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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 completes the finmal 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 summary of the'
results of the audit, Section 3.0 includes an indepth
discussion of all features of the work, and the appen-'
dices present various significant items of backup data.



;2,0.?SummaryfandiéOnclusions

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
8,162 metric 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»vﬂf,ff

The Organization for Energy Planning (OEP)'in,Consl
junction with the Cairo Dyeing and Finishing Company |
and Foster Wheeler Energy Corporation (EWEC) 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 o

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
o0 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.v

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

"The preaudit report predicted a goal which envisioned_‘
the savings of 10 percent of plant energy in the first
yYear, following partial implementation of no 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 cast. ECO' S, thusf' =
making this goal quite realistic.,

Additionally, a total of five (S) investments ECO'
will provide simple payout in one (1) year or less and
implementation of all of the most attractive no cost/. f
low cost ECO's will produce a predicted savings of i
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. l‘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.~" i



'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 Extensive (o] - Immediate

A-20 Publicity to Make Employees
Aware of Importance of ST SR
Energy Conservation Extensive. - :. 0 ‘Immediate

A-1 Eliminate venting of Steam

Between Shifts 200,000 (Note 1) 0 ‘Timed{ate”
A-18 Reduce Peak Demand of

Electricity for Fiker S el L 5

Plant 53,500 0 fImmediate1
A-7 Shutdown water & steam B k

Usage during Power ‘ - e

Failures 4,000 0 Immediate
A-6 Study the Effect of Insu- e .

lation on Heat Loss From ' Y DR

Pipes .0 ‘0. Tumediate.
A-14 Possible Operation of Boilersl@f

at a Much Lower Pressure . - | 1y =~ y P

: .« 17,400 8,80u. ~0.51

B-8 Eliminate Two Current Users‘ S

or High Pressure Steam

A-2 Repair of Steam, etc. Leaks Ry
in pPiping 368,000 13,6000 10.04"
A-8 Improving Combustion Effi- T
: ciency - - 40,600 .- 4,200 0.10°
A-3 = Test, Repair, Replace Steam AT et e g
Traps 120,000 22,900  -0:19 "
A-4 Trap Testing Program 60,000 ) : O;éézj
A-17 Investigate Putting Covers
on J Boxes and Other Equip- - L ST :
ment 36'000, 22,800 0.63
Subtotal - 899,500 (Note 1) 89,300 ' _o.wio'fi

NOTES: (1) This savings will be reduced by aoproximately 103 700 LE/year
when ECO's A-10, 12, 13 A-2 A -3, A-4, A-17 and A—S are' i
implemented.




“TABLE 1.1 (PRIORITY) (Cont'd)

" . PAYOUT OF ONE YEAR OR LESS

INVESTMENT

Worldwide :

Cost, LE B :

Annual Energy Investment Payout,
ECO # TITLE . L ; Savings Cost, LE vears

B-11 Water Recovery System 307,300 50,200 0.16
B-Sh Power from Two Sources 120,000 72,500 - .0.60

B-6 Consider Use of Heat
Pipes to Recover Heat
from Hot Air Leaving o n , e
Dryer Stacks - 48,000 - 31,300 '0.65

B-2 Condensate Collection . B
System ‘99,100]

a0 o.s

B=4 Installation of Capacitors R A
to Improve Power Factor +133,400: 119,500

t————

0;51

e ———

TOTAL © 1,607,300 447,500 0.28




TABLE 1.1 (PRIORITY 2)

- Plant: Cairo Dyeing and Finishing Company.

ECO PAYQUT SUMMARY

PAYOUT OF ONE TO THREE YEARS =

NO COST/LOW COST

NOTES :

‘Worldwide
COSt, LE, !
Annual Energy Investment = Payout,
ECO # TITLE Savings Cost, LE vears
A-15 Reduce Steam Required for o ;
Deaerator ‘ 4,700 11,100 2.36
Subtotal 4,700 11,100 2.3
INVESTMENT
Worldwide
‘Cost, LE | o
Annual Energy Investment ' Payout,:
ECO # TITLE Savings Cost, LE years ..
A-5 Add New or Repair Existing ‘ 'fff,
Insulation 49,000 59,600 1.22
B-5 Demand Controller for
Reducing Electri AL e el
Power Demand - 73,800 1.92
B=-1 Modify Thermasol Machine
to Eliminate Electric
Heating
B~-3 Recovery of Heat from:thé
: Stacks of the Existing e e
Four 0il Boilers 23,500 2.55"
B-10a Power Recovery Turbine :3851060 lé;éﬁ
(note 1) S SR
‘A-10, Improve/add/fix Sl ST PR
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

(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 whethey

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 FRCM THREE TO FIVE YEARS

NO COST/LOW COST '

Worldwide
Cost, LE .
Annual Energy Investment Payout,
ECO%#  TITLE Savinags . Cost, LE Years
A-11 Consider the Use of
"Bump and Run" on Dye ; ,
Using Equipment . 5,500 19,500 3.54
Subtotal 5,500 19;$bbtf " 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 1Install a Cogeﬁeration
System to Prcduce Total
-(Note 1) Electricity and Steam T E  AE EE SR T S
Required 518,000 2,538,0000  4.%0

(Note 1)

Total 554,100

12,675,600 " 4.83

. NOTE:" (1) After implementation of ECO's A-2, A-3, A-4 and A~5 both
' T 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 R-1l0a.



