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Alexandria Petroleum Company 

1.0 EXECUTIVE SUMMARY
 

1.1 Introduction
 

The Organization for Energy Planning, in conjunction

with the plant staff of the Alexandria Petroleum
 
Company, and with the technical assistance of Foster
 
Wheeler USA Corporation, have executed an energy audit
 
of the Alexandria Petroleum Company, Alexandria, Egypt.

The field audit began in February, 1988, and continued
 
into April, 1988. Analysis of all information was

performed in the offices of OEP located in Cairo,

Egypt.
 

The energy audit consisted of a detailed review of the
 
Atmospheric Distillation Complex and Lube Oil Complex

and their respective performance. All sections of the
 
units were inspected. Drawings of t!Le processes were
 
reviewed and energy and production data were collected.
 
The energy data has been checked for consistency and
 
accuracy, and supported further by independent field
 
measurements of the necessary process variables.
 

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

is being used efficiently, and, if not', identify

opportunities to conserve energy based on quantitative

economic analysis.
 

1.2 Plant Descrintion
 

The Alexandria Petroleum Company consists of an
 
Atmospheric Distillation Complex and a Lube Oil
 
Processing Complex. A block flow diagram for the APC
 
refinery is at the end of this section.
 

The Atmospheric Distillation Complex is comprised of
 
the following units:
 

- Atmospheric Distillation Unit_#2 
- Atmospheric Distillation Unit #3
 
- Atmospheric Distillation Unit #4
 
- Vapor Recovery Unit
 
- Naphtha Distillation
 
- Merox Treating
 
- Sulfolane Unit
 
- Utilities Section and Boilers
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The Lube Oil Complex is comprised of the /following

units:
 

- Vacuum Unit
 
- Propane Deasphalting Unit
 
- MEK Dewaxing Unit
 
- Furfural Extraction Unit
 
- Lube Oil Hydrofinishing Unit
 
- Wax Hydrotreating Unit
 
- Hydrogen Plant
 
- Nitrogen Plant
 
- Sour Water Stripper
 
- Utilities Section and Boilers
 

.The Lube Oil Complex receives its feed from
 
Atmospheric Distillation Unit #4.
 

Three types of crude are run in the Atmospheric Units.
 
The properties and approximate throughputs are given

below.
 

Average

Crude Throughput Processing
:Tv .. AP .. . ie ..... , Tons/hr U 

Alamein 0.821 40.8 154 ADU #2
 
Morgan 0.859 33.2 203 ADU #3
 
Belayim 0.877 29.8 217 ADU #4
 

574
 
(101,500 BPSD)
 

The following products are produced in the Atmospheric
 

Distillation Complex:
 

Product 1987 Production Rate. Tons
 

Fuel Gas 8,890
 
C4 L.P.G. 61,730
 
Naphtha 831,881
 
Solvents 33,484

Kerosene 677,193
 
Solar 849,356
 
Fuel Oil 1,853,775
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The Lube Oil Complex produces the following products:
 

Product 1987 Production Rate. Tons
 

Oils: 75,317
 
Black Oil
 
Spindle Oil
 
Waxfree Oil
 
Lube Oil
 

Asphalt: 234,372
 

Wax: 3,309,
 
Soft
 
Hard
 

Waxy Distillates: 118,821
 
Heavy
 
Medium
 
Light
 

Total losses for the refinery amount to 48,177
 
tons/year.
 

At present, the only major modifications being

undertaken in the refinery are in the Lube Oil Complex.

A. new Hydrogen Plant and Hexane Unit, plus

modifications to the Vacuum Unit are planned to
 
increase capacity.
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1.3 Findinas
 

The qualitative and quantitative findings at the
 
Alexandria Petroleum Corpany are below. These findings

have been divided into categories deemed most
 
appropriate to this energy audit.
 

Accuracy of Plant Data
 

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

sheets, and is the basis for this energy audit.
 
The accuracy of the energy data supplied by the
 
plant was not verified. Any obvious
 
indiscrepencies in this raw data were resolved to
 
the best of our (FWUSA, OEP, APC) abilities.
 

Energy consumption rates for various pieces of
 
equipment or systems were obtained during the data
 
collection phase of this energy audit. This data
 
was used as a basis for calculating future energy

savings for a particular item or system and is not
 
meant to be a check of the 1987 energy data.
 

The primary source of energy is No. 6 Fuel Oil.
 
This fuel is used for approximately 88% of the
 
energy consumed in the entire refinery.
 

Total energy consumption for the refinery averages

6.0 x 1014 joules per month. The average energy

consumption per ton of crude oil processed is 1.46
 
x 109. joules. This value agrees well with the
 
expected energy consumption of a "typical

refinery" of similar complexity.
 

Depending upon its complexity, a typical U.S.
 
refinery today will normally consume between 4%
 
(1.5 x 109 joules/ton) and 14% (5.25 x 109
 
joules/ton) of the energy contained in the crude
 
that it is processing. A very simple refinery,

containing mostly crude and vacuum distillation
 
processes and relatively little additional
 
processing, would be expected to consume a
 
quantity of energy in the region of 4% or
 
approximately 1.5 x 109 joules/ton. A highly

complex refinery containing a full range of
 
catalytic and thermal processes for cracking,

reforming and hydroprocessing of the various crude
 
fractions would be expected to consume as much as
 
14% or approximately 5.25 x 109 joules/ton.
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Based upon an analysis of the refining units
 
presently contained within the Alexandria
 
refinery, we would expect a "typical U.S.
 
refinery" of its complexity to consume 3.9% of the
 
crude processed, or 1.54 x 109 joules/ton. One of
 
the reasons why this refinery appears to have such
 
a low energy consumption per ton of crude
 
processed is that only 38% of the total crude of
 
the three crude units is processed in the
 
downstream Vacuum Unit and Lube Oil Complex.

Additional factors that lead towards low energy

consumption are relaxed product specifications, as
 
compared to international values, and a lack of
 
stringent pollution control standards and
 
facilities.
 

Pollution and Pollution Control
 

Only three significant sources of pollution were
 
identified at the Alexandria Petroleum Company,

namely, high flare gas emissibns, excessive
 
hydrogen sulfide leakage from open sour water
 
headers, and hydrocarbon carryover into the
 
seawater return.
 

,The. flare, at APC is continually burning vapors

that are being fed to the flare system from
 
various locations in the refinery. In general,
 
sources of vapor flow to the flare system are not
 
known. Leaking relief valves, and improper

seating of block and vent valves contribute to the
 
flare load. However, a known source at APC is the
 
fuel gas system. Fuel gas that is not consumed by

the process heaters or boilers in the various
 
units is vented to the flare. A good maintenance
 
program can minimize the leaks associated with
 
relief valves and block valves. The excessive
 
fuel gas that is relieved to the flare can be
 
recovered; methods to dc so are discussed within
 
this report.
 

Sour water streams from the ADU fractionator
 
overhead accumulators and the stabilizer overhead
 
accumulator in the VRU are drained to an open
 
sewer by gravity flow. This arrangement results
 
in high hydrogen sulfide emissions being released
 
from the sour water streams. This condition is
 
extremely bad in the VRU.
 

Utilization of sea water as a cooling medium leads
 
to thermal pollution and hydrocarbon

contamination. Thermal pollution is unavoidable
 
when sea water is returned to the local waters.
 
Contamination of the seawater by crude oil
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products is also difficult to eliminate, as some
 
traces carry-over from the API separators into the
 
seawater return outlet.
 

Instrumentation
 

Overall, the degree of instrumentation found in
 
the refinery is good. Instrumentation in the Lube
 
Oil Complex is much more state-of-the-art than the
 
Atmospheric Distillation Complex, primarily due to
 
the respective ages of the units.
 

There is, however, room for improvement in the
 
area of instrumentation. In many cases,

instrumentation which once functioned properly in

both plants is now idle, or in a state of
 
disrepair.
 

Instrumentation for proper monitoring of energy

consumption is lacking in the steam system of the
 
Atmospheric Distillation Complex. Flow

indication for total steam production, as well as

stripping steam rates, exists but have fallen into
 
a state of disrepair over the course of time.
 
Stripping steam rates are of particular concern,
 
as they...affect energy. consumption,.. product.

properties, and sour water production.
 

Flow of unused fuel gas to the flare system

represents a very large waste of energy and 
is
 
not measured in either the Atmospheric

Distillation Complex or 
in the Lube Oil Complex.

Proper instrumentation will show the potential for
 
energy recovery from these vapors entering 
the
 
flare system.
 

Cooling water is another systeu that 
 lacks
 
sufficient operating instrumentation and/or

valves. Total cooling water return temperatures
 
are very low in both complexes due to very high

cooling water throughputs. Proper instrumentation
 
and proper use of this instrumentation will lead
 
to lower cooling water circulation rates and
 
therefore lower energy consumption.
 

Electrical
 

The plants electrical system consists.of 2, 66 kV
 
incoming lines, SF6 switchgear, 2, 18-25 MVA, 66
 
- 11 kV (minimum oil) switchgear for in-plant
distribution. The main transformer station 
(MTS)

and some other BBC switchgears use 220 V potential

transformers and -/lA current transformers, which
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are not suitable for our American monitoring

instrumentation (common usage is 120 V potential

transformers and -/5A current transformers).

Hence, only meter readings on switchgear were used
 
for purposes of auditing.
 

A number of meters appeared to be defective or had
 
obvious erroneous readings. In general, all
 
substations need metering calibration and/or

replacement. If replacement is chosen, digital

meters should be utilized as they require less
 

.maintenance and are easier to calibrate.
 

The substation for ADU #3, when modified, should
 
include additional digital kW and kVAr meters or
 
recorders. This will aid in proper tracking of
 
energy usage. In addition, variable speed

controllers for feed and cooling water pumps

should be considered, as well as solid state
 
controlled capacitor banks at the MCC to improve

the power factor.
 

The substation for ADU #2 and #4, again, could use
 
metering to follow energy usage of kW and kVAr.
 
For power factor correction and energy

conservation, variable frequency controllers could
-be added on large motors, or capacitors could' be 
added with proper controllers. Such changes could 
save energy by better controlling cooling water 
pump flow rates (throttle back vs. 100% flow).
 

The Lube Complex substation appears in fairly good

condition with the exception of metering

calibration and lack of energy usage monitoring.

This substation has power factor capacitors, which
 
were disconnected during most of the survey,

reducing the apparent power factor to 0.74 - 0.77. 
For proper usage, the capacitors should be 
controlled by calibrated (solid state) relays on 
2-step banks. The substation main feeders should
 
not be connected in parallel at low load, as one
 
should be a spare.
 

The offsites substation metering appears

confusing. One ammeter reading for 1.6 MVA
 
transformer was too high. The system is in need
 
of calibration and maintenance.
 

If power factor correction capacitors are
 
installed, for an overall 0.9 PF level, they can
 
be connected in 2 or 3 step banks in the main
 
transformer station and contrclled by power factor
 
relays. Alternate installation could be in the
 
individual substations.
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In general, documentation, including one-line
 
diagrams and motor data lists, needs to be updated
 
to reflect the current status of equipment at the
 
refinery.
 

HIousekeeping
 

By far the largest contribution towards energy

savings which can be realized thr'agh more
 
attentive housekeeping, is steam conservation.
 

There are approximately 2100 steam traps at the
 
Alexandria Petroleum Company. Of these, only'66

percent were found to be functioning properly.

Items such as these can lead to significant energy

loss over the course of a year.
 

Considering the small amount of time involved in
 
checking, cleaning, and repairing steam traps, it
 
should be relatively easy to improve procedures in
 
order to have all of the steam traps functioning

properly for a larger percentage of the time.
 

The instrumentation to test steam traps is already.

existing -in the refinery.. Proper maintnaii~'loft
traps will benefit the refinery directly in the 
form of fuel savings. 

Another major housekeeping item which requires
attention concerns the large amounts of spilled 
wax present in the Lube Complex. Some leakage is
 
unavoidable, but the quantity noted seemed
 
excessive.
 

Maintenance
 

The majority of maintenance performed at APC
 
entails steam cleaning of exchanger bundles,

painting of units, and routine maintenance of pump

internals, boilers and fired heaters. Exchanger

shells must routinely be serviced to replace

leaking gaskets, install sacrificial anodes in
 
seawater cooling services and cleaning and repair

of tube bundles.
 

It was noted that the manner in which these 
exchanger bundles are transported could be one of
 
the contributing factors to leakage. Bundles are
 
removed from the shells and placed on grade.

Following this, the bundle is picked up with a
 
forklift. The fork is place directly under the
 
bundle and raised. The forklift then backs up and
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stops abruptly. This causes the bundle to roll
 
back on the forks and slam into the fork supports.

This may cause tube bending or cracking. The
 
proper transport method should be to attach chains
 
to the eyelets provided on the exchanger bundle
 
and pick it up with the chains. This minimizes
 
shocks and abrasion to the tubes.
 

Other maintenance in the refinery appears in good

condition overalP. It was stated by APC and noted
 
by FWUSA that the maintenance department at APC
 
was understaffed. The significance of proper
 
maintenance in a refinery cannot be
 
overemphasized, and efforts should be made to
 
increase the size and the ability of the
 
maintenance department.
 

Management and Personnel
 

The management and personnel at the Alexandria
 
Petroleum Company are already aware that a
 
substantial amount of energy is required to
 
process one barrel of crude. However, more
 
emphasis needs to be placed on establishing just

.where: the bulk :of. this 0energy.isbein',consutnd.
 
Measures must be implemented to allow auditing and
 
tracking of energy consumption. In this way, the
 
management will be able to observe the results of
 
energy conservation measures.
 

The personnel employed at Alexandria need to be
 
reminded of the value of energy, and that its
 
consumption must be limited. An operator who
 
knows the consumption per day of his unit can then
 
attempt to reduce this total for the same
 
production goal.
 

At present, there is no reporting of energy

consumption back to the individual units. It is
 
recommended that three goals be established for
 
each unit: production, product specification, and
 
energy consumption. The addition of the third
 
variable, energy, will make the operators of the
 
units aware that energy can be conserved while
 
maintaining the same production quota.
 

The savings in both energy and money per equal

production of crude oil products can be very

significant over a period of just one year.
 
Production need not suffer as a result of energy

conservation measures. A large percentage of
 
energy conservation measures do not alter the
 
process in any way. Furthermore, energy
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conservation measures generally pay for themselves
 
in periods of three years or less, after which the
 
company receives the profit from these measures at
 
the cost of a minimum amount of maintenance.
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1.4 	 Recommendations
 

Tables 1.4A, 1.4B, and 1.4C, presented at the end 
of
 

list those Energy Conservation

this section, 


simple payout of five
(ECO) having a
opportunities 

years or less.
 

Housekeepinl Items
 

are

Under the category of housekeeping ECO's, 


better maintenance, better

items requiring


improved 	scheduling. The total

operations and 

installed 	cost for housekeeping ECO's 

is less than
 
a list of 	these items,
LE 40,000. In developing 


was paid to leaks of steam, air,

attention 

condensate and water, poor combusticn efficiency
 

of various fired devices, poor insulation of hot
 
or equipment,
or very cold (refrigerated) lines 


operating 	procedures, instrumentation, etc.
 

Table 1.4A, Housekeeping, lists those ECO's 
having
 

a simple payout of 5 years or less based 
on local
 

costs to implement the ECO and local utility 
costs
 

to calculate savings.
 

all of the housekeeping

.The..Amplementation- of 	 '
 

would result in a minimum 'of
 items identified 

1,900 T.O.E. saved annually, and represents 

1% of
 
in the
consumption
the total annual energy 


This savings does not take
 Alexandria refinery. 

into account tne energy savings possible 

through
 
While


the implementation of ECO's 31, 35, and 
36. 


it is impossible to quantify the energy savings
 
it is
from these latter three ECO's,
realizable 


will result in significant
expected 	tha: they 

continuing enorgy savings.
 

These housekecping ECO'S should be implemented 
as
 

as they 	can be done with a
 
soon as possible, 


in-country labor, manufactured
of
minimum amount 

equipment 	and money.
 

In-Country Investment Items
 

Items in 	this category are similar in nature to
 

items; however, an expenditure of
 
housekeeping 


is required to implement a
 
over LE 40,000 


materials, labor and
 
particular ECO. All 

engineering can be purchased in-country.
 

Table 1.4B, In-Country Investment, lists those
 
less than five


ECO's having a simple payout of 

and utility


years based on worldwide equipment 

costs.
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The implementation of all of the foreign
 
investment items would save a total of 18,835
 
T.O.E. per year, or 10.2% of the total energy
 
used annually in the Alexandria Refinery. In
 
addition, all but one of the ECO's have payouts of
 
less than three years.
 

The largest potential for energy savings is the
 
addition of an absorber to recover propane and
 
butane from VRU off-gas (ECO-13). A savings of
 
approximately 5,463 T.O.E. per year can be
 
expected. This ECO will also reduce the flow of
 
fuel to the flare.
 

The second largest potential for energy savings
 
can be achieved through the proper operation of
 
the approximately 2,100 steam traps at APC. The
 
resulting energy savings is estimated to be 4,319
 
T.O.E. per year. Once the steam traps are in
 
proper working order, it is estimated that an
 
additional 1,283 T.O.E. can be saved each year by
 
instituting a permanent program for steam trap
 
testing and repair.
 

Foreign Investment
 

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

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

These ECO's have a good potential for the most
 
energy saving, but also require the greatest
 
investment cost. While the energy savings from
 
the items in this category are not strictly
 
additive, the energy savings that can be expected
 
is 33,463 T.O.E. per year, if all were
 
implemented.
 

Improving, adding and repairing instrumentation
 
alone would result in an indirect energy savings
 
of 924 T.O.E. per year. This investment would pay
 
out in a little over two years.
 

A conceptual study indicates that the addition of
 
a flare vapor recovery system is predicted to save
 
9,216 T.O.E. per year. The investment of
 
approximately $3,387,960 would pay out in a little
 
more than 3 years.
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Improving the combustion efficiency of fired
 
heaters in both the Atmospheric Distillation and
 
Lube Oil Complexes would result in an annual
 
energy savings of 9,626 T.O.E. The payout period
 
is immediate.
 

Combustion air preheat in the Atmospheric
 
Distillation Complex would pay out in slightly
 
less than 5 years and result in a predicted annual
 
savings of 5,019 T.O.E.
 

Improving the combustion efficiency of steam
 
boilers would save 448 T.O.E. per year with
 
essentially an immediate payout.
 

A front-end optimization study to optimize both
 
column operation and preheat train integration of
 
ADU #4 is estimated to result in an annual energy
 
savings of 7,980 T.O.E.
 

Installation of a sour water recovery system in
 
the ADU, recommissioning of the sour water
 
stripper, and use of the stripped water as
 
desalter water would have a rapid payout of less
 
than six months and would result in modest.
 
savings--of 289 T.O.E. per year. 

-a 

"
 

Installation of a gas turbine (ECO-28A) provides a
 
good technical means of dealing with the
 
persistent problem of power outages. A 30 MW unit
 
will not only satisfy the refinery's entire power
 
needs, with a good margin of additional design
 
safety, but also the needs of an adjacent cement
 
plant. The estimated foreign investment for the
 
package unit is $14,629,100, and corresponds to a
 
3.06 year payout. This payout excludes the
 
additional income generated from being on-stream a
 
higher percentage of time and thus producing more
 
saleable product.
 

A gas turbine with waste heat recovery (ECO-28B)
 
provides a more efficient means of generating
 
electricity than using a gas turbine alone. The
 
fuel consumption of a gas turbine with waste heat
 
recovery is two-thirds that of a gas turbine
 
alone; however, there is the addition of
 
electrical requirements for the waste heat
 
recovery section.
 

A gas turbine package with waste heat recovery
 
would be required to operate continuously. It is
 
not practical to start-up and shut-down the waste
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heat recovery facilities in short intervals. A
 
gas turbine package alone, as discussed above, is
 
able to be operated "on demand" if required.
 

The payout period for such a gas turbine package

with waste heat recovery facilities is 5.0 years,

based on energy cost savings alone. This payout

excludes the additional income generated from
 
being on-stream a higher percentage of time and
 
thus producing more saleable product.
 

Other Items For Consideration
 

The addition of a hot oil belt to preheat crude
 
and reboil the VRU Stripper (ECO-lI) has a simple
 
payout of 5.53 years. This payout period is based
 
on making the most efficient use of the present

VRU Stripper Reboiler heater. No additional heat
 
sources were identified to reheat the circulating

oil. However, if additional heat sources are
 
installed in the future, this ECO will become more
 
economical and should be studied again at that
 
time.
 

Conclusions
 

-It is important that-the Housekeeping itdmsl'igted

in Table 1.4A be implemented as soon as possible.

These energy conservation opportunities can be
 
implemented by plant personnel using locally

available materials.
 

The total estimated annual energy savings that can
 
be derived through implementation of all non
redundant ECO's listed in Tables 1.4 A, B, and C
 
is 44,982 T.O.E. This annual energy savings has
 
a corresponding value of U.S. $11,127,290. The
 
investment cost to implement all non-redundant
 
ECO's is U.S. $20,296,243 and excludes thi cost
 
to implement ECO-10, Table 1.4C. These values
 
result in an overall simple payout period of 1.82
 
years.
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Table 1.4A HOUSEKEEPING ITEMS - ECO Summary
 

Plant: Alexandria Petroleum Company
 

--------.-------------.-----.-..--.-- WORLDWIDE --------------------------------- LOCAL-------
ANNUAL ENERGY SAVINGS SIMPLE SIMPLE 

----------------------------------. INVESTMENT ANNUAL COST PAYOUT, INVESTMENT PAYOUT, 

ECO 1 TITLE 	 FUEL' T.O.E. COST, $ SAVINGS, S YRS COST, LE YRS 
I----.....---- - ----.......----...---------------- ------
 .... ......... --------- -------------


Steam SystemI. 

22 	 Add new or repair existing Insutltion on stem 453 Tom' mzout 439 13,3.05 50,767 0.26 I 19,292 1.52 

and condensate Line. - I 

23 	 Repair steam, air, water, and condensate leaks 1,505 Torn mzout 1,461 -. 8,750 - 168,665 IMIEDIATE 19,600 0.47 

from valves, 	 Lines, flanges, etc. " 

General -	 I r
"+ : .. .I . +I-

I-' 31 Study the effect of insulation on heat loss . .. IMEDIATE IMME -- J DIATE I 
* from pipes. 	 I 

35 	 Form a comittee to plan and implement an energy.. -- r . IIEDIATE - -. IMMEDIATE 
conservation program In the plant. I : I

Lc:.. :::: -: : . :. :/ /: .""~~ I': " 	 I 
36 	 Use of publicity, memos, newsletters, etc. to -L I"EDIATE I -- IMMEDIATE IIMM 

Implement an energy program and make personnel I- I 
aware of energy conservation. I - "l: r
 

- - - - ...	 - ;: ------ ::- :I i- I
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- I - - - ------------------- - --- -- - - - - - - - - - - - - - - - - - - ---------------
... .. ..... ......... ........... ... ... .... ... ... ... ... . . ..;.;; . ; ;.... .. ... .. ... ... .. .... . I. 

-TOTAL 19000 22055.0 219432.00 I 38M 'O 0.71 I 
.......................... .................. ...................... ...................-------- .---------.--. --------------------------------------------------------------- ....-

NOTES: 1. Currency ccnversion 2.25 LE/S 3. Energy conversion 42.0 x 10E9 J/T.O.E. r 

2. Boiler efficiency 75% 	 4. Payout periods ftlss than 3 months have been labelled "IMNEDIATE, 

http:219432.00


Table 1.4B IN-CONTRY INVESTMENT ITEMS - ECOSummary 

Plant: Alexandria Petroleum Coapany 

.... .-----------------------------WOLDWIDE ----- --------------------------- LOCAL....... 
ANNUAL ENERGY SAVINGS SIMPLE SIMPLE 

.------------------------ I ------ INVESTMENT FNUAL COST PAYOUT, 	 INVESTMENT PAYOUT,
ECO'i 	 TITLE FUEL T.O.E. COST,S SAVINGS, S YRS I COST,LE YRS 

Atmospheric I -
Dist. Coplex .	 I. 

03 	 Eliminate unnecessary cases of cooling streams 1,636 Tons mazout 1,588 295,800 183,347 - 1.61 
that are then reheated in downstrea units. I 

04 	 Install manual controls to reduce cooling water. 3,105 MWHd. 783 52,280 133,515 . 0.39 " 7-. 
flowas. I I 

07 	 Install a sour water recovery system and integrate 41 Tons mazout 40 211,700 231,612 0.91 -" I 
with existing sour water stripper in Lube complex. """ "
 

08 Optimize the preheat train of ADU #2. 1,251 To.ns mzout 1.215' 49,400 140,20 .3 
 -- -0.3 

09 	 Optimize the preheat trafn of ADU #3. 1,408 Tons mazout 1,367 96,400 157,795, 0.61 " - . " I 

10 Optimize the preheat train of ADU.04. 270 Tons mazout 262 45,760 30,260 1.51 I . - "" " - (Addition of bypass valves) ," 

13 	 Add an Absorber to recover propane and butane 6,000 Txa C3 LPG 5,463 28,21983 IMMEIATE
 
from Vapor Recovery Unit off-gas. 
 . 700 1-219,83 III '.DIE ' I II 

14 Recover waste heat from desalter water., 592 Tons mazout, 575 142,400. -66,335 - 2.15,------------- ---------- --------------------------------------------------------.....---------------- ---------------.w ------	 - ---



TabLe 1.4B MHCOUNTRY INVESTMENT ITEMS - ECOSummary (Continued) 

PLant: Alexandria PetroLeun Company 

--------..------.----.--------------- WORLDWIDE-------------------------. 
 LOCAL 

*-----.-------------.-----------.--------.-.--.---------


.......... ---------
ANNUALENERGY SAVINGS SIPLE SIMPLE 

<ECOU TTLE 
.....-----------.-.----------------------.

..................................
FUEL T.O.E. 

I NVESTMENT 
COST, S 

ANNUAL COST 
SAVINGS, S 

PAYOUT* 
YRS 

INVESTMENT 
COST, LE 

PAYOUT# 
YRS 

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

LUbe ii
 
Dist. Coap-ex - •
 

20 Use ofa osed opsyste to,recover-pww -208 M -52 183,200 ll oo 1.8
bearing coo ing water. .. " 

Stem system "- . I 
21 Recover heat and produce stem from continuous 194 Tons mazout- 188 83,200 21'i742. - 3.83 l - "" 

boiler blodown. -..

• 26 Test, repair, replace steam traps. 4,449 Tons mazcut 4,319 475,500 498,599 0.95 . -- 

27 InstaLL a condensate recovery systm for ADU12, 1,859 Tons mazout 1,805 87,230 208,338 0.42 --"" 
ADIS03, ADU#4, and the VRU. -II 

General - . 

30 Institute a permanent progrm for steam trap. 1,321 Tons mazout 1,283 214,738 148.044 1.45 I '"- I
testing.and repair.-. II 


":" I. . . I. " --. ....--------------------------... ....... ---------. - --.. -----......... . -........ ---....-.... -...;.. ..... .. .........-. -...; -......................
 . .......-.. .......... ,... 


. . . ..... . --------------.---.----------.... .. ..... .......... --------------------.--.----------------------------------TOTAL ----------------------------------- - ---. ... ... .1,835,,*3,141.425 0. - -- - . ... ..... .

NOTES: 1. Curr-ncy conversion 2.25 LEIS :3. Energy conversion 42.0 x 10E9 J/T.O.E. 
2. Softer efficiency 75% 4. Payout prfods of 3IHIEDIATENteas than 3 months have been Labethed 



Table 1.4C FOREIGN INVESTMENT ITEMS - ECOSummalry 

ECOI 

Atmospheric' 

Dist. Complex 

-: -.. 

TITLE 

"+ 

Plant: elexandria Petroleum Company 

................................---- - ORLDWIDE 

ANNUALENERGY SAVINGS 
----------------------------------. INVESTMENT-

FUEL T.O.E. COST, S 

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

ANNUAL COST 
SAVINGS, S 

SIMPLE 
PAYOUT, 

YRS 

I 

I 

- ---------LOCAL --------

SIMPLE 
INVESTMENT PAYOUT,

COST, LE YRS 

01 laprove the comustion efficiency of-fired heaters. %.83Ton mazout 5,682 84,380 657,066. 
IMIEDIATE . -" 

02 

05 

Ation of a flare vapor recovery system. 

Comustion air preheat through stack gas heat 
recovery.I 

9,492 To mmzout 

.5170Tn maziout' 

9,216 

5,019' 

3,387,960 

2,866,000 

1,063,768 

579,402 

'3.18 

4.95: 

I 

-

- -. I 

I 

-

,o 
Atmospheric. 

Dist.,Coplex 
+ 

I I 
10 Optimize the column operation and the preheat train 

In ADU#4. " 
8,219 To-mazout 7,980 (* 921,102 -. 

" 
'I -- " 

Dist.+Ca 

16, Improve the combustion efficiency of fired heaters. 4,062 Toni sazout 3,944 105,500 455,228 IIEDIATE I + .... 

" 9 Recomission the Sour Water Stripper and use 
stripped sour water In the desatters. 

257 Tons mazout 

.-

250 94,300 

... 

206,430 0.46 -.- " I 

Ste=:SystemI -

24 improve the combustion efficiency of steam boi ers. 461 Top mzout 445 , 21,100 51,664 '0.41I . 

() This ECOrequires that a front-end optimization study be carried oue. 
A proposaL for a front-end study L-n be developed at a later data, if requested. 



Table 1.4C FOREIGN INVESTMENT ITEMS - ECOSummary (continued) 

Plant: ALexandria Petroleum Company
 

..................................... WORLDWIDE ------------------------------	 LOCAL -------

ANNUAL ENERGY SAVINGS 	 SIMPLE SIMPLE 

------------- ".................... INVESTMENT ANNUAL COST PAYOUT, INVESTMENT PAYOUT.ECOS TITLE, FUEL T.O.E. COST,$ SAVINGS, $ YRS COST, LE YRS 

General
 
2G A 	 Install a gas turbine electric generator. 14,629,100 

.. 146910 4,784,000 3.06 ....

28 B 	 Install a gas turbine electric generator with .... 31,610,000 '6,256,000 5.00: .... 
waste heat recovery. -

134 	 Improve, add or fix fnstrumentalon to be able to 393 MN " 924 (5) 247,500 111,541 2.22 -	 .... 

properly monitor and control energy consumption. 781 Tons mzout I 	 I 
(Note 5) 
 45 	Fuel gas I I 

bi SII	 17 LPG 

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------. 
TOTAL (Excluding ECO-288 - NOTADDITIVE) (NOTE6) 	 33,463 21,435,840 8,830,201 2.43 f .... 

GRAND TOTAL (Tables 1.4 A, B, and C) (NOTES 6, 7) 	 -- ",982 20,296,243 11,127,290 1.82 - .. I 

NOTES: 1. Currency conversion 2.25 LE/S 5. Energy savings-shown represent an indirect an indirect savings. Proper instrunentation will enhance 
2. 	 Boler efficiency 75X the energy savings due to Iplementalon of the other ECO's. 
3. 	 Energy conversion 42.0 x 10E9 J/T.O.E. 6. The investment-cost totals and the simple payout totals do not include an investment cost 
4. 	 Payout periods of less than 3 months have that will be necessary to implement ECO-IO (as mentioned in the first page of Table 1.4C) 

been labelled "IMMEDIATE" 7. Grand Total excludes ECO-02. Energy savings from ECO-02 are not additive with ECO-13 (Table 1.4B). 



Alexandria Petroleum Company 

2.0 DISCUSSION
 

The Organization for Energy Planning in conjunction with the

Alexandria Petroleum Company and Foster Wheeler 
USA

Corporation have conducted an energy audit of the Alexandria
 
Petroleum Company to develop, formulate, and rank ECO's.
 
These energy conservation opportunities are presented in
 
three categories, entitled:
 

o Housekeeping.
 

These are items which require low cost/no cost
 
solutions and can be implemented by the personnel
 
at the plant.
 

o In-country - Investment.
 

These are items which require an investment of
 
over LE 40,000 of local currency to implement.

All equipment necessary to implement this type of
 
ECO can be made and purchased in-country.
 

o Foreign Investment.
 

These are items which require foreign (hard)

,currency,;4!to purchase materials,.-enineer4nc, L 
and/or manpower from outside the country.'
 

The overall program to evaluate the energy conservation

opportunities at APC was performed in three steps,

namely,
 

o Screening 
o Preaudit 
o Audit
 

The initial phase, screening, resulted in the selection
 
of the APC plant as a reasonable candidate for an
 
energy audit.
 

Upon completion of the screening activity, the preaudit

phase was undertaken, the energy consumption of the
 
plant was evaluated, and a list of ECO's was prepared.
 

This report documents the results of the preaudit and
 
audit activities, and includes:
 

o An overall energy picture for 1987
 
o A discussion of the approach taken
 
o A detailed description of each ECO
 
o Supporting documentation as required 
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Alexandria Petroleum Company - Energ_Audit
 

2.1 	Objectives of the Audit
 

The dual objectives of the energy auditare:
 

o 	 identify and measure where energy is used,
 
and
 

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

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

investment.
 

2.1.1 Identify Where 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 this objective include:
 

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

o 	 the careful scrutiny of records, and' their
 
supplementation by field measurements, as
 
necessary to establish the utility

consumption.
 

" 	 particular attention to the energy

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

consumption devices offer much greater

opportunities for savings.
 

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

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

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

and how it varies with time. In order to do this
 
properly it is necessary that the plant assign an

individual to keep and maintain system of
a 

records which document both past and present

energy consumption. These records should be kept

in an active file which goes back a minimum of
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Alexandria Petroleum Company - Energv Audit
 

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

2.1.2 Identify Energy Conservation Opportunities
 

This objective is based upon the proper and

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

Again, the achievement of the objective

includes several sub tasks, which include:
 

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

o 	 evaluation of ECO's which require 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.
 

2.2-	Method of Approach
 

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

Personnel from OEP, APC, and FWUSA specialists were

all deployed in a coordinated effort to accomplish this
 
task.
 

The first day started with a planning meeting between 
OEP and FWUSA personnel. A detailed measurement plan 
was set up, followed by a visit to the plant to 
acquaint the plant personnel with the plan. Energy
consumption data, required penetrations, and any
comments and ideas which plant personnel might have 
were collected and discussed. 
During the first four weeks, after the necessary
 
preparations were made by plant personnel, instrument
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measurements, visual observations and all necessary

information required for the audit report was gathered.

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

personnel, which included an additional energy systems

operations engineer, combustion and electrical experts.

These personnel worked with other audit team members
 
and assisted in instrument measurements as well as in
 
the gathering and analysis of other relevant data.
 

After the first seven weeks, a cost estimating

specialist joined the team, and started the estimating

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

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

During the latter part of the eighth week, report

preparation began and continued through the eleventh
 
week. ,
 

Weeks fourteen and fifteen were reserved for
 
presentations to OEP and then to the plant, culminating

with the finished report at the end of the sixteenth
 
week.
 

2.3 Goals and Special Considerations
 

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

consumption of 7 percent at the end of two years,

following partial implementation of housekeeping and
 
in-country investment items, and 18 percent at the end
 
of a five year program of implementation of foreign

investment related items.
 

The results achieved each year are to be plotted and
 
compared against the base case (energy consumption

before any implementation was started) in order to
 
demonstrate the actual reduction in consumption versus
 
the predicted goal. Any deviation in energy

consumption must be accounted for in terms of increased
 
production, new products, new units, etc.
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It is necessary that the scheduling of planned

shutdowns be coordinated in such a way that energy

conservation recommendations can be implemented.
 

2.4 Analysis of Energy Consumption
 

The audit provided a review of the energy consumption

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

The basic analysis of these variables is accomplished

through the use of a specialized computer program

developed by FWUSA, and employed in the prc-audit and
 
audit phases of the work.
 

This program requires, as input, the quantities, unit
 
cost, and energy equivalent of all energy forms
 
supplied to the plant. This includes fuel oils,

electricity, natural gas, and other fuels, as
 
applicable. These data, which include production

quantities, are entered on a monthly basis, for one
 
recent calendar year. Through systematic calculations
 

,
.. a.variety of ,
the .program produces resultsiin,:tabular

form. These include monthly cost of the energy sources
 
themselves in units of currency or energy consumption,
 
as well as the relationship of energy cost and
 
consumption to production units.
 

Each of the tables contained in this section is
 
produced with both domestic energy prices and worldwide
 
prices to permit a true evaluation of cost and cost
 
savings.
 

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

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

product.
 

The existence of these tables permits direct graphs to
 
be made on the computer, to exhibit a graphic display

of the tabulated data, and to aid in analysis.
 

The choice of graphs to be presented is generally made
 
after a careful review of the tables, to detect trends
 
which would be meaningful as curves when plotted. The
 
graphs of greatest interest will be energy consumption,

production costs per production unit and energy

consumption per production unit, plotted against
 
calendar time.
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Table IA reflects the energy consumption at APC.
 
Table 2A reflects the cost of energy, and Table 3A
 
gives the monthly production figures for 1987 at APC as
 
well as energy and cost figures per ton of crude 
processed.
 

Three graphs have been plotted by the computer for the
 
Alexandria Petroleum Company. Energy =onsumption has 
been plotted in joules in order to compare the energy

consumption figures to worldwide energy consumption in
 
the petroleum refining industry. The conclusions drawn
 
from the three energy consumption tables and the three
 
graphs follow the presentation of the tables and
 
graphs.
 

..
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TABLE 1 MONTHLY ENERGY CONSUMPTION 

CLIENT: U.S. AID/OEP COMPANY: ALEXANDRIA PETROLEUM'COPANY 
DATA: JAN-DEC 1987 UNIT APC REFINERY 

ELECTRICITY #-6 FUEL OIL 1 FUEL GAS LPG. ,TOTAL ENERGY 

IPURCHASED EQUIVALENT 1PURCHASED EQUIVALENT IPURCHASED EQUIVALENT IPURCHASED EQUIVALENT- I - I 
ENERGY ENERGY I ENERGY ENERGY I ENERGY,: ENERGY I ENERGY ENERGY I -I II I eI I I 

I MWI J x 10E9 T.O.E.** I TONS J x 10E9 T.O.E. j TONS j, J x IOE9 T.O.E. I TONS J-x 10E9 T.O.E. I x 10E9 T.O.E.'* .. o .. o... ..... ... ................... •................................., .......... o....
........ ,...... o...................... .. 
1 JAN 1 4061.9 14622.8 1024.0 10900.7 44439.6 10581.9 1100.0 51047.7 1215.4 I 250.0 11407.4 271.6 521517.6 13092.9
2 FEB 6814.0 24530.4 1717.8 12472.1 508506.0 12107.3 890.0 41302.2 983.4 260.0 11863.7 282.5 586202.4 15091.0 
3 MAR 5494.4 19779.8 1385.1 12800.9 521912.6 12426.5 790.0 36661.5 872.9 i 255.0 11635.6 277.0 589989.5 14961.6 
4 APR 8239.2 29661.1 2077.1 13930.0 567947.8 13522.6 1300.0 60329.1 1436.4 245.0 11179.3 266.2 669117.3 17302.3 
5 MAY 5519.6 19870.6 1391.5 13842.5 564378.3 13437.6 620.0 28772.3 685.1 I 240.0 10951.1 260.7 6239',2.3 15774.9 
6 JUN 7399.7 26638.9 1865.5 1278.9 520201.2 12385.7 400.0 18562.8 442.0 I 246.0 11224.9 267.3 576627.8 14960.4 

K) 7 JUL 6307.9 22708.4 1590.2 11824.2 482091.7 11478.4 540.0 25059.8 596.7 I 305.0 13917.0 331.4 543777.0 13996.6 
-J 8 AUG 7558.6 27211.0 1905.5 13305.4 542480.9 12916.2 650.0 30164.6 718.2 I 290.0 13232.6 315.1 613089.0 15855.0 

9 SEP 7519.1 27068.8 1895.6 13041.2 531707.7 12659.7 1100.0 51047.7 1215.4 I 295.0 13460.7 320.5 623284.9 16091.2 
10 OCT 10308.1 37109.2 2598.7 13892.7 566426.3 13486.3 570.0 26452.0 629.8 I 310.0 14145.2 336.8 644132.6 17051.6 
11 NOV 4052.0 14587.2 1021.5 13739.1 560163.1 13337.2 580.0 26916.1 640.9 1 320.0 14601.5 347.7 616267.9 '5347.2 
12 DEC 5283.6 19021.0 1332.0 13705.2 558782.3 13304.3 350.0' 16242.5 386.7 1 301.0 13734.5 327.0 607780.2 15350.1 

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

ANNUAL I I I I I I 
TOTALS 1 78558.1 282809.2 19804.6 I 156212.9 6369037.6 151643.8 1 889i0', 412558.2 9822.8 1 3317.0 151353.5 3603.7 1 72158.5 184874.8 

MONTHLY! I II 
AVERAGE1 6546.5 23567.4 1650.4 13017.7 530753.1 12637.0 1 740.8 34379.9 818.6. I 276.4 12612.8 300.3 1 601313.2 15406.2 I............................
......... ............. .......--... :................ .....,+.................... .....
............................................

