe-her (gall 216 108tr the S'.\ ,%h:alc tin Ritn 5IR. the|,llrtcnth and Aux.iaresl:at cycle in the e. RE-1824 (oz) 7.1 0.267 

(1cne, were :lniut identical with LT.7.5ol(oz) 6.4 0.1!4
lh C de lerrigned for the STA .,hade of P.35 

lt (o z)  3.2 0.070RIM 4111. (he rotirth cycle in the se. 
.o*) 

'ymoo L.0.726 52.6, 
ti nc. Red ( ) 44.1 0.297lltw rc, tlIt conlirmed that the pre. Yelow , 95.1 0.606willir step of the l7-cyele reusc e- Blue ti) 4. 1" 0.437Acds (no.) 0.1W1crce h:td little inlhience n the num- Ebosea Time 106

irce% rrom the 12.97th:t citild he dyed (mirrun) 
%,.h:h;,Ih. Indeed. the e.cllenc ex. 

January 1230 "; 
7,'21 
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Reuse of Dyebaths Table XV-Percenlage Savings For Sequence Complications
 

Energy WatenSewer{%I Ausitanses DYs% (%I |%I11 idd' Tim./. % .:.

Savings over 1976 Conventional Set, ence 1r
 

1978 Opuimized Se~uerice 
 .3--217-Cyci e Reuse Se uence " 3765 9 I2 
14 C c:e Reuse Seou nce 7 ".Savings over 1978 Ortimi e Secuence - 75 

63 29- . 1, 
17-Cye Reuse- -7Cyi -eu- 32 ,=." 17 
Average RCUs 55 ' 34 1757 40 33 43 3 %*18 43 7 . 5LAeaeains56 42, 34 is 43 

Table XVI-Savings by Shade an Incorporation of Oyebath Reuse to 1978 Optimized Proces s iero an ec emit pnna-Inorortin pits. From an economic viewpoint. [W.'irime" .tvines were enalso signiticant. i g lh,
Savints they .'lI0%Pwd the plant to complete fQ'or-- lAii anNylon S. rd WahenSewer Auziliarges cycles per ,shiftper machine instead d , arShade Dyes Adds TimeTIpe C.) (%i t51 (%) (%1 the three ,,cle, m:i.1imum with the 9t7!.. Pc

L61 (.. cln.entimldrpnie,s. Rows 2 :nd 3d. Ft65 40 -41 2S'A 85 1266 59 44 53 13 7 
T.iHle XV detii the over:ill savings a, wcSUN 4 -. Compli.hed hy the project: i.e.. hv o6 45 38 15 2 5O Ile­

8V.t 6 0 timtzagian coupled with dvehath rout...(4 45 18 2 63 21 af.
Totals: 223 167Plant Average: 127 43 2058 29 The lower hal'oTMble XV'reh__________________________________________________________ 42 32 ri:6- 01i 

4t he.od proce'. c.-":.1 7 %t~iO,;t',n'chievable 
timizalion on Incorporation ot dve'-. r 

compared to the 19"etncenitiii.iI r1o. rcu'-e. The -avincs or both rezi5e s-%hk:h %4:11 the sanug re,,.trdlcss ' the qitenee 'ere L.­
. inh. I"11 runs %4erccindigttfj dyein. pi'iis. tlco. "uniimrttton 

',imih:r. with the r " T.heing rcduced an ad .: Pi.Stnl':t;c llrhk'I.actiiu)" lirtlihii Ctira'enp~gred to the 19 6 ponloe,%. the ,i 4 .
;t:ii.'. tts e'isnd optimization. T'
a.,nd :idJ ',in,'sw;i not hil­
jt1,,ded.. S;n%:e 

19.4 uprimied protcse demnnlrteiw;te WIer'/,CArint hath ,4ihumes,. dye- t'%tantia:l ,aving, e.e.n ,ithuit r¢:,ue 
savings (4: ;) were u.: ve. 