"TABLE 1.1 (PRIORITY 4)

"BLANT: CATRO DYEING AND FINISHING COMPANY

"ECO PAYOUT SUMMARY

_PAYCUT GREATER THAN FIVE YEARS

INVESTMENT

ECO# TITLE

B-9a Install Emergency Diesel
: Generator to Minimize
Problem of Repeated
Power Failures

‘Worldwide

Cost, LE .
Annual Energy Investment  Payout:
Savings Cost, LE - Years .

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
Cost, LE
: , - Annual Energy Investment Payout
ECO# . TITLE Savings Cost, LE Years
A-9 Check the Feasibility of
Reusing Dye for More Than
.One Batch : Not Yet Known (Note 1)
A-l6 Use low Pressure Instead
of High Pressure Steam _
for Deaerator Not Applicable
A-21 Use of lLess Expensive
Heat Transfer Medium for ) o
Various 0il Boilers Not Applicable
INVESTMENT
B-12 Heat Recovery from
Hot Wash Water to o o
Cold Wash Water " Not Applicable

NOTES: (1) For ECO #CD-A—Q pilot plant tests are required prior
to a detailed analysis. o
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2.2 Conclusions

The audit activity, and the’ results .obtained;permits
the following conclusions:

,a)

b)

c)

-d)

Significant savings can. be experienced by
'implementation of no cost/low cost ECO's, based

on current worldwide pricing.

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

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

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 11.

3.1 Objectives of the,Audit

The dual objectives of the energy audit are:

o identify and measure where‘energy is used, and

o identify, evaluate aud list in order of priority”

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

3.1.1 To Identify Where Enerqgv 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.

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

0 a review of all sources of lost energy, such as_
leaks in steam, air, or water systenms, and
missing or insufficient insulation.

©0 a review of all losses which can be recovered,
and an appraisal of those which can not be
recovered.
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}321;25;Identifyﬁﬁner§y‘ConservationwOpportunities'

fThis ObjectiVL is based upon the proper and effective
completion of the identification of all locations |
in which 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 ob,ective ‘includes
several sub tasks, which include-

o evaluation of ECO s which relate to no cost
‘ low cost implementation.

°M‘evaIUatiOn of ECO s which require an investment
v,for implementation.,_in:"~v e :

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

A3

?ﬁethod‘ofprproaCH

‘:During the preaudit a detailed schedule for carrying

out" the audit was developed The time frame for*the

{audit was set at seven weeks, including reports and
P,resen#ati,on .

7OEP, plant personnel ‘as. required, and FWEC specia—*'

lists were all deployed in a coordinated effort to

‘accomplishithis task,

The first day started with a planning meeting between‘*

OEP and FWEC personnel. A detailed measurement plan‘i

was set up, followed by a visit to the plant to acquaint

the plant personnel with the 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 personnell instru;
ment measurements, visual observations and all
necessary information required for the audit report
was gathered. 1In addition to the team present '
previously for the preaudit, the audit staff was
augmented by FWEC specialist personnel, ”:,
which included an additional process engineer;\andh
combustion and electrical .experts. These“ B
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 equipmentu

-and other technical data, as necessary_for complete
' definition of each of the'ECO s. i he g

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

The major part of the work after the first two
weeks of the audit was carried out in OEPfl, ’

offices in Cairo, with plant coordination‘as,[f
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 w”fkg] Economic=f,
evaluation and priority listing of ECO s ewtended

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 |
to OEP and then to the plant, culminating with the .
Wfinished report at the 'end of the seventh week e
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3,3, Gbals‘and Special Considerations

o In order tc have an effective energy conservation
program it is necessary to establish a goal, as a target
for which everyone in the plant strives. Thiswhdal‘should
be realistic and alss somewhat conservatlve, rather than
overly optimistic, in order to insure that it can be achieved.
A goal which we would recommend is a reauction 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 comna*ec
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 Anv
deviation in enerxgy consanstwon must be accounted for iﬁ»
terms of increased production, new procucts, new units,‘etc.

One special consideration which much be accounted for in
carrying out the audit is the fact that the Cairo Jyeing 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 implewmented during this
period in July.
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3.4 .Analysis odenerngConsumption :

The preaudit established the need for a. formal audit,
and the’ advantages which could be obtained from that audit.»c

The preaudit provided a review'of"the energv consumption'
of the plant, including an examination of the’ various types .
of energy consumed, and their cost impact on production. This
'-energy consumption analysis, as further described bslow,
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. o

‘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, o
for one recent calendar year. Through systematic calcula-~:‘
tions the program produces a variety of results. These . L
include monthly cost of the energy sources themselves inui'
~units of currency or energy consumption, as well as thei”
relationship of energy cost and consumption to. production,f
units. ‘ '

In specific terms, the following inputs related to

the plant are provided to the program,k.”