I- .. ... .. . ... ... - I. I 
NOTES 3 J. - .13.60 X lOE9 MH -40.7715 Jix 1OE9ITON 46.407.J x -OE9jI TON 45.63 J x 10E91 TON 42.CO J x 1OE9/T.O.E.I 

E RU I L . A I . " '. . . " -Ur''" 'I 

SELECTRICAL T.O.E. VALUES INCLUDE A TYPICAL 34Z EFFICIENCY FACTORANDCORRESPON
TO GENERATING ELECTRICITY USING A CONDENINOS$TEAN TURBINE., 



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

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

TABLE 2 - MONTHLY ENERGY COSTS 

CLIENT: U.S. AID/OEP 	 COMPANY:*ALEXANDRIA PETRtOLEtIE4COMPANY
 
-DATA: JAM-DEC 1987 LIMNIT.: APC REFINERY
 

ELECTRICITY 	 6 FUEL OIL FUEL GAS .LPG TOTAL ENERGY COST 

P RCHASED 'COST COST, PURCHASED COST COST IPURCHASED COST COST IPURCHASED COST CoSTI TOTAL TOTAL
ENERGY I ENERGY ENERG:"II " " "I 	 II "I I ENERGY I COST COST: .I "I 

I. NH LE USS TONS LE USS I TONS+ LE US S TONS LE USS I LE USS 

1 JAN 	 1 4061.9 69052 174662 10900.7 305221 1221645 1100.0 5665 106447 250.0 2250.0 42290.1 382188 1545044 
2 FEB 6814.0 115838 293002 12472.1 349218 1397747 890.3 4584 86125 260.0 2340.0 43981.6 471980 1820856 
3 MAR 5494.4 93405 236259 12800.9 358425 1434598 790.0 4069 76448 255.0 2295.0 43135.8 458194 1790441 
4 APR 8239.2 140066 354286 13930.0 390040 1561136 1300.0 6695 125801i 245.0 2205.0 4144.2 539007 20&2667 
5 MAY 5519.6 93833 237343 13842.5 387589 1551324 620.0 3193 59997 240.0 2160.0 40598.4 486775 189263 
6 JUN 7399.7 125795 318187 12758.9 357250 1429894 400.0 2060 38708 246.0 2214.0 41613.4 487319 1828402 

t 7 JUL 6307.9 107234 271240 11824.2 331078 1325141 540.0 2781 52256 305.0 2745.0 51593.8 443839 1700230 
03 	 8 AUG 7558.6 128496 325020 13305.4 372551 1491135 650.0 3348 62901 290.0 2610.0 49056.4 507005 1928111 

9 SEP 7519.1 127825 323321 13041.2 355152 1461522 1100.0 5665 106447 295.0 2655.0 49902.2 501297 1941192 
10 OCT 10308.1 175238 443248 13892.7 388995 1556954 570.0 2936 55159 310.0 2790.0 52439.6 569959 2107801 
11 NOV 4052.0 68884 174236 13739.1 384694 1539738 580.01 2987 56127 320.0 2880.0 54131.2 459445 1824232 
12 DEC 5283.6 89"-2 227195 13705.2 383746 1535943 350.0 1803 33870 301.0 2709.0 50917.2 478079 1847924 

................................... ""..... ................................... °".......... I...................I°-°..... i
 
ANNUALI I
 
TOTALS I 78558.1 1335488 3377998 I 156212.9 4373960 17506776 I 90.0 45784 860285 3317.0 29853 561104 5785085 22306163 

MONTHLYj 	 I "... ... . 
AVERAGEI 6546.5 111291 281500 I 13017.7 364497 1458898 I 740.8 3815 71690 276.4 1 2488 46759 482090 1858847 ........................... 
 .. .... 7:. -........................... --..------...................
....... --------.. 	 .---..-..-.---


NOTESI 17.00 L.E./WH I 28.00 L.E./TOM " I 5.1 L;E./TON I 9.0 L.E.ITI II 43.00 US $/IIt 112.07 U $/fTON I 96.7ZUS S/TON - 169.2 -:,USS/Tom I 	 I 



TABLE 3 - MONTHLY PRODUCTION, COST AND ENERGY PER UNIT 

CLIENT: U.S. AID\OEP COMPANY: ALEXANDRIA PETROLEUM CbOlANY. 
DATA = JAM-DEC 1987 UNIT : APC REFINERY 

I CRUE ENERGY COST PER UNIT I ENERGY PER UNIT 
IPRODUCTIONI I -I. I - I * 
I TONS LE / TON :US SI TON IJxlOE9/TON T.O.E./TON [ 

--------- .................. ------ - --- ----------- I 
1 JAN 416828.0 0.92 3.71 I 1.251 0.031
 
2 FEB 383454.0 1.23 4.75 I 1.529 0.039
 
3 MAR 392061.0 1.17 4.57 1.505 0.038
 
4 APR 444834.0 1.21 4.68 1.504 0.039
 
5 MAY 448450.0 1.09 4.21 1.391 0.035
 
6 JUN 411251.0 
 1.18 4.45 1.402 0.036 
7 JUL 397479.0 1.12 4.28,1 1.368 0.035 1 
8 AUG 430757.0 1.18 4.48 1.423 0.037 
9 SEP 415292.0 1.21 4.67-1 1.501 0.039 1 
10 OCT 430696.0 1.32 4.89 1.496 0.040 
11 NOV 372882.0 1.23 4.89 1.653 0.041 
12 DEC 398649.0 1.20 '- 4.64 1.525 0.039 

-------------------.----------..
--------..------...... .. .... ..........o...o.....
 

ANNUALI I I [
TOTALS I 4942633 I I I 

MONTHLY I I " I 
AVERAGE 411886.1 I 1.17 4.52 1462 0.037 I 

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



GRAPH 1, 
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2.4.1 Discussicn of Tables
 

Table 1
 

The monthly energy consumption for the
 
refinery varied from a low of 521,518 x 109
 
joules in January to a high of 669,117 x 109
 
joules in April. The majority of fuel used
 
is #6 fuel oil, accounting for 88% of the
 
average total monthly energy usage.

Attention should therefore be focused
 
primarily on saving #6 fuel oil, as it would
 
provide a significant energy savings, as
 
reflected by the percentage of overall energy

consumed in the refinery. Electricity
 
accounts for 4% of the energy usage and fuel
 
gas 6%. The LPG fuel used represents only 2%
 
of the total energy used.
 

Table 2
 

The energy costs show that the annual
 
electricity cost is approximately one-fifth
 
the annual #6 fuel oil cost, even though the
 
..equivalent energy. derived from -the #6%fuel
 
oil consumption, in joules, is 23 times that
 
of electricity. This indicates that
 
s.gnificant cost savings would result by

substituting less expensive energy for
 
electricity, or by generating electricity at
 
the plant at a cost per MWH lower than the
 
cost to purchase the same electricity from
 
the electric company.
 

Table 3
 

The crude oil processing (production) rates
 
show a low of 372,882 tons in November, and a
 
high of 448,450 tons in May. This represents
 
a monthly variation between maximum and
 
minimum processing, for the entire year of
 
1987, of only 20%. This is quite stable.
 
The energy consumption per ton ranges from
 
1.251 to 1.653 x 109 joules, while the energy
 
cost per ton, excluding the month of January,

varies from LE 1.09 to LE 1.32, also
 
relatively stable. The lowest cost per ton
 
and energy usage per ton are for the month of
 
January, when the Lube Oil Complex was not in
 
full operation.
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2.4.2 Discussion of Graphs
 

Graph 1
 

This graph illustrates the contribution of
 
the various forms of energy in the refinery

to the total energy consumption. It
 
graphically shows the large usage of #6 fuel
 
oil, as compared to fuel gas and electricity.

The graph also shows how energy consumption

is lowest in the month of January, when the
 
Lube Oil Complex was not in full operation,

and highest in the months of April and May,

when the crude processing rates were at the
 
highest values for the year.
 

Graph 2
 

The cost per ton of crude oil processed in
 
the refinery remains very constant throughout

the year. If we eliminate the ronth of
 
January, when the Lube Oil Complex was not
 
operating fully, the fluctuation, in US$ per
 
ton, is only 16% for the entire year.
 

Graph 3
 

Depending upon its complexity, a typical

refinery today will consume between
 
approximately 4% (1.5 x 109 joules/ton) and
 
14% (5.25 x 10 jouies/ton) of the energy

contained in the crude that it is processing.

A very simple refinery, containing mostly

crude and vacuum distillation processes and
 
relatively little additional processing,

would be expected to consume a quantity of
 
energy in the region of 4% or approximately

1.5 x 109 joules/ton. A highly complex

refinery containing a full range of catalytic

and thermal processes for cracking, reforming

and hydroprocessing of the various crude
 
fractions would be expected to consume as
 
much as 14% or approximately 5.25 x 109
 
joules/ton.
 

Based upon an analysis of the refining units
 
presently contained within the Alexandria
 
refinery, we would expect a "typical

refinery" of its complexity to consume 3.9%
 
of the crude processed, or 1.54 x 109
 
joules/ton. This value is shown on Graph 3,

together with the actual consumption 
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experienced by the Alexandria Refinery during
each of the twelve months of 1987. It is 
interesting to note that during most of 1987
 
the Alexandria refinery was at or below the
 
energy consumption of a "typical refinery" of
 
its complexity. One of the reasons why this
 
refinery appears to have such a low energy

consumption per ton of crude processed, is
 
that only 38% of the total crude to the three
 
crude units is processed in the Vacuum Unit
 
and Lube Oil Complex. Additional factors
 
that lead towards low energy consumption are
 
relaxed product specifications, as compared

to international values, and lack of
 
stringent pollution control standards and
 
facilities.
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2.5 Economic Evaluation
 

In carrying out economic evaluations for each of the
potential energy conservation opportunities involving

an investment, the following steps must be taken:
 

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

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

Both the worldwide and the local cost of the utilities

involved are used in each case being evaluated in
order to establish a realistic value for the energy

savings. The criteria 
 for evaluation which are used

in each case is simple payout, defined as 
estimated

investment cost divided by annual savings 
and
 
discounted cash flow (DCF). 
 The DCF method assumes a
32% tax rate, 3% operating cost, 2.5% salvage value on

investment, 30% yearly 
escalation on investment, a 10
 year life, and a constant yearly value for the annual
 
energy savings over the life of the project. These

.criteria are 
simple to use and very-7 effective';-in

establishing a priority listing for a group of
 
potential projects.
 

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

equipment list is developed which contains 
enough

detail to establish an estimated investment cost. The
key information needed 
 for any evaluation is an

estimate 
of the energy saved and an estimate of the

investment cost. 
Since these two topics are so crucial
 
to an effective audit, 
each of them are discussed

separately in the sections which follow.
 

2.5.1 Value of Energy Saved
 

The first step in predicting the value of the
 energy saved for any ECO is 
to establish the
 
energy consumption of the current operation or the
 

case". base
so 
established, 

called "base 
the ECO must 

Once 
be compared 

the 
to 
case 

it 
is
 
to
 

determine exactly what energy savings would take
 
place if the ECO were to be implemented. The
savings are initially calculated on an hourly

basis in terms of the units of energy normally
used.
 

The next step is to calculate the energy savings

on an annual basis taking into account the number
 
of days per year the plant operates, shutdowns for
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maintenance, and the number of shifts used for
 
each operating day.
 

Once this is done, the annual energy savings is
 
converted into U.S. dollars ($) through the use of
 
the worldwide cost data for utilities given in
 
Appendix "1".
 

2.5.2 Estimating Investment Cost
 

Each ECO which requires the expenditure of money,

regardless of whether it is a housekeeping, in
country investment, or foreign investment ECO, has
 
been provided with an individual estimate of
 
costs. These estimates are of a preliminary
 
nature. Definitive estimates are only possible

following detailed engineering.
 

The majority of the estimates, especially those
 
which are well defined, are estimated using a
 
"definitive" type format enumerating and
 
quantifying, where possible, each discipline of
 
work. Material and installation manhours are
 
estimated separately. In those cases in which the
 
process equipment represents the large majority of
 

-.the.ucoat;: and the- bulk materials. cannot' be
 
accurately defined, the estimate was done using a
 
factored technique for bulk materials and labor.
 

Engineering data and technical information used in
 
preparation of each estimate is based on the
 
equipment list and technical description provided

for each ECO as prepared by the responsible

engineer as shown with sketches or schematic
 
drawings when required.
 

The estimates are done using United States
 
material pricing and United States standard
 
construction manhours as a base line. 
 The
 
material costs are adjusted for a worldwide
 
pricing basis and then the dollar (US) value has
 
been converted to Egyptian pounds at the rate of
 
2.25 LE / $1.00 (US). The worldwide pricing

adjustment is based on historical data and
 
experience in worldwide procurement and
 
construction. It represents a sampling of
 
purchased materials from engineering offices in
 
England, France, United States, Italy and Spain

which includes Far East manufactured materials
 
purchased from these locations.
 

Construction manhours have been adjusted from a
 
baseline representing a U.S. Gulf Coast location
 
to the productivity realized in previous Foster
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Wheeler projects carried out in Egypt. Once
 
again, worldwide experience was used as tne
 
primary determinant on productivity adjustment.

Other factors were considered such as the size and

complexity of each item of work, the amount 
of
 
engineering that will be provided, the amount and
 
type of supervision and who will be executing the
 
work (in plant personnel, contractor, etc.).
 

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

Each estimate includes:
 

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

facilities, subcontractor's requirement.,_
 

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

All estimates are based on instant execution (No

escalation has been applied). Labor is based on a

straight time normal work week. 
 It has been

assumed that all construction work can proceed

with continuity and without interruption or delay

due to plant operation interference. It is
 
anticipated that plant shutdowns of sufficient
 
duration will be available, when necessary, to
 
install the needed equipment to' implement a
 
particular ECO.
 

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

ECO) execution plan is developed.
 

All estimates for engineering assume execution by

local Egyptian engineering contractors, with
 
engineering supervision and/or assistance from an
 
international contractor's staff. 
This assistance
 
will involve local supervision on all projects,

and a "front end" engineering package, as a
 
technical basis, on major projects.
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3.0 ENERGY CONSERVATION OPPORTUNITIES (ECO's)
 

3.1 Summary List
 

Following is a list of ECO's identified and
 
studied at the Alexandria Petroleum Company.
 

Atmospheric Distillation Complex
 

ECO-01 	 Study combustion efficiency of fired heaters.
 

ECO-02 	 Study recovery of vapors lost to flare.
 

ECO-03 	 Identify various cases of unnecessary cooling.

of streams that are then reheated in
 
downstream units.
 

ECO-04 	 Install manual controls to reduce cooling,

water flows by raising cooling water return
 
temperatures.
 

ECO-05 	 Combustion air preheat through stack gas heat
 
recovery.
 

ECO-06 	 (Number not used)
 

ECO-07 	 Install sour water recovery system and: 
investigate integration with existing sour
 
water stripper in Lube Complex.
 

ECO-08 	 Investigate ADU #2 crude preheat train for
 
optimum heat recovery.
 

ECO-09 	 Investigate ADU #3 crude preheat train for
 
optimum heat recovery.
 

ECO-10 	 Investigate ADU #4 crude preheat train for
 
optimum heat recovery.
 

ECO-lI 	 Investigate the feasibility of integrating
 
soures and sinks suitable to establish a hot
 
oil or hot water belt.
 

ECO-12 
 Verify adequacy of insulation thicknesses of
 
crude towers.
 

ECO-13 	 Investigate addition of an absorber to
 
recover propane and butane .from Vapor

Recovery Unit off-gas.
 

ECO-14 	 Recover waste heat from desalter water.
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Lube Oil Complex
 

ECO-15 Study addition of new burners to fire
 

hydrogen rich purge gas from hydrotreaters.
 

ECO-16 Check combustion efficiency of fired heaterr,
 

.ECO-17 Combustion air preheat through stack gas heat
 
recovery. 

ECO-18 (Number not used) 

ECO-19 
* 

-Recommission Sour Water Stripper 
stripped sour water in desalters. 

and use 

ECO-20 
.. 

Investigate the use of a closed loop sy
to recover pump bearing cooling water. 

stem 

Steam System
 

ECO-21 


ECO-22 


ECO-23 


ECO-24 


ECO-25 


ECO-26 


ECO-27 


General
 

ECO-28A 


ECO-28B 


Recover heat and produce steam from
 
continuous boiler blowdown.
 

Add new or repair existing insulation' on
 
steam and condensate lines.
 
Repair steam, air, water, and condensate
 
leaks from valves, lines, flanges, etc.
 

Study combustion efficiency of boilers.
 

Combustion air preheat through'stack gas heat
 
recovery.
 

Test, repair, replace steam traps.
 

Installation of a condensate recovery system
 
for ADU #2, ADU #3, ADU #4, and the VRU.
 

Investigate the use of a gas turbine
 
electrical generator to supplement the power
 
supply.
 

Investigate the use of a gas turbine
 
electrical generator with waste heat recovery
 
to supplement the power supply.
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ECO-29 	 Installation o1f capacitors, as required, to
 
improve power -ac -r. 

ECO-30 	 Institute a p-.. -ent program for,steam.trap.
 
testing and re" .r,
 

ECO-31 	 Study the effect of insulation on heat loss
 
from pipes.
 

ECO-32 	 Provide automatic fuel/air ratio controllers
 
for steam boilers and furnaces.
 

ECO-33 	 Investigate energy savings by.changing drive
 
controls of varlable load equipment to 
variable frequency (speed) controllers.
 

ECO-34 	 Improve, add, or fix instrumentation to be
 
able to properly monitor and control energy
 
consumption.
 

ECO-35 	 Form a committee to plan and implement an
 
energy conservation program in plant.
 

ECO-36 	 Use of publicity, memos, newsletters, etc.,
 
to implement an energy program and make
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3.2 Detailed ECO Presentation
 

For each of the ECO's summarized in Section 3.1, a
 
detailed ECO description and evaluation has been
 
developed. All of this information is now
 
presented in the pages which follow.
 

Note that each ECO is given an identification
 
number, such as ECO-01, which ties it directly to
 
the list of ECO's, as shown in Section 3.1.
 
Additionally, each ECO -s written in such a way

that it can be "self standing," and contains, at
 
the bottom of each of its pages, an identifier and
 
page number for that ECO alone. This step is
 
taken so that the full text which defines that
 
ECO, including its technical description,

investment cost, savings, and payback can be
 
removed for easy use elsewhere in* project

definition documents, financing discussions, and
 
the like.
 



ATMOSPHERIC DISTILLATION Annual Savings, TOE : 5682
 
COMPLEX Annual Savings, $ : 657,066
 

Investment Cost, $ : 84,380

CHECK COMBUSTION EFFICIENCY Payout: Simple, Yrs : 0.13
 
OF PROCESS FIRED HEATERS DCF, : .. 

ECO-01 

1.0 PURPOSE 

The purpose of this ECO is to improve the overall efficiency

of the at7 -spheric distillation complex process fired
 
heaters. Combustion efficiency of the process fired heaters
 
is highly affected by the oxygen content of the flue gas.

Additionally, combustion efficiency as affected by the
 
degree to which combustion is completed.
 

2.0 PROCESS DESCRIPTION
 

Fired heater fuel rates are adjusted in accordance with the
 
required process demand. Air entering through the burner
 
register mixes with the misted fuel oil or fuel gas at the
 
burner throat and should be mixed sufficiently to produce

complete combustion. Air is drawn into the burner registers
 
as 
a result of the natural draft effect. When normal load
 
changes in the process are made, air should be adjusted with
 
the burner dampers or registers.
 

As the quantity of excess air is increased above the design

requirements for a given firing rate, more fuel must be
 
fired to the furnace to heat up the additional air. The
 
excess air passes through the fired heater and up the stack
 
releasing only a small portion of its energy to the process.

Stoichiometric combustion is not possible (0 percent excess
 
air) therefore, a small amount of excess air is required to
 
allow for complete combustion. This small amount of excess
 
air not only helps to force the combustion reaction to
 
completion, but also acts to aid in the fuel air mixing
 
process.
 

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

good degree of mixing is not accomplished in the burners,

complete combustion cannot occur. This means that some of
 
the hydrocarbons that are supplied in the fuel are not able
 
to complete the oxidation reaction and do not liberate heat.
 
The net result is an effective reduction in the heating

value of the fuel that is supplied. Visible smoke in the
 
stack exhaust or in the combustion chamber of the fired
 
heater is an indication that combust±on is not complete.

'The existence of carbon monoxide is also an indication of
 
this condition.
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Monitoring of the flue oxygen and combustibles provides the
 
operator of the fired heater with the information that is
 
needed so that adjustments in the burner registers or
 
dampers can be made as operating conditions change. It is
 
absolutely imperative that all fired heaters have
 
permanently installed and operating oxygen analyzers local
 
to the furnace firing controls. For natural draft furnaces,
 
where the dampers are moved manually, the optimum location
 
for the oxygen and combustibles analyzers is near the
 
furnace at grade.
 

The oxygen analyzer should draw its sample from the radiant
 
section of the fired heater. This will provide a sample of
 
the flue gas that best represents the oxygen and
 
combustibles content of the combustion process. If the
 
analyzers are located in the stack or in the convection
 
section any leakage of air (due to the low pressure in the
 
furnace) into the furnace will mix with the flue gas and
 
increase the oxygen reading on the analyzer. The purpose of
 
the oxygen analyzer is to provide information about the
 
combustion process only.
 

Also critical to the furnace, is maintenance of the arch
 
draft (upper portion of the radiant section). The draft at
 
the arch should be controlled at 2mm water gage below
 
atmospheric at all times. A controlled, negative pressure

is required to provide draft to draw air into the burners
 
and -protect personnel, but too high a furnace draft will
 
increase the leakage of air into the furnace and thus cool
 
down the flue gas decreasing the furnace overall efficiency.
 
It is absolutely imperative that a pressure sensor,
 
transmitter and indicator be working at all times. The
 
stack damper should be manually adjusted to correct the arch
 
draft. The burner dampers should not be used to adjust the
 
arch draft. The burner dampers should only be used to
 
adjust the flue gas oxygen level.
 

Installation of oxygen analyzers in the radiant section of
 
each fired heater will make it possible to operate the
 
atmospheric distillation complex furnaces at a flue gas
 
oxygen levels of 5.0 percent as recommended in the furnace
 
design data sheets.
 

It is also suggested that the oxygen analyzers have attached
 
combustible analyzers. Design improvements in burners have
 
made it possible to provide excellent combustion efficiency
 
at very low levels of excess air. If the existing burners
 
cannot produce the desired oxygen levels in the flue gas,

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

3.0 EOUIPMENT LIST/SIZE
 

4 (four) oxygen and combustibles analyzers (as supplied by
 
Thermox Corp. or Teledyne Analytical Instruments Corp.)
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4.0 PREDICTED ENERGY SAVINGS
 

The following tabulation shows the current flue gas oxygen
 
levels and efficiencies for the atmospheric distillation
 
complex process fired heaters:
 

VRU CDU #2 CDU #3 CDU #4 
OXYGEN (%) 8.0 7.7 14.0 7.7
 
EFFICIENCY(%) 69.7 79.9 59.2 78.3
 

The tabulation that follows indicates the improved
 
efficiencies that will result when the flue gas oxygen is-'.
 
maintained as indicated:
 

VRu CDU 2 CDU #3 CDU #4-

OXYGEN (%) 5.0 5.0 5.0 5.0
 
EFFICIENCY(%) 74.1 82.5 78.7 80.1
 

Indicated here is the cumulative energy savings that willbe*
 
realized when the oxygen level is maintained:
 

ANNUAL ENERGY SAVINGS
 
T.O.E. 	 TONS MAZOUT
 
5682 5853
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The estimated totalinvestment, and annual.. cost .savingsc-Zor
purchasing and installing the equipment listed above is 
listed below for both worldwide and local equipment and 
utility costs. 

INVESTMENT COST ANNUAL ENERGY COST SAVINGS
 

84,380 189,000 657,066 164,164
 

6.0 CONCLUSIONS
 

This ECO will provide a rapid and considerable payout.
 

7.0 RECOMMENDATIONS
 

This ECO should be implemented at the earliest opportunity.
 
It will be absolutely necessary to instruct the operators of
 
the fired heaters in the proper operation of the above
 
improvements, including equipment maintenance and instrument
 
calibration.
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ATMOSPHERIC DISTILLATION Annual Savings, TOE : 9,216

COMPLEX Annual Savings, $ : 1,063,768
 

Investment Cost, $ : 3,387,960
 
Payout: Simple, Yrs : 3.18
 

STUDY RECOVERY OF VAPORS DCF, % : 19.5 
LOST TO FLARE 

ECO-02
 

1.0 PURPOSE
 

The purpose of this ECO is to recover usable energy in the
 
form of fuel gas, from the refinery flare system.
 

2.0 PROCESS DESCRIPTION
 

A flare gas recovery system normally consists of liquid

knock-out, vapor compression, and liquid seal facilities.
 
Recovery of the normal or continuous hydrocarbon vapor flow
 
is now considered attractive from both an economic and
 
environmental viewpoint. Energy savings equivalent to 0.4
 
wt% of crude throughput per year are typically capab.e of
 
being recovered. A schematic is shown for a typical

refinery flare gas recovery facility. The facility includes
 
a compressor suction drum, two-stage compressor, interstage

knock-out drum, and a flare seal drum. The compressor

suction and inter-stage drum are provided-.to,-knock out
 
liquid droplets before the compressor inlet. -... 1 -

The compressor set is fairly standard, consisting of a
 
compressor and driver, inter and after-coolers, and control
 
facilities. If the recovered vapors are compressed above
 
approximately 4.6 kg/cm2 g, a two-stage compressor is
 
required. The compressor should be sized for two to three
 
times the normal flare rate in order accommodate large

fluctuations in load.
 

The flare seal drum is designed to provide slight back
 
pressure on the flare header, thus providing suction
 
pressure for the compressor. In addition, the seal prevents

air from being drawn down the flare stack. As a further
 
precaution, the portion of the flare system upstream of the
 
seal drum should be purged continuously with fuel gas or
 
nitrogen.
 

Downstream units, such as the fuel gas treater, must be
 
checked for the increased load it must handle. If no fuel
 
gas treatment is present it may warrant adding the
 
facilities, based on the H2S content of the recovered gases.
 

3.0 EOUIPMENT LIST/SIZE
 

Only a conceptual estimate is possible at this time, as this
 
system requires months of flare gas monitoring and flow
 
recording prior to any design. As an example, a refinery
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located in Canada is comprised of two crude units with
 
downstream process units of catcracking, hydrocracking,
 
visbreaking, etc. The flare gas recovery compressor

utilized is driven by a 400 brake horsepower induction motor
 
compressing vapors with an average MW of 26.5 to about 4.7
 
kg/cm 2 'g. The predicted energy recovery potential was
 
estimated at 0.3 weight percent of crude intake of about
 
11,800 M3/day (74,000 B/D).
 

A second larger refinery, about 19,100 M3/day, (120,000

B/D) utilizes a two-stage 1100 brake horsepower induction
 
motor to drive its recovery system. This design reflected
 
the operating experience of the earlier system mentioned
 
above and is designed for 2.5 times the normal refinery
 
flare load. This system has operated reliably and
 
independently of process unit turnarounds.
 

As Alexandria's crude intake falls somewhere between the
 
above two refineries, the compressor size should then fall
 
somewhere between 500 - 1000 brake horsepower. Again, this
 
size can only be a best guess, as a rigorous determination
 
of the flare gas rate must first be attempted, prior to
 
initiation of the design.
 

4.0 PREDICTED ENERGY SAVINGS
 

The estimated annual energy savings which can be realized,

after .-implementation. of. this .facility--are.. given below.....
 
Figures are conservatively based on 0'2 -weight percent Of
 
crude recovered from flare gas. Energy recovered from flare
 
vapors can typically be as high as 0.4 weight percent of
 
crude. The crude rate at APC is 576 tons/hr.
 

ANNUAL ENERGY SAVINGS
 
T.O.E. Tons Mazout
 
9,216 9,492
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

Due to the lack of measured operating data (ie. no means to
 
collect data is available at the plant at this time) this
 
estimate is of a conceptual nature only. The conceptual

investmeAt cost to purchase and install the necessary

equipment and materials described herein. The annual cost
 
savings are given below. Figures are based on worldwide and
 
local equipment and utility costs.
 

- INVESTMENT COST ANNUAL ENERGY COST SAVINGS
$ LE $ IX 
3,387,960 7,589,030 1,063,768 265,776
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6.0 CONCLUSIONS
 

Flare gas recovery facilities are profitable even for
 
moderately sized refineries. Based on U.S. Gulf Coast
 
perspectives, these facilities will pay out in 3-5 years.

In addition, if this fuel is utilized to fire the gas

turbine covered in ECO-28, then the energy being lost to
 
flare at present may be harnessed to provide the refinery

with a reliable source of electricity.
 

7.0 RECOMMENDATIONS
 

As no fixed design can begin to be studied until a flare
 
rate is known, it is recommended that just such a study be
 
performed by APC. This will ascertain whether a flare gas
 
recovery facility can be economically justified for the APC
 
Refinery.
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ATMOSPHERIC DISTILLATION Annual Savings, TOE : 1,588

COMPLEX Annual Savings, $ : 183,347
 

Investment Cost, $ : 295,800

IDENTIFY VARIOUS CASES OF Payout: Simple, Yrs : 1.61
 
UNNECESSARY COOLING OF DCF, :
% 43.0
 
STREAMS THAT ARE THEN
 
REHEATED IN DOWNSTREAM UNITS
 

ECO-03
 

1.0 PURPOSE
 

The purpose of this ECO is to identify and rectify
 
unnecessary cases of cooling and reheating intermediate
 
products. This, in turn, will conserve energy.
 

2.0 PROCESS DESCRIPTION
 

The primary source of feedstock to the Lube Complex Vacuum
 
Unit is bottoms from Atmospheric Distillation Unit #4.
 
Atmospheric tower bottoms (fuel oi]) is routed from ADU #4
 
to the Vacuum Unit via tankage. Prior to storage, the
 
atmospheric bottoms is cooled from approximately 130 °C to

the storage temperature of 95 °C in the fuel oil cooler,

A-402.
 

The fuel oil is then transferred from tankage to the vacuum
 
unit! feed surge ,drum, FA-1001, for processing -Prior ito.

being charged to the vacuum tower, the fuel oil is preheated

by exchange with outgoing products, and brought up to final
 
temperature in the vacuum charge heater, BA-1001.
 

Through cooling and subsequent reheating of the fuel oil,
 
energy is lost. Much of this heat loss can be avoided by

adding a hot bypass line from upstream of A-402 directly to
 
the vacuum unit feed surge drum. It is envisioned that 80%
 
of the bottoms flow be sent hot to the vacuum unit and 20%
 
be sent through cooling and storage. The additional heat
 
which would then be present in the feed would allow more
 
heat to be transferred from hot vacuum product streams 
to
 
boiler feedwater in the BFW preheaters.
 

The benefits of this concept is not yet fully appreciated by

the vacuum unit personnel, as they require strict control
 
over incoming feedstocks. The viscosity of the fuel oil is
 
an important specification, and has been known to vary due
 
to water content of the crude, unit upsets, etc. As a
 
result, the vacuum unit is run in blocked operation with the
 
viscosity checked at tankage prior to processing.
 

As fluctuation of viscosity only occurs once to twice a

month, it is not felt that this condition warrants
 
abandonment of the hot bypass line between the two units.
 
Tighter control of product specification analysis can signal
 
an impending fluctuation. If the viscosity check is
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included as one of the routine shift tasks, sufficient
 
warning will be available to switch the vacuum unit's feed
 
source until the viscosity comes back within acceptable

limits. To facilitate this, remote operated control valves
 
may need to be installed in the supply lines to decrease the
 
time required to change over feed sources. These valves can
 
be actuated from the control room.
 

3.0 EQUIPMENT LIST/SIZE
 

The only investment required to conserve the vacuum unit
 
feed heat content is a direct header connection from ADU #4
 
to the vacuum unit. The line will be tied in upstream of
 
the fuel oil cooler, A-402, and routed to the inlet of the
 
vacuum feed surge drum, FA-1001.
 

Refer to the attached sketch.
 

Interconnecting fuel oil header:
 

Diameter, inches : 8.
 
Length, meters : 1000.
 
Insulation, mm : 50.
 

Remote operated valves (ROY's):
 

2 required - 8"
 

It is assumed that ADU #4's fuel oil product pump, P-405 A &
 
B, has sufficient head to transfer the product to the vacuum
 
unit feed surge drum. However, a rigorous pressure profile

must be made to confirm the suitability of the present
 
pumps, prior to implementation of this ECO.
 

4.0 PREDICTED ENERGY SAVINGS
 

The expected annual energy savings after installation of
 
this ECO are given below:
 

ANNUAL ENERGY SAVINGS
 
T.O.E. 	 TONS MAZOUT
 
1588 1636
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The total investment and annual cost savings to implement

this ECO are given below. Figures are based on worldwide
 
and local equipment and utility costs.
 

INVESTMENT COST ANNUAL ENERGY COST SAVINGS 
$ LE -$ LE 

295,800 622,600 183,347 45,808
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6.0 CONCLUSIONS
 

Energy is lost when internediate products are cooled and
 
subsequently reheated during processing. It is good

engineering practice to minimize these losses by integrating

units in order to facilitate direct processing of
 
intermediate products by subsequent downstream units.
 

7.0 RECOMMENDATIONS
 

All efforts should be made to integrate ADU #4 and the Lube
 
Oil Complex Vacuum Unit. The energy savings are
 
substantial. Analyses of fuel oil product viscosity will
 
have to be performed more frequently to guard against.
fluctuation. This ECO should be pursued further.
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ATMOSPHERIC DISTILLATION Annual Savings, TOE : 783.
 
COMPLEX Annual Savings, $ : 133,515. 

Investment Cost, $ : 52,280. 
INSTALL MANUAL CONTROLS Payout: Simple, Yrs : 0.39 
TO REDUCE COOLING WATER DCF, % : --
FLOWS BY RAISING COOLING 
WATER RETURN TEMPERATURE 

ECO-04
 

1.0 PURPOSE
 

The purpose of this ECO is to decrease the , energy 
consumption of the seawater pumps by maximizing the outlet 
temperature of seawater exchangers.
 

2.0 PROCESS DESCRIPTION
 

Seawater is used in the refinery to satisfy the cooling
 
water requirements. The seawater is supplied by two
 
vertical Worthington pumps. Four pumps are present for this
 
service, but cooling water demands require that only two
 
operate. The pumps supply seawater at a fixed pressure 
through a pressure control station. A field audit of 
various cooling water users in the atmospheric unit found 
most seawater exchangers to be using more seawater than is 
required. The outlet temperatures from each unit were found 
to be as follows: .',: 

Unit Supmly Temp. 0C Return Temp. °C
 

ADU #2 24 Not available
 
ADU #3 24 30
 
ADU #4 24 40
 
VRU 24 32
 

ADU #2 has no provisions to measure the combined cooling
 
water outlet temperature. However, low condenser outlet
 
temperatures were observed. This prompted a survey of all
 
the seawater users for ADU #2 and ADU #3, in order to obtain
 
an overall picture of consumption. The outlet temperature
 
for ADU #4 was acceptable and did not warrant a survey. On
 
the average, the survey indicated many cases where the
 
outlet temperature was very low, indicating inefficie&,
 
operation.
 

The cooling water survey for ADU #2 and ADU #3 revealed the
 
following outlet temperatures:
 

Exchanger Service Outlet Temperature. oC 
ADU #2 ADU 43 

Main Tower
 
Overhead Condensers: 40,27,27,27,26,n.a. 31,30,33,28
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Pre-Flash Tower
 

Overhead Condenser: 28 None
 

Naphtha Cooler: Not available 27
 

Kerosene Cooler: 29 32
 

Light Gas Oil Cooler: 34 _27
 

Heavy Gas Oil Cooler: 36-40 26
 

Fuel Oil Coolers: 28,45 26,30
 

The above data indicate an overuse of cooling water in the 
exchangers whose outlet temperatures are below 40 0C. In 
general, the return temperature should be maximized to the 
limit of 40 °C. This temperature safeguards against salt 
and algae formation and maximizes utilization of cooling,
thereby minimizing consumption. 

The total combined cooling water return temperature for the
 
atmospheric complex and lube complex was measured to be
 
35 °C. This temperature, as well as the circulation rate of
 
approximately 3500 M3/hr, were used as the basis for
 
estimating the energy savings which could be realized by

maximizing the return temperature of the seawater to the API
 
separators. ,
 

Kzeping records of the cooling water outlet temperatures and
 
manually adjusting the cooling water flowrate by raising the
 
outlet temperature to the maximum limit will reduce
 
overconsumption.
 

3.0 EQUIPMENT LIST/SIZE
 

The only equipment necessary to implement this ECO are
 
manual valves and local temperature indicators to be
 
installed in cooling water services which do not already

have them. For purposes of estim'ting, this number has been
 
assumed to be 50 valves and 100 mperature indicators.
 

4.0 PREDICTED ENERGY SAVINGS
 

The predicted annual energy savings which can be realized,
 
should this ECO be implementod, are as follows:
 

ANNUAL ENERGY SAVINGS
 
T.O.E. MWH
 
783.0 3105
 

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

factor and correspond to generating electricity:. using a
 
condensing steam turbine system.
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5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The total investment and cost associated with installation
 
of this ECO, as well as the annual cost savings are given

below. Annual cost savings are based on worldwide and local
 
equipment and utility costs.
 

INVESTMENT COST ANNUAL ENERGY COST SAVINGS
 
S LE 

52,280 117,100 133,515 52,785
 

6.0 CONCLUSIONS
 

The return temperatures of some individual seawater users as
 
measured in March 1988 were unusually low (<30 °C). This
 
indicates an overconsumption of cooling water. This
 
consumption can be lowered through manual control of the
 
cooling water consumed by each individual user. The
 
attached plot of energy savings versus cooling water return
 
temperature indicates the incremental savings which could be
 
realized for each degree increase in return temperature.
 

7.0 RECOMMENDATIONS
 

This),ECO.- should_:be' impl-emented during.,theonext,

shutdown/turnaround. Refer to ECO-33 for energy savings by

changing the drive controls of the cooling water pumps.
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ATTT ERIC DISTILLATION Annual Savings, TOE : 5,019
COMPL M Annual Savings, $ : 579,402
 
Investment Cost, $ : 2,866,000-


STUDY THE FEASIBILITY OF Payout: Simple, Yrs: 4.95
 
COMBUSTION AIR PREHEAT DCF, % : 9.0
 
FOR PROCESS FIRED HEATERS
 

ECO-05
 

1.0 PURPOSE
 

The purpose of this ECO is to study the feasibility of
 
combustion air preheat for the process fired heaters in the
 
atmospheric distillation complex. Overall combustion
 
efficiency can be improved on process fired heaters by

exchanging stack gas sensible heat with combustion air and
 
thus decreasing fuel firing rates.
 

2.0 PROCESS DESCRIPTION
 

As fuel is fired into the radiant section of a fired heater
 
a portion of the heat that is liberated will be absorbed by

the combustion air. The combustion air must be brought up
to the theoretical flame temperature before combustion can 
occur. When combustion air is supplied at higher
temperatures, less heat must be supplied or used to heat up
the combustion air. The result is that less fuel need be 
fired into the furnace. - .............- . 1 

Combustion air can be preheated by exchanging heat with hot
 
flue gases that leave the stack of the furnace.
 
Frequently, a cold process sink does not exist to cool down
 
the flue gases and thus sensible heat is lost to the
 
atmosphere. Ambient combustion air provides a good cold
 
sink.
 

A combustion air preheater is an exchanger that does 
not
 
allow leakage of flue gas into the combustion air or vice
 
versa. Additionally, a combustion air preheater should not
 
create considerable pressure losses in the air L.Y flue gas

paths.
 

The feasibility of an air preheat system is dependent on
 
the amount of heat that is available for recovery to offset
 
the equipment cost. In general, high stack temperatures and
 
high ,heat load furnaces are the best candidates for air
 
preheaters.
 

As either the stack temperature or the furnace load becomes
 
smaller it is difficult to justify the investment in such
 
equipment.
 

3.0 EOUIPMENT LIST/SIZE
 

Please note that the equipment listed below is for only one
 
air preheat system although the investment cost represents
 

ECO-05 page 1
 



the total price for four air preheat systems. Refer to the
 

attached sketch.
 

l(one) forced draft fan
 

l(one) induced draft fan
 

l(one) cast iron recuperative air preheater 

Replacement combination oil and gasiforced draft.iurners 

Air and flue gas duct work
 

Associated instrumentation and electricals'
 

4.0 PREDICTED ENERGY S;1VINGS
 

The efficiency when the stack temperature for each of the

fired heaters is reduced to 160 C will be approximately

90.3 percent. The following tabulation shows the current
 
stack temperature, tons of mazout and T.O.E. savings for the

individual heaters when the stack temperature is reduced to
 
160 °C:
 

CDU #2#3 CDU #4 VRU
 

STACK TEMP.(OC) -304--... 3.62 - i.2991.it. '457 .. 7
TONS MAZOUT 1599 1499 1659.. 413

T.O.E. 1552 1455 1610 402
 

The following shows the cumulative fuel savings:
 

ANNUAL ENERGY SAVINGS
 
LTONS MAZOUT
 

5019 5170
 

5.0 INVESTMEN AND ASSOCIATED ECONOMIC EVALUATION
 

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

both worldwide and local equipment and utility costs for the

individual fired process heater air preheat systems 
are
 
listed here:
 

CDU #2 
 CU #4 VU_ 

COST SAVINGS($) 179,200 167,993 185,924 46,285

COST SAVINGS(LE) 44,772 41,972 46,452 11,564

INVESTMENT COST($) 837,000 831,300 702,500 
 495,200

INVESTMENT COST(LE) 1,874,880 1,862,112 1,573,600 1,109,248

SIMPLE PAYOUT($/$) 4.7 3.8
4.9 10.7
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The estimated total investment and annual cost savings for
 
purchasing and installing the equipment listed above is
 
listed below for both worldwide and local equipment and
 
utility costs.
 

INVESTMENT COST ANNUAL ENERGY COST SAVINGS
 

2,866,000 6,419,840 579,402 144,760
 

6.0COCUIN
 

CDU #2 and #3 show a marginal payout while CDU #4 shows a
 
slightly better payout. The VRU shows a poor payout due to
 
the low firing load. This ECO should be investigated on
 
detail with a furnace manufacturer.
 

7.0 RECOMMENDATIONS
 

This ECO should be investigated further and possibly air
 
preheat systems should be added to CDU #2, #3, and #4.
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ATMOSPHERIC DISTILLATIOQN Annual Savings, TOE : 39.5

UI Annual Savings, $ : 231,612.
 

Investment Cost, $ : 211,700.
INSTALL SOUR WATER RECOVERY Payout: Simple, Yrs : 0.91 
SYSTEM AND INVESTIGATE DCF , % : --
INTEGRATION WITH EXISTING 
SOUR WATER STRIPPER IN LUBE COMPLEX 

ECO-07
 

1.0 PURPOSE
 

Sour water generated through stripping steam used in the
 
atmospheric distillation towers is currently wasted 
to
 
sewer. This water should be recovered and re-used in the

desalters, once stripped of hydrogen sulfide. 
 The use of

stripped sour water in the desalters will negate the
 
current use of treated drinking water, boiler feed water and
 
st,am to desalt the crude. An energy savings is realized as

the stripped water is the
sour already at required

temperature, while fresh water must be heated.
 

2.0 PROCESS DESCRIPTION
 

At present, treated water is heated and routed to the
 
desalters. Salts-laden water is sent to the sewer from the

desalter. The water removed
sour from the boots of the
 
atmospheric tower overhead drums is also senttosewer.. No
facilities exist to collect 
sour water, except to route it
 
to the API Separator prior to discharge to the sea.
 

The revamped sour water system will include piping to a
 
surge drum, and a pump to supply sufficient head to
 
transport the sour water through a new header to the

existing sour water stripper. This sour water
 
stripper,which is located in the lube complex, was designed

to accommodate a throughput of 34 tons of 
sour water per

hour. The average flowrate presently is 20-25 tons per

hour. Accordingly, excess capacity is available to

accommodate the additional amount of approximately 13 tons
 
per hour which will be realized once the atmospheric unit
 
sour water is included.
 

3.0 EOUIPMENT LIST/SIZE
 

To incorporate the atmospheric unit sour water into the

existing sour water facility, the following equipment is
 
required:
 

Sour water surce drum:
 

- 1250 mm diameter x 2500 mm T/T,
 
- Killed carbon steel,
 
- 65 oC design temperature,
 
- 3.5 Kg/cm2 g (343 kPa) design pressure
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Sour water Rump: (two required)
 

17.0 3/hr design capacity
 
60 M differential head
 
7.0 Kg/cm2 g (685 kPa) discharge pressure

0.4 Kg/cm2 g (39 kPa) suction pressure
 
316 SS case and impeller
 

Sour water header:
 

4" pipe killed carbon steel
 
1000 M Length
 

4.0 PREDICTED ENERGY SAVINGS
 

The savings realized after implementation of the new sour
 
water system are given below:
 

Annual Energy savings

T.O.E. Tons mazout
 
39.5 40.7
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The costs associated with purchase and installation of the
 
required equipment and piping are given below:
 

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

Investment Cost Annual Cost Savings

$ LE S LE
 

211,700 474,200 231,612 61,265
 

6.0 CONCLUSIONS
 

It is normal refinery practice to recover sour water, strip

it, and reuse it in the crude desalters. The present

operation of directing the flow to the sewer results in the
 
extra costs associated with the use of fresh and treated
 
water for desalting. This approach needs to be improved.
 

7.0 RECOMMENDATION
 

This ECO should be implemented and does not require any
 
turnaround/shutdown to make the above modification.
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ATMOSPHERIC DISTILLATION Annual Savings, TOE : 1,215

COMPLEX Annual Savings, $ : 140,200
 

Investment Cost, $ : 49,400

INVESTIGATE ADU #2 CRUDE Payout: Simple, Yrs : 0.35
 
PREHEAT TRAIN FOR OPTIMUM DCF , % : --
HEAT RECOVERY
 

ECO-08
 

1.0 PUREOSE 

The purpose of this ECO is to optimize the crude preheat
train of ADU #2. Improving the transfer of heat from 
product streams and pumparounds to the crude feed saves fuel

in the charge heater. Energy savings is realized with each
 
additional degree of preheat obtained upstream of the charge

heater.
 