irnre"''6e.in-. m:i.hine. %It:im cioniti. cc. .tre incurporatlsn. Entr-, ,Ii% as ,,ere 'he %:s.insin 3'J'. tliy ,hemiea, tt4' ). Due to the h:,-, re:the,me Iir,ll hIhe:trn\. %umrirltun, i and wa;,ter -%atir.%,, t,7' ir)nhsnua,, lrnd dsetime re. 't,,inn ul C t n. avinqx 118 ,i %et: an 
Ih e sit ~nev.e andtim j tlbt~itt~ I er 'LNitNstill1alU e :hose det"ermind' t,;1:'ent.: .Ie:>~ re:;e sidered vaiid. Asin ldcion in reqirementsIad illuitr:ted the w;ate thitl Can 1,e in thetil the ,.')nrd:oiins. the dta earlie. pilot plant :,tudie:,.s. Al' cinchuJ elininated ('rom tpic:iI te'tikt deing'nllnmit:Irion Jidinu the lini'hing step. 

thuttTvh the ,had.: "aueies A..ere rt ve.by 1.pil:es.trfpline soutind en-ahnpi identical in Tahl¢ lX. suff'cientlv len 1.: 
,edutences %%ercerun to jutiy co,'mpj- ,
%unut the dc and aumliary che.'ic ,': 

in a.32 ar consumptions 00 a pect'CtLT 0i3,1."1Tedecrease (4V. in add,, wat. dc more to controlled liquor ratio ari 
Etl-ne. re:actn( weighinu than to dveN::I"' reuse, but did demun trate that reu.*%incorj 

nttion did not adverscl af.t 
the add rite. 

An uverall Compilation ut'.,avintes t!shade was also denved. This compil­@.dosLMIi&W: 3.8w tion tvuided the dicrepancies cat.eJ 
by altered shade sqiiences in the vai
Ou: process seqlences. The data atr­
shown inTahle XVI. The nylon b Nh:lder 

9N0 iINNu had significantly lower percentace sas­
"Ii. ingx in at iliary chemicals th;tn ith 

nvluiu MMW ri h:utlis., 'rhe discrepancy wu
directly rehted to the fact that the dl 

0"I; S S .bj .W L --.. I M , tot . 'were compIled or the entire dycin;IA ALMISTI=: a. .soticning, cycle. not just the coloralic. 

step. The dyer uscd two pounds oftht
sileniniL m;ieii-' in the finishinu hnLab? for the nylon 66 shades. However. it 

A pounds of stiftener was1nykn -cal used for tW..tving% data.6 shatdc. thus skewine the cherni'VThe dyer %tatedth(..e+the nylon 6 ,tyle was har-sher in fed. 
IV.2.Fnery hlanemdflow for in.,til ncernnv cle thIMn the nyln 66 style, and thus re •' c.

quired a he:vier concentration of sol'22.8 
l.'.* 

CMOVol. 12, Na.11'. Jar 
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Table XVl.-Cost Oata For Various Processes 

Cost
Load 	 CartTotal L SteamAverae WalerlSewer Auiliares Dyes Total Wut|ll 

Runs (bi (t1 (1) (S1 (*)" (5) (e$)I,hwass 
88.8 0 727 0.181 2.135 1.629 4.672 5.2,1973l8ctimire Process . is 

(15.6%) (3.9%) (45.7%) (34.9%) 
I7.C.r.,e Reuse wiPrescour 17 91.1 0.327 0.103 1.216 1.348 2.994 3.22 

110.9%) 13.4%) (40.6%) (45.0%) 
14.Cyc'e Reuse *,o Prescour - 14 90.9 0.317 0.108 1.217 1.340 2.979 3.23 

(10.5%) (3.5%) (3.6%) (45.0%) 

'The :emcentaes in parentheses reoresent the conttoution by item to the total average COst pt run. 

cicr. (.'o, i'inlerrol;:tlion rev.alehd Ih-.;I Table XVl.-Combined Cost Savings in Energy and Materials by Shade
llee ofiener.level, haId been derived in 
.inusI.t,ItjVtle:;l '%hion. ,p il iilly by I 
ain Cmpiric:l "'ruh Ic'* ut hairhne Savings :lh) 