cost of electricity,:f by{unit (LE/KWH) e
production units,__gfjgbyfmonth (thousands of meters)

ovfMazout consumed, },ffbe#month (metric tons)
oiiSular consumed, 'Qﬁnbvrmonth (metric tons)
ojielectricity consumed, fby;month (KWH)

o cost of Mazout, ‘_bvpunit (LE/metric ton)
o cost of Sular, . iby'unit (LE/metric ton)
X A p

o



The program then calculates a series of tables which
permit an effective review of quantity, cost and percentaées.
of each, and all, energy source(s). -

Specific calculations produced for each energy source,
for each month are- '

0 total cost of this energy source, L ffﬁ?/ﬁoﬁtﬁq
© total cost of this’ energy source, ”ff‘id:ihxwh
© energy unit cost of this energy source,‘jLEYMﬁétut‘
O energy unit average cost of thls energy | ,d,[h l
source ! : . LE/M@E#“V?
0 production unit cost of this énergy ' :“,,?ﬁ'ﬁl;
source _:”ﬁE/uhit .
o .energy cost per production unit of ,'V_[Qf“]f
this energy source . 1 Mxétu]uqlt/ﬁohth
O production cost of this energy source MMBtu/mdﬁﬁAﬂ
O percentage cost of this energy source % of‘totalﬁBtu/month

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

o0 totals of all 6f the above, annually
© energy and grand totals per month
© averages of all of the above

Please note that each of the above tables lS produced
with both domestic energy prices and with worldw1ue prices
to permit a true evaluation of cost and cost sav1ngs. ’
(pricing basis as per Basic Engineering Data, see Appendlx
"A" of this report.) The worldwide prlce is of partlcular‘
value in this analysis, as it reflects the value of the
energy, if used as an export product, T

The existence of this calculation technloue permlts
direct plots to be made on the comnuter, to e\hlblt a |
graphic display of the table 's. data, and to aid with
analysis.
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e The choice of curves ‘to be presented is generally made

after a careful review, of the tables, to detect trends which
would be meanlngful as ‘curves when plotted.

Such trends may include those which indicate costs not 7
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 procuctlon»,
or energy consumption, and the like.

Generally} the plots of greatestﬂinterest will be
production units, unit cost, and energy consumption pert
production unit, plotted against calendar time.

Table A throuch D reflect the energy coneumntion for
the Shobra plant and for the Fiber plant. For eacn plant
both the domestic and the worlow1ce prlce s racture is glven,
as discussed above. Note that in the worldwmde priczng
case; the total energy cost for botn plants is 3, 100 000 LE/year.

In all, e’even granns have been plotten by the comnate*
for which six are for the Shobra and five for the Fiber‘plant

Since there are no specific records as to how muchf “
of the total mazout consumption is used in czch of the two
plants, the management of the Cairo Dyeing and Einishing"a
Company recommended that the total mazout consumption befl
divided in the ratio of 65 percent for the gShobra factory«ff
and 35 percent for the Fiber factory. For the current
operation it is not possible to valididate these percentages
however, in the futnre; when more instrumentation is installed,
it will be possxblc to measure the amount of mazout consunen
in each plant, and to verlfy the distribution. '

Bv plant the follow1ng conclt510ns are. drawn from the
energv consumptlon tables anc craona.



3.4.1 Shobra Plant - Corclusions from Tables |

1. -thle the Shobra plant is designed*to produce 60% |
of the product and the Fiber plant the remainder,
" the yearly production figu:es obtained for the past
fiscal year indicates that the Shobra plant prodncedf
70% of the product and theAFiber plant 30% of the
product. Refer to the total in column 22onnTab1eSf;f
B and D. -

2. In the Shobra factory 90 ‘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
. 0il 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 o
which follow, with specific reference to paragrapn e
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 reflecto the total cost (domestlc price) of
fenergy for the Shobra Plant, plotted against time. Two
strong dlpS in cost per unit are observed, occuring at -
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month 3 and month 6‘ These two dips roughly follow the
plot of production units vs time, as shown by plot #l.
Beyond month 7, however, production decreases, while
total energy cost increases until month 10, at which
point both turn down.

Plot #2 and #5

Plot #2 reflects total energy'conSumﬁfion per unit
of production, 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 comesf
from mazout, ’ N

.

Plot #4 and #s¢

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,bil.

3.4.3 Fiber Plant-Conclusions from Tables}

1. One can see a very wide variation in the montnly,conéumpﬁion

of electricity. This is probably due to whether or not

the Thermasol machine is used and alse 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.piots
7 through 9. i

2. The month of June has a very low prcduction rate whlch
‘most likely is due to a plant shutdown for maintenance.
The electrical consumptlon for this month, due to
reasons which are not clear, is quite qimilar 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 1is 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 approximately 77 percent of -

| the total energy usage while electricity represents

70 percent 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
noney is spent annually on electricity than is spentfﬁ
on oil. Refer to columns S and 9 in Table C.

3.4.4 Fiber Plant Graphic Presentation.

Plots #7 to #11:

Plots 7 to 11 parallel the logic discussec previouslyfg?
-for plots. 1 to 6 v CE e T e e i e
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