2.0 PROCESS DESCRIPTION
 

Crude from battery limits is preheated through exchange with
 
hot product streams and tower pumparounds. The preheated

crude feed is then brought to its final feed temperature in
 
the crude charge heater. The amount of fuel oil fired in
the charge heater is inversely proportional to the amount of
 
crude preheat obtained. Accordingly, any increase in feed
 
preheat temperature results in fuel reduction benefits. 
The

fuel. savings.-will,.pay -for, any modifications made ._to_.the-.
 
exchanger train.
 

The feed preheat train in ADU #2 involves exchange with four
 
product streams and two pumparounds. One of these services,

the ICR/Crude exchanger, E-203, offers an opportunity for
 
improved heat recovery. The crude outlet temperature from
 
this exchanger can be increased 14 °C through modifications.
 
The modifications would entail addition of a second shell to
 
this service. The final crude preheat temperature resulting

from this change will increase from approximately 195 OC to
 
207 °C.
 

As all the exchanger shells in ADU #2 are of equal area., it

is possible that a spare may be available somewhere in the
 
unit. For estimating purposes, however, the cost of a new
 
exchanger has beea included.
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3.0 EOUIPMENT LIST/SIZE
 

The aditional shell which will be added to theICR/Crude

service, E-203, will be of the following design:
 

Heat Exchanaer - one recuired 

M2
Area , 	 : 00 

Design Temperature : 	260 °C Shell
 
110 OC Tubes
 

Design Pressure : 	12.0 Kg/cm2g (1620 kPa) Shell
 
18.0 Kg/cm2g (1079 kPa) Tubes
 

4.0 PREDICTED ENERGY SAVINGS
 

The anticipated annual energy savings whichwill be realized
 
after installation of this ECO are as follows:
 

Annual Energv Savings

T.O.E. Tons mazout
 
1215 	 1251
 

'~501 &IVSHNT,AND ,ABSOCIATED 'ECONOMIC:-VLUTON" 

The total investment cost to purchase and install the
required equipment and materials are given below, as well as
 
the annual cost savings.
 

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

Investment Cost Annual Cost Savings

S 	 LESL

49,400 110,600 140,200 35,028
 

6.0 CONCLUSIONS
 

Implementation of this ECO will result in a direct fuel
 
savings which will result in a rapid payout of the'required

investment cost.
 

7.0 RECOMMENDATIONS
 

This ECO should be implemented following a -more rigorous
 
analysis of the crude preheat scheme.
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ATMOSPHERIC DISTILLATION Annual Savings, TOE : 1,367

COMPLEX Annual Savings, $ : 157,795
 

Investment Cost, $ : 96,400

INVESTIGATE ADU #3 CRUDE Payout: Simple, Yrs : 0.61
 
PREHEAT TRAIN FOR OPTIMUM DCF , % : --
HEAT RECOVERY 

ECO-09 

1.0 PURPOSE 

The purpose of this ECO is to optimize the crude preheat
train of ADU #3. Improving the transfer of heat from 
product streams and pumparounds to the crude feed saves fuel 
in the charge heater. Energy savings is realized with each 
additional degree of preheat obtained upstream of the charge

heater.
 

2.0 PROCESS DESCRIPTION
 

Crude from battery limits is preheated through exchange with
 
hot product streams and tower pumparounds. The preheated

crude feed is then brought to its final feed temperature in

the crude charge heater. The amount of fuel oil fired in 
the charge heater is inversely proportional to the amount of

crude preheat obtained. Accordingly, any increase in feed
 
preheat temperature results in fuel reduction benefits. 
The
 
.fuel..savings: wi'J1.pay :for any modificatons. made7-to -thei;. 
exchanger train. 

The feed preheat train in ADU #3 involves exchange with 2our
 
product streams and two pumparounds. One of these services,

the Fuel Oil/Crude exchanger E-306, offers an opportunity

for improved heat recovery. The crude outlet temperature

from this exchanger can be increased 9 °C through

modifications. The modifications would entail addition of a
 
second shell to this service. The final crude preheat

temperature resulting from this change will increase 
from
 
approximately 219 °C to 228 °C.
 

As all the exchanger shells in ADU #3 are of equal area, it
 
is possible that a spare may be available somewhere in the
 
unit. For estimating purposes, however, the cost of a new
 
exchanger has been included.
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3.0 EOUIPMENT LIST/SIZE
 

The aditional shell which will-,be added to the, Fuel.
 
Oil/Crude service, E-306, will be of thesame design.as the'
 
existing shells: .ame 	 de..gn as the. 

HlltE hanger - one required
 

M2
Area , : 	112 

Design Temperature : 	270 °C Shell
 
270 PC Tube
 

Design Pressure : 	25.0 Kg/cm2g (2452 kPa) Shell
 
21.0 	Kg/cm2g (2059 kPa) Tubes
 

4.0 	PREDICTED ENERGY SAVINGS
 
The anticipated annual energy savings which will be'realized
 
after installation of this ECO are as follows:
 

Annual Energv Savings

~Tons mazout
 

1367 1408
 

5-',!INVESTMENT, AND!'.ASSOCI-ATED E O" MC 	 ...... " 

The 	 total investment cost to purchase and install the 
required equipment and 	materials are given below, as well as
 
the annual cost savings.
 
Figures are based on worldwide and local equipment and
 
utility costs.
 

Investment Cost Annual Cost Savings
$ 	 S_ _LE_ 
96,400 215,900 157,795 39,424
 

6.0 	CONCLUSIONS
 

Implementation of this ECO will result in a direct fuel
 
savings which will result in a rapid payout of the required
 
investment cost.
 

7.0 	RECOMMENDATIONS
 

This ECO chould be implemented following a more rigorous
 
analysis of the crude preheat scheme.
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ATMOSPHERIC DISTILLATION Annual Savings, TOE : 262
COMPLEX 
 Annual Savings, $ : 30,260
 
Investment Cost, $ : 45,760
INVESTIGATE ADU #4 CRUDE 
 Payout: Simple, Yrs : 1.51
 

PREHEAT TRAIN FOR OPTIMUM 
 DCF , % : --

HEAT RECOVERY
 

ECO-10
 

1.0 PURPOSE
 

The purpose of this ECO is to optimize the crude preheat

train of ADU #4. Improving the transfer heat
of from
product streams and pumparounds to the crude feed saveo fuel
in the charge heater. Energy savings is realized with each

additional degree of preheat obtained upstream of the charge

heater.
 

2.0 PROCESS DESCRIPTION
 

Crude from battery limits is preheated through exchange with
hot product streams and tower pumparounds. The preheatedcrude feed is then brought to its final feed temperature in

the crude charge heater. The amount of fuel oil fired in
the charge heater is inversely proportional to the amount of

crude preheat obtained. Accordingly, any increase in feed
preheat temperature results in fuel reduction benefits. 
The
fuel.:, savings willpay for .any modifications .'made to the"
 
exchanger train.
 

The feed preheat train in ADU #4 involves exchange with
three product streams and two pumparounds. One of these
services, the bottom pumparound exchanger, E-404, offers an
opportunity for 
 improved heat recovery. The bottom

pumparound exchanger, E-404, is currently out of service.
This condition is due to observed contamination of the solar

product with mazout. Off-spec product is experienced

whenever the unit is processing Belayim crude and the

bottom pumparound is in service. APC believes that
contamination 
is caused by the close proximity of the
pumparound return nozzle to even the 
 uppermost solar

drainoff tray. As a result, it was decided not to utilize
 
the bottom pumparound when processing Belayim crude.
 

Further investigation reveals that the top pumparound 
is

designed for 146 tons per hour of circulation, but is only
operated at approximately 60 tons per hour. This lower rate

decreases the amount of heat removed from the tower at this
point, and decreases the amount of heat available for crude

preheat in the top pumparound exchanger, E-401. If 60 tons
 per hour was 
the top pumparound rate when contamination of

solar product was experienced, the contamination may have
been caused by insufficient reflux between the solar drawoff

and the bottom pumparound return. 
 Removing the pumparound

from service has improved internal reflux within the tower.

From a standpoint of energy conservation, however, it has
 

ECO-10 page 1
 



forced the heat removal to a colder part of the tower where
 
it must be wasted to air or cooling water, and can not be
 
used for useful crude preheat.
 

Due to a reduction in top pumparound, and consequently a
 
reduction in feed preheat, additional heat was needed to
 
reach the required desalting temperature. A solution was
 
made through modifications to the second fuel oil exchanger,

E-406. This was accomplished by a series of bypass valves,

and allowed the crude to flow through the first two shells

of the second Fuel Oil Exchanger, E-406, then through the
 
desalter and preflash tower, and finally through the

remaining shells of E-406. Further crude preheat was gained

in the first Fuel Oil Exchanger, E-405, and the bulk of the
 
required heat was supplied by the Crude Heater, F-401.
 

Without the bottom pumparound exchanger in service, and with
 
a reduced top pumparound circulation rate, the crude preheat

train is incapable of bringing the crude to the design

preheat temperature of 235 °C upstream of F-401. The crude
 
outlet temperature from the last preheat exchanger is
 
currently 180 OC. This requires harder firing of the crude
 
heater, F-401, and reflects an uneconomical and inefficient
 
operation.
 

Based on the present inefficient operation of ADU #4,
further investigation and optimization of the current crude 
preheat scheme..wouId befutile. Energy;:' conservation.for,
this unit should be focused on the tower itself, and why it
 
is not performing as designed. This work requires an entire
 
process design computer simulation/optiwization study of the
 
tower, its ancillaries, and all of the associated equipment

in the unit. Foster Wheeler performs these front-end
 
studies regularly. A computer simulation of the unit is
 
created to give the optimum operating conditions. This
 
computer model would also reveal why the solar product is
 
being contaminated with mazout and what the optimum amount
 
of pumparound and internal reflux 
should be to achieve
 
proper product specifications. The process study would also
 
describe what modifications, if any, must be made to the
 
tower intervals and/or operating variables to
 
improve/optimize the present energy inefficient 'operation.

This type of study can be performed at a reasonable cost and

is generally offset by the savings in fuel, which will be
 
realized once the preheat train and tower are optimized.
 

In conclusion, the basis of this ECO reflects the amount of
 
energy which might be saved if the preheat train and tower
 
were revamped and operated so that the 'sign preheat outlet
 
temperature of 235 C is achieved.
 

Additionally, the cost of adding bypass valves for exchanger

services, E-401, E-402 and E-403 have been included. At
 
present, the shell gaskets for ;these services have been

known to leak regularly. As there are no bypass valves
 
between the multiple shells of these services, a leak
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requires that the whole exchanger service be bypassed. This
 

is a very energy inefficient crude preheat train operation.
 

3.0 EOUIPMENT LIST/SIZE
 

The following equipment will be required to facilitatei:
 
bypassing of crude amongst individual exchanger shells of E
401, E-402, and E-403.
 

Valves Required: 	 6" - 12 total
 
8" - 12 total
 

No estimation has been made for the modification, if any,,

which may be required following a rigorous process front-end
 
optimization study nor the cost of the study.
 

4.0 PREDICTED ENERGY SAVINGS
 

The maximum achievable annual energy savings from efficient
 
preheat train and column opQrations are-given below. Also
 
included are the savings as a result of adding bypass

valves.
 

Annual Enerav Savinas

T.O.E. Tons mazout
 

Improve column and
 
preheat operation 7980 	 8219
 
Add valves 262 	 270
 

8242 	 8489
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The total investment cost to purchase and install the
 
bypass valves are given below.
 

The investment cost for a front-end study, and any

modifications that that may be required as a result of this
 
study are not included. The initial stages of inquiry

should be made by APC to 	obtain these figures.
 

The annual cost savings figures given below reflect the
 
savings which will be realized after installation of the

bypass valves and incorporation of any modifications which
 
may be recommended as a result of a front-end study.
 

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

Investment Cost Annual Cost Savings
 
S- LE_ $ LE

Improve column and
 
preheat operation Later Later 921,102 230,132
 

Add valves 45,760 102,500 30,260 7,560
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6.0 CONCLUSIONS
 

The operation of ADU #4 does not appear to be an energy
 
efficient operation. Every effort should be made to
 
optimize the present crude processing scheme based on the
 
known feed slates. Performing a crude preheat study, based
 
on the present unit operation, is not warranted at this
 
time.
 

Installation of bypass valves will allow partial operation
 
of the crude preheat exchanger services during maintenance
 
and will result in an energy savings over the present
 
operating scheme. Both of the above investments will
 
provide a quick and rapid payout in the form of direct fuel
 
savings.
 

7.0 RECOMMENDATIONS
 

This ECO should be implemented.
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ATMOSPHERIC DISTILLATION Annual Savings, TOE : 979.
 
COMPLEX Annual Savings, $ : 113,079.
 

Investment Cost, $ : 625,200.

INVESTIGATE THE FEASIBILITY Payout: Simple, Yrs : 5.53
 
OF INTEGRATING SOURCES AND DCF , % : 7.0 
SINKS SUITABLE TO ESTABLISH 
A HOT OIL BELT 

ECO-11
 

1.0 PURPOSE
 

The purpose of this ECO is to optimize operation of the
 
vapor recovery unit furnace by utilizing its excess capacity

to preheat reduced crude in ADU #4, via a new hot oil belt.
 
The heating medium for the hot oil belt has been assumed to
 
be vacuum gas oil.
 

2.0 PROCESS DESCRIPTION
 

The vapor recovery unit stripper, C-901, uses a fired 
heater, F-901, to supply the energy required to reboil the 
tower. This furnace is operating at very low capacity
(about 30 percent of design) and as a result is very
inefficient. The stack temperature for the furnace is 
extremely high, which indicates energy is being lost. In 
order to optimize operation of this fired heater and 
increase - its efficiency, the service will ,be 'modified. 
Rather than heating the stripper bottoms directly, the 
furnace will heat a hot oil medium. The hot oil will be 
circulated to reboil the vapor recovery unit stripper and
 
transfer the remainder of available energy to preheat

reduced crude in ADU #4.
 

To facilitate incorporation of this new hot oil circuit, a
 
new exchanger, E-1001, will be designed to handle the normal
 
duty of the VRU stripper. This duty is based on the fuel
 
oil consumption of the furnace adjusted by the efficiency

which was measured ii the field. No extra exchange

facilities (i.e. steam trim reboiler) have been included for
 
purposes of this estimate; however, extra area is included
 
in the reboiler design. In ADU #4, new exchanger

facilitates, E-1002, will be added to supplement those of
 
existing exchanger E-404. This exchanger was originally

intended to exchange heat between the reduced crude and
 
bottom pumj.iround st>.-ams. But since the crude charged to
 
this tower is heavier than that of design, use of this
 
bottom pumparound has been discontinued, due to observed
 
contamination of the solar product. To prevent off-spec

solar product, exchanger E-404 is bypassed and the bottom
 
pumparound circuit is not used when the unit is processing

Belayim (normal feed). The bottom pumparound is only used
 
when handling lighter feeds. As a result, energy can be
 
conserved if exchanger area is added to allow integration

of this unit into a hot oil belt. This will save
 
consumption of fuel oil in the ADU #4 charge heater and
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increase the efficiency of the VRU furnace as well.
 

Additional energy can be conserved by preheating the hot oil

with waste heat upstream of the furnace. This can be
 
accomplished through heat exchange with product streams that

throw their heat 
to air or sea water. Should a suitable
 
preheat source be incorporated into the hot oil belt, the

economics become even more attractive. However, no credit

for preheat has been assumed for purposes of estimating this
 
ECO.
 

3.0 EQUIPMENT LIST/SIZE
 

The following equipment iters are necessary to allow

integraticn of the vapor recovery unit stripper
reboiler and the ADU #4 reduced crude exchanger into a
 
hot oil belt. The existing convection section of F-901
 
is satisfactory.
 

Refer to the attached 	sketch.
 

Exchangers:
 

Stripper Reboiler E-1001
 

Area : 	 325 M2
 

-Number Required.: 1%
 

Design Temperature: 	 225 OC Shell
 
285 °C Tube
 

Design Pressure : 16 Kg/cm2g (1569 kPa) Tube
 
23 Kg/cm2 g (2255 kPa) Shell
 

Reduced Crude Exchanaer E-1002
 

Area : 525 M2 each shell 

Number required: 2 

Design Temperature : 255 °C Shell 
205 OC Tube 

Design Pressure : 16 Kg/cm2 
19 Kg/cm2 

g (1569 kPa) Shell 
g (1863 kPa) Tube 

(estimate) 
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Circulation Pump P-l00l
 

Flowrate : 	 185 M13/hr
 

Differential Pressure: 9.5 Kg/cm2 g,(932 kPa)" 

Vessels:
 

Surge DrMM 

Diameter : 1.9 M
 
Length : 6.10 W
 
Design Pressure: 3.5 Kg/cm2 g ((43AkPa)

Design Temperature: 285 OC..
 

Piping
 

10,' pump suction : 4 x 
8" pump discharge : 300 M 

4.0 PREDICTED ENERGY SAVINGS
 

The anticipated energy savings which will be realized after

implementation of this ECO are as follows.
 

-,Annual Enerav Savings
 
T.O.E. 	 Ton mazout
 
979 1009
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The estimated total investment cost to purchase and install
 
the necessary materials and equipment given above, as well
 
as the annual cost savings, are given below.
 

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

Investment Cost Annual Cost Savings
 
S LE S LE
 

625,200 1,400,400 113,079 28,252
 

6.0 CONCLUS NS
 

By converting the VRU furnace from strictly a reboiler to a

hot oil belt heater, the overall efficiency of heat transfer
 
will increase and the overall refinery fuel oil consumption

will be lowered.
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7.0 RECOMMENDATIONS
 

This ECO should only be implemented after investigation of
 
the ADU #4 bottom pumparound. If it is found that no
 
modifications can restore the bottom pumparound service,

then this ECO should be pursued as the next attractive
 
solution. The payout period will be reduced even further as
 
additional sources of heat are identified.
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ATMOSPHERIC DISTILLATION Annual Savings, TOE : 5.2

COMPLEX 
 Annual Savings, $ : 605.
 

Investment Cost, $ : 16,356.
VERIFY ADEQUACY OF Payout: Simple, Yrs : 27.0
 
INSULATION THICKNESS 
 DCF , % : <1.0 
OF CRUDE TOWERS
 

ECO-12
 

1.0 PURPOSE
 

The purpose of this ECO is to add sufficient insulation on

the crude towers to conserve heat. Loss of heat from the
 
tower will eventually lead to harder firing of the furnace,
 
as the lost energy is unavailable for distillation.
 

2.0 PROCESS DESCRIPTION
 

The three crude towers are currently insulated with 75 mm of
 
insulation for ADU #2 and #3, and 87.5 mm of insulation for

ADU #4. Based on the crude charge heater outlet
 
temperature, an evaluation of the insulation thickness was
 
performed using the Heatalyzer computer program for

insulation design. The program calculates the economic

thickness of insulation and also the thickness that
 
minimizes the cost of installation and materials. As
 

. ,insulation installation is one. of. theiless-,- expensive.

investment opportunities, the payback is generally very good

for bare surfaces. However, adding new insulation to

existing insulation in good condition may not always be
 
economical.
 

The results obtained from the computer model reveal the
 
optimum thickness to be 100 mm for a flash zone temperature

of 290 - 340 °C. This would indicate that the crude towers 
could realize 
an energy savings by adding an incremental
 
layer of mineral wool to bring the thickness up to 100 mm

(four inches). The additional insulation is only required

in the flash zone area, which has been assumed to be fifteen

feet of the tower. The existing insulation can either be

removed with a new 100 mm 
(4 inch) layer installed, or left
 
in place and an incremental 25 mm layer added.
 

3.0 EOUIPMENT LIST/SIZE
 

The only materials required are mineral wool insulation
 
padding, galvanized sheeting, and retaining bands.
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4.0 PREDICTED ENERGY SAVINGS
 

The expected energy savings after addition of the,

incremental insulation are as follows:
 

Annual Enerav Savinga
 

5.2 5.4
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The estimated investment required for installation of
 
additional insulation, as well as the estimated annual cost
 
savings are given below:
 

Investment Cost 
 Annual Cost Savings

LE LE

16,356 23,716 605 151
 

6.0 CONCLUSIONS
 

Although additional layers of insulation located in the
 
flash zone area of the column will lead to a direct savings
 

, of-.,fuel fired.ito the furnacejt-it .does,.'not-,ippeaecnomiGaL= 
to add insulation at this time.
 

7.0 RECOMMENDATIONS
 

This ECO should not be implemented at this time. If the

condition of the existing insulation ever deteriorates and
 
requires replacement, then the economic thickness of
 
insulation, 100 mm, should be installed.
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AMOSPHERIC DISTILLATION 	 Annual Savings, TOE : 5,463

Annual Savings, $ : 1,219,830
 
Investment Cost, $ : 288,700


INV7STIGATE ADDITION OF AN Payout: Simple, Yrs : 0.24
 
ABSORBER TO RECOVER C3 AND 
 DCF , % : --
C4 FROM THE VAPOR RECOVERY
 
UNIT OFF-GAS
 

ECO-13 

1.0 PURPOSE
 

The purpose of this ECO is to increase the recovery of 
propane and associated butane in the Vapor Recovery Unit

(VRU). Higher recovery 	will be achieved via the
 
incorporation of an absorber into the processing
current 

scheme. Energy conservation will be realized through the
 
recovery of 50% of the losses of propane rich gases

currently sent to the fuel/flare system.
 

2.0 PROCESS DESCRIPTION
 

The present processing arrangement utilizes a stabilizer
 
tower, a de-etlhanizer tower, 	and a stripper. The overhead
 
vapors and liquids from the 	three atmospheric crude units
 
are fed to the stabilizer, C-901, which removes butanes and
 
lighter, leaving a stabilized naphtha/gasoline product

,which-.is sent to storage for gasoline blending -or 'MaroX
treating, dependent upon demand. The butane and lighter

overhead flows to the de-ethanizer, C-902, which removes
 
ethane and lighter components to the fuel system. A side
draw is removed from the upper trays of this tower and
 
routed to the stripper, C-903, where any ethanes are
 
stripped from the propane product. The remaining product

from the de-ethanizer is a bottoms product, a mixture of C3
 
and C4 LPG.
 

Future modification will entail the addition of an absorber
 
to which the off-gases will be routed. The C3+ rich streaw
 
will be contacted with a cool lean oil drawn from the
 
stabilizer. The lean oil will be cooled in 
a sea water
 
cooler, sent to a trayed absorber where C3 and heavies will
 
be absorbed, and routed to the feed surge drum. It is
 
assumed that the stabilizer and its associated equipment

will be able to accommodate the additional recycle of
 
approximately 25 percent of normal stabilizer bottoms
 
product, which will be created when the stabilized gasoline

is utilized as lean oil in the absorber.
 

3.0 EOUIPMENT LIST/SIZE
 

The following equipment will 	be required to implement this
 
ECO:
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Absorber:
 

Diameter , mm : 1100 (3.5 feet)

Design Temperature, OC : 100
 
Design Pressure, Kg/cm2 g : 16.5 (1618 kPa)

Number of Trays : 30 (one-pass)

Metallurgy : Tower Shell : Killed C.S&
 
Trays : 410 S.S.
 
Length, M : 22.1 T/T
 

Lean Oil Trim Cooler:
 

M2
Required Area ,

Design Pressure, Kg/cm

2
2 g : 

95
 
19.3 (1893 kPa) Shell
 
13.0 (1275 kPa) Tube
 

Design Temperature, OC : 225 (Shell)
 
70 (Tube)
 

Lean Oil Circulation Pump:
 

NM3/hr : 34.1
 
Discharge pressure, Kg/cm2g : 17.6 (1726 kPa)

Head, M : 91.5
 

4.0 PREDICTED ENERGY SAVINGS
 

The anticipated annual energy savings realized after
 
implementation of the absorber system are based on the
 
recovery of 18 tons per day propane rich gases,
of as
 
liquid, which otherwise would have been sent to flare.
 

Annual Energy Savings
 
T.O.E
 
5,463
 

The basis for energy savings is replacement of the calorific
 
value of the propane removed from the fuel gas with

equivalent mazout. As most of the fuel gas is consumed in
 
the process heaters, the resultant energy figure has been

adjusted to account for this, as more mazout 
needs to be
 
fired. The additonal mazout fired is equivalent to 1105
 
T.O.E.
 

5.0 INVESTMENT ASSO¢$ EVALUATIONAND CITRO.CONOMIC 

The annual cost savings and the investment costs associated
 
with the purchase ana inatallation of the equipment defined
 
above are estimated as follows:
 

Investment Cost Annual Cost Savings
 
$ LE $ LE


288,700 646,700 1,219,838 142,888
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6.0 COCUIN
 

The recovery of propane in the Vapor Recovery Unit is poor

and can be improved through the addition of a lean oil
 
absorber.
 

7.0 R E NDATIN
 

If further studies confirm that the existing stabilizer and
 
its associated equipment will not be bottlenecked by

introduction of a lean oil recycle of approximately 25
 
percent, then this ECO should be pursued on a more detailed
 
basis. However, should the stabilizer not be capable of
 
recycling stabilized gasoline as lean oil, due to tower
 
restrictions, this ECO will no longer be attractive, as
 
addition of a new stabilizer would be required.
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STEAM SYST 	 Annual Savings, TOE : 575.
 
Annual Savings, $ : 66,335.
 
Investment Cost, $ : 142,400.


RECOVER WASTE HEAT FROM Payout: Simple, Yrs : 2.15
 
DESALTER WATER DCF ,% :
 

1.0 PURPOSE
 

The purpose of this ECO is to recover the.,energy present in

the desalter effluent water, prior to its discharge to the.
 
sewer.
 

2.0 PROCESS DESCRIPTION
 

The present desalting operation uses 33 tons/hr of drinking.

water or boiler feedwater to remove salt from the crude.
 
This consumption of treated water is costly, as has been
 
covered in ECO's 7 and 19. It is assumed for purposes of
 
this ECO that stripped sour water will be used to desalt the
 
crude (Case 1). However, if ECO 7 and ECO 19 are not
 
implemented, the temperature may be below the stripped sour
 
water supply temperature of 70 °C. Accordingly, a second
 
case (Case 2) has been considered, that of a fresh water
 
medium supplied at 60 °C. In this case, a two-shell
 
exchanger would be required, rather than the one shell
 
called for in-the stripped sour water case,. ,..........-


In either case, the inlet desalting water will be piped up

to a heat exchanger designed to recover the heat contained
 
in the effluent desalting water.
 

3.0 EOUIPMENT LIST/SIZE
 

For installation of this ECO, the following equipment is
 
required.
 

Exchanger (one for each Desalting Area - 2 total):
 

Design Temperature - Shell - 110 °C
 
Tube - 150 °C
 

Design Pressure - Shell - 18 Kg/cm2g (1765kPa) 
Tube - 18 Kg/cm2g (1765kPa) 

Total Surface Area
 

(ADU #4) Case 1 - 25 M2 (one shell)
 
or, Case 2 - 35 M2 (two shells)
 

(ADU #2 & #3) Case 1 - 50 M2 (one shell)
 
or, Case 2 - 70 M2 (two shells)
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It is assumed the existing water pumps and control valves
 
are suitable to accommodate the increased differential
 
pressure of 1.4 Kg/cm 2g (137 kPa).
 

4.0 PREDICTED ENERGY SAVINGS
 

The anticipated energy savings which will be realized after
 
implementation of this ECO are as follows:
 

Total Annual Energy savings

T.O.E. 	 Ton mazout
 
321 (Case 1) 330 (Case 1)

575 (Case 2) 592 (Case 2)
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The estimated total investment cost to purchase and install
 
the necessary materials and equipment given above, as well
 
as the annual cost savings are given below.
 

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

Investment Cost Annual Cost Savincrs
 
$ LE S LE


Case 1 73,600 164,900 37,012 9,247 -
Case 2 -:i421400 -319,000 66,335 r16"573 " 
 ,
 

6.0 CONCLUSIONS
 

Energy conservation can be achieved through recovery of the
 
heat contained in the desalter effluent water. 
 Heat
 
unrecovered is only energy wasted, as the desalter effluent
 
stream flows to the sewer.
 

7.0 RECOMMENDATION
 

This ECO should be implemented. This ECO does not require
 
that ECO-07 or ECO-19 be implemented as a prerequisite.
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LUBE OIL COMPLEX 	 Annual Savings, TOE : Not
 
Annual Savings, $ : Required

.Investment Cost, $ : (See Text)


STUDY THE ADDITION OF NEW Payout: Simple, Yrs :
 
BURNERS TO FIRE HYDROGEN DCF , % :
 
RICH PURGE GAS FROM THE
 
HYROTREATERS
 

ECO-15
 

1.0 PURPOSE 

The purpose of this ECO is to burn hydrogen-rich purge gas
from the Lube Oil Hydrofinishing Unit (LHF) and the. Wax
Hydrotreating Unit (WHT) in the Reactor Feed Heater,

BA-5001, instead of venting this purge gas to flare.
 

2.0 PROCESS DESCRIPTION
 

Purge gas from the WHT LP Separator, FA-6004, the LHF LT HP

Separator, FA-5003, and the LHF LT LP Separator, FA-5004,

flows to the flare header. Although the original IFP design

anticipated that these purge gas streams would flow into a
 sour fuel gas header, no such fuel gas header exists in the
 
Lube Oil Complex. The pressure in the two LP Separators is
 
too low to warrant sending the purge gas to the VRU fuel gas

header.
 

Burning-the purge-gas in the LHF Reactor"Feed Hefterthrough-...

new low BTU burners was considered, but is not recommended.
 
The H2S content of the purge gas is very high and should be

lowered before burning. If the pressure of the LP

Separators cannot be raised in order to send all purge gas

to the VRU fuel gas header, then this gas should be sent to

the flare. Process cons'derations and vendor input are

required to determine if the LP Separator pressure can, in
 
fact, be raised.
 

In order to recover the combustion energy of the purge gas

streams, it is suggested that a flare gas recovery system,

as described in ECO-02, be considered. In such a system,

fuel gas sweetening facilities will most likely be
 
required.
 

The lower heating valve for the HP gas is 12,401 kcal/kg and

for the LP gas is 9,553 kcal/kg. Molecular weights are 9.43
 
and 13.81 respectively.
 

3.0 EOUIPMENT LIST/SIZE
 

Not applicable.
 

4.0 PREDICTED ENERGY SAVINGS
 

Not applicable.
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5.0 	INVESTHENT AND ASSOCIATED ECONOMIC EVALUATION
 

Not 	applicable.
 

6.0 	 CONCLUSIONS
 

Direct combustion of hydrotreater and hydrofinisher purge

gases is not feasible due to the high concentration of H2S
 associated with such gases.
 

7.0 	RECOMMENDATIONS
 

Although direct combustion of the purge gases is not

feasible, recovery of the purge gas as treated fuel gas is
 
recommended.
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LUBE OIL COMPLEX Annual Savings, TOE : 3944
 
Annual Savings, $ : 455,228


CHECK COMBUSTION EFFICIENCY Investment Cost, $ : 105,500

OF PROCESS FIRED HEATERS Payout: Simple, Yrs : 0.23
 

DCF, % : -

ECO-16
 

1.0 PURPOSE
 

The purpose of this ECO is to improve the overall efficiency

of the lube oil complex process fired heaters. The
 
combustion efficiency of process fired heaters is highly

effected by the oxygen content of the. flue gas.

Additionally, combustion efficiency is effected by the
 
degree to which combustion is completed.
 

2.0 PROCESS DESCRIPTION
 

Fired heater fuel rates are adjusted in accordance with the
 
required process demand. Air entering through the burners
 
mixes with the misted fuel oil or fuel gas at the burner
 
throat and should be mixed sufficiently to produce complete

combustion. On natural draft furnaces air is drawn into the
 
burner registers as a result of the natural draft effect.
 
On forced draft furnaces air is forced through the air
 
preheater and then through the burners. . When.load changes
in the- process are made, air should be- modulated-witl' the 
burner dampers on natural draft type furnaces. As the load
 
changes on forced draft furnaces the variable inlet vanes on
 
the forced draft fan should be adjusted.
 

As the quantity of excess air is increased above the design

requirements for a given firing rate, more fuel must be
 
fired to the furnace to heat up the additional air. The
 
excess air passes through the fired heater and up the scack
 
releasing only a small portion of its energy to the process.

Stoichometric combustion is not possible (0 percent excess
 
air) therefore, a small amount of excess air is required to
 
allow for complete combustion. This small amount of excess
 
air not only helps to force the combustion reaction to
 
completion, but also acts to aid in the fuel air mixing
 
process.
 

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

good degree of mixing is not accomplished in the burners,

complete combustion cannot occur. This means that some of
 
the hydrocarbons that are supplied in the fuel are not able
 
to complete the oxidation reaction and do not liberate heat.
 
The net result is an effective reduction in the heating

value of the fuel that is supplied. When smoke is seen in
 
the stack exhaust or in the combustion chamber of the fired
 
heater this is an indication that combustion is not
 
complete. The existence of carbon monoxide is also an
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indication of this condition.
 

Monitoring of the flue oxygen and combustibles provides the
 
operator of the fired heater with the information that is
 
needed so that adjustments in the burner registers or
 
dampers can be made as operating conditions change. It is
 
absolutely imperative that all fired heaters have
 
permanently installed and operating oxygen analyzers local
 
to the furnace firing controls. For natural draft furnaces,

where the dampers are moved manually, the optimum location
 
for the oxygen and combustibles analyzers is near the
 
furnace at grade.
 

The oxygen analyzer should draw its sample from the radiant
 
section of the fired heater. This will provided a sample of
 
the flue gas that best represents the cxygen and
 
combustibles content of the combustion process. If the
 
analyzers are located in the stack or in the convection
 
section any leakage of air (due to the low pressure in the
 
furnace) into the furnace will mix with the flue gas and
 
increase the oxygen reading on the analyzer. The purpose of
 
the oxygen analyzer is to provide information about the
 
combustion process only.
 

Also critical to the furnace, is maintenance of the arch

draft (upper portion of the radiant section). The draft at
 
the arch should be controlled at 2mm water gage below
 
atmospheric at all times. A controlled, negative pressure,

is required to provide- draft to draw air -into: the burnerlr"'
and protect personnel, but excessively high furnace draft 
will increase the leakage of air into the furnace and thus 
cool down the flue gas decreasing the furnace overall 
efficiency. It is absolutely imperative that a pressure 
sensor, transmitter and indicator be working at all times. 
The stack damper should be manually adjusted to correct the 
arch draft on natural draft type furnaces. The burner 
dampers should not be used to adjust the arch draft. The
 
burner dampers should only be used to adjust the flue gas
 
oxygen level.
 

On forced draft air preheat systems, the induced draft fan
 
inlet box dampers should be used to make adjustments in the
 
furnace draft. The variable inlet vanes on the forced draft
 
fan should not be used to adjust the arch draft. The
 
variable inlet vanes should only be used to modulate the
 
flue gas oxygen content. The burner dampers are used to
 
compensate for normal maldistributions in the duct work,

burners and plenum. Once set for any operating level the
 
burner dampers on a forced draft system need not be
 
readjusted as load changes occur. The ratio of burner
 
damper pressure drops will not change as the load is
 
increased and decreased. After the initial setting of the
 
burner dampers on a forced draft furnace the only time that
 
the dampers are ever moved is if a burner is taken out of
 
operation for cleaning or maintenance. During that time the
 
burner damper on the burner that is out of service is
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closed.
 

Installation of oxygen analyzers in the radiant section of
 
each fired heater will make it possible to operate the lube
 
oil complex forced draft furnaces at a flue gas oxygen level
 
of 3.7 percent as recommended in the furnace design data
 
sheets. The natural draft furnaces can be operated at 5.0
 
percent flue gas oxygen. It is also suggested that the
 
oxygen analyzers have attached combustible analyzers.

Design improvements in burners have made it possible to
 
provide excellent combustion efficiency at very low levels
 
of excess air. If the axis'ing burners cannot produce the
 
desired oxygen levels in the flue gas, while also providing

complete combustion with well defined flame patterns, burner
 
replacement or repair may LB required.
 

3.0 EOUIPMENT LIST/SIZE
 

5 (five) Oxygen and combustibles analyzers (as supplied by

Thermox corp. or Teledyne Analytical Instruments Corp.)
 

4.0 PREDICTED ENERGY SAVINGS
 

The following tabulation shows the current flue gas oxygen

levels and efficiencies for the atmospheric distillation
 
complex process fired heaters:
 

. . . ....B-I001 BA-2002-& 2002. BA-3001 ....Azi l. 
OXYGEN (%) 11.0 14;5 " -'"'70".....11.5
 
EFFICIENCY(%) 83.5 82.4 80.3 86.6
 

The tabulation that follows indicates the improved

efficiencies that will result when the flue gas oxygen is
 
maintained as indicated:
 

BA-1O00 BA-2002 & 2002 BA-3001 BA-4001
 
OXYGEN (%) 3.7 3.7 5.0 3.7
 
EFFICIENCY(%) 90.3 90.3 81.9 90.3
 

Indicated here is the cumulative energy savings that will be
 
realized when the oxygen level is maintained:
 

ANNUAL ENERGY SAVINGS
 
T.O.E. TONS MAZOUT
 
3944 4062
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5.0 INVESTMNTI 1D ASSOCIATED ECONOMIC EVALUATION
 

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

INVESTMENT COST ANNUAL ENERGY COST SAVINGS 
LE S LE

105,500 236,300 455,228 113,736
 

6.0 CONCLUSIONS
 

This ECO will provide a rapid and considerable payout.
 

7.0 RECOMMENDATIONS
 

This ECO should be.implemented at the earliest opportunity.

It will be absolutely necessary to instruct the operators of

the fired heaters in the proper operation of the above
 
improvements, including equipment maintenance and instrument
 
calibration.
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LUBE OIL COMPLEX 	 Annual Savings, TOE : 708
 
Annual Savings, $ : 81,701
 

STUDY THE FEASIBILITY OF 	 Investment Cost, $ : 500,000
 
COMBUSTION AIR PREHEAT 	 Payout: Simple, Yrs : 6.1
 
FOR PROCESS FIRED HEATERS 	 DCF, % : 7.0
 

ECO-17
 

1.0 PURPOSE
 

The purpose of this ECO is to study the feasibility of
 
combustion air preheat for the process fired heaters in the
 
lube oil complex. All of the fired heaters in the lube
 
oil complex have combustion 	air preheat systems with the
 
exception of the extract heater (BA-3001), therefore this
 
study only addresses the 	extract heater. Overall
 
combustion efficiency can be improved on process fired
 
heaters by exchanging stack gas sensible heat with
 
combustion air and thus decreasing fuel firing rates.
 

2.0 PROCESS DESCRIPTION
 

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

the combustion -air. The result- is that" less'-'fuelr need *be
 
fired into the furnace.
 

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

A combustion air preheater is an exchanger that does not 
allow leakage of flue gas into the combustion air or vice 
verse. Additionally, a combustion air preheater should not 
create considerable pressure losses in the air of flue gas 
paths. 

The feasibility of an air preheat system is dependent on the
 
amount of heat that is available for recovery to offset the
 
equipment cost. In general, high stack temperatures and
 
high heat load furnaces are the best candidates for air
 
preheaters. As either the stack temperature or the furnace
 
load becomes smaller it is difficult to justify the
 
investment in such equipment.
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3.0 EOUIPMENT LIST/SIZE
 

1 (one) forced draft fan
 

1 (one) induced draft fan
 

1 (one) cast iron recuperative air preheatez
 

8 (eight) combination oil and gas forced draft burners
 

Air and flue gas duct work
 

Associated instrumentation and electricals
 

4.0 PREDICTED ENERGY SAVINGS
 

The overall efficiency will increase to 90.2 percent when
 
the stack temperature is reduced from 316 °C to 160 OC.. The
 
projected energy savings is as follows:
 

ANNUAL ENERGY SAVINGS

T.O.E. 	 TONS MAZOUT
 
708 729
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The -estimated-total investment and -anntia1:0"'stavnt'se for
 
purchasing and installing the equipment listed above is
 
listed below for both worldwide and local equipment and
 
utility costs.
 

INVESTMENT COST ANNUAL ENERGY COST SAVINGS
$ LE $ LE
 
500,000 1,120,000 81,701 20,412
 

This estimated cost investment is conceptual.
 

6.0 CONCLUSIONS
 

The payout for this ECO will be marginal.
 

7.0 RECOMMENDATIONS
 

This ECO does not show that there will be a vary rapid
 
payout, but may require further investigation. At present,
 
the extract heater has a coking problem in the radiant
 
section of the furnace. It is possible that an air preheat
 
system will cause an increased rate of tube coking due to an
 
increase in the flux rate in the radiant section of the
 
furnace. Although the overall heat input into the process

will remain the same after installation of an air preheater,

the net affect of an air preheater is an increase of heat
 
transfer in the radiant section and a corresponding decrease
 
of heat transfer in the convection section.
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LUBE OIL COMPLEX 	 Annual Savings, TOE : 250.
 
Annual Savings, $ : 206,430.
 
Investment Cost, $ : 94,300.


RECOMMISSION SOUR WATER Payout: Simple, Yrs : 0.46 
STRIPPER AND USE STRIPPED DCF , % : --
SOUR WATER IN DESALTERS 

ECO-19
 

1.0 PURPOSE
 

The sour water stripper in the lube complex has a corroded
 
feed line. As a result, all sour water is routed to the
 
sewer. Energy will be conserved, if this condition is
 
rectified and the stripped sour water is utilized in the
 
crude desalters.
 

2.0 PROCESS DESCRIPTION
 

The sour water stripper tower was designed to handle 34 tons
 
per hour of sour water. Normally, this tower only processes

20-25 tons per hour. Provisions should be made to accept 13
 
tons per hour of sour water from the atmospheric tower
 
overhead drums (refer to ECO-07). This modification will
 
assure adequate inventory of stripped sour water to meet the
 
desalting requirement of 32.7 tons per hour, based on five
 
volume percent of crude throughput. Flow control to route
 
the sour water to the desalters is already. in place. The
 
only further,modification required is the poszible-addition'

of a header to supply the stripped water to the desalters in
 
the atmospheric unit.
 

To alleviate the corrosion problem in the feed line, the
 
location of the feed control valve must be changed. At
 
present, the valve is located at grade. By elevating this
 
valve as close to the tower inlet as possible, flashing in
 
the line is avoided until the tower entrance. This prevents

the hydrogen sulfide from coming out of solution and
 
attacking the steel. In addition, the feed inlet and piping

downstream of this valve should be changed to either killed
 
carbon steel with a high corrosion allowance (1/4"), or
 
stainless steel, the line size of the inlet nozzle will be
 
enlarged to 4" to decrease erosion.
 

3.0 EOUIPMENT LIST/SIZE
 

The following items are required to recommission the sour
 
water stripper:
 

Stripped sour water header: 	 4" killed carbon steel
 
1000 M length
 

Feed Nozzle: 	 4" with an internal elbow
 
stainless steel
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It is assumed that the flow control valve for stripped sour
 
water can be reused.
 

It is also assumed that the present feed surge drum is

adequate, as it was originally designed for 34 tons per

hour.
 

4.0 PREDICTED ENERGY SAVINGS
 

The anticipated savings realized, after recommissioning the
 
sour water stripper, are as follows:
 

Annual Eneray Savings
 
T.O.E. Tons mazout
 
249.8 257.3
 

Note: The above figures are based on. supplying the

desalting requirement after taking 

net
 
account of the 13 tons
 

.per hour supplied to the stripper from the Atmospheric Unit.

The savings are based on 19.7 tons per hour of stripped

water being supplied by sour watec originating from the Lube
 
Oil Complex.
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The investment cost-.to 
purchase and install .the.,.new feed

nozzle, relocated the feed valve,, and erect h-stripped4watb
header to the desalters are as follows.
 