:irm.rc'Vrmed bv the dy.er on hirfor 
1978I',:ner re earch ,n ,Iin.i i on, mer 

L*'ir tt,,N it detertine oplinitm ,o'l-t NyI4 Optimized l?.Cyc.a 14.Cgcle 
Type Process Reuse Reuse 

I'*,m will he cejee to, deerminc the Shad* 

;,rrpri:te:ltmlnl f'eldltcfner'wt+lt .:J LBE 66 4.36 2.33 2.2!
 

STA 66 4.73 2.60 2.64 
SUN 6 4.18 3.32 3.75
 

"i"-:',, cl ' ' 9RM Totals: 20.47 13,59 :4 C,
::, the,. vnery Ilow dilrin'., th, R.M 6 6.70 5.3J . 

Average: 5.12 3.40 3.=.0,-...,i:-,Ih nodi .'d Sanke d i.t.:tnt'. 
1% n:ilJr as ntpltrin, itLde in ciln. 
Plirc ev h~kincc.% %,ere: cIt t'.e I 
hre.un:'r . :l II ,, rcutl,,'equence h% the %hadc In Tbe XVII. 'he ;cte,= ene:"yiic-e the S,,rme 

".hm.c, rer lctcn :i. de:iled in Tarte I nl,. With the cn-i..g recio,,ced matleritli ctts by prices. .tr , e,.
 

lrt the fini,h t"ath via thic I lllF rrc. with the per ent:.g % intrtrued toII ! erner,atr::!twr(rinc %;ite.r2:n , 
1CM-ir.mn.'!n the hoie. t.er in d. ein, ':.er held in the hucr. of' the ,trd Ine tet;i Iinihmn. ct , er -A cu.. . ' - L.

t 	 ,tl..n Irir ' t.r tr,u,f.m 'lIp.,wa 1 .nd I II)Ft , c ,, .n e. i % ould inIuili.e y U 0d, ::. , ' On: 
1t7)F

',, ' .. All uther i.e',ry d:,; I tr .. e enlr.! e n" t.ill the l-,4- re%,t, secl1enc %kith kind ' ,it,-att, pr.­

% mc:%ireJ. E.impies u" the haFi. ,eenqieric Atrlo'lt: the pre. x-trlr%.ere ::lmIo% iJe.:ic"- iCc't. n
 m 
sho.n in Fivs. :;nd I lor Inc 	 ,Uoir . rhe d,ep.,n:. V i, fl9.i- h'h were "lvut .. lh e:.:' :n;r. 

bldittc to the inac .',r:I' o' the Itv the 19?X optimiicd rroee ... Al:heti.h,it.e'rh oi n Inh. 
%;le:allhitueh the true petde:' 	 ,:t i .rnd•,i'ii..nL.iy. the ;tivrauvx cneru'' eon. 	 ,lited .t'%ln;ltLn%. 

. 

1T'M.J in the 17-v:c!c retlie %qlllne 	 etie, w:It m% ;nrt~ipparent rloni the tri:l sewer re:itrements ke.rc imrre-, 
Lita. Tal'le, XV and Xv I). th.-r cunlr;Nu­

smidar to Ihll meat,,ured for the Ia-":1" .
tion, to the tot-Il ave. t;c cot per run 

14.ju) M %%ierc rnin-mtl. Th l:rzet ,inrc!e ot 
3 mCW1.1TILY %ivtngs on reu~e incurpr.xiof dtue 

S 	 to the value rcusd iliaryof the %u 
Chenicas btult t).9e'lh1. reuiectin. the -umlot 
artificially IoW cost of neru='y in the U.S. 

a~nd Cheap water.,ewer price%. 
An L.inornic anal)Nis hy sh:de re­

ve:tled thtt the combined cul %,ivin 
from the two nylon i6 sh:dcs a1vCr;i.cd 
2.1l h. while the nylon , ,%-in.s wLet 

At~r~thu. , 

•I pl11 l1 Sfl, 0.14 	 TWAL 

kwer t I.3lIh (Talhe XVIII). The rea­
%on%were dieu ed e.rlier fur the Coll 
mimption dama: i.e.. the Ion.er I.R and 

the 2501% hiUher mat. of soltener 

.. IIImchemic:al for the nylon 6 runs. 