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

Investment Cost Annual Cost Savings

$ - LE $ LE
 

94,300 211,200 206,430 56,803
 

6.0 CONCLUSIONS
 

It is standard refinery practice to recover sour water,

strip it, and reuse it for desalting prior to disposal.
 

7.0 RECOMMENDATIONS
 

The sour water stripper should be recommissioned immediately
 
as outlined above.
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LUBE OIL COMPLEX Annual Savings, TOE : -52.4 
Annual Savings, $ 
Investment Cost, $ 

: 101,800. 
: 183,200. 

INVESTIGATE THE USE OF 
A CLOSED LOOP SYSTEM TO 

Payout: Simple, Yrs : 
DCF , % : 

1.80 
37.0 

RECOVER PUMP BEARING 
COOLING WATER 

ECO-20 

1.0 PURPOSE
 

At present, drinking water is utilized to cool the pump 
bearings at the Lube Oil Complex. This cooling system is an 
open one, with the outlet water drained to sewer. Design of 
a closed loop cooling system will reduce expenses by 
lowering drinking water consumption. 

2.0 PROCESS DESCRIPTION
 

The present open cooling system consumes cold drinking water
 
which is circulated through a header to the individual
 
users. The hot return water is collected and drained to
 
the API separator, and finally to sewer. This return water
 
can be recycled through a sea water cooler to a surge drum
 
from where the cool water is supplied. An existing sea
 
water exchanger is available to provide the required

cooling. duty for the design flow of 125 .M3/hr. -This
 
exchanger is deemed, adequate to cool the-raturn *ater from
 
a design temperature of 55 °C to a design supply
 
temperature of 30 °C. Nozzle sizes must be checked, before
 
confirming the suitability for this service.
 

A 4 M diameter x 4 M T/T drum is available to provide surge
 
volume for the system. While this vessel may be adequate

from a surge volume standpoint, it may not provide the oil
 
separation which is required. A horizontal drum with a
 
length to diameter ratio of at least 2:1 is preferred. As
 
such, this vessel is not deemed suitable.
 

For circulation, a 125 M3/hr pump (611 GPM) will be
 
required. Flow control and pressure control
 
instrumentation will be required as well. It has been
 
assumed that the required surge drum, circulating pump, and
 
instrumentation will be new while the cooler will be re
used.
 

3.0 EQUIPMENT LIST/SIZE
 

The following equipment items are required to design the
 
closed loop system (refer to the attached sketch):
 

Surge Drum:
 
- 2.0 M. Diameter x 6 M. Length, Carbon Steel
 
- Design Pressure : 3.5 Kg/cm2g ( 343 kPa) 
- Design Temperature 65 °C.
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Circulation Pump: 125 M3/hr

(two required) 7.03 Kg/cm2 differential pressure
 

60 M. Hp motor
 

Instrumentation: 
 As shown on sketch.
 

Distribution Piping: 	 6" Diameter Carbon Steel
 
500 M Length
 

4.0 PREDICTED ENERGY SAVINGS
 

This ECO requires energy for pumping to implement.
 
Therefore the energy "savings" is negative..
 

Annual EnerMv Savings
T.O-.0 MWH
 
-52.4 (consumption) -208 (consumption)
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION-


The total investment cost to purchase and install the

required equipment as well as the anticipated cost savings

to be realized are given 	below.
 

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

.Investment Cost - Annual.Cost Savinas-' 
$L LEL 

183,200 410,000 101,800 39,242
 

6.0 CONCLUSIONS
 

It is good engineering practice to recover and re-use
cooling water. The additional energy costs which will be

incurred through operation of the pump will be offset by

lower drinking water costs.
 

7.0 RECOMMENDATIONS
 

This ECO should be pursued in a timely fashion following

allocation of funding. However, should funds 
become
unavailable, a thorough 	search of. existing pumps and drums
 
may produce suitable candidates for the services required.Should this be the case, this 
ECO should be implemented

during the next turnaround/shutdown.
 

1 Electrical T.O.E. values include a typical 34% efficiency

factor and correspond to generating electricity using a

condensing steam turbine system,
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STEAM SYSTEM 	 Annual Savings, TOE : 188.
 
Annual Savings, $ : 21,742.
 
Investment Cost, $ : 83,200.
 

RECOVER HEAT AND Payout: Simple, Yrs : 3.83 
PRODUCE STEAM FROM DCF , * : 14.0 
CONTINUOUS BLOWDOWN 

ECO-21
 

1.0 PURPOSE
 

The purpose of this ECO is to produce steam from the 
continuous blowdown of boilers 1 and 4 in the Atmospheric 
Distillation Complex and to preheat boiler feed water using

hot continuous blowdown. This wil. help conserve energy

which would otherwise be wasted by disposing of blowdown
 
directly.
 

2.0 PROCESS DESCRIPTION
 

The present system is to pump boiler feed water directly to
 
the economizer, while hot continuous blowdown is sent to
 
drainage. The heat recovery system on the attached sketch
 
will recover heat from boiler blowdown thereby reducing the
 
energy consumption of each boiler. The present normal
 
continuous boiler blowdown rate is 3 tons/hour.
 

3.0 EOUIPMENT LIST/SIZE
 

The following equipment is necessary to implement this ECO:
 

Flash drum
 

750 mm diameter x 2250 mm T/T
 
220 °C, 7 kg/cm2 g (686 kPa) design
 

Heat Exchanger
 

Area : 30 M2
 

12 Kg/cm2 (1177 kPa), 350 °C tubes
 
18 Kg/cm2 (1765 kPa), 125 °C shell
 
Carbon steel shell and tubes
 

Piping
 

15 M - 2" pipe (liquid)
 
25 M - 3" pipe (vapor), 37.5 mm insulation
 

Instrumentation
 

As shown on sketch.
 
plus: 1 - 1 x 1 1/2" PSV
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4.0 PREDICTED ENERGY SAVINGS
 

The anticipated annual energy savings after installation of
 
the above system is below:
 

Annual Energy Saving
 
T..E. Tons Mazout
 
188 194
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

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

Figures are based on worldwide and local equipment and
 

utility costs.
 

Investment Cost Annual Energy Cost Savin
 

83,200 186,400 21,742 5,432
 

6.0 CONCLUSIONS
 

This ECO has a very attractive payout. It is a good
engineering practice to recover heat from blowdown through 
heat exchange .and/on., low pressure .flash..drums;.±o;,-produce.. 
steam. 

7.0 RECOMMENDATIONS
 

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

'ECO21, page 2 



REF. 11-34,SIV 

JOINT ENGINEERING GROUP 	 DATE mAly J?? 
PAGEOEP / FWEC 
REV.FOR: Ac. 

14 1-13, 

I 1-75V-P . 

NuOTE: e'm -,Itoi 5YSTM -Ts i'GL-J 

PROCESS SKETCH 

ENERGY CONSERVATION OPPORTUNITY: 

LEGEND ECO ,21 

- EXISTING EQUIPMENT' PAT A 
NEW EQUIPMENT 

LOCATION A" 43b.U', Cey-7 



STEAM SYSTEM 	 Annual Savings, TOE : 439.
 
Annual Savings, $ : 50,767.
 
Investment Cost, $ : 13,305.
 

ADD NEW OR REPAIR EXISTING Payout: Simple, Yrs : 0.26 
INSULATION ON STEAM AND DCF , % : --
CONDENSATE LINES 

ECO-22
 

1.0 PURPOSE
 

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

2.0 PROCESS DESCRIPTION
 

A detailed review was conducted during the preaudit phase.
 
to determine locations of hot piping and vessels that
 
required new insulation to be installed. It was determined
 
at that time that new insulation was required.
 

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

The pipe sizes and lengths to be insulated were measured.
 
The lengths include flanges and valves that were not
 
presently insulated. The required insulation thicknnsses
 
were then determined by use of the "Heatalyzer" Economic 
Insulation Thickness computer program. The "Optimum
 
Insulation Thickness and Energy Savings" table is included
 
in this report as a separate ECO titled, "Study the Effects
 
of Insulation on Heat Loss From Pipes."
 

3.0 EQUIPMENT LIST/SIZE
 

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

Atmospheric Distillation Unit
 

Line Insulation Annual Energy
ize Thickness (mm) Meters Savings, KJ 

1/2" 37.5 	 18 266,861,740
 

2" 37.5 	 80 1,428,573,500
 

4" 37.5 	 67 2,130,797,400
 
75 .	 2 138,332,100 
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Line Insulation Annual Energy
 
Siz Thickness (mm) Meters Savinas. Ki
 
6" 50 3 137,649,350
 

75 15 1,961,472,800
 

8" 50 2 260,643,750
 
62.5 5 113,045,600
 

100, 5 749,890,270
 

1011 
 50 2 126,656,910
 

12" 62.5 20 1,606,218,000
 
.75 2 160,802,240
 
100 5 2,070,190,200
 

Total Energy Savings - ADU 11.151 xi09 kJ/year 

LUBE OIL COMPLEX
 

Line 
Size 
3/4" 

Insulation 
Thickness (mm) 

25 . 
Meters 
9 

Annual Energy 
Savincs, KJ 

78,858,800 

1" 25 5 48,171,180 

1 1/2" 37.5 5 66,715,435 

2!! 37.5 
75 

12 
5 

.7. 220,629,110 
219,166,060 

6" 75 2 221,009,500 

8" 50 
100 

4 
3 

208,515,000 
469,056,330 

141 100 5 1,161,199,700 

Total Energy Savings - Lube 2.695 x 109 kJ/year 

Insulation to be mineral wool. 
steel. 

Jacketting to be galvanized 

4.0 PREDICTED ENERGY SAVINGS 

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

Annual Enercy Savings
 
T.O.E. Ton mazout
 

ADU 354 365
 
Lube 85 88
 

439 453
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5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

'
 

applying the economic thickness of insulation to all piping,

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

The 	estimated total - investment and annual cost savings for 

Investment Cost 
$ LE 

ADU 10,712 15,532 
Lube 2.593 3,760 
Total 13,305 19,292 

Annual Cost Savings 
$ LE 

40,905 10,220 
-92 2.4 
50,767 12,684 

6.0 CONCLUSIONS 

Insulation should be applied 
to bare lines in plants

including those where insulation is in poor condition.
 

7.0 	RECOMMENDATION
 

This ECO should be initiated immediately.
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STEAM SYSTEM 	 Annual Savings, TOE : 1,461
 
Annual Savings, $ : 168,665
 
Investment Cost, $ : 8,750
 

REPAIR OF STEAM, AIR, WATER 	 Payout: Simple, Yrs : 19 days
 
AND CONDENSATE LEAKS DCF, % : --

FROM PIPING 

ECO-23
 

1.0 PURPOSE
 

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

2.0 PROCESS DESCRIPTION
 

A detailed survey was made of the steam, Kair, boiler reed
 
water and condensate leaks in the atmospheric and lube:
 
complexes. All leaks were tagged and identified during the
 
preaudit. The size of each leak was estimated as either
 
small, medium, large or extra large. An estimated quantity
 
of steam was assigned to each size of leak, based upon
 
published figures and experience for the various hole sizes
 
that were estimated. Air leaks were noted, but not
 
quantitatively estimated, as the quantity of each was small
 
as compared to the steam and condensate leaks.
 

3 0 - NUMBER 'OF 'STEAM AND 'CONDENSATE LEAKS 

We noticed a total of 175 leaks, which were identified by,
 
means of 100 red tags within the various units of the
 
atmospheric and lube complexes. The source of the leaks are
 
distributed as follows:
 

Valves 73
 
Pipe lines 84
 
Flanges 18
 

TOTAL 175
 

Leaks from valves are through the glands and/or gaskets.
 
Leaks from pipelines are largely through fittings and holes
 
in the pipes. Note also that steam trap leaks are not
 
included here, as they are covered separately under ECO-26.
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The leaks are further categorized by size as follows:
 

Est. Leakage Number of Leak Tags
 

per leak tag 14 Kg/cm2 3.5 & 3.9 Kg/cm2
 
Me Kr/hr -Steam --Steam
 

Small 8 4 12 0
 
Medium 
 20 12 38 4

Large 
 35 10 14 5
 
Ex-large 80-160 _---

TOTAL 26 
 65 9
 

TOTAL LEAKAGE
 

Small 128
 
Medium 1080
 
Large 1015
 
Ex-large 80
 
TOTAL 2303
 

Annual leakage, based on 8000 operating hours per year, is
 

estimated to be 18,424 metric tons.
 

4.0 PREDICTED ENERGY SAVINGS 

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

ANNUAL ENERGY SAVINGS
 
T.OE. Tons mazout
 
1461 1505
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

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

INVESTMENT COST ANNUAL ENERGY COST SAVINGS
 
__$ LE $ LE
8,750 19,600 168,665 41,140 

6.0 CONCLUSIONS
 

The worst steam leaks are in the wax hydrotreating unit of

the Lube Oil Complex. These leaks in the steam tracing

system are caused by the switchover from L.P. steam to H.P.
 
steam. This switchover was made to alleviate line plugging

and for maintaining proper temperatures at the product

separator. In our opinion, this practice should be stopped,

because the tracer piping is not designed to handle H.P.
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steam. As an energy conservation measure, we recommend that
 
the insulation be improved on the piping and equipment. For
 
very little investment this ECO is extremely attractive.
 

7.0 RECOMMENDATIONS
 

This ECO should be initiated immediately.
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STEAM SYSTEM 	 Annual Savings, TOE : 448.
 
Annual Savings, $ : 51,664.


CHECK COMBUSTIO 	 Investment Cost, $ : 21,100.

EFFICIENCY OF STEAM 	 Payout: Simple, Yrs : 
 0.41
 
BOILERS 	 DCF, % : -

ECO-24
 

1.0 PURPOSE
 

The purpose of this ECO is to improve the overall efficiency

of the steam system boilers in the Atmospheric Distillation
 
Complex and the Lube Oil Complex. The combustion efficiency

of the steam system boilers is highly affected by the oxygen

content of the flue gas. Additionally, combustion
 
efficiency is affected by the degree to which combustion is
 
completed.
 

2.0 PROCESS DESCRIPTION
 

The boiler firing rate is manually adjusted in accordance
 
with the required steam demand. Air entering through the

burner register mixes with the misted fuel oil at the burner
 
throat and should be mixed sufficiently to produce complete

combustion. Air is forced into the burner register by way

of a forced draft fan. When normal load changes of the
 
boiler are made,,. air should be adjusted with the damper

locatedon the forced draft fan. 
 " 

As the level of excess air is increased, more fuel must be
 
fired to the boiler to heat up the additional air. The
 
excess air simply passes through the boiler and up the stack

releasing only a small portion of its energy to the process.
 

Stoichiometric combustion is not possible (0 percent excess
 
air) therefore, a small amount of excess air is required to
 
allow for complete combustion. This small amount of excess
 
air not only helps to force the combustion reaction to
 
completion, but also acts to aid in the fuel/air mixing
 
process.
 

The condition and design of the burners must be such that

complete mixing of the oil and air streams occurs. If a
 
high degree of mixing is not accomplished in the burners

complete combustion cannot occur. This means that some of
 
the hydrocarbons that are supplied in the oil are not able
 
to complete the oxidation reaction and do not liberate heat.
 
The net result is an effective reduction in the heating

value of the fuel oil that is supplied. Visible smoke in

the stack exhaust or in the combustion chamber of the
 
boiler is an indication that combustion is not complete.

The existence of carbon monoxide is also an indication of
 
this cundition.
 

Monitoring of the flue oxygen and combustibles provides the 
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operator of the boiler with the information that is needed
 
so that adjustments in the forced draft fan can be made as
 
operating conditions change. It is absolutely imperative

that all boilers with a significant load have permanently

installed and operating oxygen analyzers local to the boiler
 
firing controls.
 

Installation of oxygen analyzers in the stack of the boilers
 
in the Atmospheric Distillation Complex will make it
 
possible to operate the boilers at a stack oxygen level of
 
3.7 percent. Oxygen analyzers are already present at the
 
Lube Complex boilers. Repair and clearing of the sample

lines to the boilers in the Lube Oil Complex will make it
 
possible to maintain 3.7 percent oxygen in the stack. It is
 
also suggested that the oxygen analyzers have attached
 
combustible analyzers. Design improvements in burners have
 
made it possible to provide excellent combustion efficiency
 
at very low levels of excess air. If the existing burners
 
cannot produce the desired oxygen levels in the flue gas,

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

3.0 EQUIPMENT LIST/SIZE
 

1(one) Oxygen and combustibles analyzers (as supplied by

Thermox Corp. or Teledyne Analytical-Instruments Corp.),.
 

4.0 PREDICTED ENERGY SAVINGS
 

Provided that the flue gas oxygen level for ADU boiler #4 is
 
reduced from the current measured value of 7.9 percent to
 
3.7 percent the overall efficiency will increase from 86.1
 
percent to 88.9 percent. For the Lube Oil Complex boiler #1
 
a flue gas oxygen reduction from the current measured value
 
of 6.3 percent to 3.7 percent will increase the boiler
 
efficiency from 88.5 percent to 90.3 percent. For Lube Oil
 
Complex boiler #2 a flue gas oxygen reduction from 4.3
 
percent to 3.7 percent will increase the boiler efficiency

from 89.8 percent to 90.3 percent. The following shows the
 
total cumulative savings:
 

ANNUAL ENERGY SAVINGS
 
T.O.E. TONS MAZOUT
 
448 461
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5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

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

INVESTMENT COST ANNUAL ENERGY COST SAVINGS
 

21,100 47,260 51,664 12,908
 

6.0 CONCLUSIONS
 

This ECO will provide a rapid and considerable payout..
 

7.0 RECOMMENDATTONS
 

This ECO should be implemented at the earliest opportunity.

It will be absolutely necessary to instract the operators of
 
the boilers in- the proper operation of the above
 
improvements, including equipment maintenance and instrument
 
calibration.
 

ECO-24 page 3 



STEAM SYSTEM Annual Savings, TOE : 457. 

STUDY THE FEASIBILITY OF 
COMBUSTION AIR PREHEAT 
FOR STEAM BOILERS 

Annual Savings, $ : 
Investment Cost, $ : 
Payout: Simple, Yrs : 

DCF, % : 

52,705. 
400,000. 

7.58 
6.0 

ECO-25 

1.0 PURPOSE 

The purpose of this ECO is to study the feasibility of
 
combustion air preheat for the steam system boilers. The
 
boilers in the lube oil complex already have air preheat

systems and are highly efficient in their design, therefore
 
only boiler #4 in the atmospheric distillation was studied.
 
Overall combustion efficiency can be improved on boilers by

exchanging stack gas sensible heat with combustion air and
 
thus decreasing fuel firing rates.
 

2.0 'ROCESS DESCRIPTION
 

As fuel is fired into the combustion chamber of the boiler a
 
portion of the heat that is liberated will be absorbed by

the combustion air. The combustion air must be brought up

to the theoretical flame temperature before combustion can
 
occur.
 

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

Combustion air can be preheated by exchanging heat with hot
 
flue gases that leave the stack of the boiler. Frequently,

a cold enough process sink does not exist to cool down the
 
flue gases and thus sensible heat is lost to the atmosphere.

Combustion air at ambient temperature provides a good cold
 
sink.
 

A combustion air preheater is an exchanger that does not
 
allow leakage of flue gas into the combustion air or vice
 
versa. Additionally, a combustion air preheater should not
 
create considerable pressure losses in the air of flue gas

paths.
 

The feasibility of an air preheat system is dependent on the
 
amount of heat that is available for recovery to offset the
 
equipment cost. In general, high stack temperatures and
 
high heat load boilers are the best candidates for air
 
preheaters. As either the stack temperature or the boiler
 
load becomes smaller, it is difficult to justify the
 
investment in such equipment.
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3.0 EOUIPMEWT LIST/SIZE
 

The equipment listed is for one air preheat system.
 

1 (one) forced draft fan
 

1 (one) induced draft fan
 

1 (one) cast iron recuperative air preheater
 

1 (one) forced draft oil burner
 

Air and flue gas duct work
 

Associated instrumentation and electricals
 

4.0 PREDICTED ENERGY SAVINGS
 

The overall efficiency will increase to 92.3 percent when

the stack temperature is reduced from 235 °C to 160 °C. 
The
 
projected energy savings is as follows:
 

ANNUAL ENERGY SAVINGS
 
T.O.L. TONS MAZOUT
 
457 471
 

5.0 -INVESTMENT 'AND SSOCIATEDECONOMIC EVALUATION---!q--' ..-

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

INVESTMENT COST 
 ANNUAL ENERGY COST SAVINGS
 
$ LE S LE
400,000 896,000 52,785 13,188
 

The above is based-on a conceptual estimate.
 

6.0 CONCLUSIONS
 

This ECO has a marginal payout on a simple payout basis.
 
The stack temperature is not high enough and the boiler load

is not large enough to provide any further incentive. The
 
incentive to invest in this ECO must also be weighed against

the age of the boiler.
 

7.0 RECOMMENDATIONS
 

This ECO is not strongly recommended due to the lack of
 
economic incentive and the age of the boiler.
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STEAM SYSTEM 	 Annual Savings, TOE : 4,319
 
Annual Savings, $ : 498,599


TEST, REPAIR, REPLACE 	 Investment Cost, $ : 475,500

STEAM TRAPS 	 Payout: Simple, Yrs : 0.95
 

DCF ,% : -

ECO-26
 

1.0 PURPOSE
 

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

defective steam traps.
 

2.0 PROCESS DESCRIPTION
 

Approximately 13% of the 2100 steam traps in the Atmospheric

Distillation Units and in the Lube Oil- Complex were tested
 
to determine whether they were operating satisfactorily.

Based on the findings, a pattern was developed to determine
 
general condition of the steam traps at the Alexandria
 
Petroleum Company.
 

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

While a visual check ,of steam. trap !operation is..the best
 
methodi it can only be accomplished-,, it'thedisharge iS -t
 
an open drain or if test valves to atmosphere are installed
 
upstream and downstream of the trap. No test valves were
 
observed in the plant.
 

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

A normally operating inverted bucket trap can be heard as a
 
definite burst of sound, when the bucket sinks and opens the
trap valve, thereby discharging condensate until entering
 
steam floats the bucket and closes the valve. In the
 
presence of extremely low loads the bucket can be heard as
 
a continuous clattering sound. This is sometimes referred
 
to as a "dribbling trap". This is still a normally

operating steam trap with little, if any, steam loss. This
 
could also be an indication of an oversized trap, therefore
 
requiring a smaller or restrictive orifice. When a trap is
 
failed open, a continuous high frequency sound can be heard
 
due to steam blowing through its orifice.
 

A definite cycle rate can be heard when a thermodynamic disc
 
(TD) trap is operating normally as the disc is lifted off
 
the inlet orifice allowing condensate to flow through the
 
outlet passage, and then closes the orifice in the presence

of steam. A normal operation would consist in cycles at a
 
rate of one to maximum twenty cycles per minute (average 6
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to 10). When the cycle becomes shorter, the disc and seat
 
of the trap start to wear at an accelerated rate and causes
 
the trap to fail in the future. A continuous series of
 
abrupt discharges from a thermodynamic disc trap indicates
 
its failure in the open position.
 

The r-irmal operation sounds of a float and thermostatic trap
 
are difficult to distinguish, as it is a constant flow
 
device with no cycle rate. By shutting off the inlet valve
 
and letting condensate accumulate, and then releasing a
 
large condensate load to the trap, the trap can be heard
 
opening and then modulating down to a steady state flow.
 
The thermostatic air vent in a float and thermostatic trap
 
in many cases opens rather infrequently to release air,
 
making its operational condition quite difficult to
 
determine. A thermostatic trap has a cycle, but is a much
 
more gentle in nature than the inverted bucket or disc trap.
 
A sub-cooling thermostatic steam trap is similar: in
 
operation to the float trap. It may have either a bellows
 
or a bimetallic spring as the actuation device, opening and
 
closing the trap according to a set temperature
 
differential.
 

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

* pressure upstream of the trap.. In the,case%.of a.completely
 
failed-rap'the'inlet steam will be blowing through to thd
 
trap outlet with little pressure drop. Thus the steam
 
temperature at the inlet and outlet will be much closer to
 
the same reading than for a properly acting trap. In a
 
plant where a condensate recovery system is installed
 
several traps may be tied into a common recovery line. If
 
one trap in this group is blowing steam to itu discharge,
 
this steam can cause the discharge temperature of other
 
traps in the group to be higher than normally expected thus
 
leading to an erroneous decision on the condition of the
 
trap. Thus a check of trap performance by temperature must
 
be used with caution.
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3.0 EOUIPMENT LI35TLSIZ
 

The following are the results of the trap survey:
 

Replacement
Location Trap Type Numer Failed, Satisfactory 

Atmospheric T.D./Float/T.S. 67, 48 3.9
 
Distillation
 
Unit
 

Lube Oil Units T.D./Floit 124 65 
 59
 
(except Wax Hydro
treated & Tank Farm)
 

Wax Hydro-treating T.D. 50 35.1 15
 

Lube Tank Farm T.D./Bimetallic 38 7,, 31
 

Air Preheaters for Float 2 2 0
 
Lube Boilers
 

TOTAL Traps Tested 281 157- :124
 

On the basis of the above survey the total number of traps
 
requiring replacement is tabulated below:
 

.. ,TotalNo. No..of Traps
 
.... .. ,.-'ofras (Estj" Reauir nbTwReplacement .
Locto 


Atmospheric 197 48 1/2",3/4"

Distillation
 
Unit
 

Lube Oil Units 112 59 3/4"

(except Wax HydrO-
 638 335 1/2"

treated & Tank Farm)
 

Wax Hydro-treating 120 ''
 62, -1'i/2
 
Tanks/Heaters
 

Lube Tank Farm 000 190 1/2", 3/4"
 

Air Preheaters 2 
 2 2,

for Lube Boilers
 

TOTAL 2069 ,696-


The total steam leakage rate in, the Alexandria Petroleum
 
Company is estimated at,8673 Kg/hr
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4.0 	 PREDICTED ENERGY SAVINGS
 

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

Annual Energy Savins
 
T.O.E. 	 Tons of mazout
 
4319 4449
 

5.0 	INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

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

Investrsnt Cost Annual Cost Savings
$LE 	 $L.E.
 
475,500 1,065,000 498,599 124,572
 

6.0 	CONCLUSIONS
 

The Atmospheric Distillation Units have approximately 200
 
steam traps. However, a large number of these traps do not
 
have steam flow, either because steam tracers are not in
 
service or because the new condensate recovery system is yet
 
to be commissioned. We strongly recommend that the
 
condensate recovery system be commissioned without further
 
delay.
 

In the Lube Oil Complex there are three (3) major problems:
 

1) 	 Excessive back pressure in the condensate header. This
 
is caused by the traps leaking steam and also due to
 
the switch over from Low Pressure to High Pressure
 
steam in the Wax Hydrotreating Unit. A vast majority
 
of the steam tracer traps in the Lube Oil Units do not
 
work, when the drain valves on the condense .e manifolds
 
are closed. A large amount of steam is w-sced due to
 
opening of the drains. We understand that the Lube Oil
 
Plant has plans for segregating high pressure and low
 
pressure condensates. This plan should be implemented
 
without delay. In addition, all the defective traps
 
should be replaced to eliminate the steam leakage, and
 
thus reducing the back pressure.
 

2) 	 The leakage problem in the Wax Hydrotreating Unit,
 
caused by use of H.P. steam, should be studied in
 
detail and eliminated by resorting to other alternates
 
(see ECO-23).
 

3) 	 The two large (2") traps at the Air Preheaters for the
 
boilers are leaking a large amount of steam causing

excessive vibrations in the condensate return system.
 
Therefore, condensate from t'ese traps is presently

being drained to the sewer. These traps should be
 
replaced as soon as possible and condensate returned to
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the condensate collection system.
 

The testing, repair and replacement of steam traps has
 
a rapid payout and is therefore a very attractive ECO.
 

7.0 RECOMMENDATIONS
 

This ECO should be implemented immediately.
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STEAM SYSTEM 	 Annual Savings, TOE : 1,805.
 
Annual Savings, $ : 208,338.
 
Investment Cost, $ : 87,230.


INSTALLATION OF A CONDENSATE Payout: Simple, Yrs : 0.42
 
RECOVERY SYSTEM FOR 	 DCF , % --
ADU #2, ADU #3, ADU #4, AND
 
THE VRU
 

ECO-27
 

1.0 PURPOSE
 

The purpose of this ECO is to collect the steam condensate
 
from the Atmospheric Distillation Unit Nos. 2,3,4, and the
 
Vapor Recovery unit. The recovered condensate will be sent
 
hot to the Deaerator. This will help to conserve the energy

by reducing the need to demineralize raw water, and will
 
also lower the steam requirement for heating the water sent
 
to the Deaerator to its operating temperature.
 

2.0 PROCESS DESCRIPTION
 

At present, all the condensate from the ADU Nos. 2,3,4 and
 
VRU is sent to the sewer. The refinery is currently in the
 
process of installing a condensate recovery system that will
 
collect 13 tons per hour of condensate and inject it into
 
the _-Desalter. Our recommendation per ECO Nos..7*and- 19, is 
to utilize the sour water for the Desalter finstead of using 
steam condensate. 

Our calculations indicate that approximately 20 tons per

hour of condensate can be recovered. This condensate should
 
be returned to the new condensate vessel and pumped by means
 
of pump 448 into the Deaerator, instead of the Desalter.
 
This will conserve more energy by minimizing the need to
 
demineralize raw water make-up and will lower the steam
 
requirement in the Dearator.
 

3.0 EoUIPMENT LIST/SIZE
 

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

1. Condensate Vessel:
 

Size : 	 1250 mm diameter x 2800 mm T/T
 
Design: 125 °C, 3.5 kg/cm2 (343 kPa)
 

.2. Pumns; (use existing puLps 448)
 

Capacity: 	 25 M3/hr.
 
Differential Head : 116.2 M
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3. 	 PiningT 

A. 	Existing 6" condensate return header is adequate.
 

B. A new 3" pipe will be required from condensate
 
pumps 448 to the Deaerator.
 

C. New cooling water piping to be 6".
 

4. 	 Vent Condenser
 

One 	shell mounted above Condensate Vessel.
 

Area : 60 M2
 
,
Design: Tubes - 7.0 kg/cm2.(686 kPa)

Shell - 3.5 kg/cm2 (343'kPa), 

5. 	 Instrumentation
 

As shown on sketch.
 

4.0 	PREDICTED ENERGY SAVINGS
 

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

Annual Energy Savings-

T.O.E. Tons Mazout
 
1,805 1,859
 

5.0 	 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

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

Investment Cost Annual Energy Cost Saving
 
_ LE -$ LE


87,230 195,400 208,338 52,052
 

6.0 	 CONCLUSIONS
 

Installation of a condensate recovery system has a rapid

payout and is therefore a very attractive ECO. .
 

7.0 	 RECOMENDATIONS
 

This 	ECO should be implemented immediately.
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GENERAL 	 Annual Savings, TOE : --


Annual Savings, $ : 4,784,000

INVESTIGATE USE OF A GAS Investment Cost, $ : 14,629,100 
TURBINE TO SUPPLEMENT THE Payout: Simple, Yrs : 3.06 
POWER SUPPLY DCF , % : 19.5 

ECO-28A
 

1.0 PURPOSE
 

The purpose of this ECO is to generate the electricity

required by the refinery at the refinery. This will prevent

shutdowns due to power drops or power outages, and allow the
 
refinery to use the outside electrical supply as an
 
emergency backup source.
 

2.0 PROCESS DESCRIPTION
 

Due to the difficulties associated with ten power failures a 
year, the refinery has developed an interest in supplying
its own power. This can be achieved by either a steam or 
gas turbine. As a new natural gas network is in the design
stages, APC has expressed a preference for a gas turbine. 
Accordingly, this ECO is based on incorporation of a gas
turbine capable of supplying the design refinery electrical 
requirements, as well as supplying approximately 10 MW to 
the adjacent cement plant. The. design .refinery-..islectric 
demand is 16 megawatt-hours per hour. - The cemeht plant
demand is assumed to be 14 megawatt-hours per hour or 
greater. Therefore, the gas turbine design will be based on 
30 megawatts. 

The refinery will be able to reduce its own electrical
 
energy costs directly. In addition, the cash flows received
 
from the sale of electricity to the cement plant will act as
 
a direct credit in helping pay out the gas turbine
 
investment cost.
 

3.0 EQUIPMENT LIST/SIZE
 

The gas turbine required for this ECO is defined as a
 
complete package, based on a design of 30 megawatt-hours per

hour, and the necessary electrical tie-in equipment.
 

4.0 PREDICTED ENERGY SAVINGS
 

In-house electrical generation is generally an energy
intensive energy process; more joules of power are needed to
 
make electricity at the refinery than are needed by

hydroelectric, steam and other facilities outside the
 
refinery. The cost of producing electricity, however, is
 
lower per MW than the cost to purchase. This savings, plus

the savings of eliminating downtime, make this ECO even more
 
attractive than the cost savings per MW alone.
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5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

- The total investment cost to purchase and install the 
necessary equipment and materials described herein, as well 
as the annual cost saving. are given below. Figures are 
based on worldwide and local equipment and utility costs. 

Investment Cost Annual Cost Savincs
$ __% 
14,629,100 4,784,000
 

When generating 30 MW of electricity, approximately

M370,983,400 of natural gas will be consumed annually.

Estimated overall cost per MWH works out to be $23.07, when
 
using worldwide utility costs and 8,000 hours per year.
 

CONCLUSIONS
 

A gas turbine generating electricity capable of supplying

the refinery with the required demand will increase overall.
 
production efficiency. The refinery is presently plagued

with many instances of undervoltage which requires turndown
 
conditions. In addition, about ten power failures a year
 
are encountered which total to about 3.2 hours per year.

This loss of production has a cost which has not been
 
included. as ta.. credit:. towards energy..- savbigs, but if:
 
calculated, would make that value even larger.
 

7.0 RECOMMENDATIONS
 

The Ministries of Petroleum and Electricity should work out
 
an arrangement which will allow the refinery to generate

electricity and sell the excess to the cement plant. If
 
such an agreement is achieved, this ECO should be pursued.

In addition, ECO-02 should also be pursued as the recovered
 
and scrubbed flare gas can be used, along with natural gas,

for use as fuel to the gas turbine.
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GENERAL 
 Annual Savings, TOE : --
Annual Savings, $ : 6,256,000INVESTIGATE USE OF A GAS Investment Cost, $ : 31,610,000
TURBINE WITH WASTE HEAT 
 Payout: Simple, Yrs : 
 5.0,
RECOVERY TO SUPPLEMENT THE 
 DCF , % : 9.0 

POWER SUPPLY
 

ECO-28B
 

1.0 PURPOSE
 

The purpose of this ECO is to continually generate the
electricity required by the refinery at the refinery. 
This
will prevent shutdowns due to power drops or power outages,
and allow the refinery to use the outside electrical supply

as an emergency backup source.
 

A waste heat boiler is included with the gas turbine in

order to improve the overall turbine efficiency.
 

2.0 PROCESS DESCRIPTION
 

Due to the difficulties associated with ten power failures a
year, the refinery has developed an interest in supplying

its own power. This can be achieved by either a steam or
gas turbine. As a new natural gas network is in the design

stages, APC has expressed a preference for a gas turbine.
Accordingly, -this ..
ECO is based on incorporation of :a gas..-.
turbine capable of supplying the design refinery electrical

requirements, as as
well supplying approximately 10 MW to
the adjacent cement plant. The design refinery 
electric

demand is 16 megawatt-hours 
per hour. The cement plant
demand is assumed to be 14 megawatt-hours per hour
greater. or
Therefore, the gas turbine design will be based on

30 megawatts.
 

The refinery will be able 
to reduce its own electrical
 
energy costs directly. In addition, the cash flows received
from the sale of electricity to the cement plant will act-as
 a direct credit in helping pay out the gas turbine
 
investment cost.
 

3.0 EQUIPMENT LIST/SIZE
 

The gas turbine required for this ECO is defined 
as a
complete package, based on a design of 30 megawatt-hours per
hour, and the necessary foundations, controls, and
 
electrical tie-in equipment.
 

The gas turbine package is to contain a waste heat recovery
section. Steam production is estimated to be 100,000 lb/hr

(45,360 kg/hr), and 
 includes the steam necessary for
 
dearation.
 

Gas turbine section to generate approximately 20 MW. Waste

heat boiler section to generate the remaining 10 MW.
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4.0 PREDICTED ENERGY SAVINGS
 

In-house electrical generation is generally 
an energyintensive energy process; more joules of power are needed to
make electricity at the refinery than are 
needed by
hydroelectric, steam 
 and other facilities outside the
refinery. 
 The cost of producing electricity, however, is
lower per MW than the cost to purchase. This savings, plus
the savings of eliminating downtime, make this ECO even more
attractive than the cost savings per MW alone.
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The total investment cost to purchase and install 
the
necessary equipment and materials described herein, as wellas the annual cost savings are given below. Figures are
based on worldwide and local equipment and utility costs.
 

Investment Cost 
 Annual Cost Savings
$ __ _ 
31,610,000 
 6,256,000
 

When generating 30 of
MW electricity, approximately

M3
47,322,300 
 of natural gas will be consumed annually.Estimated overall 
cost per MWH works out to be $ 16.94,when using worldwide utility costs and 8,000 hours per


year.
 

CONCLUSIONS
 

A gas turbine package, generating electricity capable of
supplying the refiziery with required
the demand, will
increase overall 
production efficiency. The refinery is
presently plagued with many instances of undervoltage which
requires turndown conditions. In addition, about ten power
failures a year are encountered which total to about 3.2
hours per year. 
 This loss of production has a cost which
has not been included as 
a credit towards energy savings.
The credit, if calculated, would make the savings 
even
 
larger.
 

7.0 RECOMMENDATIONS
 

The Ministries of Petroleum and Electricity should work out
an arrangement which will 
allow the refinery to generate
electricity and 
sell the excess to the 
cement plant. If
such an agreement is achieved, this ECO should be pursued.
In addition, ECO-02 should also be pursued as the recovered
and scrubbed flare gas can be used, along with natural gas,

for use as fuel to the gas turbine.
 

ECO-28B 
 page 2
 



GENERAL 
 Annual Savings, TOE 398.
 
Annual Savings, $ 67,850.
CAPACITOR INSTALLATION Investment Cost, $ 
 627,370.
TO IMPROVE POWER FACTOR 
 Payout: Simple, Yrs 9.25


IN THE REFINERY 
 DCF , % : 2.0
 
(EXCLUDING LUBE COMPLEX) 

ECO-29 

1.0 E.URPOSE 

The purpose of this ECO is improve
to the existing
electrical system power factor from the current, reported
and spot-checked value of 0.7 to 0.8 to an improved value of
 
0.9 or greater.
 

The proposed capacitor banks installation (i.e. improved

higher power factor) will reduce electrical system voltage
drops and associated I2R losses in system cabelling

transformers, reactors, etc.
 

This ECO as well as ECO-33 both serve to provide a more
economical and efficient electrical system. Only one of
these ECO's is necessary to achieve this outcome. 
 Results
 
from these ECO's are not additive.
 

2.0 PROCESS DESCRIPTION
 

The refinery's electrical system consists of a 66 kV - 11 kV
main transformer station and plant substations as noted on

the,following one-line diagram 
 . .. , ..... i. 

To improve the power factor, P.F. relay controlled capacitor
banks should be connected to unit substation busses.

Depending on load fluctuations, the capacitors shall be
switched in or 
out on 2 steps as required per final load
 
study.
 

3.0 EOUIPMENT LIST/SIZE
 

Electrical equipment required for this ECO will be 2 step

capacitor banks of required kVAr and voltage rating, P.F.
relay controlled circuit breakers, 
fused switches and
 
cabelling as required.
 

Capacitor Banks 
 Switchgear Controllers
 
kVAr kV Steps Units -Unt
 

CD-4 4-300 11 2 
 4 2
CD-3 4-200 6.3 
 2 4 2
E. Area 2-200 0.5 1 
 2 2
OSBL 2-250 11 2 
 2 1
CW 2-250 11 2 2 
 1
 

ECO-29 
 page 1
 



4.0 PREDICTED ENERGY SAVINGS
 

Based on plant estimates of up to 10% energy loss in power
system cabelling, transformers, etc, a 25% improvement in
 power factor would reduce the system losses by 40%.
 

Plant Annual Reduced Estimated Savings

kWh 
 System Losses kWh .O_ i
39,447,900 
 4% 1,577,916 398
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATIONS
 

The estimated total investment and annual 
cost savings for,
implementing this ECO are as follow
 

Investment Cost 
 Annual Cost Savings
 

627,370 67,850 
 26,825
 

6.0 CONCLUSIONS
 

In addition to above 
noted energy savings, i.e. improved
 
system 12R losses, there are additional benefits:
 
a) Improved electrical system capacity for future
 

expansions.
 

b)- The reduced voltage drop 
may rejuire lowering

transformer taps for proper system voltages.
 

c) Improved voltage drop during large motor startups.
 

Overall, however, the economic incentive for implementing

this ECO is poor.
 

7.0 RECOMMENDATIONS
 

Do not implement this ECO due to an unattractive payout.
 

1 Electrical T.O.E. values include a typical 34% 
efficiency

factor and correspond to generating electricity using a

condensing steam trubine system.
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GENERAL 
 Annual Savings, TOE : 1,283
 
Annual Savings, $ : 148,044
INSTITUTE A PERMANENT Investment Cost, $ : 214,738
PROGRAM FOR STEAM TRAP 
 Payout: Simple, Yrs : 1.45
TESTING 
 DCF ,% : -

ECO-30
 

1.0 PURPOSE
 

The purpose of this ECO is to institute a permanent program
for steam trap testing in order to replace defective traps

as soon as practical.
 

2.0 PROCESS DESCRIPTION
 

Based on the results of testing steam traps covered in 
a
previous ECO, it is evident that a permanent program should
be started to test all steam traps. 
Much of the efforts to
save steam in the plant can be wasted if the steam traps

are not working properly.
 

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

A sample inspection check list is given on the next page.
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Frequency: As noted on Page 1.
 

Items to Inspect
 

I. 	 Has trap failed in closed position?
 

Feel 	trap. If cold, trap is bad.
 

2. 	 Check system downstream of trap.
 

2lose valve to return line and open valve to
 
atmosphere. If a considerable amount of
 
water droplets are issuing from trap together

with 	steam, trap is working.
 

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

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

4. 	 If trap is not functioning properly:
 

Use exact replacement parts as manufactured
 
by trap maker.
 

Replace all gaskets. Make sure that the
 
metal surfaces are absolutely clean before
 
applying gaskets.
 

Connect correct type of trap to steam
 
pressure at which it operates and test it to
 
make 	sure that it is in proper working order.
 

Simple devices, like a slide rule similar to Spirax-Sarco

"Select a Trap" are available to replace failed traps.
 

The benefits of a permanent trap testing program can be as
 
follows:
 

1. 	 Reduction in steam losses.
 

2. 	 Life expectancy of a trap can be determined from plant

records before repair or replacement is required.
 

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

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

5. 	 Only 5 percent of the plant steam traps will require

attention at one time, thus less maintenance is
 
required.
 

ECO-30 	 page 2
 



3.0 EOUIPMENT LIST/SIZE
 

- Steam traps as required.
 

- Identification tags.
 

- Ultrasonic tester (Sonic, Model 3000M). 

4.0 PREDICTED ENERGY SAVINGS
 

From the steam trap survey covered by ECO 26, it was noted
 
that the estimated steam loss at this time from defective
 
traps for the entire refinery is 8,673 Kg/hr. Assuming that
 
the traps are tested once a year and the average life
 
expectancy of a trap is 7 years, the steam loss that can be
 
avoided by instituting a permanent steam trap testing
 
program is estimated to be 1844 Kg/hr.
 