TOTAL.1XI'J Wags 0.140 Dychuth reuse has been demon­
-artred on commercial cqtiipment to he 

feasible process for reducing energy..water/sewer. 	 chemical and dye re-
Cl:, R +,"4 .quirements in the disperse dng o 

nylon hosiery while yielding lirst quality
Energy balance and fow for in.%equence run of .I E shade on nylon 66 during 14-cycle Ad:tm .- Milli.VIP. X , 	 .. h:s continued to 

.ood 
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Reconstitution andReuse of Dyebath._f 	 Patcheiigi ihItatwoa.356.Reco 	 chinL.s ejo he p ernicd Ir'nnpl'ch.'t1 ,h lin[ k Nch ;a in~.le ye r,,.two m.'- investment should he recovered
huldin tank. and thus three insuIhj..holding iankifllmpin. y%lIem% mu%t he 

rVrl unique filtoir lengthe
Use the reuc Cunsiruicned to incorporatl payo. First. the r !.r operuje%CfnLinerinan.;lylic;i 	 dychath oneI,hur nhifI perretiee on the %ix m;inhe .	 and th%ytem %lmcC the U~mplL liinn 	 utilizalicn uf the ' ,t Ithe The eMimlled 	 ri.distudy prujeict. and thu dyer h:,% rerm zvd ti-' cl)%I for convert. c;:pIhility will not h-c relil, :.C-omlor.stn Ol'ip to41 h;itches ol'panty, 

mu thrnmor'hincs to rcia~e %Ysienl% and 	 S.g
to rlrchale 	 by the n:wlire u1 the an:tvl*hue from the -ame 	 the ncceiry zlnalytlca: til 

hath. The plant i.,, equipment i, 52X.441. Bascd 
each hutch of uod. dyed by theConsitently dyeing 30 hatches of maze. demontraitin on the sequence require% an uaillysl% rcrc-;ult%. dychuth reusenil in reuse sequenccs. 	 Ies a(the hatch size. Thu.re.'ill0.ur theBasedlon the demon.plant'swet 	 aIro.pBaed on the re.ull oplthe demon. will ave a'h;zo.it hnrt,pruce.ilig c ,ts over 	 hosieryh dyeing requireThrn,s theSirtien.W dam-iry 	 the Optimized, plmns to convesl 1978 proce-., 	 :ialvis and .in:,lytical equipmecsi 	 Thr plant eXpects to pro.10)-1h hosiery maichines to d.,eh;,hi 	 for example. anreduse. Since the cOt and cununiplion ree,6t2.zto) pounus of goods per ),ear 

1800 round c:Irpet 
ructors were on the si, mt,:ines adepted inc.

similar for the 	 to reuse.two reu.e Thus yearly s:ving%will he S12..4. 
An in-plunt reuse damond:r­sequences. the "simplicity faiclor ifewer 	 pruject on ,cid d'ein. of nylon C:-unlordin 	 Not even Inking into account the tuxPr'wet hiery! dic.'tated that 	 undedaciby the U.S. Depanmhenell.s tdcpreci':tionI of the equip.the reu,,e prot~edur withth I prcr 	 Energy. i%currently underway 17).l ment.Table Vili, w,,s the compav'\ choice 

or the Iact that it is expected to return on raw eapitni inve;tnfor the lonu term implencnt.tin. The 	
Operate virlually maintenince tree it, :IrPe Implementatio~n is projectedfirt th:-e ye:r%. the initi:l raw c:iplt:ll only ;even nionth-, hased tin pilot 
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