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

Annual Enerav Savings
 
T.O.E. 	 Tons mazout
 
1283 1321
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The estimated total .investment,and annual:costsaing for
 
repairing all steam traps is below. Figurs: are'Vased'on
 
worldwide equipment and utility costs.
 

Number of defective steam
 
traps to replace annually 296
 

Cost to replace traps, $ 	 208,100
 

Cost to tag traps and 
purchase ultrasonic test equipment, $ 6,638 

Total Investment Anna Cost Savinas
 
$ LE 	 $LE
 

214,738 483,160 148,044 36,988
 

Representatives of steam trap manufacturers will offer a
 
service to survey steam traps in plants. This service costs
 
approximately $8 to $10 per trap. During our energy audit,
 
it was noted that sophisticated trap testing instruments
 
are available in the Refinery Lube Oil Complex. We strongly

recommend that these instruments be used by the inspectors
 
to check the steam traps on a regular basis.
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6.0 CONCLUSIONS
 

The initiation anw carrying out of a permanent program to
 
test, repair and rclace steam traps has a very attractive
 
payout. This ECO i'. e. tntial to efficient plant operation
 
and must be carried o-it ,%ar after year.
 

7.0 RECOMMENDATION
 

This ECO should be initiated immediately and carried out..
 
continuously.
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GENERA 
 Annual Savings, TOE : Not
 
Annual Savings, $ : Applicable


STUDY THE EFFECT OF Investment Cost, $

INSULATION ON HEAT LOSS Payout: Simple, Yrs
 
FROM PIPES 
 DCF ,% : 

ECO-31
 

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 ull future piping insulation
 
applications.
 

2.0 PROCESS DESCRIPTION
 

A chart was developed using the Heatalyzer Economic
 
Thickness Insulation computer prograa which indicates the
optimum insulation requirements for different line sizes at

various temperature ranges. The chart covers a range from

50 OC through 450 °C for line sizes 0.75 
inch diameter
through 16 inch diameter. Mineral wool insulation material

with galvanized steel cover is the basis for the chart.
 
This chart is to be used in the future by plant personnel to
 
specify insulation thickness on new or reinsulated lines.
 

3.0 EQUIPMENT LIST/SIZE
 

The chart on the following page was developed.
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OPTINM INSULATION THICKNESS ANDENERGY SAVIdGS PER METER 

TEMPERATURE - DEGREES C (F) 
PIPE SIZE.. ---.. .... ..... .............................t--------------------------------------- ..... .... ....


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

0.75 25' 25 25 37.5 37.5 '62.5 75 '75 .75 .. Thickness 
. 164 567 1078 1726 2470 3399 4464 5710,-- 7126 kJ Energy Savings 

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

1.5 25 25 37.5 37.5 62.5 -75 75 75: 75 m Thickness 
277 957 1824 2929 4274 .- , 5840 7671' 9825 12350 kJ Energy Savings 

25 25 37.5 50 62.5 75 75 75 75 m Thickness 
337 .1164 2262 3607 5222 _7148 9404 12065 15190 kJ Energy Savings 

-3 25 37.5 '37.5" 62.5 75 75' 75 87.5. 100 mm Thickness 
- L74 1666 -- 3182 5116 7413 10133 13367 - 17238 21794 U Energy Savings 

4- 25 37.5 37.5 62.5 75 * 75 100 100 100 mm Thickness 
. -- 591 207 .- 3972 6398 9287 12719 16890 21757 27493 kJ Energy Savings 

6 25'. 37.5 50 62.5 -75 75 G100 100 100 mu Thickness 
829 2916 5645 9028 113143 10051 . 24038 31046 39325 J Energy Savings 

8' 37.5 37.5 50 62.5 87.5 100 100 100 100 m Thicknems 
1070 3675 7126 11418 16704 23034 34035 39551 50171 kJ Energy Savings 

10 37.5 37.5. 50 .75 87.5 ,:.100 100 - 100 100 ma Thickness 
1298 4452 .867. 13952 20358 28203 3771 - 48406 k61473Energy Savings 

12 .. 37.5 37.5 62.5, 75 87.5 '100 100 .1DD 100 m Thickness 
1509 5180 10134 16244 23730 32809 43655 56599 71934 kJ Energy Savings 

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

16 37.5 50 62.5 75 100 100 100 100 100 m Thfckness
 
1841 6394 12382 19874 29142 40249 53613 69570 88479 kJ Energy Savings 



4.0 PREDICTED ENERGY SAVINGS
 

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

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

Not applicable to this ECO.
 

6.0 CONCLUSIONS
 

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

7.0 RECOMMENDATION
 

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


FUEL/AIR RATIO CONTROLLERS Investment Cost, $ : (See Text)

FOR STEAM BOILERS Payout: Simple, Yrs : "
 
AND FURNACES DCF, % :
 

ECO-32
 

1.0 PURPOSE
 

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

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

2.0 PROCESS DESCRIPTION
 

Fuel to air ratios can be calculated for various fuels
 
to provide a given flue gas oxygen level. As the
 
process load is modulated, not only the fuel flow rate
 
should be adjusted, but also 	the air flow rate. Provided
 
that the optimum flue gas oxygen level is maintained it
 
can also be expected that the optimum efficiency will be
 
achieved.
 

In... general, .fuel/air. ratio control schemes. :.consist,ofta,

controller that receives a signal from *atemperature

transmitter connected to the process outlet. The setpoint

of the transmitter is the desired process outlet
 
temperature. The output of the temperature transmitter
 
supplies the setpoint for a fuel flow transmitter. As the
 
outlet temperature of the process rises above the desired
 
setpoint temperature, the fuel flow is decreased. As the
 
outlet temperature drops below the setpoint temperature,

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

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

combustion. If the air rate is then increased an
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uncontrolled fire or explosion can occur. Where fuel
 
gas is used an explosion is very likely, if this
 
sequence of events is allowed to occur. 
Where fuel oil is
 
used a fire in the burner plenum could be expected.
 

The lead/lag system also assures that if the fuel demand
 
is decreased, the air rate is decreased 
after the fuel
 
rate. If the air was decreased first the possibility of

combustibles entering the combustion chamber without
 
sufficient air to complete combustion is probable. This
 
can also cause damage to the equipment and is extremely

dangerous.
 

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

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

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

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

while maintaining efficiency.
 

It must be noted that fuel/air ratio control systems are 
.not:used, on-.natura1 draft. process fired heaters..c..Although.
attempts have been made to use the air side burner pressure

drop as an indication of air flow rate, these attempts

have not been successful.
 

Fuel/air ratio systems are most useful when load changes
 
are frequent and erratic. In general, fuel/air ratio
 
systems become economical when operator attention is at a
 
minimum, and the instrumentation cost can be offset by

reducing manpower.
 

3.0 EQUIPMENT LIST/SIZE
 

Assorted controllers,indicators,transmitters, meters,

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

4.0 PREDICTED ENERGY SAVINGS
 

Indeterminate.
 

5.0 INVESTMENT AND ASSOCIATED ECONOM._E.VALUAoff
 

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

Fuel/air ratio 
 control systems can save a considerable
 
amount of fuel and operating cost. However, if boilers or
 process fired heaters are properly attended by operating

staff the 
same savings can be realized, without investment

in a fuel/air ratio control system. In the refinery, boiler
loads do not change from one level of operating load to

another at a rate 
rapid enough to prevent operating staff
from being able to maintain the proper ratio of excess
air. Fuel/air ratio control systems 1require a good amount

of attention on 
the part of instrument technicians. If
this attention is not given to the ratio control system, it
is reasonable to assume that no improvement over a boiler

without a fuel/air ratio system will be achieved.
 

7.0 RECOMMENDATIONS
 

This ECO is not recommended. Although, as stated in other

ECO's, oxygen analyzers and fuel metering are very strongly

recommended instead. These will 
provide the operating
staff with sufficient information to maintain efficient

operation of the boilers or process 
fired heaters. In
addition, proper training and supervision of operators

cannot be overemphasized.
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GENERAL 
 Annual Savings, TOE : 1,617
 
Annual Savings, $ 275,888
INVESTIGATE ENERGY SAVINGS Investment Cost, $ : 1,879,800


BY CHANGING DRIVE Payout: Simple, Yrs : 
 6.81

CONTROLS IN REFINERY 
 DCF , % : 4.5 
(EXCLUDING LUBE COMPLEX) 

ECO-33
 

1.0 	 PURPOSE
 

The purpose of this ECO is to incorporate variable frequency

(speed) controllers 
 into plant electrical distribution
 
system. The variable frequency/voltage controllers 
(VFC)

will match kW consumption to load requirements and thus
 
provide considerable kW/kVAr savings.
 

This ECO as well as ECO-29 both serve to provide a more
economical and efficient electrical system. Only of
one

these ECO's is necessary to achieve this outcome. 
 Results
 
from 	these ECO's are not additive.
 

2.0 	 PROCESS DESCRIPTION
 

Based on verbal information received from refinery personnel

and power factor (PF) spot checks, some motor drives in the
refinery appear under-utilized at apparent 2/3 of full load
 
or less. 
 k,. .
 

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

a) Soft start i.e., no star-delta or start-up

resistor controllers are required.


b) Corrected motor power factor.
 
c) 	 to
Energy savings by matching power consumption


load 	requirements.

d) 	 Savings by eliminating restrictive control vanes,


throttling valves, recirculation systems.
 

Controllers do require reasonably clean, ventilated rooms,
 
as in a normal substation area. The variable frequency
controller 
(VFC) would replace existing control equipment.

Before implementation a more detailed study is required for

each piece of equipment to determine the status of existing

equipment to be deleted and/or retained.
 

3.0 	 EOUIPMENT LIST/SIZE
 

The variable frequency/voltage controllers shall 
 be

supplied complete with digital controllers, required load
 sensors, power 
fuses and disconnectL contactors. Isolating

transformers may be required depending on supply system.

The controllers shall be programmed for expected loads.
 
Three items that appear to be good candidates for the
 
addition of VFC's are below:
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Motor size, 	 Controller,
•kW 
 kV kW 

GB-9105 A/B 160 ea. 6.3 ea. 
 200 ea.
GC-4001 	 1750 " 2000 (1)
New MEK comp. 2100 	 2400 (2)
" 

(1)plus 2, 2 MVA transformers.
 
(2)plus 2, 2.5 MVA transformers.
 

4.0 	PREDICTED ENERGY SAVINGS
 

Lacking precise operating data, the energy savings can only
be estimated based on 
similar applications in the General

Electric computer program for VFC applications.
 

For fans and pumps it generally varies from 5-20% depending

on load variables, etc.
 

Annual Enerqy Savings
,TO.E.- MWH
 
1,617 6,416
 

5.0 	 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

The.. 	investment cost. and annual 
energyL costvsavings.axle
below. Cost savings are based on worldwide and local,
utility costs. 
A 20% savings dde to load reduction has been
 
assumed.
 

Annual Energy

Investment Cost 
 Cost Savings
 

$ 
 S LE
1,879,300 275,888 109,072
 

6.0 	CONCLUSIONS
 

The 	incorporation of VFC's into 
the 	refinery distribution
 
system will:
 

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


b) reduce capacitor's size, as recommended in ECO-29;
c) eliminate need for reduced voltage starting equipment;

d) improve process equipment control.
 

Although this ECO does not appear attractive, based on the
three applications liste,* in Section 3.0, 
further studies
 

1 Electrical T.O.E. values include a typical 34% 
efficiency

factor 
and correspond to generating electricity using a
condensing steam turbine systen.
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should be made at APC by getting operating data on large

motors over an extended period of time and determining which
 
motors are under-utilized. These motors would probably be
 
good candidates for VFC's.
 

7.0 RECOMMENDATION
 

This ECO should not be implemented at this time. However, a
 
more complete study should be undertaken at the refinery, as
 
mentioned abovp.
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GENERAL 
 Annual Savings, TOE : 924.
 
Annual Savings, $ : 111,541.


IMPROVE, ADD OR FIX Investment Cost, $ : 247,500.
INSTRUMENTATION TO BE Payout: Simple, Yrs : 
 2.22

ABLE TO PROPERLY MONITOR DCF , % : 29.0 
AND CONTROL ENERGY CONSUMPTION
 

ECO-34'
 

1.0 PURPOSE
 

The purpose of this ECO is to, improve/add/f ix
instrumentation, as required, to help conserve energy and to

properly monitor its consumption.
 

2.0 PROCESS DESCRIPTION
 

A study was made regarding the instrumentation requirements

for the plant. This study combined the overall requirements

for instrumentation improvements, addition, and fixing. 
In
 
many cases, the existing instrumentation is inadequate or
non-existent and in many cases the existing instruments are
 
not in working order.
 

3.0 EOUIPMENT LIST/SIZE
 

The equipment and material required is described below. The

materials .of construction arecarbon: stee;, exept-where: it
 
is specified differently.
 

Combustion & Steam
 

The flow of steam, boiler 
feed water, condensate and

fuel at each boiler should be measured. In addition,

the flow of steam through the sub-headers to each unit

should also be measured. 
The list below is an estimate
 
of what would be necessary to properly monitor and
 
control energy consumption.
 

6 Temperature Recorders
 
50 Temperature indicators
 
20 Flow indicators
 
3 Level Recording Controllers
 

20 Pressure Indicators
 
3 Alarms
 

Electrical
 

Portable recording instrument to measureMW, kVAr,
 
- '
and the current (Amperes).
 

'
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4.0 PREDICTED ENERGY SAVINGS
 

Since this ECO covers the refinery in its entirety, there
is no specific energy savings that 
can be pinpointed. A
conservative assumption to
is infer that proper

instrumentation can reduce the yearly energy consumption by
at least half of one percent. The energy savings are listed
 
below.
 

Electrical 
 Mazout
Annual Energy Savings Annual Energy Savings
 
T.0.E. I M h L0-E. Tons
 

99 393 758 
 781
 

Fuel Gas 
 LPG
Annual Energy Savings Annual Energy Savings

T.O.E. 
 Tons L._JO. Tons
 
49.1 44.5 
 18.0 16.6
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

Annual cost savings are based on the individual energy

savings.
 

The total investr:.int cost to purchase and install the
*.necessary-. .instnuments, and..:the ,associatecd: iping; and-,.
materials described-is below: -. 

Investment Annual Cost Savings
 

247,500 554,400 111,541 28,928
 

6.0 CONCLUSIONS
 

The instrumentation at Alexandria Petroleum Company 
is
generally in a satisfactory condition. However, the

additional instrumentation listed in Section 
 3.0 is
 
necessary to effectively monitor energy consumption.
 

7.0 RECOMMENDATIONS
 

This ECO should be implemented at the earliest opportunity.
 

1 Electrical T.O.E. values include a typicai34% efficiency

factor and correspond to generating electricity using a

condensing steam turbine system.
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GENERAL 	 Annual Savings, TOE : Not
 
Annual Savings, $ : Applicable


FORM A COMMITTEE TO PLAN 	 Investment Cost, $ : 1
 
AND IMPLEMENT ECO'S Payout: 	 Simple, Yrs : i
 

DCF ,% :
 

ECO-35
 

1.0 PURPOSE
 

The purpose of this ECO is to ensure that the conclusions
and recommendations contained within the Audit Report are
implemented in a timely manner through the formation of a
committee who will be given the responsibility to establish 
short range and long range plans to implement the in
country housekeeping and investment ECO's 
as well as the
 
foreign investment ECO's.
 

2.0 PROCESS DESCRIPTION
 

Plant management must show its commitment 
to energy

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

The committee must meet at 
least once a month (more

frequently iwhen itis..first getting.started) to establish.a'.
 
concrete plan for energy conservation implementation. Its

first priority is to begin implementation of low cost in
country housekeeping ECO's and to develop plan and
a a
 
budget for the implementation 	of investment ECO's.
 

The recommendations and priorities established in the audit
 
report must be carefully studied by the committee to help

fcrmulate the most reasonable and effective plan possible

for implementation.
 

Once implementation is begun the committee must continuously

monitor the results and compare the savings actually

achieved with those originally pre'icted. In this way the

effectiveness of the program and the achievement of

previously established goals for reduction in energy

consumption can be firmly established.
 

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

3.0 EOUIPMENT LIST/SIZE
 

No new equipment and no new personnel are neededto form the
 
committee.
 

4.0 PREDICTED ENERGY SAVINGS
 

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

are implemented in a timely manner.
 

5.0 	 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

None, not applicable to this ECO.
 

6.0 	 CONCLUSIONS
 

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

conservation.
 

7.0 	RECOMMENDATION
 

Formation of the committee and appointment of the energy
 
conservation coordinator should proceed without delay.
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1.0 PURPOSE
 

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

2.0 PROCESS DESCRIPTION
 

In any effective energy conservation program, ideas must
flow in two directions, from management to the employees and
back up to management. Management must take the first step
by showing its commitment to energy conservation through

publicity such as posters, memos, 
newsletters, suggestion

boxes, and contests/awards for the best energy conservation' ,ideAs.submitted.by- employees. - Once all employees -ee!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 committete responsible for energy

conservation implementation.
 

An example of the systems and methods used to implement this

ECO is included in the Appendix.
 

3.0 EOUIPMENT LIST/SIZE
 

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

4.0 PREDICTED ENERGY SAVINGS
 

Not applicable to this ECO.
 

5.0 INVESTMENT AND ASSOCIATED ECONOMIC EVALUATION
 

A modest annual budget of approximately LE 2,000 should be
established to pay for the publicity material (posters,
 
newsletter, etc.) needed to implement this ECO.
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6.0 CONCLUSIONS
 

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

7.0 RECOMMENDATION
 

Immediately following the formation of the energy

conservation committee, 
a program of employee awareness
 
should be initiated.
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3.7 Basic Engineering Data:
 

The Basic Engineering Data (B.E.D. Sheets) which will be

used during the audit and subsequent design of the various ECO's

is given in the pages which follow. The source for the data
 
listed below is as follows:
 

Utility ost (Paragraph 3.0)
 

Fuels - Per Egyptian General Petroleum Corp. and developed

by Foster Wheeler from data obtained from Stanford
 
Research Institute.
 

Electric Power - From Organization for Energy Planning (OEP)

and developed by Foster Wheeler from data obtained
 
by Stanford Research Institute.
 

Steam - Developed by Foster Wheeler from data obtained from
 
Stanford Research Institute.
 

Water - Developed by Foster Wheeler from data obtained by
 
Stanford Research Institute.
 

Meteorological Data (Paragraph 4.0)
 

As developed from-data provided by Egyptian Meteorological

Authority for a five year period (1978 through 1982).
 

Minimum Dry Bulb Temp. is average of mean minimum
 
temperatures.
 

Design Dry Bulb Temperature is average of mean maximum
 
temperatures.
 

£': sign Wet Bulb Temperature is determined from Psychrometric
LUart using an average relative humidity of 64 percent. 

Utility Information (Paragraph 5.0)
 

Fuel oil specifications - Per Egyptian General Petroleum
 
Corporation.
 

Sular specifications - Per Egyptian General Petroleum
 
Corporation.
 

Rule from Electric Billing
 

Specified by contract between the plantsiand the Electric
 
Authority.
 

1[
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ENERGY CONSERVATION PROJECT
 

BASIC ENGINEERING DATA
 

1.0 General:
 

This form defines the basic engineering data which will
provide the technical and economic basis for the evaluation

of energy conservation opportunities (ECO's) for the audit.
 

2.0 Economic Guidelines:
 

2.1 Operating Time:
 

2.1.1 	 Number of operating days per year 333
 

2.1.2 
 Number 	of shifts per day 3. 7 days/week
 

2.1.3 	 Normalized number of operating hours
 

per year 8000
 

2.2 Economic Evaluation Basis:
 

2.2.1. 	Payback priority list, simple basis yes
 

2.2.2 	 Discounted cash flow yes
 

Taxes 32%
 

Inflation 30%
 

Interest 14%
 

Required R.O.I 6-8% (if kn6wn) 

Project 	Life 10 yr.
 

Depreciation -straight
 

Salvage 	Value 2.5% 
 (initial investment)
 

2 
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3.0 Utility Cost
 

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

Fuels
 

Mazout (#6) Metric Ton 
 28 112.07
 

Sular Metric Ton 60 150.64
 

Electric Power KWH ).017 0.043
 

Natural Gas M3 ).0264 0.078
 

Propane (liquid) M3 1.24' 65.33
 

Butane (liquid) -M3 102.28
 

M3
C3/C4 LPG 
 V.95 93.04
 

Fuel Gas 
 Ton 5.15 96.77
 

Steam (2)
 

(3) High Press. Metric Ton 3.26: 
 1.66
 

(3) Med. Press. Metric Ton 3.11 11.09
 

(3) Low Press. Metric Ton 2.94 10.49
 

Water
 

Raw Metric Ton, 0.070 0.18
 

Cooling Metric Ton 0.006, 0.015
 

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

Research Institute (latest figures to date)'

(2) Steam Pressures
 

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

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

.3 



Organization for Enerav Planning REF. Energy Conservatio 

Alexandria Petroleum Company DATE March, 1988 

4.0 Meterological Data 

4.1 Meteorological Data: 	 (Alexandria Area)
 

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

Note: 	For insulation calculations use~d buibl'-.,
 
temperature at 20 OC.
 

Wind Velocity and Direction: 0 - 15 ki/hr Random 
direction
 

Winterization Area Classification: None.
 

Allowance for Earthquake Forces: None.
 

Rainfall: Less than 10 cm/yr.
 

Design Humidity (relative): 64% (34 OC/28 0 .C)
 

5.0 Utility Information.:
 

5.1 Fuel oil #6 (mazout):
 

Temperature (pour point) , 	 OF 100.0' 
°C 37.8
 

Specific Gravity @ 15/4 °C 0.990
 
Viscosity, R I @ 100 OF. 2000.0
 
Sulfur, % by wt. 2.5
 
Heating Value, J/M Ton 4.077 x i0I0
 

5.2 Diesel (sular):
 

Specific Gravity @ 15/4 °C 0.840
 
Viscosity, R I @ 100 OF 60.0 max
 
Sulfur, % by wt. 2.0
 
Heating Value, J/M Ton 4.467 x 10I0
 
Flash 	Point P.M. Closed, °C 65.0
 

5.3 Natural Gas:
 

Specific Gravity @ 15/4 °C 0.56: (air= 1.0)
 
Heating Value, J/M3 : 37,256,270
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5.4 Propane:
 

Specific Gravity @ 15/4 0C 
 0.51
 
Heating Value, kcal/kg 1143
 

J/M Ton 5.00x i010
 

5.5 Butane:
 

Specific Gravity.@15/4 °C 
 -,0.58

Heating Value, kcal/kg 11722
 

J/M Ton 4.908 x-1010,
 

5.6 C3/C4,LPG: 

Specific Gravity @ 15/4 °C 
 0.55
 
Heating Value, kcal/kg 11777.
 

J/M Ton 4.930 x 1010
 

6.0 Rules for Electric Billing
 

The following rules for electric billing (or application of
rates) will apply to economic analysis of ECO's which relate in
depth to the cost of power. 
These rules assume a consumption at
more than 625 .KVA (500 kw), at a voltage.level of 380 volts, for
industrial uses other than limited lighting.
 

6.1 Demand Factor
 

The demand factor envisions a base load for this complex,
which is 
 kw, and allows excursions beyond the base
period not to exceed zero minutes per excursion. If this
excursion limit is exceeded, the electric bill is calculated on
the basis of this maximum load condition for the billing year (5%

grace is allowed).
 

6.2 Power Factor
 

The target power factor for all users is 1.0. Two price
variations exist, however, based on an acceptable power factor of
0.8. These are respectively, an incentive, and 
a penalty, as

well as a shutdcwn clause.
 

6.2.1 Power Factor Incentive:
 

An incentive of a discount on the electric bill is
offered, at a rate of 0.5% discount (factor 0.005) on each
percent of power factor greater than 0.8 
 (i.e. a maximum

of 20 steps at 1% to achieve a P.F. 1.0).
 

5 0
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6.2.2 Power Factor Penalty:
 

A penalty of ai. increase on the electric bill is
mandated, at a rate of 0.5% increase (factor 0.005) on each
percent of power factor less that 0.8 
 (i.e. a penalty of
10 x 	0.5% or 5% for a PF equal to 0.7).
 

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

6.2.3 Shutdown for Power Factor:
 

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

6.3 	Bing Rates:
 

The following rates are based upon a yer 
 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 thrqe iijor categories, thereafter ratioed up or down

;by the power factor rate adjustment.
 

The three major elements are:
 

a) constant annual charge, based on the maximum stated
demand, and priced at 7.756 LE/year for each kw.
 
b) a cost per KWH consumed, on a sliding scale, in accord
 

with table #1.
 

c) taxes, which are the sum of:
 

o broadcast tax, @ 0.001 LE per KWH for lighting1
 .
 o consumption tax, @ 0.005 LE per KWH for lighting1
 .
o power tax, @ 0.0001 LE per KWH for 90% of KWH.
 

See Table #1 on next page.
 

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

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

Rate Power Power Remaining

(measured)(calculated)
 

(hours) (KW) (KWH)/year (KWH) (KWH) (LE) (LE)
 
1 	 1000 0.0312 
2 500 	 0.02 
3 1000 0.0294
 
4 1000 0.0256
 
5 1500 0.0220
 
6 note 7 0.0167


0.0143
 

1. 	 column 1 represents hours at the stated demand rate, i.e.
first 1000 hours, next 500 horus, etc. Range 6 does not
have 	an entry, since the power at range 6 is found by

difference.
 

2. 
 column 2 is the maximum rate, as determines from short term
maximum during the year (not applicable to range 6)'
 :
 
3. 
 column 3 is measured power at the meter, in KWH, for the
billing year (enter at range 1 position only).
 
4. 
 column 4 is total power calculated, as the product of
 

columns 1 & 2.
 

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

6. 
 column 7 is the product of columns 4 & 6, urtil such time as
the power remaining is less that the power calculated.
When 	this occurs, colunm 7 is the product of the power
remaining (column 5) and column 6. Note that this occurs
always at range 6, if not before.
 

7. 	 Maximum hours which could exist in column 1 is: 
365 x 24 - 5,000 3,760 hours. 

7'
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PORTABLE INSTRUMENT LIST
 

,Item Qty Instrument Type 
 Model No. Serial No. Brief Description

and Manufacturer
 

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

2. lea 	 Dial Thermometer 
 None None Temperature

(0/220 F) 
 Indicator
 

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

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

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

Thermometer
 

6. 	lea Flue Gas Test Kit****, 10-800 None. Analyze Stack
 
Bacharach 
 Gases
 

7. lea 	Sample Test Cooler 
 lI-704'f None Accessory To
 
Bacharach 
 Test Kit
 

8.. lea 	Digital Stack Gas': .50,.- '12122,
. Saie as no. 6 
Analyzer-Enerac 

9. lea 	Anemometer 
 None 55609B Propeller driven

Davis 
 Air Flow 	Indicator
 

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

11. lea 	 Sling Psychometer 1330 Nonb 
 Measure Relative
 
Taylor 


' 	 Humidity 

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

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

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

15. 	 lea Lightmeter 214 154. Measure Lighting

General Electric " 
 Levels
 

16. 	 lea Power Factor Meter COS0512 :78267 Meter to Indicate
 
EninTnc. 
 Power Factor
 

_ -- =.°. 	 . .o .(°* 
 . 
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Portable Instrument List
 

Item Qty Instrument Type Model No. 
 Serial No. Brief Descriptioz

and Manufacturer
 

17. lea 	 KW/KVA Meter 
 KW48021 78257 Measures Power
 
Epic Inc. 
 in Kilowatts
 

18. 	 lea Ammeter 1000 5707 Measure electric
 
TIF 
 current in Amper(
 

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

Measurements
 

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

80024AH Current/Voltage
 
80026AH
 

Includes loose thermocouples and accessories
 

2eactype"J, 36" long thermocouples 
lea type K, 4" long thermocouple

lea type K surface contact thermocouple
 
lea armored extension handle
 
lea charger, 220vac
 
2ea extra rechargeable batteries
 

** Includes extra chart paper(10 rolls amp/10 rolls.volt)
 

** Includes additional red gauge oil (1 quart bottle an'd 
5ea 3/4oz. bottle
 

**** Includes following consummables: 

36ea tubes of CO detector
 
3ea bottles Fyrite C02 indicator refill (11-0058)

3ea bottles Fyrite C02 indicator refill (11-0057)

2ea bottles Fyrite 02 indicator refill (11-0059)

3ea bottles Fyrite 02 indicator refill (11-0169)
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2. ENERGY CONSERVATION PROGRAM IMPLEMENTATION
 

2.0 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. At may be used as a guide to design your 
own program, tailored to your company's require-meats and capabilities.

thsen capilitesd ipany, 
I or those interested inmore detail, the remainder 

of Section 2, starting with 2.2, illustrates the ir-
prtant steps in the program by a series of memo-
randa based on the internal correspondence gener-
atd !aseveral actual energy conservation pro
grams. Many of these communications could be 
aecomplished verbally at staff n;etings and corn-
mnittee meetings and then be documented in minutes. 
All of your needs may not be anticipated and some 
of the actions illustrated may not be necessary or 

appropriate for your management structure but you 
will find illustrated in this sc .1on most of the neces
sary communications. Suggested methods and forms 
for recording and reporting plant survey data and 
for tracking the progress of the program are in
cluded. 

The memoranda are bsed on a hypothetical co-Temmrnaaebsdo yohtclcm
 
the ECONERGY Company, wb:ch has two 

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

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

0. T.Parker 
Plant Manager 

[ Itead 
. Operations "A" 

Dept. Head 
Operations "B" 

Dept Head 
Administrative Servies 

Dept Head 
Utilities 

Dept Head 
Maintenance 

W.0.Smith A.B.Jones R.B.Robinson J.C..Baker, T.G.Marhall 

2.1 PROGRAM OUTLINE 
Reference 
Section 

L TOP MANAGEMENT COMMITMENT 
A. Inform line supervisors of: 

1. The economic reasons for the 
2.3.1 

need to conserve energy 
2. Their responsibility for imple-

menting energy saving actions in 
the areas of their accountability 

B. Establish a committee having the re-
spousibility for formulating and con-
ducting an energy conservation pro-
gram and consisting of: 

2.3.1 

1. Representatives from each 
partment in the plant 

de-

Coordinator 

Re m"=
 
Sectftm 

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

the manager and his staff 
may conduct energy can
servation activities as
 

ment duties. 
C. 	 Provide the committee with guide- 2-3.! 

lines as to what is expected of them: 
1. 	Plan and participate in energ.saving surveys 

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

2-1
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Reference Referent 
Section Sectioc 

3. 	 Research and develop ideas on 4. Net energy charged to the main 
ways to save energy product 

5. 	 Energy dissipated or wasted4. 	 Communicate these ideas and 
Note: Energy equ -alents wi nerd 2.5.4suggestions 

S. Suggest tough, but achievable, 	 to be drveloped for all raw 

goals 	for energy saving materials, fuels, and udlides, 
such as electric power, steam,6. 	 Develop ideas and plans for en-
ea., in order that ad energylisting employee support and 
can be expressed on the comparticipation 

7. 	 Plan and conduct a continuing mon basis of Btu units. 
D. 	Analyze all pro s energy balances 2.5.3program of activities to stimulate 


interest in energy conservation in depth:
 
1. 	 Can waste heat be recovered toefforts 

D. 	Set goals in energy saving: geeate steam or to heat water
 
cr a rw material?
1. 	 A preliminary goal at the start 
Can a process step be eliminated..of the program 	 2. 

2. 	 Later, a revised goal based on cr mx.ified in some way to re

savings potential estimated from duc energy use? 
3. 	 Can an alternate raw materialresults of surveys 

E. 	Employ external assistance in sur- 6.2 with lower eaerng content be 

veying 	the plant and making recom- usred 
a way to improve yield?mendations, if necessary 	 4. Is there 

2.8.1, 5. Is there justification for:F. 	 Communicate periodically to em-
ploye rearding management's em- 2.3.2 a. 	 Replacing old en'up.ent.. 

winh new equipment rrquirphasis on energy conservation action 
izrg less energy?and report on progress 

IL 	 Re-lacing an obsolete, ina.icentprocess plant with 
IL 	 SURVEY ENERGY USES AND LOSSES 

A. 	 Conduct first survey aimed at identi.. 2.5.2, a. whole new and different 
lying energy wastes that can be cor- 2.6.1, pzrss using less energy? 

retted by maintenance or operations 2.6.2, E. Cndulct weeke-d and night sur- 2.72 
actions, for example: 2.6.3 TeVs 1edoily 2.5.: 
1. 	 Leaks of steam and other utilities F. Plan surveys on specific systems and 2.5." 

2. 	 Furnace burners out of adjust- equiment. such as:
 
ment 1. St=n system
 

3. 	 Repair or addition of insulation 2- C .sd air system 
3. 	 Electic motorsrequired 

4 Equipment running when not 4. Nan-ral gas lines 
needed 5. FiH'ng and air conditioning sys-

B. 	 Sotrvey to determine where addi- 2.5.3 
tional 	 instruments for measurement 

IL IMPLaIN-T ENERGY CONSERVATIONof energy flow are needed and 
whether there is economic justifica- ACTIONS 

identified in 2.6.
tion for the cost of their installation A. Cormret eneag wastes 

neces-C. 	Develop an energy balance on each 2.5.3 the fis survey by taking the 
sary maintenance or operation acprocess to define in detail: 

1. Energy input as raw materials 	 ions 
B. 	 List all energy conservation projectsand utilities 

2. 	 Energy consumed in waste dis- evolving iiim energy balance anal
*yses, surveys, etc. Evaluate and seposal 

3. Energy credit for by-products 	 lect projects for implementation: 

2-2 



Rdir¢=0 	 P,*fcrta 

Sce 	 on S=1.o: 

I. 	 Calculate annual energy savings c. Investigate, identify, and cor
for each project rect the caue far inezeas 

2. 	Project Ltur energy costs a.' that r.,y occur in Bu unit 
calculaw, ann:al dollar saV..,gs of product, if feable 

3. 	 Estimate project capital or cx- B. Ct energy conservation corn- 2.7.5 
pense cosn min actvi 

4. 	 Evaluate investment merit of 1. Hold periodic meetings
projects using measures, such as 2. Each committee member is the 
return on investncnt, etc. communicmiou link between the 

5. 	 Assign priorites to prjects committee ad the department 
based on investment merit supervison represented 

6. 	 Select conservation projects for 3. Pe6ofly update energy sav-
Implementation and request cap- ins project 
ital authorization 4. Plan and lrcipate in eergy

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

such as new plants, expansions, tion, tcmiques
 
buldings, etc., to assure that effiient 6. Plan and condnct a continuing

utlization of energy is incorporated pmSrm o acivities and com
in the design. munica on to kerp up interest in 
Note: 	 Include consideration of en- g conservation 

ergy availability in new equip- 7. Develop coooperation with com
ment and plant decisions. mnnoy rcganizations in pro-

IV.. 	 DEVELOP CONTINUL4G DlERGY mting energy conservation 
CONSERVATION EFFORTS C. Involve =plovees " ' "" : " 2.7.5 

A. 	 Measure results: 2.5.7 1. Sn-vice on energy conservation 2.7.4 
1. 	 Chart energy use per unit of pro- -2.5.6 commit: 2.6.4 

duction by department 2. Energy conservation training 
2. 	 Chart energy use per unit of pro

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

energy consumption per unit 4. SnGg"tiOU awards plan 
of product is presented in 5. Recognition for energy saving 
"How to Profit by Conserv- acihim'=ets 
ing Energy" 6. Technical tlks on lighting, in

3. 	 Monitor and analyze charts of stiladon, steam traps, and other 
Bu per unit of product, taking =bj=.s 
into consideration effects of com- 7. "avEn'ry" posters, decals, 
plicating variables, such as out- z:irs 
door ambient air temperature, 8. Publiciy in plant news, bulle. 
level of production rate, product 
mix, etc. 9. Pliicity in public news media 
a. 	 Compare Btu.product unit 10. Utters ou conservation to homes 

with past perfr'rmanc and 10. Talts to local orgations 
theoretical Btu/ product unit 

b. 	 Observe the impact of cn- D. Evalcate program 
ergy saving actions and proj. 1. Review progress in energy saving 
ect implementation on de- 2. Evaluate original goals 
creasing the Btu/unit of 3. Consider program modifications 
product , 4. Revise goals, as neccstiry 
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2.2 	 FOnMUT AND CONTE -TS 
Throughout this section, the letters, rcports, forms, 

and meeting agendas are in time sequence. Where ap
prepriate, there are comments or eplanatios which 
relate to the following memoranda. 

T Energy costs and cost projections, quantities of 
energy, and equivalent energy factors for utilities 
have been left as blanks, rather than stated numei-

P 

P-' cally, in order to avoid any implication that the fig
urcs are typical. Such numbers will vary from indus
try to industry, plant to plant, and region to region. 
Each plant must make its own determination of 
these figures. 

Names of individuals and of the company are, of 
course, fi,:tidous. 

Please note the definitons of the following sym,
bobs used in this section: 

k = thousand or kilo 
M = million or mega 

2.3 	 PLANT MANAGER TAIES FULST 
L.CTION 

The plant manager has decided that energy con
servation must become a specific part of the company 
management program. He takes action by appoint
ing an energy conservation coordinator and request
ing the head of each department to select someone 
to work with the coordinator. is action,, are ex
pressed in the following memoranda. 
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INTER-OFFICE CORRESPONDENCEECONERGY COMPANY 

DJauiary 7, 1974, 

From D. 	 7. r , Plant Manager 

sw*= F ion of Energy Conservation Comuittee 

The rising costs of energy and the allocations brought about by 

a problem of increasing concern. The need for
sbortages have become 

previous staff meetings, but 
energy conservation has been discussed in 

not getting the results we want.frankly 	we are 

Many ccapanies achieved 5 to 10t savings in energy usage last year by 
.

formal. energy conservation programs. Our plant uses" 
'ileeiting our annual bill for purchased

million 	Btu of energy yearly and 
about at current energy prices. f 

-Iiii1 electric power is S 
in annual consumption,

,re coLld achieve, for example, a 1T.F-- our 

that would be a saving of $ -- an appreciable amount of money. 
of aboutthat energy costs are rising at a rate 


per year.
 
Consider also 

'We nist initiate an ag,-ressive energy conservation program at once. We 

a comrmittee with the responsib'iity for formulating
mieed to 	establish to the fulltimeI am appointing J. C. Baker
and conducting the program. 	 andto me,

committee coordinator, reporting directly
resposibility as 

week from today each of you assign someone to 
I am asking that by one 

That person should be 
represent your department on the comittee. 

He will 	be the communication link
and influential.knowledgeable areas. 	 Appoint

between 	 the coornittee and the key supervisors in your 
this committee will be considered a major assignment requiring

ment to 
of time, particularly during the early stages of 

a significant amount 

the energy conservation program.
 

savEnergy 
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We expect the cnmaittee to research and come up with ideas, to establish 
an energy conservation goal, to comunicate suggestions on ways of 
achieving that goal, to develop a comnon ec-aomic base to work from, and 
to do some record keeping. The committee w--.! need to compile lists of 
energy conservation projects, their costs and benefits so that we can 
plan our expenditures. ±c will be thiWTe suyerv-sors, however, who 
mist see to it that actions are taken to accomplish energy conservation. 

I suggest that a good way to kick off the program would be to conduct 
surveys throughout our plant - tracing out the energy stveams to identify 
where our energy is used so that wasted energy can be reduced or elimi
natei. Fixing leaks of ste= and other utilities, adjusting furnace 
burners, repairing s'ceam traps, and repairing or adding insulation are 
some of tim maintenance and operating actions we can take itmrnediately to 
start realizing energy savings. The Energy Conservation Program Guide 
for Industry and Commerce (EPIC) published by the U. S. Department of 
Conerce will provide the guidance for developing our program. 

I a thoroughly convinced that the continuing success of our company 
requires that we use our energy supplies as effectively as possible. The 
success of cn program will depend upon the supporc and interest that we, 
as manageent, danonstrate. 

I think ue should set a tough, achievable goal for ourselves. Let's set 
an initial "targetof 101 savings in energy this year. This goal can ba 
revised af&ter we condi ct our surveys and estimate the actual potential 
savings. 

savEnergy 
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ECONERG Y COAVIPAIVY 
EMPLCYEE BULLETIN 

Date: Ja,'mry is, 1974 

TO: All Employees 

Frm: D. T. Parker, PlantMager 

Subject: Initiation of Energy Conservation rog=am 

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

Not only are the costs of purchasing e.ectricity and, fuels soaring.-but 
the availability of our vital raw vaterials is declining as a result of 
the energy shortages. To avoid production disruptions which may result
 
from these shortages, the ECOERGY Company is initiating a far-reaching 
Energy Conservation Program (ECP) to identify and eliminate inefficient, 
unnecessary, or wasteful uses of energy throughout the plant. 

To accomplish this task I have ap ointed Mr. J. C. Baker, Utilities De
partment, to head the Energy Conservation Committee. This Committee 
will formulate a program wtich will enable us to reduce our energy con
sumption without disruption to our production flow. The support and 
active participation of every employee is essential ifwe are to achieve
 
our goal of 10% savings in energy use this year. 

You will soon be seeing signs that say "savEnergy." This is more than 
a catchy slogan: i- is a reminder that energy will always be available 
at home ai.d at work if we are careful L'. the ways we use it. 

savEnergy 
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7.4 	 FIRST MIEETIG OF ENERGY 
CONSERVATION COMMT1-EE 

As soon as the committee coordinator learns ,A 
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 committee 
and a plan in mind, he calls a meeting of the com
mittec aud submits to them the proposed plan in the 
following letter. 

For simplification, we are assuming that the plan 
and assignments were accepted by the committe"
and no additional topics were discussed. However, 
if the committee agreed on some changes to the 
plan and/or talked axout other matters, minutes of 
the meeting would be written and copies given 
to committee members. 

2-8 



278.
 
ECONERGY COMPANY 

INTER-OFFICE CORRESPONDENC 

Date January 18, 1974 

W. D. Smith, Operations "A" 
To: A. B. Jones, Operations "B" 

T. G. Marshall, Maintenance 
R. B. Robinson, Administrati"'e Services 

From: J. C. Baker 
Energy Conservation Coordinator 

Subjec= Com-ittee Assignments 

D.T. Parker's letter dated January 7, 1974 outlines the formation of
 
the Energy Conservation Committee, to which we have been appointed, and 
indicates some of the actions we are to undertake. As he suggests, 
each of us should become thoroughly familiar with the program sugges
tions and energy conservation opportunities described in EPIC. 

We must get started on several of thn tasks immediately, so I have 
developed a plan for dividing these duties among us. The first priorit
L tz conduct a survey of present energy usage and to begin reducing or 
eliminating waste. Because of their familiarity with these problems, 
or cperations representatives, IV. D. Smith and A. B. Jones, should be 
responsible for developing a plant-wide plan for energy saving surveys. 

Another area that requires early attention- is the establishment of a 
caimon economic base from which to work. There will be energy saving 
projects that will involve dollar expenditures which require financial 
justification. We need a unifcrm 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 umuld appreciate it if R. B. Robinson of Administrative Services 
cwild obtain from Accounting data on the quantities of purchased fuel 
and electric power used monthly last year and this year. A continuing 
plot of energy consumption per unit of production is necessary to help 
us monitor the progress in our plant-wide energy conservation effort. 

savEnergy
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In addition, we need to consider projected energy costs. So, would 
R. B. Robinson also please ask the Purchasing Section if they can devel ",: 
fuel and electric power cost projections for this year, three years and 
five years into the.future. 

We are going to need to communicate ideas and suggestions on energy con. 
servation techniques applicable to our plant. Since T. G. Marshall of 
Maintenance has had broad experience throughout the plant, I am asdmg 
that he assume responsibility for coordinating this function. To stan 
with, we have several literature references and the Energy Conservation 
Opportunities (ECO's) in EPIC. As time goes along, we surely will have 
generated additional ideas deserving of broad communications through our 
committee.
 

If all of you are in agreement with this plan, I suggest that each of US 
meet with the key supervisors in our areas this week to inform them of 
our program plans and to ask them to come up with energy saving projects. 

Let us meet again in my office one week from today, at the same time, to 1! 
report our progress. If you are unable to attend that meeting or any ta 
future meeting, please ask an alternate to attend in your place. 

cc: D.T. Parker
 
Plant Manager 

.1-

Z 

., 

savEnergy. 
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2.5 	 SECOND MEErINC OF ENERGY 
CONSEMVArI N COMMITTEE 

The week passes and the committee holds its 
second meeting. The coordinator gives Lach member 
a copy of the agenda shown on the next page.Thtn, 
in the sequence of the agenda, each member presents 
lis rcport,.giving a copy ot his letter and attach
ments %oall present. Tha following six letters doct-• 
mea tim reports and p-,posals submitted at the 
wmwin. It is assumed i.at allthese matters were 
aecepuz or approved !)y the committee. 

Nate that in &ction 2.5.4, and elsewhere in EPIC, 
z ratio of 10,000 Btu/k\Vh is used for illustrative 
purposes for the energy used by a utility to generate 
clcctncity. According to the Federal Power Corn. 
mission, the national average for 1972 was approxi
mately 12,000 Btu/kLVh. This figure wil! vary from 
region to region, however. 

2-11 



2.5.1 

ECONERGY COMPANY 
INTER-OFFICE CORRESPONDENCE 

Oatm =Jamay "2S,"2974 

To: Energy Cons ervaiio damnittee 

Frorm J.C. Baker, Coordinator 

Subj)e Agenda for Second Meeting of the Energy. Conservation Comuittee 

1. Re= of pla1s for energy saving surveys 

2. Energy equivalents for plant utiliris 

3. Present and projected future costs of energy 

4. lbnthly energy use for 1973 and 1974 

5. Proposed fro=s: 

a. Calculation of Btu per unit of production
 

b. Tracking chart 

cc: 	D. T. Parker
 
Plant hanager
 

savEnergy
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ECONERGY COMPANY 
INTER-OFFICE CORRESPONDENCE 

Dne: 	 Jaury 25, 1974' 

To: 	 J. C. Baker, Energy Conservation Coordinator 
T. G. Marshall, Maintenance 
R. B. Robinson, Administrative Services 

From: 	 Energy Saving Survey Team 
If. D. Smith, Operations "A" 
A. B. 	Jones, Operations "B" 

Sublect: 	 Plans for First Energy Saving Survey 

The first s-urvey will be aimed at identifying energy wastes that can be 
corrected by maintenmane or operations actions. The attached survey 
form indicates the types of wastes we will be looking for. In addi
tion, we will refer to the. Eergy Conservation Checlist in EPIC; -All. 
process areas and buildings will be included in the survey. The man 
part of the survey will be conducted during normal daytime u.zk: hours, 
but one or more night visits will be required to search for .-xcess 
nighttime lighting and HVAC (heating, ventilating, and air conulitiun
ing), as well as equipment running when r.-L needed. Areas or buildings 
that are in a full or partial. shutdown condition on weekends will 
warrant weekend visits to look for energy use that is not necessary. 

The survey team proposes to conduct the survey of each area in coopera
tion with and accompanied by a forenan, supervisor, or engineer desig
nated by the department head. Findings of the survey of each area will 
be recorded on the attached form and copies will be made available to 
the department head, the maintenance department, and the Energy Con
servation Committee. 

Ilor.c orders for correction of energy wast,:s ill be prepar ' by depat
ment supervisors, as is the case for any other aintenmce work. 

This week, the survey team will prepare a timetable for visits to thie 
various areas and communicate the schedule to department heads. 

By copy of this letter to Ur. Parker we- are requesting managenent en
dos,:Dent of our plans for this first energy survey. 

cc: D.T. Parker, Plant Manager 

savEnergy 
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J ENEGY SAVING SUiVEY Surveyed by: 

Department: 
_ _- Date:

1 Fuelf~lasat DO Mk~eantCompteseoi! ,:,,denatoe WaterLeaks Air Leaks Doasdr Ex-[" ExcessLeaks or Lacking LIghting Equipment "Buners Leaks ofUtlity nunning& DateOut of or Excess Ldcatlon Corrected 
leaks Leaks Insulation Usage Not Needed Adiustment of IVAC 
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ECONERG Y COMPANY 

INTER-OFFICE CORRESPONDENCE 

oate: January 25, 1974 

To: J. C. Baker, Energy Conservation Coitor fT. G. Marshll, Maintenance
R. B. Robinson, Administrative Services,
 

From: Energy Saving Survey Team"W.D. Smith, Operations "A" 
T
A. B. Jones, Operations ,
 ,,
 

subilcl: Future Energy Savings Surveys
 

After our first energy saving survey, which is aimed at correction ofthe more obvious energy losses, there are other surveys which we feel
certain will reveal additional ways to reduce energy consumption butwhich probably will require capital investment. 

1.The Energ Balance 
The basic data needed for energy conservation efforts is an energybalance on each process and department. This study can be done by an
engineer in the department concerned, who is thoroughly familiar with
the process flow sheet or the building energy uses.define in detail the energy input, The obj ect is toenergy utilized, and energy dissipated or wasted. In some Pxeascapability. this will require improving measuringThe cost of this additional measuring capability must be
weighed against the potential savings.
following energy flcw diagram 

An example isshown on thefor a steam generating wit.identified the individual energy 'wastes, Having
the engineer canmine methods for reducing or using these 

then deter-
Checklist in EPIC can be helpful.) 

energy wastes. (The ECO
The engineer's next task isto
evaluate the alternate methods and reconnend the best one. 

savEnergy 
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2. Energy Srplus Survey 

After the energy balances have been completed, some coordination by the 
survey tea is indicated. The survey team can contact the engineers who
have prepared the energy balances to determine if there are energy wastes
that could be recovered economically but have no use within their pro
cess area. Let's say that there is potential for recovering waste heat
from fnmace flue gases by using it to (a) preheat combustion air or
Cb) generate low pressure steam. Suppose that air preheat is impractical
because of furnace construction and there is no use for low pressure
steam within that department. The survey team can communicate through
the energy conservation committee to other departments and perhaps find a 
use for the low pressure steam. 

3. Survey of Pressure Reducing Stations 

Determine location of all steam and high pressure gas, pressure-reducing
valves, ups-tream and downstream pressures, rnd flow rates. Evaluate 
feasibility of letting pressure down by flowing through an expander
driving same equipment, such as a pump or compressor. 

4. Survey of Cbmpressed Air Pressure Requirements 

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

savEnergy
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5. Steam System Survey 

a. Traps 

Review all steam trap installations. Are there too many traps on a
 
line? Or too few? Of an efficient type? Or inefficient? Are traps

sized properly! Installed properly? Are they functioning as they

should? Should traps receive special maintenance attention?
 

b. Increase Condensate 	Return to Boilers 

Loss of condensate is a waste of heat and of valuable high purity
water. Identify all sources of condensate and evaluate economic feasi
bility of installing pump and insulated piping to return condensate to 
boiler feedwater tank. 	 If condensate is contaminated, evaluate possible 
clean-tip. 

c. Use of Lower Pressure Steam 

Search fdr situations where use of high pressure steam can be switched 
over feasibly to lower pressure steam. It is advantageous to use the 
lcwer pressure steam where the higher pressure is not needed. This is
 
particularly true when the lower pressure steam is being supplied from 
extraction or back-pressure turbines or a low pressure boiler separate

from the high pressure boiler. Of course, lowering pressure by a 
pressure reducing valve 	offers no savings in energy. 

6. Survev for Oversized Electric Motors and Equipment 

Electric motors and equipment, such as centrifugal pumps, operate with 
best efficiency at rated load. If they are operating at reduced load, 
efficiency suffers. Take ampere readings on motors and compare to rating.

Evaluate replacement of 	oversized motors and equipment with proper sizes. 

7. Insulation 

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

8. Co=bustion Survey 

Detennine combustion efficiency in all furnaces. Evaluate economic fea-'
 
sibility of replacing burners with more efficient type and installing 
oxygen and combustibles analyzers on flue gas along with improved com
bustion control system to maintain optimum excess air. 

cc: D.T. Parker
 
Plant 	Manager
 

savEnergy
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2.5.4 
287. 

ECONERG Y COMPANY 

INTER-OFFICE CORRESPONDE 

oata: January 25, 1974 

To: W. 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: Energy Equivalents and Costs for Plant Utilities 

Ile need a uniform method for calculating the value of our energy savifor our various utilities and I recommend we institute an accountingsysten based on Btu usage. For our purchased electric power, dollaraccounting is simply a matter of using the $tki,h ratefs) we pay theutility company. The matter is more involved, iowever,accounting of electric power. for our BtuOne Id'lh is capable of producing 3412 Btiof heat. But due to power plant inefficiency, approximately 10,000 Btiof fuel are burned by the utility canpany to generate one Int. Therefore,.-the "energy equivalent" for electric power is: 

10,000 Btu/lh
Following this example then, an "energy equiralEnt" may be defined asthe number of Btu of fuel that are consumed in generating a unit ofutility, such as a khb of electricity or 1000 Tb of steam. Definedthis way, the "energy equivalent" is the factor we can use auToss theboard to put all projects on a conmon base in our energy conservation 
program.
 
Next let us consider the fuels that we purchase. The energy equivalent
is the heat of combustion. The unit cost canes frun accounting. 

CostFuel Energy Ecpuvalent Cost/lBtu
Natural Gas $ /1000 cu ft Btu/cu ft $ AftFuel Oil $ /gal Bt/gal $----tCoal $ / ton Bta/lb $ __/.ut 

savEnergy 
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The costs of our generated steam, compressed air, water and treated 
boiler make-up water published by our accounting department include 
depreciation, maintenance and operating costs, etc., and therefore cannot 
be used in figuring dollar value of energy saving. When we save these 
utilities we save only the fuel 'orelectric power that was used to gener
ate, compress or pump the utilities. In our boilers generating 400 psig
and 150 psig stezm, the energy equivalents of steam are the fuel Btu used 
in generating steam based on the boiler ef-ficiencies. The steam costs to 
be used in energy saving accounting are, -therefore, the costs of the 
energy equivalents.
 

Steam Cost Energy Equivalent
 

400 psig $ /1000 lb Bru/1000 lb
 
150 psig $J 1000 lb Btu/1000 lb
 

With regard to comressed air, water and treated boiler make-up water,
the costs are for electric power used for compressing or pumping. The 
energy equivalents take into account 10,000 Btu/d'/h. 

Utility. Cost Energy Equivalent 

Compressed Air $ /1000 cU ft Btu/1000 cu ft 
Water $ /1000 lb Btu/l000 lb 
Boiler Make-Up 
Water $ /1000 lb Btu/1000 lb 

When we save conaensate, and return it to the boilers, we.reduce the 
boiler make-up water requirement and save the Btu difference between the 
heat content of the condensate at F and of fresh water at its ten
perature.. Thus, our energy equivaIeiiF for condensate is Btu/l000 lb 
and its cost is S /1000 lb. 

cc: D.T. Parker
 
Plant M1anager 

savEnerg'
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ECONERGY COMPANY' 
INTER-OFFICE CORRESPONDENCE 

Datei JanuazT 25, 1974 

To J. C. Baker, Energy Conservation Coordinator 
W. D. Smith, Operations "A" 
A. B. Jones, Operations "B" 
T. G. Marshall, Mintenance 

F n IL B. Robinson, Administrative Services 

Suble. Fuel and Power Cost Proj ections 

The Purchasing Section has provided the folloving information: 

Estimated Cost 

Cost at Present 3 Years 5 Years 

Electric Power $ l/di khifk~h $ 

Natural Gas $/ 1000 cu ft $/ 1000 cu ft $ 1000 cu ft 

Fuel Oil $ /gal $ /gal $ /gal 

Coal $ /ton $ /ton $___Jton 

Purchasing has agreed to advise our committee whenever these costs are
 
revised.
 

cc: D. T. Parker, Plant Manager 

savEnergy
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2.5.6 

ECONERGY COMPANY 
INTER-OFFICE CORRESPONDE 

Data: Janua y 25, 1974 

To: J C. .Baker, Energy Conservation Cooraumtor 
W. D. Smith, Operations "A" 
A. B. Jones, Operations "B" 
T. G. Marshall, Maintenance 
R.B. Robinson, Administrative Servi,.
 

Sublje Mnthly Use of Fuels and Power - 1973 and 1974 

The attached form was developed- and submitted to Acountng. The, 
hope to have the information compiled within a few days.' 

cc: D. T. Parker,*Plant Manager 

savEnergy
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ECONERGY COMPANY 

INTER-OFFICE CORRESPONDENCE 

Date: January 25, 1974 

To: W. 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 isa 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.
a The form in the kit detailssuggested procedure for calculating the energy content (Btu) ofa product. 

Inour particular operations, we have no by-products, and our energy
use for waste disposal is negligible. Therefore, our prime concern is
raw material energy and conversion energy. Conversion energy is the
energy equivalent of utilities used in marmiacturing the product. 
Raw
material energy content can be somehat more involved. The raw materialsuppliers may be able to provide this number, or an approximation isavailable for most materials from the U.S. Department of Commerce.
unavailable from these sources, it If
 can be estimated as the heat of combustion of the material. This estimate is always low. 
Any energy spent
on the raw material in getting it to the point of use should be considered  for example, mining, crushing and sizing, and transportation.
Bear inmind that less energy intensive raw materials should escalate
less in price as energy costs increase. Having determined the energy
content of raw materials, and given a 
choice, a 
better raw material
selection should be possible.
 
Attachment B isa 
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 energ/producticn
init ratio in Btu per unit of production. As this information is
developed we will probably find that there isa 
need to install additional metering and to rehabilitate some existing meters, if economically justified.
 

savEnergy
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Itachment C is a graph for plotting the monthly Btu per unit of'roduction for 1973 and 1974. This graph can be used for chartinghe energy used by individual production departments and also by the
otal plant.
 

f you have any questions, 
 see me. These records are important 
o our on-going program. 

:: D.T. Parker, Plant Manager 

avEnergyi 
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ATTACHMENT A 

HOW TO PROFIT 
BY CONSERVING 
ENERGY 
A Do-It-Youralf Kit 

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

41'O.JECTIVE- encourage- industrial firms to set measurablegoalvf6r :re-. 
ducing energy consumption per unit of product produced. 

GOAL. X-percent reduction 
per unit of product 

in energy content* expressed in BTU'S 

PROCEDURE Use the energy calculator on page two to determine the' 
current energy content in BTU'S per unit for any kind of 
manufactured or processed product 

With this yardstick, measure progress to determine If energy 
reduction goals are being met, exceeded or missed. 

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

2-25 
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"DO IT YOURSELF KIT" For Calculating The Energy Content of A Product 
GUIDELINES OF THE NATIONAL INDUSTRIAL ENERGY CONSERVATION COUNCIL 

SUGGESTED PRO1;ZDURE FOR CALCULATING ENERGY CONTENT IBTU-S) OF A PRODUCT 
FOR THE PERIOD BEGIHNING.J.. rl'1. 1974 PERIOD ENCING Feruary 1.1974 

Th, Dow Chemical Co. 1 G SnydeJr. 

RAW MATERIAL ENERGY (LIST MAJOR RAW ATERIALS OoucRAWO MA7RWA MAT6RIA1S 7,,7. u=,,I 

, 
jn-1r750.0 OOUCT10* 

EL 
0"1. CM 

TOTAL BTU*$ 

CONVERSION ENERGY ALL MAJOR(LIST UTILITIES)
UIIy r OI .1sX " =1 r,7TAL0TU-S 

A.
 

~TILITT!TAL5X I TU'07U.S 

WASTE DISPOSAL ENERGYWAE lbTTADIs~ DiiITS 
Dt 

SL5* TAWASI 

BY.PROD Tr L TOTs.1 ), DPOAL BTUS " TTtwTEUNT 

TOTT.. BTU 1 

D,
GROSS ENERGY CONTENT OF PRODUCT' (SUM OF ITEMS S. 13 AND 16) BTU'S 

BS-PRODUCT ENERGY CREDIT ALL MAJOR(LIST BY.PRODUCTS 

At
 

TOTALBTU .1 j 
NET ENERGY CONTENT OF PRODUCT (ITE. 18 LESS ITEM 231 2T 
ENERGY CONTENT PER UNIT OF PRODUCTION (ITEM 24 DIVIDED BY ITEM 2) flUSUNIT
 

GOAL (TARGETED ENERGY CONTENT FOR THIS 
 PERIOD) BTUS UNIT..-

IF ITEM 26 IS EOUAL TO ITEM 25, GOAL WAS MADE (CHECK ITEM 271 .. ... .Al
 

IF ITEM 26 IS HOT EQUAL TO ITEM 25, COMPUTE DEVIATION FROM GOALs 
ITEM 26 LESS ITEM 2S- . . . . . . . .- - - - -
ITEM 28 DIVIDED BY ITEM 26 . . . . . . . . . . . . . . . . . - 9-9---
MULTIPLY ITEM 29 BY 100------------ 30 1 21A-
IF ITEM 26 IS GREATER THAN ITEM 25. COPY ITEM 20 HERE.-"-- OAL 

'IF ITEM 26 IS LESS THAN ITEM 2., COPY ITEM 30 HEREC.. ..---- --------------- COAL 
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GUIDE FOR FILLING OUT FORM ON OPPOSITE PAGE 

J Finished product ready for Shipment. 

2 Product I.D. No. isthe numerical identification of the product
 
3 Units of the product (Item 1) made during this time period.
 
4 The material that 
 goes into producing and packaging the product (Includes fuels used as rawmaterial). 

5 Units of the raw material (item 4). that were used during this time period. 
6 Every material has a specific energy content. Energy content is measured in terms of BTU'S. Rawmaterial supplier may provide this number or an approximation is available for most materialsfrom the U. S. Department of Commerce. If unavailable from these sources, It be estimatedcan 

as the heat of combustion of the material. This estimate Isalways 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 isavailable from supplier. Forother utilities, this Is the energy necessary to generate one unit of the utility (e.g., 1 KWH). Use10,000 BTU'S per KWH unless your supplier has a better number. 

12 (Item 10) multiplied by (item 11). " 
 .... .
 
14 Waste isthat 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 bum some scrap or the energy to run a waste disposal, plant. 

17 Units of waste produced during this time period. Units of waste is-not needed for .1becalculation,
but may be recorded for later reference. 

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

20 Units of by-product (item 19) made during this time period. 
21 The usable energy in the by-product. As an approximation, use the ratio of the value of theby-product to the value of the product multiplied by the gross energy content of the product

(item 18). 
22 (Item 20) multiplied by (item 21). 
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.297,-DO IT YOURSELF KI For Calculafing The Energy ,-ntent of A ProductGUIoELINES (11 THe "ATIOAl 
 INDUSTRIAL INRCV CONSERVATION COUN
SUGCCSTE° 'ROCloung 	 L.FOR CALCULATING CONTluN IITU Q0 A PEOSUCTILlOG,FOR THE PERIOD ECGINNING JiaUi 9 7. "a CPONNO .11TUObA PRODUC 

Th Do", rJh.,lC.PEIDIDI I IM1174.s _ ... 
T,.#j

Eih let 


RAW MATEiL IAI.I[
E LIST MAJOR RaI MATERIALS) 

BaN MALI N. *..,ag€ a40 042.000000S_-tm__---I--Z ' 

CONVERSION ENERGY ILIST ALL NAJOR UTILITIES) 

I1 

~~TOTAL lrU
 

cwW. 
.1G. 

"+ I]5 o,-., 	 ,ug,,, ,,oa , 
LILI 

MwuAld * 

WASTETTA DISOSAENRG 

'...IOTrU ll SJ., 04 

111OSS ENERGY CONTINT OF PRODUCT ISUN OP ITEMS I. I A- ITJIiYPRDUCTENERGY
€RIDIT ILIST ALL .AJOR SirEPocoucx:71 

2 L AL $It^ 

2
1..101 ul 21 3stI0'r. 

aT E1NERGYCONTENT OF PRODUCT 'ITT- I LESS ITE 23I 

OA ITM2RGETED MCYG t BlU3 UNIT..---- SOCONTENT Pon 7"'S PERIOD' 

IAAITM
IS NDUALTOITEM 23. COAL -.as ADEICHECKTE 27L---. . .. . ll
I0 ITEM 24 IS NOT CDUAL TO lIta IS. CO.PUTEr DEVIATION FROM GOAL,
ITEM 16 LESS IM 25-  - - - - -IMm 	 -- 130DIVIDED BIyITM 4- - --......

MULTIPLY ITM 29 BT 100 -.-- -
IF ITM 76:5$GREATER THAN ITaM 25. COPY ITCH 30 IMER..... . ...
 
IF ITEM IS IS LESS THAN ITEM 23. COPY ITlMw 0 HinE .E .

24 AM signiicant input maerials are listed own though ITy ey5Appear 	 notIn Ste final Product. 	 1030 8TUSISt of 9*s aproV-ded
The Enersgy in the cooIing 

by Ise gas gSuoviis.
TheIm ousfilseS Of materials Were and the Vrocom wter rS Ift Dorusd during January. 1974. ThedesiCcanl 	 necesarymay be PurcnSowd 	 Io pumo Th walter.only once rvery NR ITxOlhs.d u a 	 The DOWtr in KWHSIT.MoW, weOori+1ionai aMount Is allocaled to This month. 	

htii d by 10.0OO OTUS/IKWH tO elrr"e aTme TUS psgalO...6 The 	 15 The o.Iy.energy cOnlen of ethan1111 lhe hoi 	
culC Wltr lraiZrd and theOf COmIbusIIOn which 	 Ith., trein aisIS.....lion

&IvAIIbI* from several rfIerence books. plant. The 10131 dlwasal 11TU'S ilcude she ewrun this brO-cawliO to
The Ilergy cOntent of caJutJi 	

tani plus the oner~ iC1th41.ed.Ulraig" agentwas lmsretimated fromn I.Iersure sourrars 
The nes1t conl:nl of the hydrogenation calalyst and the dirsiccnt 

2 A" ot energy contents here wre assumed so be equal to So 
morduClto heatqueses. The luentities of these materils used Are, o 

of combustion Sinc tnl ses mahtlralsl may berrtl1: Iy bINOed aoSmall trial the error Introduced by on 	 heLORsnsdue gas Via assumednalCfra guess II P-s1g9niCants. 	 to e tI e MIl as Isglr flS oipyloyus. gaswos asmlea11 The JTU'Soer 	 tI be thle ense astolverisCam Crdit WalS taknunit of j11am are evailIIle from 	 Ml She C3C.t ll e water returned toton tabi, in tha he1111tm Plant. trason sls assJmed to be bulnh.t0.000 BTU'S;XWH was used since tlh tlou 	
The baK innformatbon M 1h1 iXJanlalis I0 te 	 wsEnergy that Aesrerch Intitute rito 

taken from the Stanford 
s airragg utlllty Uses I0 	 41anElhyiqn"genera:t 	 doled Augut. 1967. pagea KWH of slctltc.ly. 21L 
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HY MEASURE ENERGY 

As energy isused more effectively, product costs can be reduced and profits improved. This can be 
even in the face of sharply increasing energy costs. Since industrial energy consumptionamplished 

ounts for approximately 40% of total energy used In the United States, significant contributions 

be made to the national effort. 

The first step to meaningful energy conservation is measurement of all the energy that enters and 

ies a plant during a given period. This measurement will probably be an approximation at first but 

uld improve with experience. 

To calculate the energy content of your products, use the attached form, and then set goals for 

irovement. The filled in example is for ethylene; but the procedure applies equally well to any 
pulp mill, steel mill, furniture facry, or assembly line.iufacturing operation, be ita grain mill 

Though time consuming and challenging to make the initial calculations, it will be worth the 

)rt. Raw materials which contain, and manufacturing processes which use large amounts of energy 

I be pinpointed. 

What To Expect - Once BTU content is determined, products can be ranked by BTUS per unit, 
per dollar profit. Then, as energy availability becomes moreU'S per dollar of sales, and BTU'S 


ited, it will be possible to quickly focis on the most profitable products.
 

steps will be identified. Once theEquipment associated with the large energy consuming 
efforts can be focused on replacing old machinery andrgy-hogging equipment is isolated, 

iipment, using more energy-conscious designs, and improving maintenance programs. 

Less energy-intensive raw materials should escalate less in price as energy costs increase. Having 

ermined the energy content of raw materials, and given achoice, a better raw material selection 

iuld be possible. 

Stressing the importance of STU'S per-unit-ofproduction to plant operating people should 

ivide the incentive for them to chase down where all of the input BTU'S actually end up. Often, the 

for less than 50% of the input BTU'S. Simply the act of identifying thet attempt will account 
ier 50% will reveal many opportunities for improvemtnL For example: 

improvement in yield will often be the most significant energy
I. 	 A reduction in scrap or an 


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. 

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

identified. 

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.
4. 

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 iecovered heat in the process. 

6. 	 Temperature control eouipment may be alternately heating and cooling. This problem is often 

corrected by a simple adjustment of the controls. 

7. 	 Recognizing that it takes 10,000 8TU'S to generate one KWH may suggest using 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 does not cool 

down between steps and subsequently have to be reheated before it isprocessed further. 

It can also be viewed as an exciting challenge. Those 
The energy shortage is a national concern. 

mpanies that move quickly to meet the challenge will contribute substantially to the solution of a 

tional problem - and make money at it. 

The first step is measurement. 
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MONTHLY UEPARTMENT ENERGY USE 

1973 

ELECTRIC POWER 

kWh BtBtu5 wh ftu kcu It 

NATURAL GAS 

"14 cu It Btu gal 

FUEL OIL 

Btl/gal flu TONS 

COAL 

.kl/Ib fiu 

COMPRESSED AIR 
kcufi R uluflu 

Jan. 

Feb. 

Mar. 

Apr. 
May 

June 

July 
.Aug. 

Sep. 

Oct. 
NoV. 

Gec. 

1974 

Jan. 

Feb. 

Mat. 

Apr. 

May 

June 

July 
Aug. 

Sep. 

Oct. 

_. , 

Nov. 
Dec. 

-

w-.e 

to 



DEPARTMENT 

MONTIILY DEPARTMENT ENERGY USE 

psig STEAM psi; STEAM 
_______Btu 

CONDENSATE USED OR LOST WATER TOTAL 
CONVERSION 

NUMBER OF 
UNITS 

CONVERSION
PERUNIT OF 

1973 b B rIblulkk b BtU/k lb Btu I Ib Btulk !b Btu k Ilb Btu1kb Btu Btu PRODUCED PRODUCTION 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 

1974 __ 

Jan. 

Feb. __ 

Mar. 
Apr. 

May __ _ __• 

June 
.:uly t . . 

Aug.,_ __ _ r 

Sep. 

Oct.... 

Nov. 
Die. _______ 

-o 
v~C3 



IS 4--,3tu 

Jan. 
Feb. 

Mar. 

RAW MATERIAL "A" 
B 

A b ltu 

DEPARTMENT_ 
MONTHLY'DEPARTMENT ENERGY USE 

RAW MATERIAL "B" RAW MATERIAL -C" 

klb Btu 15 Btu kIb BIuA 'h Btu 
Total -

Raw Material 
Btu 

RawMaterlalI a 
Btu Per "fnit of 

P'oducton,, 

Total Conversion& R weateda 
RawMaterial 
PPer Unit of 

Apr. 
Mazy 

June 
July" 

bi 

Aug.-

Sp. 

Oct. 

Nov. 
Dec. 

1974 

Jan. 

Feb. 

Apr.
May 

June 

July . . . 

"Sp. 

Nov.... 
Deic. 



Tracking Chut 

Energy Use Per Unit of Production Attachmant C 

J Ma p a J Ju A i i i I i I i . I I I i I I No 

17 197 

atj 

. 

Jan Feb Mar Apr SunJ,Jut Aug Se oct No,, De Jan Feb Ma Apr Ma Jun.Jul A, Sap Oat No.w. .ec 

1973 1974" -": -. o 
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2.6 	 First Energy Saving Sun'ey 
The survey team's plan for the first survey was 

approved by the Energy Conservation Committee, 
you recall. Now we have a sequcnce of four letters 
regarding the survey. The manniger endorses the 
survey plan. The team submits their timetable to 
department beads. Findings of the survey are re
ported. Fiually, the team suggests the need for fore
man training in energy conservation. Note the appli
cation of: 

* Survey 
* Employee involvement 
* Top management commitment 
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CON.'RG Y COlU.[.-NY" 
INTER-OFFICE COiRRESPONDENCE 

MC: JL.iuaiy 29, 1974 

To: 3epar. nt,Heads 

From: D. T. Parker, Plant, Nanager r 

L-.bic: First Energy Saving Survey 

You each have a cop), of the January 25, 1974, letter from 1'.. D. -mith 
and A.B. Jones detailing their plans for the survey aimed at energy 
wastes tiat can be corrected by maintenance or operations actions. 
These are the t)pes of energy losses that can be stopped or reduce. 
right away, or fairly soon, and at little or no expense. 

SMith and Jones will contact ycu in the near future regarding a tiae
table for the survey. Each of you should inform th-en of the naae of 

thri 
in the survey of areas under your responsibility. 
the person you designate to accorpany thum and participate th en 

Everyone's cooperation in this program is Lportant. I urge that you 
put some real 'nriority on this survey and on taking corrective azticns 
a. I as practical. 

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

."
•' . . -%. 4..... ".. . -" . . . ,. ,.., 
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ECONERGY CO1"PANY 

INTER-OFFICE CORRESPO/IDENCE 

Dce: February 1, 1974 

To: Dpartment Heads 

From: hr. D. Smith, O'rations "A" 
A. B. Jones, Operations "B" 

Su.I,€t: First Energy Saving Survey 

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

Vea 
Date
 

Furnaces 
February 11 

Shop 
February 12
 

He.t Treating 
 February 13 

Shipping 
 February 14
 
Receivhig 
 Febraary 15 
Laboratory 

February .19 

Utilities Februa 20
 
Chemicals 
 bary 21
 
Administrative Building 
 February 22 

cc: D. T. Parker, Plant .Mnager 

savEnergy 
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ECONERU V COMPANY 
INTER-OFFICE CORRESPONDENCE 

D:w: February 28'. 1974 

To: Dpartm.nt Heads 

rrc:.. D. fumith, Operations "A'" 
A. B. Jones, Oerations "" 

5&.bc.--: Results of First Energy SavinZ Survy 

Attached are the findings of the survey. Some of the operating items 
have already been c.-rected by operations personne_. Departnent 
superv-sors have already iTitten work orders for a ntrnber of the 
maintenance repairs. Those operating or mainten.-nce itc-ms that require 
process shitdoum for correction have been added to the lists of :jobs 
to be dcle at the first shutdown opportunity by department supervisors. 

It is imr.ortant that we monitor the progress of work on correcting 
these ener. - astes by keeping up-to-date records; therefcre, it 
is essenti t hiat ie are advised when each job is ccimpleted. 

I. there are any cuesticns concerning the survey, please contact us. 

s a result of the survey and some energy conservation projects being 
proposed, we have developed an estimate of potential saving! and we 
suggest that our goal be increased to 12.4 savings in energy this year.
 

cc: 	 D. T. Parler, Plant Ranager

Energy Conseration Conmittee
 

savEnergy 
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E3O0NE. 3, JOIVPA[VY 'NTE.7-OFFICE CORRESPONDENCE,-P 


rw:: Februa~ry' 28, 19,74 

To: J. C. Bwker, Energy Conservation Coorcfl~ator 
T. G. HLarshall, laintenance 
R. B. Robinson, Administrative Services 

From: 11. D. Snith, Operations "A" 
A. B. Jones, Operations "B" 

subac-: Need .for Supezyisor Training Program 

Diring cur first energy savings survey we nities to discuss 

energy conservation uith the foremen accoananving us. We learned that 
aware of the costs of utilities,these foremen should be made more 

the pozential of sayLngs through conse.vation, -and the methods for 

savi g energy. 

Ccnservation Cc-ittee designTherefore, we. rec..nend that the Lrnergy 
to be inclu-ed in the Supev%,isora ccurse on ener.y conservation 


TrainLng Program.
 

cc: D.T. Par]her
 
P!znt Manager 

,jT..y"
 

A-Enory. 
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2.7 TIRD ,IIEETJ.NG OF TIE M'ERGY 

CONSERVATION COM .ITEE
 
This meeting 
 is the last to bc rc",n)rded in tlxissection. On the following paves are four mcmo..randa dealing with the" topics sbown on the agenda.The last memorandum presents plans for specialactivities each month for the rest of the iear. Atihis point an active, effective progam shouid

well into the process 6f implempematiom 
be 

--;+'7",7"-"7""+ ---............ ...
+, ''-
 ...
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INTER-OFFICE CORRESPOA'DEACE.'0,,-RG Y COMPAJ Y" 

Date: Ilarch 8, 1974 

To: Energy Conservation o,=rntee.,--

Frcm: J. C., .:e,Coodinator . 

Energy Conservation Camiite 
Subec:Ag&'afor .Thi-wd I-eeting of te 

1. Capital project reviews 

2. Energy saving project lists and project evaluation strmmnry 

3. Cc-. Tmication of mays to savy energy 

4. Continuing program
 

cc: D.T. Parker
 
Plant rManager 

'sav--Energy' 

.41. " 
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ECOA'ERGY COMPANY 
iNTER-OFFICECORRESPONDENCE 

March 8, 1974 

Department Heads 

From: D. T. Parler, Plan.. rager.. 

sv-i.= Capital Proj ect Revi .xs 

As you khow, in our authorization procedure every capital project 
must be reviewed and approved with !gard to safety, fire protection, 
pollution abatement, and additional utility requirements. As of this 
date, we are adding energy conseration to this checklist. 

Every capital job ill be reriewe3 by the Coordinator of the 
'Energy Conservation Cornmittee. On large jobs the interested 
cc:rnittee meber will also participate with the coordinator and project 
team. The purpose of these reviws is to assure that there is 
efficient utili:ation of energy in the design. If the project has to 
do ith production, the design Btu per unit of production will be 
calculated and co:.-pared dith the historical Btu umit ratio. M-bre 
efficient use of energ. is expec-.-c1. 

cc: Energy Conservat" "nCornittee"
 

saEnergy.
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INTER-OFI JCE C0hR. SPOADEACE
ECON,,'RG Y CO PA Y 

Date: M,arch 8, 1974. 

To: I'. D. Smith, Qoerations A" 
A. B. Jones, Operations "B" 

From: 

T. G. Marshall, Maintenance 
R. B. Robinson, Administrative Service. 
J. C. Baker, Energy Conservation Coordinator . 

SeuWc:: Lnergy Saxing Project Lists and Project Enluatica Sw na " 

Scme of our energy conservation projects will require capital; others 

cen be done on expense. Therefore, we should have -teio serarate lists 

of proiects. In order to have the lists in a ni- im fc. .Tmt, the 
for capital and expense projects are providedtwo atz-ched fo ms 

for use by all!departments. 

The r-tio of energy savings/year per dollar invested is an,. 
compared to other projects.indicztor of how good a project is, 

ber, the better the project. In the for's, a coltrm
Thle higher the n as an aid infor rc.-t retur-n on investnent is also includled 

assignilng p-iorities on projects. 

Also attached is xn evaluation sttrn.ary fort to be used for each project. 

areato the key super, isors in your
Please sIumit copies of these forms 

that they enter their project inforrution and returnand recuest 
before our next meeting one(lists and evaluations)co.mmieed copies 

month from today. 

Car r- ger, 1r. Parker, has requested that we continue working on the 

lists, revising and updating them monthly, adding new projects that 
jobs that became necessary.mad additional ,aintenanceevolve 
:I
 

cc: D. T. Parker, Plint mnger 

s avEn -gy 
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___________ EEflS'~ CUMRSIV ATOIGINrtint 
CA.PITAhL PJPJJECTSI 

NuiLcr 
ro tC:,itatcapiI'A Cust I1io 

DteIycJ: S,!ii.j 
ccciu 111Piil Status 

___________ lI!IY~r~j Coit7 

_ _ _ _ _* 7 ____7 



EIJEnfi Y CtI Tr.VATIOtU 0cpattttztt: 

EXPENS!E PR.OJECTS 

J!,Idje- l]incl[lionI- u .-Cas Stat.1! 

Number - -;-+I •4. E I 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _. _..._ _ _ __, .4 

. - , ' + +,.,' - , +_ I _. 

:.++ .+ +++ +.+- . + : ,+- + : - + " + ." -, * ~ 
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ENERGY CONSERVATION PROJECT 

EVALUATION SUMMARY 

Capital' " or Expense. 

Depaitmont 

Data ____________ 

Pmnject lo. Person Responsible 

Project Tide: 

Description of Project: 

Lcca ion: 
rinan.!.u.d 

Ur. ry !rting (elcctric pomer kWhlyr 

Utility or -law,hterial 

steam I/y!, etc.) 

.Sving 

/Yr 

Total energy saving 

Total cust1y cost 

Other cost sm;ing due to: 

rdidon.l cost due tb: 

H~et cost saving 

Cost of pro!.ct . 

__ 

_ 

_lyr 

_tulyr 

__ _ 

_________________________ 

________________________ 

S/yr 

Syr 

1yr 



_______ 

316. 

EJERGY CONSERVATIOJ PROJECT 
EVALUATIOIJ SUMMARY 

CalculaLud 

Return on invcstmlnt .
 

Pay backpeladperiod,-....._____ ,_____________m." i, 

ra:;Juni: of production: ___ flow "_ _____ After project implemeriad 

Product -uality______________________________ 

Product -ie-ld 

:.:n.ce2npc?. -Im ztizl _______________________________________ 

O0*h!t L , f/prcb!orns ccnnectud M.th i.plernonzdon: 

.•
Fi:..d .uthofiz::ion request date: __' _ _ _ __ _ __ _ .__ __ ... _ __ _ ___.. 
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2. .4 

ECOf.ER'G Y COMPAN;' INTER-OFFICECORRESPONDENCE 

=M'ien-.J 8
BP1974.
 

Energy ConservatiLonCoite 

ramn: T. G. Ibrsha11,A!Ea3ntenan'ce 

~ corn~catin o Way toSave Eniergy 

hbave 	 aseimble- a gcup of ECO's frc.n EPIC, which are 

.'-'.rly a=plica'ole in cur ceration, along with a fe. gcd 

articles -rcm the literature. I proose thst ,.e publish tnis as 

. a A - hlistb:c-et-for plant wide -use by supe,.-isovs. 

o0ECO's chosen is attached hereto. A5 ter each of you -as 1 
ov&r - -nnc I wil prcceed';.hcoY _a.icZ:ed your aprova!, 

rublicztion and diszribution. 

vr-I smuggest that this booklet. could be a useful tool in Z 

training course as suggested in the'recent letter frtc h.-D. Smith 

an- A. B. Jones. 

cc: 	 D. T. Parker
 
Plant jnager
 

sav nergy 
2-48 
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1!.ST OF SUGGSTE EGY CONSERVING OPPORTUNITIES 

ECO 
Buildir- and Grcunds 

Reduce Warehouse Ventilation Air 3.2.1 
Reduce Outside Lighting 3.13.1 
Reduce Air Conditicning DTring Non-Workdng Hours 3.2.5 

"-.tric P.,wer 

Scheiule to !,4ni-ize Elc-ttrical Denand Charge 3.3. 

Ste=i 

Ins-late Bare Ste. - Lines 3.4.1 
Re=,z_-i Ste i Condensate to Boiler Plnt 5.4.3 
Stco Ste= Lcaks 3.4.S 
I-_--ect L-ni Repair St-ernTrsas 3.4.5 

Ei"-nate Lea1'L in Cc--2,_asthle Gas iUes 3.5.1 
Lcwer Pressure of Ccressej.Air .to Ltr Necessa" Level 3.5.2 

: -,teLezks in C=es--re! A-ir Lines . 3.5.3 
US: Fan fc- Per-c.:e! CItig - Not Cc.-prese- .'i. . 5.5 

.E:-ce c'orn and Cbsoets Controls . 

y M.aiz:rim g-- Boiler EI-icien y .S.4 
Flue Gas inalysis as a .lint.--ce Tool 3.8.5 

St-nlby. at Reduced Ten=erature 3.9.1 
Shut Dovm Ile NHeatifg Eui--mnnt
Prccess Specificaticns as a Source of Energy Sings 

3.9.2 
3.9.3 

C.*eule Equi:. . for I'sxi ,Utilization 3.9.4 
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EC;NERG Y COMWPAN Y
 

INTrER.OFF;*CE CdORRESPO 
 NC 

4arch 8, 1974 

Tc: Energy Conservation Conittee 

From: J. C. Balzer, Enexrgy Cannittee Coaraito 

s bc::. Coitiruing Progra-n 

A.i this roint areve cur .,w-l t.derwa,,will agree that we need a ccLn but I believe )-..
mcnent-n. Peri is' .rogr.-_ to maintain curdic ener.-.y- _-vi s--esCc"= l4C tin an-_ mre i-ortanz a:-ivit.ucaiC aIo need e.a.- sI thcu;:: it ;,-d to de ,elo: awareess.e we!lcf w:'hich we alrea'v ha'e J-

to 2-isz the e!e.ents in th's area, scne-ha mil- an o:-ers we to 

2 , _u., of eazth-e-.2... .,:r,'y meetings......: ". 2..O? r:C
cciz ee'c..m.mber itht tkey,ee .i n ...4i 
su-e s-' S in the arahe eeft.
Z.- ,"- c s c e r.erg -" 

4. E-er!-" ccnsertamicj cz-.rcZe to be inc.-ded in Sn-e.-isor
' 
5. Tr T---Is=pr-gran.buleam or ztt.-e Leri'-iiin the Plant News rublici:in.g

ener.,, Saw ij acblie"e.. .ts and re:o .idin7 individuals6. PosZers cn energ , saa-ing to be used in -much the same ,ay _Zsafey Posters.
7. "sa'u*je-,.-" decals for p 2-in q 4tlight sitches, tyeuiters,and on hard hats.
8. Technical tl2 s -yM savina aspects of stea.n trC-3s,lighting, iLnsul-tim, etc.9. Letters to =d their ftnilies giving enery savingi s for the10. in Public relaticas, c-Mzam -as stressing energvon radio and conser..a-ic,in nk er.talks c:. .nergy saving befere civicgrcups. 
Attached to this letter is 
 t!_ c .rtime of a procosed prcgram of
activities for each month for the'rest of the year. 
cc: D. T. Parker, Plant Mnauger 

savrmergy
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Planned Activities in Energy Conservation for
 
Remainder of 1974
 

The following activities will take place each m.anth and will not be

repea:ed in the plans for i-i\idual. mnths:
 

1. 	 Meeting of Energy Conse.ation Connittee
2. 	 '.!eeting of each Cc7 iittee 1e1'a.ber with the hey suope-isrrs in his area ' 
. Upd.ating of energy saving project lists

4. 	 Cc-znicaze progress with updated plot of Btu/tmit of prolurt,-
5. 	 E.,art:.-ent supervision ;ill conduct weet:end audit 

M: nth. 
•nTill I. Distribut booklet of selected ECO s 

2. 	 Review status of corrective actions regarding first energU
saving survey

3. 	 Publish bulletin on energy saving tits for driving
4. 	 Techmical talk on stean trns 

Y.-	 1. Energ- conserva-tlcn ccurse in Suzervisor Traii!r'9
 
.. De}=art.ents devekcD enerzv balanzes
 
3. 	 Diszribute "sav-erg: -" dec.als 
.. 	 Tec.nical tall cn ecc-o-ics oz insulation

Letter to e.. .lveesat hc.-e i...ith energ" saving tins for t.e .-e 

I .	 T-aired. fore.-n s-rt holding monthly neetngs -ith their recoie 
cn energ.- cc:y e:icn
 

. Publish bulletin c. air ccnditicnin .e-u
3. Asa resul-of ear- balances, cc .'zee ,-ill ccn-i::=:n:-" 

su-r7ius sum.'ey
4. 	 Ccori" -er gve talk-. at i-ih school 

"'"'"> 1. Fcster czntez
 
-. Euee'_t-: cn eer-: saving d-uring Vaca ic.s
 

Su'e" of ste=7 ressure r i-u stations
 
4. 	 Tecn,-ncal talk ca lihtinc 

""'-.: 	 1. Publici:e poster contest winner in plant 	ar.d c_=..it news. amer-
2. 	Distribute posters 
3. 	Survey ccmresse a4r requirements
4. 	 Bulletin - "Don't use conressed air for ccoling" 

S.-: 	 ]. Bullet-n - "Tune up soace heating svs ems"
2. 	 St'"'ev ste- c sa~-"-s st em' 
3. 	 CcoriLnatort with slides fc- lccal technic-l s0cie;"t 

S-. Ccmittee rides t-c.... plant at night sad_uggest ccrre--tive 
action on lighting 

•ctoer 	1. Demonstration of infrared sur.-, to detect e. essive heat losses 
. Steam 	 traD sure-.

3. 	 Bulletin on steam tracing SyStems
4. 	Tec.nical talk; on ccmnustion 

2-51 
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Novber I. Survey oversized electric rmotors and eqji...e.t 
. Eullet-in - Recognize someone's energy saving achievenen:
 

3. Second course in Supervisor Training 
4. Technical talk on electric motors and power factor
 

r.c-.ber 1. Bulletin - "Use reflectors and reduce Christmas lig.tin " 
-2. 	 Report achieve-ents inreductions of energy use and announce 

goal for next year 
3. Survey use of Io',; pressure stezm 
4. Plan prcgram activities for next year
 

77,_7 1"
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;.A CONCLUSION 

This section on program implemcntation began
with a discussion of the inmportance of managmenit 
interest and support. It seems nppropriate to in
clude in the conclusicn a letter from the manager 
to his staff 4'a.r-onszrating his continuing concerti 
about energy r ensc'vation. His request for a con
tingency plan is then answered by his department 
heads with a report ot the status of the contingency 
planning in each deparment. 

2-53 

7717 7-7, W77- 777 




323. 

:.8. I 

ECONERG Y COMPANY 
INTER-OFFICE CORRESPONDENCE 

Date: March 1 ", .1974 

To: DeparM, tzt Heads 

From: D. T. Parker, I.iant 1tnager 

Subjec: Request for Energy'Ojrtzatent Contingency Plan 

You shculd all be aar;te that energy supply is a very real and serious 
.robl- tc our operations. Briefly, our anticipated allozations of 
fuel-oil, natural gas, electric power, and ga-soline-are insufficient 
to su-or: cur operation as the), have in the past. Cur ability to 
e .rc .- ecessary use of thes co~nodities and to allocate fuel to
vijxl fwct: .ns ;.ill ulti:mately determnine how severely our operationsare -t aileL. 

Even ).oare sericus is our inability to secure adequate quantities of 
coal to neet anticirated needs. Efforts during the past two months 
have failed to increase deliveries, and inventories are currently at a 
low level. Curent fuel suppliers are operating at their ultimate 
:1paCIt-l, and they face problea. associated irith weather, fuel shortages
for their mining :cjip-.ent and ever ncreasin" strip mine regulations.
ro date, ;e have been unabl to secure -.-diticunal suppliers as those 
,,no are mining coal are sold out beyond their production c=.abilities. 

kt this tine it nnpeoars that scane production cuh.ailnents nay be 
mecess "-y. Ea,:h -ier-isorshould review hi.s operations: those 
?ieces I.i3XCuJ.eZ w±.ch .re "berating at iess t]hanL--sired efficiency
,ith respect to enery co- tnp:icn shou!5bi"ntiraeg an7 plans .'de 
•*orestrirt or curtail their oucration. The basic factors iiLich n
* *nce rue! exxiciency a/or energy utilization in all rozesses 

-:hcild be "dontified and iinnedi-..e steps ta:en to riiniize cur energy"e:. i .er. . 

saVEncrgy 
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In anticipation of possible short term reductions in energy supp]y,
for instance electric power, we need a c-ntingency plan. This should 
include a list of the equipment that icoum.d be shut down and the 
sequence of shut down in your departmtent in case of 25%, 501, 75 
and 100% energy curtailments.
 

Your plan for reducing energy requixenemts in your area should be 
form..-.1ized and available for review by r, one week from today.

Remember- NO SAVING IS TOO S,.ALL TO BE CONSIDERED. 

cc: Energy Conservation Committee
 

savFmergy'
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2.3 

7C 7XERG" C OMPA NY" 
CO PN INTER-OFFICE' CORRESPONDEA .......


1.rch 27,Mae: 19,74. 

r. D T. Parker, Plant Manager 

Fr,/: pam t.-ent I-Heads ..
 

" RL.uc "ion of Energy Requirements and Contingency PlanStatus 

Si. nificant reductions in energy use have been achieved in our 

c: era ing units as follows: 

Utilities
 

Ithas been cur coerating practice to fire all three boilers even 
though steam requirements could be provided b:rwo boilers full.y 
!loaded. In this ay,, a forced outage of one boiler could be handledlothut decreasing ste. output and causing interruption o cperatic 

of -.eamn users. 

We --ve shut down r 1 boiler, the oldest and least efficient boiler, 
the result is a fuel saving of M Btu/hr. In case of a forced 
outa -f one of the two operat -g1oilers, we have set up.a cc-nii. 

be shut dowm sa 
r cedure tc curtail steam to certain units that can 
mid quickly with the least impact on other operations in the plant 
re-started ith a min" um loss of pioductivity. 

Co, : -i'ns "%"and "B" 

oneSimilarlyN, -n both depart:,ents, we have been able to shut down 
of three furnaces by rescheduling throughput. The schedule is 
e-:tromely tight at our present production rate, and on occasion we 

may need to fire up the third furnace in order to meet ccmmitents. 
Fuel saving at present is MiBtu/hr. 

sav2nergy 
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Contin-.e:.-v Plan Status 

1. Electric Power 

In general, during any curtailment of power, air conditioning 
F. System intethermostats in all buildings will be reset to 

locks have been provided to avoid inadvertant operation of the heating 
system, exc,;pt in those situations where the controlled lower humidity 
is required.
 

If a "brown out" occurs (voltage reduction in excess of 10), certain 
motors trip off automatically and others must be tripped manually to 
avoid damage. We are surveying all motors to identify the ones that 
require manual tripping. Utilities wilI set up a cormunicatii n 
procedure to inform the appi -priat ' people when a "bro;n out' I occurs. 

Following is a tabulation of shutdon:s sequei.ce for curtailments of 

electric power:
 

Curtailment Shutdo.n Section
 

25"%
 

75'0 .1,2,3
 

lOO 1,2,3,4 

a ntmber of units that will be included in eachW'e have designated 
of the four sections but the plan is not comiotete yet. 

2. Fuels 

For e-ch fuel, we uill have a tabulation like the one for electric 

power. ,*e are holding meetings this veelk to complete the designation 

of units in each *sectionfor each tabulation. We hope to submit the 

detailed plan to ycu next week. 

In general, when fuel curtailm.ent causes a cut-back in steam 
all steam. heated buildings ill have thermostats reetgeneration, 

to F. Again, system interlocks will prevent inadvertant operation 

f t1iecOo!L1g system., except where the controlled lower hridity 

is required.
 

savriergy
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EAPLOYEE MOTIVATIOR AND COM"UlICATIOll METHODS 

Davii M. Heller
 
Air Products and Chemicals, Inc.
 

Paulsboro, New Jersey
 

ABSTRACT 

This pzoer discusses the comoellina reasons 

fu, Involving all employees in the plant energy con
servatlon effort, offers suggestions on how to imple-


-it• and maintain a plant-wide, people oriented con
vation proeram and provides exrmples to illustrate 

t...: rethods involved and benefits possible. Three 
area. will be stressed: publicit:, or cornunicating 
d-',nthe ladder, through newsletters and the use of 
S;tInc:lve loos; corunicatino up the ladder, by 
r ns of Vnploa -e suagestion proarams and discussion 
forums; and tr; ning., necessary to free employees
f-i-3a pre-E-zrco approach tc manufacrurinc.
 

Current technical literature Is full of infor-


ration on hca to reduce energy use. Ccnsider enery 
r iaae-ent syste-s, waste eat recovery or heat 
I ms - all tr.e fcets of ohe design, construction, 
an: ceratin of such ecui;=cnt and many other new 
ee -as ta.es ca an ever-increasin ar.unt of our 

1.*one can aeny the benefits.achievable 

aztztil invustmcnt and new tecnn~locies, but 
.,u:-e 'Ire ether, oft-nenlected aspects Of enercy o-101 

!ci to te consiered. The deveiczment and use 
i effective energy manacement orcanizatlon and 

,nvolvement cf the entire plant in the conserva
n effort can hould go hand-in-hand with the 

p-risical irprovemn: of the operation. 

I'd like to share with you r.y exceriences as a 

r -.er of one very successful energy aracement or
ganitzaicr - excialnina how we arc se up to imple
z.'it enerr canservation nd detailing a nutber of 

I 3srams .: have founa effective. 

NI; FTR ENERGY _S T IO hC ,VA 

I cm enoicyed as Technical S :pervisor at Air 
::u:ts and Chemicals' Paulsborc, lew Jersey plant. 
Faulsboro Plant is part of the Chemicals Group 

f ir Pretucts. %:eare located in Southern ew 
• I, in .-e Greater Fhilaoelchia area. Cf our 
Lneilyees, 15 are exemat and the zalance hourly 

r,cn-e~a ::. ;e produce various t :,cs of indus-crs:l with our vAjor prc r:c:being CASCO
ctlysTs. 


:.. fca cialyst. 
 -

le F~uis~oro Flant has seen shartly spiraling
e costs over Pe'last fe years, as we all ha. 


£~ I°: 7to lzSl, our average cost for energy rose
 
core than z percent. The impact of these costs 


rPAULSBORO PLAN
PAUSBOOPLANT 
ENERGY MANAGEMvENT 

ORGANIZATION 

"es P 

i
 

I! idlJll
 

ENEGY SAVINGS 

rzicrx I 

forced us to re-evaluate our cnservaticn efforts
 

and two conclusions ca e to lcht. First, onserva
tItn projects once glossed over because of a low
 
rate of return ncrd looked more attractive. it be
came necessary to refocus our 
technical efforts to
wards auditing our process flows and examina heat
 
and material balances with the prover:ial 'fine 

'tooth comb.I Secondly, we came to realize that in 
order to be succnssful In reducing energy cntts it 
made sense to involve entire plant in the effort. 

not Just a handful of engineers and technicians.
 
The Paulsboro Plant conservation effort was thus or
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PAULSBOtI 
.. JULY 1981F qERGY REPORT 

the _ame periods 4.0 leEs than usagennt ( eg 
to4keep your eyes open 

for cnl..2gY waste. 
).er 


. SUGGS-1O D.AWf:1G:HIRL QUA.T... 
a $25 gifterti

:5 icl:c Ps thiL quarter's winner of 
to everyone who submitted
Thanks"asuce-tio'-

e:.. tUh'iast three months. 

m 
-o . c f stea trap 	in-pectiOns, Dave OiriOzO Will
 

The cacs insulate the 
traps by
 

,eam traps. 

air around the tlap and protecctin9 

it £rOr
 
f deal 	 Plant steJsteam bill. 
,500 a year on our 


',&very three months.
 
-bou-


in-s c-'r
the Ther?.al oxidioer saved $20#00 
-=on 

A - bugs cropped
 

:0 "r $60,000 over the entire yea 

bee: even greater.•wc.u" ,have 

j .eK Eh -T HG 

t-es longer.
 
s "incxnd-_scentlanps and last 

'0 to 15
lg.the a--nto.naesu-c.. e o oe ount of light - it Measures the 

The a..ount of light 
in measured
 

: o l...ht the bulb. 
you need six 25-.,att bulbs to equal 

the
 
-.:-.iG 


: lo-watt bulb.
 

surgo of power when 
you
 

vive's tale thta 

, .you le-.e a rcOm, 

even for a minute, turn
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ga.ized along 0&n line-s slown 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- spa-e pump turned off, a steam tracing line insula

visor have major responsibility for the program. ted ratter than.1gnored. Then again, an operator

The Technical Supervisor serves as Energy Con-
Plant might suggest a process modification that could
 
'%ervation Coordinator. a part-time function at Paul$- yield large savings. There are also a number of in
ora, but a position that requires full-time atten- tangibles - an Improved morale, an esprit de ccrps,
zion at larger facilities. The Conservation Coordi- a spirit of cooperation. The point Is that the barm
nator's responsibilities Include:' developing and fits will far outweigh the costs of organizing the
 
xm.cmiunicating conservation techniques and Ideas 
to program and maintaining the effort.
 
the employefs. monitoring and reporting plant energy

conswnption, developing plant programs, goals and 
 There are many methods that can be used to eo,
budg ts and maintaining a plant environment conducive vate and communicate with your employees. The ap
to energy conservation. 
 proach should be one of common-sense, -tressing
 

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 our technical people. This program en- areas publicity, or communicating down the lad
courages new ideas and recoqnizes the contributors. der, communicating up the ladder, and training.
 

The Energy Conservation Counittee 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 Cornittee feeds In- Newsletter has been published monthly since October
 
formation to the employees and communicates employ- 1980 and is posted on plant bulletin boards. A va
cees 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
 
ration projects or programs can be resolved, home energy tips.
 

Panagement commitment is a major component of The Newsletter has been very well received by
 
our overall effort. itanagement communicates stand- our employees. One comment I often hear is that
 
ards and goals and measures performance. Group and they 
feel better about zheir 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 letrrs have any information on air conditioner sizing,
 
sent to thi homes. 
 solar heating, and other items discussed in News

letters. 
The position of Energy Cr-irdinator, the PIP le t-t
 

program, and the Conservation Committee have all
 
been active for a number of years. I believe the
 
fact that we have organized specifically for the
 
£nservation 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 
inour organization diagram - employee awareness. 

INVOLVE THE ENTIRE PLANT 

Proper motivation of operating, maintenance, i S -I
laboratory and clerical personnel can be one of the 
rost cost-effective energy conservation techniques. 
Hourly employees have the closest contact with the
 
operating equipment and are often the most knowled
geable about production problems and unit Idlosyn
tracles. 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. FIGURE 3
 

These people are just as concerned as you are
 
about the continued escalation of energy costs and Please notice the emblem 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 This is
an energy logo. a recogni
dealing with home energy problems. tion tool used on all our conservation literature. 

Ue based ours on our corporate logo, adding the sicr
lihatkind of results can be expected? The pie 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 tn illustrate our plant energjy sources. One 
excellent way to kick off a conservation program Is 

%holt; a loco design contest among employees, or 
'ir children. 

The types of publicity vehiclet you emoloy will 

deend on your i ninatic:, -nd your ability to 

*udce what isillbe cfIrc-T.!vc at your locatr.ion.Knd-

outs end pay cnvelope .tuffers czn present useful
 
news, .'p-ciallyhcr.: = serviation tips. These 

Ite.niscan I-ercht.ined at nominal price from pub-

Ile -nd privatc energy ccrnscrvation organizatlc is. 

Your local utility c-.,ic-, should also be a good


" 

tsourc of ii:jormaticn. This zaterlal is usually 
prusenitrd on & sc.zsonil bmr.ls - heating tips In 
Jznuar, air conditlo:ilno iteaz In July. 

1 -

LISTEUI.' T E!:,LOVnE


Vhilc c-..,unicztlon ecr.n the ladder has been 
stres-ed to ti polon. input from the hourly em- 
ployees should not be i;nored. Ihc programs already 
nenticr,cd IllIhelp pr-sote a spirit of cooperation 
atr ycur Ic:ticn and c-poyeas will feel better 
-bout e.n :sr-,cng the ir supervisors with their 
t n::_.c:.d ideas. ,od thu n-nber znd guality of 
thcte Iceas aauld Frc.-bly surprise any of you. 

to ht.iptap this .ourue of Information, an 

Enerny Conisrvatlin S, tetsion Prcram was beun 
at Paulel-or.. Our c-oitzl rxpenditure consisted of 
a thor: forn ar.dz-l:u:eszion box. Each suggestor 

.330. 

receives a personal reply thankino him and explain-
Ing what the follow-up action will Involve. The rt. 
ply is most Important, unfeasibie and even absurd 
suggestions are acknowledn d in order to show we 
appreciate the interest :'. re-spect ;he input. F.e
sponsibility for acting en worthy suggestions Is 
assigned at Conservation Cornrittee meetIngs. 
(Figure 4).
 

During the first full year of operation twenty
five percent of our hourly personnel submitted .u;
gestlons and total suagestions nubhred sixty. QLr
terly a randcmiy drawn sug~cstlon wins a $25 gift
 
certificate at a local department store and a t,-o
 
certificate is given each ytar for the best su;:.s
tlion. After cc.plecticn of il Frojects and work
 
orders resulting from last year's sugS-stions total
 
savings are expcted to be $25,000. ae sucoestilni
 
have Inclhded Itcs such as: Instalition of licte
 
switches In under-utilized rooms, installation of
 
skylight. to reduce the need for light fixturcs
 
during the day, and lists of areas requiring insuia
tion that were overlookec Jurln. energy audits. lie
 
have received only a few %,orthy process "prov-.en:
 
suggestions to date. Process irprove.asnts could of
 
course save coany tines over the $25.CC3 flgure.
 

Th-ere ,ire pros and cons on th~euestlon of 
prizes. One of the most-voicad ca.claints - %hen 
prizes are discntinued the signal is given that the 
progr=m is ended. This is a valid point, and t.e 
answer must be decided at each location, based an 

E:E.GY CO:;SERVATCON SUGGESTIC. 

TO ZA;E E CEE'IN THE PLAiNT, I SUGGEST: 

SH';' oa-7 GLYCOL C:...;.T:;G ..- ' FO D;-.CO 11 STILL wHE:i NOT U:iSE. 

P'z:', : 22t;.x WHILE STILL WAS DVMS.:L:I D.i::G JA:LA.l' 


,----- -. ' DEPT, V ='?, '2.'' DATE ,,,e
 

F.-:DSUGGESTO:1 TO: DAVE HELLER
 

(Ficure, 4) " 
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t experiences. Any publicity or motivational costs. The slides will be acconoznied by a taoe 
1ra is going to slack off after the first flush recorded narration. Er.olovees relate well to this 
-nthusiasm. This can be discouraging and help type of progirem since it is specific to their activ

put a da-ooer o everyone's conservation spirit. Let It-s. At a cost of twenty to thirty dollars per
 

re suggest that'thi5 slackenina off is a sional to show,"ho-riade" tralning aids are less e,'oensive and
 

,ransfuse some new ideas into your program. more effective than ccr.erilly available prorams.
 

I have always had an aversion to the use of cocs- A numnber of equipment vendors present short 
petition between shifts as a rcans of pr otilia ener- training serninars for ooeratirg personnel. Recently, 
py ct:nservation. The key point in any awareness pro- .iehad a steam trap oanufacturer present infor.ation 
cramnshould be cooperation, and comPetitlon, as on trap inspection and repair techniques to our 
friendly ; 'jou night try to make it, will often maintenance men. 
ruin any cooerative soirit. As an example, at a 
,.ant wh-re I Nas formerly r-tployed, we were inter- Instruction in conscr'atior techniques should 
cste- in seeinr %hich shift could produce the high- be included in the training of new employees, but if: 
:s-,rercentace of on-spc product. It was discover- experienced men are used to train the newcomers, %. 
ed tra: the operators on one shift w4ould cone In and is often the case, be sure the exoerienced ones a:. 
rearrange the settings on a nmnber uf critical instru- not 5oin to hand 'own a pre-Etebargo approach to 
7-nts to settings they knew worked well. Just: before meanufacturing. 
tne shift ended, tsy would return the settinLs to 
:.cse ir.use befo they cc-'e on. Of course, after In sum=ary, I've tried to present a "punch-list' 
r-.nn.ic line.-out for seve.-r of techniques and toolsand one-half hours at to increase the effectIve
:-.e.et of ct-ndit'ans titeunit would co to pieces ness of your energy ccnservaticn prograns. Cetsiter
 
endthe nemt sift would rouire several hours to orcanizin; for energy cc.nservatlen. An: try to find 

t-t lined-zut a-ain. We decided after that to stick one person in your organization wro snoas an inter
to soft.all for inter-shift competition. est in conservaticn and fo-ali:e that Interest Into 

the position of conservation coordinator. Many 
.- .:'ATIC" "l7.I}G r.eth ds are evailable tnat will pull your entire or

eaniza.cicn Into the effort - ne,sletters, hancouts, 
Eack in the cocd old, vre-E.-.barco days, it as posters. Remem.ber to listen to your emplcyees too, 

io unc.--n for operators in the chenicai induotry through suggestion prorams and forums. And re:rain 
to use a :tie extra energy to maintain a safety your pLoole to appreciate the impact that energy is 
-z.-in on zro-:uct cuality. Increasing the refl=u havinz on the cost of coir.g business. 
-,e c- a distillation col.-n, is one exanple. ).ore 

Intr.annot, euotrvisors shered,the blaoc for The mix of. methods you use will.of course, vary 
. St~r; incr'f since they took the lups If the pied- with the type and size of the audience and the re

:* -cS of,-. :Lc. Unfortunateiy, old habits die sources available, but I hone you have discovered 
-ard. £-noal.ees must be re-trained to respect ener- one t- two techniques thet nicht te horth a try. 

:S tS . 

A I rcenticned earlier, an "enercy-awareness" 
isa nect.s:ary first step. Eut specific training 
.il!41sc c% requiree. 

Cne :1 the first thi -s our suoervisors did at 
Piulioro ,.as so ru-read ..nd w'ere necessary, revise 
cDor-tin- ;rocedures to focus on conservatiIn. 
,rer i- no cint in purifying a product way beyond 
its -: ccifi=:zion. We also expanced our preventive 
ca.r.once progrs= In the hopes that it would help
 

useliinate enercy-intensive startups and shutdoins, 

This year, we plan to Introduce energy training 
sl-s'.ns for all e..olovees, similar to a program ve 
r use f-.safety trzininr. A typical session could 

-e.a:,anation of the operation of a now 
;;t- of " ji .-.nt, infor-ziticn on how ouch a steam 
iC2, c n .zst a,,c hc,; to rp;orc one, ind a question
'.d.n:.wer v.rioi on cnergy is.u--. 

C rren:lv, we cre devcclpin .n energy conser
.'S;nslide .ncw for praienEtton to all eeplCyees
 

Ut Coc.ir, training sessions. The program will use 

e:erroons snot at our plant o explain our energy 
V'.&Ie, shoo-ing plrnt utility tie-ins, the operation 

-,encrSv users, examols of energy wasters - such 

,ca leavs, and uninsulated lines, rehods ft.' 
-ki,; ener y e and & review cf plan. utility 
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Fig. 1.Data collection provides information on the need for 
capacitors. After capacitors are installed, data should be taken to see 
if they are operating correctly (as shown at left), providing the 
necessary kVAR, and nut contributing Inserious harmonic problems. 
Photo courtesy of Capacitor Products Dept., General Electric Co. 

Applying Capacitors To. 
Improve Operations 

Importance of evaluating, planning and. 
economics is discussed 

ow power factor can be a plague to any industrial or triangle, shown inFig. 5. Trigonometric formulas will corn
commercial business in the form of excessive utility plete the triangle with knowledge of an& two parameters. 

charges. Some power companies adopt rate structures 
penalizing a customer for low power factor while providing Capactors On Motor Feeders 
a bonus for high power factor. Low power factor results in The optimum location for power-factor correction ca

higher peak kW requirements, thus affecting equipment pacitors is at the terminals of an induction motor. This ar
utilization. A greater percentage of equipment kVA ratings rangement, illustrated in the single-line diagram of Fig. 6 
is needed to supply magnetizing currents. The material that (capacitors C4 and C6), insure proper matching ih;time and 
follows lays the groundwork for remedial action in the form magnitude of capacitive kVARs to the inductive kVARs of 
of power capacitors. the motor for the desired power factor. Common circuit pro

tection and switching can be utilized to serve the combina-
Data Collection tion of motor and capacitor. In some instances, the feeder 

Plant pf can be measured with portable metering instru- cable size can be reduced as a result of the decreased line 

ments (see Fig. 1). Chart recorders tracing the load cycles current. 
over a 24 hour period for one week are recommended. The Motor Startlng Effects 

oads with stable
two wattmeter method may be applied to 


demand. Utility metered kW and kVAR data will suffice for When switched into a power system, the capacitor bank
 

the service entrance. Rate schedules are available from the will draw a high-frequency inrush current, charging in one
 
utility and should be studied for choosing an economical cycle or less. For an isolated capacitor, the inrush current
 
solution. Figuz.e 2 is a typical utility rate structure showing and frequency can be calculated from the equations:
 
how an electrical system's pf may affect a client's utility bill.
 
Data collection should include harmonic voltage levels,
 
which can be measured with frequency spectrum analyzers. 1 VARl am
(Fck-2) amps)I --

Causes Of Low Powor Factor W )(WI 

Partially loaded induction motors create the largest Short Ckt. kVA 
reactive power demand on the system sources. A conser- IPX=(l Ck _VA] 

vative motor size is usually selected in anticipation of the 
maximum accelerating and torque characteristics of the me- f Short Ckt. kVAHz 
chanical load. The variation of motor power factor (p0 with L ECLkVA i 
changes in shaft load is represented graphically in Fig. 3. 

The phasor diagram in Fig. 4 illustrates the effect of 
adding capacitive kVARs to a load having a lagging pf. The Where: 
two main reasons for installing capacitors are power capaci- Is-steady state peak current (crest value) 

ty release and reduction of utility charges. An analytical tool lK - peak inrush current 
fr- transient frequencyfor calculating the kVA, kVAR and pf variables is the power 
f,-steady state frequency 

CkVAR- capacitor kVAR 
VL-line voltage in kV 

To prevent nuisance tripping of the circuit brcaker 

By Joseph W. Fay, P.E., because of the short-time, high-peak inrush, harmonic 
Syska & Hennessy, Consulting Engineers restraint devices may be applied to the protective relay for 
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the circuit breaker to ride through the inrush period. For ex-
ample, assume the short circuit capability at the location of 
C4 in Fig. 6 is 75 MVA. Then the calculated peak inrush cur-
rent is 898 A with a transient frequency of 1039 Hz. The 
derivation follows: 

IsV~ [CkVAR1] (1.41)[ 20 49A 

[(1)(.73)(4.16) 


hort Ckt. kVA (419),9A 75V2 A( 1 500 
I CkVARFM -I L1~ ~9
fl-- f. - 60 : =1039 Hz

IfShort Ckt. kVA] ( ) 10 . 
L, CkVAR j 60 250 ] 

Motor starting effects with capacitors applied usually 
do not improve the voltage more than 5%. The nameplate 
kVAR rating of the capacitor bank can be used for 
calculating the voltage drop during starting conditions. Ap
plying the percent voltage drop method (not described in 
this article because of space limitations) to the 1000 lip luad 

of Fig. 6, the percent voltage drop is 6.5% without capacitor 
C4, and 6.2% with the capacitor added. For the 480 V, 
200 hp motor, the drop is 6.1%, improved to 5.9% with 
capacitor C6. Therefore, with shunt capacitors on the cir-
cuit, the voltage improvement is a small 3% to 5%. 

StondyStato Voltage Operation 

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

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

Srise-(kVAR)(X) 
10 x (kVPl 

Where: 

CkVARl-capacitor nameplate rating in kilovars, 

and X-system reactance in ohms from the source to the 
capacitor location and incorporates the reactance 
of all electrical system components, e.g., trans-
formers, buses and other conductors. The system 
reactance must be calculated on the basis of one 
standard voltage level for the entire electrical 
system. 

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

Demand Charge: Per kilowatt of maximum demand, $5.00 
Energy Charge: All kilowatt-hours. per kWh, $0.07 
Power Factor Adjustment (power factor to be computed at 
the time of peak kilowatt demand.) 

Penalty: Apenalty, based on the number of percentage 
points below 85% of an installation's power factor, will be 
charged, based upon: (.85 minus actual pf)(peak kW)(de. 
mand charge) 

Bonus: A bonus (rebate) based on the number'ol 
percentage points an installation's power factor Is above 
85%, will be deducted from the utility bill and will be based 
upon: (actual p minus .85) (peak kW)(demand charge) 

Fig. 2. A typical utility rate structure. Nut only do different 
utilities have different rates, a number of utilities have different 
rates for different areas they serve. A rate structure must be 
evaluated carefully to carry out an economic analysis. 
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Fig. 3. Typical characteristics ofa 15 lip Induction motor. 

Changes in load affect all the parameters. 

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

%V rise= (340)(.0145) - -2.14% 
10 x (480 x 10"1)2 

Alternatively, the percent method of voltage drop 
calculation can be usedas iimthd[tnfetbd'(b, 'd ott th'edif
ference of voltage drops) for finding the percent voltage rise 
because of capacitors being added to the system. This 
method can be used as a check to the above formula. 

%V drop-100(1-Z,)
Z,
 

where Z=impedance of the load, including capacitors, 

and Z,= total system impedance, including ZL 
%V drop (w/o cap)- 4.11% drop 
%V drop (wI cap)-,l.97% drop 

2.14% voltage rise 
The actual kilovars generated by a capacitor inatallation 

will vary with the applied voltage as follows: 

actual CkVAR= rated CkVAR x operating voltage
 
rated voltage /
 

NEMA standards require capacitors to carry 135% of 
rated kilovars including the fundamental and harmonic com
ponents. 
Sizing Capacitor For Connection At Motor 

The CkVAR rating of capacitor banks should be careful
ly selected so as to produce maximum power factor correc
tion, while minimizing the possibility of transient overvolt
ages. This isaccomplished by choosing a naeplate CkVAR 
value that is slightly below te motor no-load magnetizing 

requirements, available from the manufacturer or by test. 
The tabulated data in Fig. 4, from the article on motors, 
page 22, can be used as a guide line for this selection. 

Transient ovetvoltages may result if excessive correc
tive kilovars are connected to the motor terminals. Upon 
opening the circuit breaker the load inertia will maintain 
rotation while the stored energy in the capacitor discharges 

9 
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to provide field magnetization. This results in induction 
generator action. With the conservative values of Fig. 4. 
(pg 22) selected for capacitor sizing, and normal decelera-
tion of the load, this problem is eliminated. Article 460-7a of 

the NEC governs the maximum size allowable for the shunt
capacitor. 

Circuit Protection 

Common circuit protective devices can be utilized if 
some adjustments are made. The overload relay will be 
desensitized because of the reduced line current with the 

a new setting is required,capacitors connected. Therefore, 

responsive to that component of the line current which is 


due to motor loading. Article 460-9 of the NEC references 
overcurrent protection. 

When steady-state harmonic currents exist, the extent 
to which they add to the circuit loadings depends on the 
magnitude and frequency of the system harmonic voltages, 
If a third harmonic current flows, the resulting total rms 
current is: 

Vo(lrms + (l 2)rms 
rms is for 180 Hz. Ad-

where (I&) rms is for 60 Hz and (I3)2

justment of the long time trip element may be necessary to 
prevent the new full load current from exceeding equipment 
thermal ratings. 

Transient Torque 

This condition results from the closing of a circuit 
breaker into a capacitor-corrected motor circuit having a 

residual voltage. It is similar to the paralleling of syn-
chronous generators with out-of-phase voltages. Therefore, 

motor jogging applications are not recom-reclosing and 
mended. Reduced-voltage starting equipment may produce 
transient torques when transfer is made to the full voltage 
tap. Sufficient time should be allowed for the stored energy 
of the capacitor to discharge prior to reconnecting to the 
system. Selection of capacitor sizes from the table in Fig. 4, 
(pg 22), will decrease the chance of having transient 
torques resulting from overcorrection and excessive capaci-
tive kilovars. 

Circuit Losses 

Electrical equipment losses are reduced with capacitors 
by the change in the square of the line current. By itself, this 

loss savings is seldom sufficient to justify the purchase of 

capacitors. However, the savings in losses serves as an add-

ed benefit. The kW loss component of total power will re-

main virtually unchanged, but the kVA is reduced and th-

associated lR loss will also be reduced. This results in the 
shaving of peak kW demand and lower kWh energy costs. 

The kW losses in a typical plant vary from 2% to 5% of 
the load kWh, depending on the load factor and operating 
efficiency. As a measure of the reactive line losses, the per-
cent of total losses because of reactive power flow equals 

Capacitor Corrected . 
Current o t 

Original CorrecteLoad 
' tic Currentorignal I-

Load It. Capacitor 
Currnt Reactive 

Current 


Fig. 4. A phasor diagram. The power factor, which equals cosine 
0, Is improved when the reactive load is decreased. 

Corricc 
9 kd 

- e- t 
kVA,'ee 

d
Corrected 

Original> (,. 
t".,A" OriginalCircuItu 

' WVARof WAR 
P tCapacitorsjPower Factor-cos Added 

Fig. 5. A power triangle. Using some of the known parameters, 
trigonometric calculations will reveal missing datw. 

sin2O where 6 is the power factor angle. For example, if the 
power factor is .75, 6-41.4 degrees, sin8-.44 and 44% of 
the total losses are reactive. 

The kW percent loss reduction from an improved power 
factor can be calculated: 

-f
1 - pf orieinal%kWloss reduction-(100) 

pf cort dj 
The monthly kWh saving is computed by the following 

equation: 

kWh saving-[(peak kW loss)(% loss reduction)-capacitor 
loss](720)(load factor)($IkWh) 

Where: 
kWh per month
 

Load factor- h 
(peak-kW)(720 hr per month) 

Sometimes overlooked in loss studies are the capacitor 
losses which typically are equal to 0.15 W/kVAR for all film 

' 
and 0-5 W/kVARf6oiaper film capacitors."This should be 
considered in all energy/economic studies. 

Using the one-line diagram shown in Fig. 6 and the 
typical rate structure in Fig. 2, an example of circuit losses, 
energy savings after pf improvement and resulting cost 
benefits follows: 

Given: 
1000 ft 1-3/C No. 2/0 cable, where R-0.107 ohms per 

phase 
1000 kVA load @.75 power factor 
340 CkVAR capacitors 
corrected power factor-.92 
monthly load factor-.5 

Computation: 
capacitor losses-(340 kVAR)(0.5 W/kVAR) 

- 170 W =0.17 kW 

000 kVA 
IR losses 10 4 16kV]2 (3 phases)(.107 ohms/phast 

6.202 kW = 6202 W 
-(139)2(0.321) 
% kW loss reduction=(100) .92 (10)(1-.6 

6 5) 
[ 1, 

-(100)(.335) -33.5% 

Savings per month: 
kW demand-[(12R loss in kW)(% kW loss reduction)
-capacitor loss] (demand charge) 
- ((6.202)(.335)-.17]($51kW) - $9.54 

Energy Savings-[(peak kW loss)(% loss reduction) 

-capacitor loss] (720 hr/imo)(load factor)($/kWh) 
.[(6.202)(.335)-.17](720)k0.5)(0.07)-$48.07 

Total savings per month-$9.54 + $48.07-$57.61 

Elecri,
Consult; 12 
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Load Center Capacitors 

The purpose of locating capacitors at the service en-
trance and power distribution centers is for tile addition of 
kilovars that are necessary to correct the system to the 
desired pf, recognizing that, at times, not all pf improve
ment is carried out by capacitors at motor circuits. This type 
of installation can be-justified when a large number of 
motors are supplied, inhibiting the purchase of individual ca-
pacitors on each feeder. Or, simply, when the economic 
study reveals this arrangement as a preferred alternative. 
Outdoor rack mounted, indoor metal clad, or vault located 
capacitors are available for this application, 
Capacitor Release 

The kVA loading of electrical apparatus is represented 
in Fig. 5 as the vector sum of the kW and kVAR power re-
quirements. By reducing the reactive power demand on the 
source, the length of the kVA vector becomes smaller, 
Therefore, additional kW of load can be added without ex-
ceeding the original kVA demand. In other words, new 
loads can be installed utilizing the existing equipment 
capacity. Shunt-connected capacitors reduce the reactive 
power demand and can be used to relieve overloaded 
transformers, cables or other equipment. 

The capacitor kVAR required to accommodate a new 
load and increasing the pf to .92 without exceeding the cir-
cuit capability can be computed as follows: 

_________ __ k__ 
CkVAR - I (kVA2 )"-(kW 2)2 

- V (kVA 1)2-(kW 2 )2 

Where subscript 2 indicates the total new circuit kW and
kVA, and subscript 1 indicates the circuit capability, 

To Utility SupplyT 
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T • 
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For example, if 180 kVA of new load is expected at the 
480 V bus in Fig. 6, prevention of overload equipment re
quires: 

CkVAR-V(I3T-(91) - V(1000)-(915)Y =298 

Where 1153 equals the existing kVA of 973 plus the new 
load of 180 kVA. The 1000 kVA equals the circuit capability 
and the 915 kW equals 750 kW plus the new load of 180 kVA 
at .92 pf which equals 750 kW + (180)(.92) kW=750 + 165 
-915 kW. 

Since 298 kVAR does not correspond to a standard 
capacitor rating, choose one 300 kVAR bank. As there 
already is one 40 kVAR capacitor on this circuit, the total 
amount of capacitor rating equals 340 kVAR. 

For another way to determine the capacitor kVAR 
rating for improvement of the circuit power factor, refer to 
Fig. 7.The circuit kW is multiplied by the appropriate factor 
read from the table. For example, to correct from 75% to 
92% with 750 kW of load, find .453, then (750)(.453) 
-340 kVAR. 

Automatic Switching 
Capacitors are available in single and multi-step banks. 

Consideration should be given for connecting them to 
automatic controllers governed by parameters of time, 
voltage, or kilovars (see Fig. 8). The choice of control 
depends on the cyclical nature of the load. In Fig. 6, 
capacitors C1, C2, C3 and C5 are connected to control 
modules. Time-switched capacitors may be fitted to the base 

load kVAR. When this is done; the kVAR control module 
automatically matches capacitor loading to the varying inductive loads. The capacitor banks can be purchased com

plete with the controller, fuses, load break switch, potential 
and current transformers. 

The design tool used for selection of automatic switch
ing is the load kVAR profile, an example of which is shown 
in Fig. 9. The profile is developed from the time-charted 
data of kVAR flow and adjusted for motor capacitors added. 

A greater degree of flexibility is achieved using steps of 
kVAR switched into the system. The point of diminishing
return is reached when the cost of an addition al step to the 
capacitor bank ootweighs the advantage of correcting to the 

desired power factor for a given load. 
For plant load cycles that result in a fairly constant 

profile of kVAR versus time, fewer increments of kVAR 

switched would be sufficient to correct the power factor at 
peak load and some value at partial peak. The size and 
number of steps are tailored to the kVAR profile so that 
each plateau corrects the power factor to a value no greater 
than the desired level while attempting to minimize the 
number of steps and the difference between desired and ac
tual power factor. 

Economic Study 

An expenditure for power factor improvement will pro
duce future income from the savings in energy, peak kW, 

and power factor penalty charges. An economic study will 
provide the payback period for a given investment, or deter

the permissible purchase cost for a given payback. 
period. In the example below, a dollar value for the installed 
cost of capacitors is calculated assuming a three-year
payback period, annual utility rate increases of 12% and a 
stipulated rate of return of 15%. Taxation benefits are not 

akn
considered making this study a conservative one. For this 
example, please refer to the single-line diagram of Fig. 6, 

6. A one-line diagram of ahypothetical electrical sysLem. 

The data given is usdd in anumber of examples presented in the 
article. 

ElectricalConsultant 

http:180)(.92


_ie utility rate structure of Fig. 2, and the cash flow N Power Factor Penalty Elimination (PFPE). This repre.diagram in Fig. 10. sents the elimination of low pf penalty charges by increasing
Given: the pf from the original low value to a value up to or exceeding the utility break-even value of .85 pf and is based onpeak kW-3750 a 1%decrease in demand charge for each pf percentage im

power factor-.75 provement up to .85 pf.

load factor- .5

kW circuit losses-27 PFPE -(.85-original pf value)(peak kW)(demand charge) 

Proposed: PFPE.'(.85-.75)(3750)($5/kW) =$1875 
power factor-.92 * Power Factor Improvement Bonuses (PFIB). This is thepwefactor A-2 utility's incentive for a customer to further enhance hi3 pfcapacitor kWAR- 1715 -improvement beyond the .85 pf break-even point rnd iscapacitor losses-(1715 kVAR)(0"5 W/kVAR) based upon a bonus of 1%of the demand charge for each pf 

-. 858 kW percentage improvement beyond the utility .85 pf breakeven point. Because the peak kW will decrease with pf im-Monthly Savings with Capacitors: provement, this change must be taken into account. The 
* Determination of percent loss reduction (%LR) 

reduction in peak kW demand equals (kW losses)(% loss
reduction) less capactor losso-(27)(.335)-.858.8 kW%LR_(100)~ ~I(odo1(10 
 71-33.5%(new pi ) (T2 PFIB-[(improved pf value-.85)(original peak kW 

[]Reduction In Demand Charge (RDC) -reduction in kW demand)J(demand charge)
 
RDC =[(kW locs)(%LR)-capacitor loss]demand charge) 
 PFIB -(.92-.85)(3750-8$5/kW)=$1309
RDC -[(27)(.335)-.858]($5/kW) -$41 Ist'year monthly savings=$41 + $206 + $1875 + $1309*]Reduction In Energy Charge -$3431
2ad year monthly savings=$3431 x 12% rate increase 
REC-((kW loss)(%LR)-capacitor loss](720 hr/mo) _$3843


(load factor)(rate) 
 3rd year monthly savings - $3843 x 12% rate increaseREC-[(27)(.335)-.858](720)(.5)($.07/kWh) - $206 -$4304 

DESIRED POWER FACTOR IN PERCENT 
80 61 82 83 84 85 86 87 88 89 90 o91 92 93 94 95 96 97 98 99 100 

50 0.982 1.008 1.034 1.000 1.088 1.112 1.139 1.165 1.192 1.220 1.248 1.276 1.300 1.337 1.389 1.4031.442 1.481 1.529 1.590 1.732 
11 :9371 1.0151.0411.06 1.094'"2193| 919
:21 .989.9451971| .9971.023 1.05011.078|1.120 1.203 '1.2171.2481261 1.3241.358 1.3951.436 .1.484 1.5441.6871,14710311.1311.175 1.15911.1871.231 1.292 1.2801.3141.3511.392 1,440 1.500 1.643

53 .850 .876 .902 .928 .954 .980 1.007 1.033 1.060 1.088 1.1111.144 117412051 .231271 1.308 1.340 1.397 154 .8 1 .913 1.457 .600 
55 

.8
9 95 

. 

.2 
.881 :939 .966 .920 5 10.131.132 1.164 1.196 1.230 1.267 1.308 1.356 1.416 1.55947 8 3 .899 .926 .952 .979 1.035 1.063 1.090 1.156 1.190 1.228 1.268 1.316 1.377 1.5191.07 1.124 

56 .730 .756 .782 .808 .834 .860 .68757 .692 .718 .744 .770 .796 .822 .849 
.913 .940 .968 .996 1.024 1,051 1085 1.117 1.151 1.189 1.229 1.277 1.338 1.480.875 .902 .930 .958 .986 1.013 1.047 1.079 1,113 1151 1.191 1.239 1300 1.442Z 58 .655 .68 1 .707 .733 

.81l .644 
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Fig. 8 An automatic 
power factor control 
unit. The far left 
photo shows the 
cabinet and the 
adjacent photo looks 
into the interior where 
the capacitors, oil 
switches and current 
limiting reactors are 
shown. Photos courtesy
of I.K. Porter Co., Inc. 
Electrical Div. 

Economic Study protect against misapplication of capacitors. Some sources 
A cash flow diagram, prepared for the calculation of the of harmonic voltages include transformers, static switching 

present value of future savings, or for the amount which can power ,upplies (UPS systems, variable speed drives) and 
be invested in capacitors, is shown in Fig. 10. The present generators. A measurement of harnionic voltages can be ob
worth factors for the series of positive cash flow are 11.08, tained with a frequency spectrum analyzer. 
20.62 and 28.85, for the first, second and third series. Capacitors do not generate harmonics; however, they 

The present value of this future savings equals (11.08) act as a reactance which varies with frequency by 
($3431) + (20.62-11.08)($3843) + (28.85-20.62)($4304) X=J1(2nfC)j) where j is a plhasor operator. Higher order 
-$110,I00 harmonics produce proportionally greater currents in the 

A lesser expenditure will produce a smaller payback capacitor because of the lower impedance. 
period, or a greater rate o: return for the same period. A Capacitors are rated to carry 135% of the nameplate 
lower stipulated rate of return will allow for agreater initial kVAR to include the effect of harmonics and operati .g 
investment for the same payback period. For a longer pay- voltage. The percentage of nameplate kVARs actually 
back, a greater investment can be tolerated, with a constant drawn by the capacitor bank can be calculated as follows: 
rate of return. kVA19=(Vl)2 + :I(V 3)2+ 5(V,)2 +. 

Harmonics And Resonance . - .. where V1, Y, and-V5 are the fundamental, third and fifth 
harmonic voltages expressed as a fraction of the rated*A system study of harmonic effects and resonance will voltage. 

Circuit • The total rms current is equal to the square ro6t of the 
kVARs Load kVAR Profile Without sum of the squares of the harmonic currents: 

z 2 215-Capacitors ltotal /(lI,-) + (13_,)+ (I5,_ +. 

kVAR Loading Higher harmonics do occur and can be analyzed. The 
With Capacitors following example will be limited to the fifth h; rmonic. Sup

pose the system voltage data at C5 in Fig. 6 indicates a fun
damental of 103%, a third harmonic of 25% and a fifth har

.Each Step= monic of 5% of rated voltage. Then the kVAR loading is 
275kVAR (1.03)2 + 3 x (.25)2 + 5 x (.05)2 - 1.26 or 126% of the rated 

I kilovars. In calculating the total rns current using: 
0600 1200 1800
 

Time of Day Z' 

Fig. 9. Load kVAR profile with power factor correction using a E is the harmonic voltage and Z is the impedance of the 
multi-step capacitor bank. In the above plot, a peak denand of capacitor at the harmonic frequency. The impedance de
2500 kW is corrected to .92 from .75 pf. creases proportionally with increasing harmonic frequency.

Thus, for the third harmonic, we have a harmonic voltage of
Euect O Utility .25 per unit (pu) divided by the impedance, which is one-Future Savings In Rate Increases:
 

Energy, Peak kW,And 'Greater Revenue third that of the first harmonic, hence tlte current becomes:
 
P.F. Penalties Z' 5 

$3431 ," ............
I 2 121314 242526 36 Months Oilthis basis the tttal rms current is: 

V" \/(.0:3)2 + (.75)2 + (.25)1-1.30 
Installed Cost 
O Capacitors or 130% of rated current. 
$110,10o The above example illustrates the necessity nf sizing

switches, cables and fusing of the capacitor installation for 
Fig. 10. Cash flow diagram showing the present value of future 
savings that can be invested incapacitors t0 improve the power
factor to .92 inthe circuit shown in Fig. 6. (continued on page 54) 
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I I 	 Forensic EngineeringApplying Capacitors 
(continued from page 46)(continued from page 18) 

not protecting the electrician from125% of rated current as required by 
such a shock. It was noted that if therethe NEC. Ratings of equipment be- I 

g * g had been the pruper green bondingtween the source and the capaciLor 
ban!,. should be checked for adequate 	 wire with tile temporary wiring, the 

accident would most likely not havecapability to carry the total current in-

cluding harmonics, if present. Al:o, it INSTALl, happened.
 

A 	 An executive of tile ballast companyis important that tile relay settings for 
who attended certain of tile courtroomthe circuit breakers be checked so that IUVOX 
hearings realized that the paper andthe breakers call ride through the cal. 

culated inrush current at the high fre- POWER FACTOR 	 foil condenser w::s from a vendor 
whow;e products w', e p .itchased by the quency. If this matter isnot addressed, 
ballast manufac '.,er. Interestingly,CORRECTIO
nuisance tripping may occur. 
tie attorneys who defended the ballastAny combination of inductance and 

capacitance has a characteristi' fre- P ITORS 	 manufacturer then hired a member of 
or company to carry the case on to quency at which there exists an oscilla-
the manufacturer of the paper and foiltion of energy, called resonance, reac-
condenser that was used within thetive in nature, that shuttles between 
ballast. The case was a second job forthe electrical equipmnt. For a known 
our company, and the second case didinductance L, and capacitance C, tile 
go to court, and a settlement was madefrequency that may trigger this phe- % 
i n the courtroom.nomen": is equal to: 


. . Conclusion
1 
Attorneys are important people. They 

This oscillatory condition, if not synthesize the knowledge and informa
alleviated, results in large current tion given to them, and frequently seek 
values and overvoltages in the power this knowledge from outside con
system. When the characteristic har- sultants. Attorneys will respect you for 
monic voltage exists, and in sufficient so!;citing the help of other experts 
magnitude, the oscillating current will when necessary. They do not expect 
depend on the circuit time constant. you to know all of the answers all of 
These currents can fatally damage ca- the time. There will be times when you

think the case is unfair - and you canpacitors, overload equipment ate, at 
best, open circuit fusesa back out. Many of the attorneys in such 

Resonant shunts, consisting of a cases have called us back on other 
reactor and capacitor in series, with cases. You won't need to be either 

the combination in parallel with the cir- young or old to participate in forensic 
cuit, can be effective in trapping the electrical engineering. Our experience 
harmonic currents, thereby eliminat- in this area runs over 30 years and we 

have found the work interesting anding oscillation within tie power 
system. Usually tile exchange of profitable. U 
energy is between the customer's ca
pacitors and the low pf d.,,ices. References: 

M.Philo, Lawyers Desk Reference,Conclusion 	 -Harry 

6th Ed., hancroft-Whitney Co., San Fran-
Power capacitors canl frequently of-Pwerenefitor an feuent loe-	 cisco. 1979. 

198o ForensicService Directory: The Ns.fer benefits for an industrial/comer-
tionatRegister ofForesicExperts,Litiga.cial facility. They are available ii 

various ratings and can be connected tion Consultants and Legal Support 

to control systems to closely follow the Specialists. Fairlawn, NJ. National Foren

power factor performance of an elec- sic Center. 1980. 
Manual of Practice for Forensic

trical system. Before installing capaci-
Lnbornlotries, American Council of In

tors, ant economic analysis should be 
dependent Laboratories, Inc., Wahington,

carried out to justify their installation, D.C. 1982. 
Planning for a capacitor installation re-

quires a check on equipment ratings, The Author
 
protective device settings, harmonies
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The Best Of Capacitor Installations
 
Can Have Side "ffects
 

Avoiding troubles 
from surges and resonance 

When capacitors are used to improve 
power factor on'ac circuits, there call 
be side effects. In some cases, the ca-
packors are the victims; in others, they 
are part of the cause. In either case, 
the electrical consultant should be 
aware of the possibilities and take 
necessary steps to prevent damage

.from surges and from continuous har-
monics. Both these effects are of grow-
ing importance because of increased 
application of chopped-wave equip-
rment-especially silicon-controlled rec-
tifier (SCR) drives. 

By Myron 4ticker.P.E., 
President, and 

Lewis M. Clark, Production Manager,

Myron Zucker. Inc. 


MN
 

Althjugh it rarely happens, major 
damage can be caused by tnnsients 
lirluced by false triggering of device.t 
such as controls and computers, fuse 
blowing, breakdown of insulation and 
other malfunctioning in transformers,
switchgear, iiiotors and capacitors. 

These events can he maile worse hy 
resonance, match:iiig the circuit induct-
ance and capa itance to the frequency 
of tile pulse.,; so that they are amplified 
over certain parts of the system. Reso. 
nance call not only make things worse 
by creating unusually high voltages
and currents, compounding the prob-
lems of transients, but can also add 
overheating of lines and equipment by 
the addition of resonant current to a 
60 liz system. 

Glimmers of electrical problenms ap-
peared as far back as the 1930s, when 
medical x-ray machines caused distur-
hitnces in power lines from which they 
were fed. In the 1940s additional line 
disturbances from large spot welders 
and flash welders hrought the flicker 
problems to the attention of electrical 

7411 q 1j1'jj2='JowEMstate 

M 

,ngineers. Lighting, television se 
and the welding apparatus itself we 
afflicted by tie surges.

In those days, problems were fe 
and large enough so that each or 
could he solved by individual egine"
ing attention. Are furnaces, large re 
tillers and high Irsepower inductic 
motors created surges, and this equi 
tant was sometimes invilved in res 
nant combinatioins. 
Rectifiers Alter Conditions 

Tie surg.e/harmonic syndrome 6 
canie more common in the 1960s wil 
the spreading of chlictled-wave equil 
ment (that allows only a portion 4 
each half-cycle of volLage to gi 
through to the oadl). Igoitrons ai 
saturable reactors also caused prod 
leis and. tnw;ulays, rectifier systen 
such as SCRs are used with increasinI 
freq uency alud i re a! 1mjr cause (
creating surge and restnance difficu 
ties. Power line noise troubles were ci 
countered even without power capac 
tors. False operation of cquipmen 
cross-currejits, voltage distortioi 
hoth high and low, and overcurrenil 
were experienced. 

Now iii the '80s, power-distortin 
equipment is beco Diig even more con 
mon. More efficient and ,lheapersoli(

phase-con'trolled switches, soc 
as SCIts, are widely used for contru 
ling andl/i pIrivioiing pIwer to : 
moi'tors, av ni irs (hiith coinstant all 
variable speed), furnaces (ioth inul 
tive :ind resistive), and uninterruptihi 
Itplie- supply (UPS) systen!-,. And, re, 

(continued on page 2, 

Fig. 1. Liiie viiluige tranisienits (spikes) cause
by commutaiai of an SCR unit powering a 
400 lip tic mtitor. The system is fed from a" - - - - - " - = 2000 kVA suhstatiiii. 
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Capacitor Installations A secoid Ipinl enii ithat Lh(i especially th'e in large ha uk,: 
whether switched all at once, or in(continued from page 24) rectifier itself is affected while pro-

viding a reasonably unvarying de. This small steps. 
tifier firing circuits create problems of requires that the ac lines provide not * SCR drives that draw more load 
surges anI harmoinics. oinly 60 Ilz current th the Ioad, but ldso than the 6ither equipment on the same 

It should be recogized that rectifier continuous harnioiilen which, when put liw-voltage line. 
equipment not oiily distorts wave through the rectifier circuitry, come - Capacitors that bring power factor 
shapes; this equilpment also frequently out as a nearly flat de. This, in turn, af- above 90% at full load, especially if re
lowers pf, sometimes substantially, fects the ae primary power source. maining on the line at light load. 
thus creating tile need for pf correc- The third phellnlenon is a ciimlina- - Capacitor kVAR greater than 25% 
tion, which is done by the installation Lion of inductance (L) and capacitance of the transformer kVA feeding it. 
of capacitors. oiwever, capacitors (C), (if which each circuit has definite 
may cause resinant priblems. It is ira- amounts (regardless (ifdiscrete Callaci- Spikes 

iportant to switch capacitors off a iiie tir equipment), which c;l create res- Spikes seem to cause fuse blowing 
during periods of light loading. nance and enlarge vltage and current inore often than do harmonics. To ex-

Recignizing that the aiive electrical by many times (see Fig. 2). The dec- plain this, consider the capacitor 
prihlems are increasing, emihasis trical coisultant's juh is to locate and "device" fuse connected to each ca
should be placed on analyzing a prl.j the -. that can pacitir. This iscorrect :.*. create a fast-acting, current
ect's circuit characteristics, lIoking for excessive uirrents aind voltages, limiting fuse (as distinguished from a 
possihl resonances that call il;crease Of the ;above asleets, resolnanee anI slow-blhwing circuit fuse), and it acts 
overviiltages and iivercurrents. It does harniuics lend themselves to invas- as an isolator to Lake a capacitor off 
nt mean that every installation is full urement by cmputation. the line the instant it develops a short 

(if problems; it simply Means that there circuit. Speed is important to prevent 

are possible causes fur colncern that Trouble Spots case rupture, and device fuses have an 
the electrical coosultauit shoul watch Ill the typical factory or office uilti:- excellent reciird in providing such pro
out for. ing, a moderate amount of SCRs will tection. 

cause little trouble. However, condi- But the fuse is nervous. Fuses of 
Circuit Analyss tinus that may cause problems and relatively small 12t (a few thousand 

There are three distinct plenlmena shoull lie investigateud are: amiperes" seconds) capability, as used 

that shiouhl he evaluated in a circuit o A few SCR drives that are large in with the now preyslent unit cell con
analysis. First, there are transients relation to the power system. For in- structiii, will le blown by spikes. 
caused by one form ir auother of stance, if there are one or two drives So fuse amperage h..s to be chosen 
switching. Rectifiers anld inverters are whose loads amiunt ti alut 40% of carefully. In the (lays oif good sine 

iii effect a collex series iufswitl'hii g tle translurhi ir kVA feeidiug them, waves, i nveil ltil;n, I rules were satis
cilruits ihat li:illarily use solid-state the cininutating spikes nay readily factory. A fuse rating of .1.67 times 
devices. They take currenlt first from blov capacitor fuses and possihly punC- steady-state' current' allowed margin 
one line of an ae power circuit andi then lure capacitor insulation. fi the noirnal variations in capacitor 
froli tile next and st on-feeiling each * Rectifiers usually operatiig at current: up to 1.35 times rated kVAR, 
ill turn ti the saile output wires, with i great (ireie that) 50%) retardatiin. computed hy the factors of 1.15 times 
the output being de. Each time that the Watch frequently switched capacitirs, rated micrifarads, 1.1 times rated 
primary current is transferred friin 
one wire to the next, the two wires are 
essentially short-circuited. The shirt 
circuit lasts only a fraction ofa secnl, 
but this is what creates spikes and 
notches ill tile supply lie voltage (see -_ 
Fig. 1).These surges are Lte basis of z' 
all the ills listed at tie start iif this arti- , 

IV 1 %111111
 
I AA7A7b 

Fig. 2. Photo of aCR monioring t 111C 
voltage and current at a 130 kVAR capacitor 
installation. The equipment is inapln wit 
a 300 hp, SCR powered motor oi a 200 ft 
bus, fed from a 1000 kVA sulstation. This
picture shows the spikes in the current wave 

(the low amplitude wave-the high amplitude 
wave is the voltage) that are providing the 
excitation to a resonant circuit, The lth 

M E ,ff nM s E 

harmonic isclearly seen in the current wave. 
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voltage and 1.06 additional harmonics, 
which are always present to some 
degree. 

Ragged waves, however, will blow 
such fuses. In line with recent fuse 

manufacturers' thoughts, many elec-
trical consultants now consider 2.2 to 
2.5 to be the normal wultiplier. Some 
installations go considerably higher.
Our firm, which manufactures capaci-
tors, has no reports of cell rupture
when such ratings are used. 

Spikes may also damage contactors. 
The nominal limit for spikes, set by
makers of the lighting or resistance 
load contactors, that should be used fur 
power-factor control capacitors by
themselves, is six times rated current. 

Spike Reduction 
The electrical consultatit's joh is to 

specify fuses that will operate under 
normal conditions without jeopardiz.
ing the capacitor, thepol-rcontactor or, 

even more important, people-or else 

to call for means to suppress the tran-
sients at the capacitor. Spikes can be 
reduced by the .correct amount of 
inductance or by shunt suppressors
(choppers) near the sensitive equip-
ment. Should a line not have sufficient 
inductance in itself, the line inductance 
can be supplemented by solenoidal 
chokes. To obtain optimum results, 
filters should be applied, 

Harmonics 
Harmonics lend themselves to a 

more analytical treatment than spikes 

in the usual electrical system where 
potential resonant circuits can usually
be well identified. 


Remember, that for harmonic 
 cur-
rents or voltages to build up, theren xoh eoatcicimx-
ci.tion. If both exist they will create 
oscillations that can cause trouble from 
overcurrent or overvoltage. Let's look 
at the two requirements.

In determining the first criterion for 

having a resonant circuit, it is impor-
tant to see if the resonant frequency
matches excitation frequency. Reso-
nant frequency depends on the induct-
ance (L) and capacitance (C) of tle 

f-


wliere f is in cycles per second, L is in 
henries and C in farad±. 

On new projects, L and C may be 
from:foTransfome i d e) 

* Transformer impedance (Z)on the 
nameplate, thus ascertaining tile ma-
jor inductive element in an electrical 

system. 
r Ohms impedance (or the reactance) 

from textbook values for the electric 

lines between the transformer and the 
capacitor. 

, Equivalent impedance of the utility 
system before the transformer, a value 
usually available either as Z or as 
short-circuit kVA from the local utility. 

The kVAR rating of capacitors inT
the circuit being considered. If they are 
spread over the distribution circuit, a 
first approximation may be made by 
considering them all located at a load 
center. 

atrlpoeni~ 

When improving the power factor of 
an existing plant, it is helpful to make 
field tests to determine the reactance 
of the system by projecting back from 
known capacitance and by observing 
the frequency of oscillation as some ex
citation is applied to the circuit. An 
oscilloscope, preferably with a reten
tive screen, willbe useful to read the 
frequency. The resulting flnoscillogramwl 

willprovide a recording of linecondi
tions. There is noticeable variation in 
waves inmost plants which makes the 
use of harmonic analyzer scopes, while 
convenient, somewhat questionable
because the amplitude of one harmonic 

.(e.g., the llth) relative to the 5th, may 
have changed by the time it is scanned. 
Al interesting phenomenon is that, 

in actual practice, the resonance is 
usually between 300 and 750 Ilz, the 
range in which the possil ility of uscilla
tion related to solid-state rectification 
devices is greatest and gives the worst 
consequences. 

More specifically, for acircuit having 
a 5.7% Z transformer (a commor. 
value) and acapacitor kVAR rating of 
about 25% of tranmformer kVA rating, 
f(resonant frequency) -450 to 500 Hz. 
Using other capacitor kVARitrans
former kVA ratiosthe following fre
quencies are obtained:
 

30% ratio, f =400 to 450 Hlz
 
40% ratio, f= 351')
to 400 liz 

The resonant frequency of electrical 
systems is likely to decrease as solid
state rectification devices become 
more economical anl proliferate on 
smaller, weaker systems. It is inpor
tant for the electrical consultant to be 
alert against harmonics when small 
2401480 V and 2,10/208 V transformers 
feel] S C R loads. 

The second criterion needed for a 
harmonic problem to exist is having an 
excitation frequency matching the cir
cuit's natural frequency. And, not only 
is the rate of excitation important, but 

thealso te amplitude,u icut mustwhich beeageen e 
large enough to exceed circuit losses.
 
To determine an electrical system's 
high frequency excitation, an investi
gation should be made of the loads, 
especially rectification devices. 

When evaluating a rectifier's liar
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Filter Application 

A more practical approach is to use 

Resonant Harmonic .. Power Factor filters, or traps, either in large (substa-
Resoflnaonic - - tion) capacitor banks or in smaller 

units. A filter can consist simply of a 
21st Harmoni 
1." I" "20 

" 
__9__h___ ,.__ ._1 - .0 0 

h 0071 

1 pfCurve 

113ht 
-h.90 

l4 51 
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, 

71h 

Resonant 
Harmonic Curve 

.80 

-used. 
Saler 5hHalmoic 
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___l -70 
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Capacitor VAR 

F'ig. 3. Chart showing resonant frequeocy vs. amount (if capacitance (blue curve) ina 

circuit fed from a 1500 kVA substation with a 1001 A,200 ft bus with reactors. Al) 
shown are the re.onant harmonic frequencies that xhould Ire aviridel. The reri curve 
shows how pf is Inproved as capacitance is increased. At times acomrumise must be 
made between pf improvement and exposure to harmonies. 

monic excitation, it will be rioted that 
usually tire 5th, 7th, IIth and 13th har-
monies are affected. These harmonics 
have frequencies of 300, 420, 660 and 
720 1Iz respectively and are the 
primary problem frequencies. The 9th 
harmonic is absorbed by delta con-
nected equipment. In our experience, 
'there is little chance of harnrriic prob-
leuis if the system resonates at 660 Ilz 
(11th harmonic) or higher. 

With oversiniplification, tire rectifier 
will create square waves of current on 
the G0 1Iz system. The ampilitude of 
each harmonic is related to the inverse 
of the frequency (i.e., the 5th is 
greatest, 7th less, and so oi up 
through even higher values than thie 
mentioned, but those values are insuch 
small degree that they are usually 

negligible). 


nlot
If the generated harmonics coincide 

with any resorances inthe supply cir-
there will be oscillations, ardcuit, 


possible trouble. 'Fire higher the fre-

quency, the less the excitation energy 

cormes from tie rectifying device 

(unbelievalle as it nmay seem, these 

units should be considered as i current 


Capacitor Lovol 
The electrical consultant has some 

optils if lie finds conditions are 
favorable for oscillatins. One-the 
most direct-is to limit capacitors to 
safe levels. This is done by having the 
capacitor kVAR rating less than 25% 
of the transfirmer kVA rating. 
Anothir is tri start with a minimum 
arrount of capacitors to avoid circuit 
resonance (see Fig. 3) and then 
gradually increase the armount until 
tire desired power factor is attained or 

there are signs of trouble. This re-
quires careful monitoring. 

Another appiroach to avoiding the 
critical resonant Iroint 

until 


is by applying 
either a little r. re or a little less than 
tie target amount of capiacitance. This 
may be practical if :a system is 

I't- tor correction while with G.E., Detroitstatic-but ina changing system, 
(ay's solution miay e toinorrow s. Elisit 01.., and his(own irm. He is a 

rewiial Engineer and isdaysutn arioi-tisen 
Ali effective :rut expensive uoption irciveii%1F/I.
powerto use rectifiers inwhich the al: 

is divided into 12 or more circuits 
before being rectified. This raises the 
level
of harnrote frequency excitation 


to a range where it can be handlhd ret-
ter. This option is economical only for 

reactor in series with each capacitor, 
tu-Ied near the lowest expected oscil
lating frequency. Most commonly this 
is the 5th harmonic. 

These series-resonant filters invite 

the harmonic currents to stay in the 
capacitor-rectifier part of the circuit, 
relieving the electrical power system
of tlre undesired excess resonance 
while providing a smooth de to the 

load. 
To trap the 5th harmonic, a reactor 

of about 4% inpedance at 60 Hz is 

This increases tile voltage on the 
capacitor by 5%, which, in view of tire 
itcreaser] harmonic current that the 
capacitor must carry, leads to the 
recommendation that 600 V capacitors 
be used on 480 V circuits. Because of 
the derated capacitors and the addition 
of reactors, the cost increase must be 
evaluated. 

We have found tire trapping method 

to le effective even on small systems, 
especially wheu the capacitor-at-the
load philosophy~is used with modular 

trapped capacitors near individual rec
tifier loads and switched on and off the 
litre with them. 

Conl"usio 

Resonance and spikes may become 
more common as rectification loads in
crease in use. The effects of spikes can 
be mitigated as discussed. Resonance 
problems can be overcome by judicious 
selection of ratings for capacitors and 
traps. Costs must be weighed against 
benefits. 
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'. ou may 1OOK.ont-'1- improvement as a load easer in
 
transformers, generators, and feeders, along with trimming"
 
the rate structure and. monthly billing. Now consider
 
the sheer practical aspect of energy conservation
 

Every plant-systems engineer should kva. Translating that, we may say that other inductive equipment. Remember,have a clear picture in his mind of just kva is voltage multiplied by amperes that this reactive power is roughly conwhat power;.factor means. This is a (flowing in a single-phase circuit), di- stant between low and full load of an'must,: since-'pf, plant."operation and vided by 1000. induction motor. Naturally the useful.. energy economics go -hand in hand..- Coming back to our. homely beer- power, kilowatts, drawn by the motor"That's fine," you'll say, "but my plant J'mub analogy, we can readily see that will be much less at low load than athas been running for years and the clec-we're much better off with less suds in full load. On the other hand, since thetrical system appears OK; Why should I the beer mug and less reactive power in reactive power to the motor is prac-startworrying about pll" Well, pf is im- :our electrical system. You can under- tically constant, you can see that pf of.portant becausegood power factor stand this at a glance by just looking at the unloaded or lightly loaded motormeans less load on your feeders, better. the sketches once again. will be low. In other words, the portionplant voltage,'a good-sized dip in your ;, Reactive power. For the moment, let's of useful power will be low when comontily" power' bill and, if you buy' .look at electric power flowing between pared to total kva drawn.'power, probably lower electricity, rates generator and motor as through it were Over-motoring. This all leads to thefrom the utility company." ' . beer. It doesn't take a genius to realize first rule. for establishing good pf inInterested? Of course-you're always the size. of the generator and trans- -your plant. And that is, don't "over-mo,interested in and on 'the lookout for former, as. well as the feeder, must be tor" when using induction motors. ways to cut costs. Your first step is to get large enough to handle both liquid beer Of course, the best time to analyzea clear picture as to what pf really is. and froth. We're saying that an induc-." over-motoring is when you select moWe're not going to cover pf calculations tion motor needs both froth and liquid Inrs. is aThe next thing to remember now. For the time being, let's settle for a beer: this certainly holds true in corn- possible rearrangement of inductioni'dclear picture of what pf is, in simple paring beer to electricity, since your in. motors in your plant. Along these sameterms, and what you can do to improve duction motors need both real power, lines, think of the synchronous motorit in your plant.-The saving in power kilowatts, and reactive power. when selecting motors for slow-speedlosses-transformers, feeders and gener-. 'Now the froth flowing through the application. 
iators-can
.constitute 'a.
sizable energy pipe causes loss in the generator, trans- Capacitors. Now for a word about. avmng. formers and feeders similar to that shunt capacitors. They are stationaryWhat pfus. Think ofyour electric sys-. caused by the liquid beer. Such is also devices whose main function is to de-'tem as one carTying two types of power: .. the case in your electrical system, where liver froth or reactive kva to the induc-,useful power. (kilowatts). that goes to the reactive power causes power loss all ' tiorn motors and other induction cquip..work pulling your load,' and reactive along the line just as real power does. Pf..ment in the plant. These do the jobpower (kvar) that generates magnetism in your plant is low when there's a lot of nicely and require little attention in the

.within induction motors. The only one froth (kvar) flowing. ' ' way of maintenance or operation. Don't ..of the two that drives load on the end of What to do. Now the thoughtI might overlook the fact that they can be in'the shall Is the useful power or kilo- .occurwatts. Nevertheless the generator, trans-.. to you that it would be wise if we stalled practically anywhere without'could place a machine next to our mo- disturbing production.
 
formers and feeders carry both. 
 tor just to supply the fioth. And that is Synchronous motors. Take another", You can get aiclear picture of this by .. often the way pf is improved inthe in- look at the sketches. Remember, there' 

*.studying the. sketches on the facing dustrial plant. By supplying the froth is a big difference between a synchropage. The. mug of beer represents your
electrical system. It, toj,"is made up of 

from a source other than the original nous motor and a capacitor. The syn-.generator, the load on the system is re- chronous motor will supply mechanical' 
two parts; the useful (liquid) beer and duced. power output as well as reactive power
'the suds. Rc.!ize that you're not going to im- to induction motors in the plant. In
;. Beer and pf. Compare the liquid beer prove pf and then buy a smaller gener- other words; The solution to your probwith useful power, kilowatts or watts, ator, trlnsformer and feeder for your lcm might be to install a synchronous'usedto drive the load in your plant. plant. What you have already installed motor along with smaller induction mo.Then compare the froth or suds to the will probably remain there. The point tors to make up the total shaft horse-,.reactive kva flowing through your plant is, by improving pf you reduce the reac- power required.feeders and transformers. Now what is. live power flowing in your system, and On the other hand, the capacitor is*pfl Well, we could say the pf of the mug wind up with ample electrical room to strictly a froth machine. It is tied onto
of beer is the ratio of the useful beer add odditional load without going 
 to your line to supply this reactive kva to(liquid) to the total volume of the mug. bigger feeders and transformers. This is induction motors in the plant. You willLet's apply the same definition to in addition to reduced losses within the have to make a detailed cost studyyour electrical system. Looking at it in generator, transformers and feeders. 

to 
"determine whether the synchronous,the same light, you will find that pf is 'We mentioned before that reactive motor, shunt capacitor or a combination

.nothing more than the ratio of the use- power supplies the magnetism in your of the two is the best bet in your parful power (kilowatts) to the plant's total induction motors; this also holds for ticular case. n 
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ABSTRACT 

Two of Shell Canada's refineries have logged about six years total 

operating experience with modem flare gas recovery facilities. The 

flare gas recovery systems were designed to recover the normal 

continuous flae gas flow for use in the refinery fuel gas system. The 

system consists of liquid knock-out, compression, and liquid seal 
facilities. Now that the debugging-stage challenges have been dealt 

with, Shell Canada is more than satisfied with the system 

*performance. A well-thought-out installation can today be safe, 

trouble-free, and attractive from an economic and environmental 

viewpoint, 
This paper highlights general guidelines for the sizing, design and 

,
operation ofa refinery flare gas recovery faolity 

INTRODUCTION 

Every petroleum refinery has a pressure relief and flare system to 

enable safe hahdling and disposal of hydrocarbon vapours and liquids, 

The system loads typically have both continuous and intermittent 

peaking components. Recovery of the continuous or normal 
hydrocarbon vapour flows has proven to be economically attractive 

with both increasing product value and improved system technology. 

Energy savings equivalent to approximately one to two days of 

product throughput per year can be recovered and provide 
approximately a two-year simple payout. Environmental benefits are a 

bonus. 
on oil refiners to reduce flare emissions intensified 

Pressures 
during the Seventies. Many of the larger refineries in Europe and 

North America installed flare gas recovery facilities. For example. 

Shell plants around the world operate thirty or more such units. In 

western European countries, flare gas recovery is a long-established 

part of refinery emission and cost reduction piactice. Even for 
- 14300 m'lday range

medium-sized plants with capacity in the 9 500 

(60-90 000 BID), it is not uncommon to see a flare gas recovery 


facility,

.Inthe developing countries, flare gas recovery is rare. Sometimes 

this occurs because refinery fuel gas supply already exceeds plant 


In other cases, there have been simply other investment
needs. 
priorities. In very small or simple refireries, :.y of less than 4800 

m/lday (30 000 DID) crude capacity, the system cost may be difficult 

to justify economically. 
It appears that some North Am.rican refining companies still 

cling to an old philosophy thy flare gas recovery systems are unsafe, 

unreliable, uneconomic, or urnecessary. Shell Canada's.rrcent 

.exper'ence with two modern systems has proven otherwise. 

Henry H. Chan
 
Shell Canada Limited
 

Montreal, Canada
 

Two of Shell Canada's oil refineries, at Sarnla (Ontario) and 

Montreal East (Quebec), have now logged about six years total 

operating experience with modern flare gas recovery units. The 
eciprocatirgcompression facilities In each utilize a two-stage 

machine, one liquid seal drum per flare stack, and an automated load
 
the normal continuous


control strategy. The purpose was to recover 
flow of refinery flare gas for treatmeint and use in the refinery fuel gas 

system. 
The d-signer faces some challenging questions: How to determine 

'how,'Iach'lTide gas will be recoverable?-How to specify the flow 

properties for compressor selection? What controls should be 

How much operator and maintenance effort will be
incorporated? 
required for safe, efficient operation? What kind of process and
 

hardware problems should be watched for?
 

When considering the economics of the project, the following
 

questions must be addressed. What is it all going to cost? What on
strean factor can reasonably beused in the project economics? Is
 

there a better way, that requires less capital investment? This paper
 

will touch on ill these issues.
 

SYSTEM CONFIGURATION 
A schematic of a typical refinery flare gas recovery facility is
 

shown In Figure I. The facilities include the following pieces of
 

equipment:
 
- compressor suction drum
 
- compressor set - Inter-stage knockout drum
 

-- age kea o drum
 

- Msre seal drum 

A compressor suction drum is provided to knock out liquid 

droplets before the compressor first stage. As well, the flare line to the 

compressor should be sloped so that liquids drain away from the 

machine. 
The compressor set is fairly standard, It consists of the 

compressor and driver, intercooler, after-cooler, and control facilities. 
A two-stage compressor isrequired if tire recovered gases are to be 

of about 65 psig.compressed to pressures in excess 

Reciprocating compressors have been used frequently in this 

service. However, screw-type rotary compressors are also being used, 

particularly in larger capacities. 
The inter-stage knock-out drum is provided to knock out 

condensed liquids from the compressed and cooled gases. It also 

functions to protect the compressor should tie intercooler leak. The 

collected liquids are drained to a flare header knock-out dran for 
directly.pumpout or may be pumped nt 
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The flare seal drum Is provided for two purposes. First, It holds a 

slight positive back.pressure on the flare header to supply suction 

pressure for the compressor. Secondly, It prevents air from being, 

drawn down the flare stack. This could happen in the event a vact urn 

Is pulled in the flare system due to compressor controls malfunctlin or 

thermal contraction of hot vapours. (Reference 1I) 

SYSTEM OPERATION 
Under normal conditions, tie compressor draws flare gas from 

the flare header and boosts it to fuel gas treater pressure. There is 

inufficnt flare header pressure to break the seal. The liquid sel In 


so no flare gas Iswasted to
the flare seal drum remains undisturbed, 
te flare stack. 

Under abnormal upset conditions, tite flare gas flow over and 

above tie compressor capacity will break through the liquid seal and 


out to tie flare stack. The compressor should conlitue to recover Its 


design flow. I he seal reestablishes itself while the compressor 


continues to operate. 


DESIGN GUIDELINES 
The design of flare gas recovery facilities should be based on the 

following general guidelines: 

I. Safely 
The major consideration It tie system design Is the prevention or 

air ever erring the flare system. A flare seal drum should be 

provided for this purpose. This assures highly reliable protection 

against overpressuring the system while maintaining a positive seal 


barrier to reversed flow. 


-NEW 

As a back-up measure of salety, tile control system should be 
carefully designed'to prevent operation of tile flare gas recovery 

system below atmospheric pressure. Sore refiners provide an 
tile flareemergency cut.in of fuel gas to prevent pulling a vacuum oit 

also be met using(References I and 10). This safety objective can 
compressor control dck-up%, to automatically shut down the motor 

drive. Either precaution should prevent ai ever being drawn back 

down the flare stack to mix with hydrocarbon vapours. 

As a further precautiont. tire portinn of the flare system 
downstream of tie seal should he piriged continuously. Either refinery 
fuel gas or a continuous source of nittogens may be used as the purge 

medium (References 7 and 11k. 1lhi pige guards only against air 

downwash Into the flare stack. 

2. Rtellabltllty 
Because of the high value of th: energy savings, efforts to achieve 

factor through tire design of a highly reliable systema high on-stream 
are warranted. Such design features should include generous knock

out facll -, proper cotpressor metallurgy, and extensive compressor 

protection instrumentation. 

Proper selection of the type of conpressor for each application is 

very Important. Although. theoretically, alty kind of compressor cars 
be used, some kinds have earned broader acceptance in this ser' ice 
titan others (Reference 2). i relinery flare gas recovery service, many 

modern installations feature a single reciprocating or rotary screw 

machine. Older designs often featured several machines in parallel. 

either for flow corrtrol or for reliabi'ity reasons (Reference 91.In 

addition to the usual criteria of hardware reliability and installed cost, 

consideration must be given to tnaterinis selection, amount of 

condensation, and ease of maintenance. 
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After the compressor type is selected, the machhre must be 
carefully specified, in order to achieveligh reliability. It is very 
important that the compressor specification be based on a realistic 
range of flow properties. This composition affects more than just 
compressor size and motor rating. It may also govern the amount of 
liquid hydrocarbon and water that may condense In the knock-out 
drum. Only by this ,ort of attention to detail can a highly reliable 

equipment package be engineered. 

,3. Capacity 
The normal flare loads vary widely depending on refinery 

throughput and oper-'tipg mode. To enable recovery of over 90 
percent of the total annual flare load and keep flaring to a practical 

minimum, the conpression facilities should be designed to handle " 
...about 2 to 3 tmes the average normal flare load. Other plants, such W 	 4 

as chemical plants, may have lower normal variation in flare rates. 
For this reason, the iutalations may be sized for a lower flow range. 

Tile additional compressur capacity, purchased at modest 
incremental cost, provides the required rangeability. This wide flow 

range of operability has been found necessary to minimize losses. 

A sophisticated compressor control strategy is desirable to 

maximize energy conservation henefits under normal, partial-load 
.situations. With the machine normally running well below the rated 

capacity, the load controls must be able to quickly adapt to higher 
flowrates to prevent unnecessary losses. Without such controls, the 

system would be very wasteful at the usual turndown conditions. 

The flare gas recovery facilities should be designed to handle the Figure I. A Vertical Seal Drum 

normal ra-nge of molecular weight of the flare gases. This normal 

range may be best determined by numerous spot determinations over 

an extended period of typical, steady plant operation. The extremes 

that occur only during rare upset or turnaround conditions need not -oerience has prover the need for attention to vesselinternals to 

be included. ' prevent troublesome wave action of the disturbed seal fluid. Such 

Certain infrequent flare gas streams, that might malaffect system disturbances may occur due to an excursion In flare flow that breaks 
It ), or due to incorrect tuning of compressorrecovery, long term, may be segregated. Such streams could bypass the seal (Refewence 

flare gas recovery and go to the seal drum directly. An example would controls. Unwanted seal fluid wave dynamics in such drums have been 

be a stream rich in hydrogen sulphide, known to give operating problems. These problems may include 

vibration, suction pressure instability, and cyclic flare flame puffing. 

Proper attention to the asymmetry of internals and wave dytamics 

4. 	 Location of the Compressor would avoid these problems. 
Although water appears to be widely accepted as the conventionalAlthough the flare seal drum must be located along the flare 


header near the flare stack, there is considerable latitude in the 
 seal fluid, other fluids such asstove oil or glycollwater mixtures are 

selection of the flare gas compressor site. it need not be located close possible alternatives. Fluid selection requires consideration of freeze 

to the seal drum, the Operations Control house, or'the fuel gas protection (in cold climates), hydrocarbonlwater separation, 

treating unit. It may prove most convenient to locate the machine implications of carryover, cost, availqbility, and disposal. 

within the battery litAits of a process unit. The existing process unit 

operators can usually handle the few additional chores with minimal 6. Compressor Cortrols 
The conentional compressor control stratrely calls for adjusting 

extra effort. a constantthe (net) discharge flow of the compressor to naintain 
Among the factors determining cospressor site selection are fire 

protection considerations, maintenance access, system hydraulics, suction pressure. A suction pressure of about I psig is high enough to 

and low enough to allow the existing relief valves 
piping costs, lite sloping for drainage, utilities availability, safety, and prevent air ingrmss 

to perform properly. The suctio pressure is determined by the seal 
recovery systemlprocess unit Integration. This latter item may prove 

liquid heiglt in the seal drum. The sense point for the pressure control 
very important beca !se the flare header tie-in location may impact 

upon the stream factor of the system. In general, the compressor instrumentation should bein the compressor suction drum. This 
prompt a recycle spillback-to-suction to help control 

should be located so that the effect of process unit shutdowns will not control signal cart 
suction pressure. Other levels of control sophistication may also be 

affect its availability. considered. 
For equipment protection, art automatic shutdown or lock-up 

system should be incorporated. The actual protection philosophy will 
. Seal Drum Configuration 

of the flare depend on the specific machine. components, and operating
The seal drum should be positioned dowr brean 

liquid knock-out facilities. The seal drum should also be designed for philosophy. It should be noted, however, that an overly complicated 

lock-up r2:,em can be more trouble than it is worth. Nuisance trips of 
liquid knock-out to prevent carryover of te liquid seal fluid during 

the system protection devices may occur so frequently asto penalize 

philosophy as that in the API Recommended Practice 321 (References the on-stream factor. 
I and 7). A vertical configuration may be preferable to horizontal, for 

upset conditions. Thre seal drum should be of similar design 

7. Downstream Facilities
spatial reasons. 

Downstream facilities, such as the fuel gas Ireater, must beable 
Figure il Is a photograph of a vertical seal drum. Rather than the 

to handle abrupt transitions In gas flow and composition. Refinery
baffle weir and drain system asshown in Referen~e 1, liquid level 

flare gas normally cont."ns some hydrogen sulphide, so the stream 
regulation and preferential hydrocarbon skimming may be 

should be treated before it may he burned as refinery fuel gas.
 
accomplished using multiple standpipes of differing heights, 
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Treatment isnormally performed in the existing fuel gas cooler, fuel 
gas treater knock-out drum, and fuel gasabsorber tower, if spare 

capacity exist,. 
Downstrean of the treater is the fuel gas system itself. Thought 

must be given to how thefuel gas system can be made to adapt to 

abrupt variations in fuel gas supply. The fuel gas system control 

strategy may have to be modified so that the plant's marginal fuel 

supply promptly reflects such changes. This centrol strategy is trivial 

if theplani's marginal fut. Is purchased nstural gas, but sophisticated 

ifitis plant fuel oil. 
Another aspect of thedownstream facilities, to be considered, is 

therouting of the flare liquids from the new knock-out facilities. The 

existing knock-out drum pumps should be verified as having adequate 

capacity and ,eliability to handle the increased liquid load. The 

hydraulic si ing of the existing pump discharge piping should also be 

checked.
 

SARNIA FLARE GAS RECOVERY PROJECT 

System Definition,
 
The Shell Canada refinery, supplying the Ontario market, isIn 


smedium sized. It has two crude units totallingShell Sarnia plant an hour's drive north of Detroit. TheA 
the Sarnia "Chemical Valley" 


II g0 m)/day (74 000 BID) capacity. Its secondary process units 


include a hydrocracker, a catcracker, visbreaker, naphtha 


hydrc-desulphurizre, distillate hydrodesulphurizer, and both Mogns 


and Aromatics catalytic reformers. 


These refinery process units are protected by a single flare header
 

leading toone of two flare stacks, each 24.inch diameter. Due tothe
 

moderate degree of unit-to-unit process integration in the plant, relief 


valve maintenance cannot be done practically between scheduled 


ttrnurounds. In 1976, concerted effort to minimize all sources of 


leakage to tite flare proved insufficient. Despite these source controljul tm , 
a pale flame was always visible at the top ofwathe smokelessflar stck.It ws cncldedhattherelif sste,

efforts,flare stack. It was.oncluded that the relief system, was jusi too. 

complex to police effectively. The flare laterals have over 90 points of 


eIwanot possible to 

posie t
eliminate the significant continuous flare gas flow component It,this 

25.year-old plant by non-capital operating improvements alone. 
entryi (reliefa ves, vents to flare, etc.). Igas ow 

Tite Shell Canada systems were intended to recover the normal 

continuous flare gas flow. At thedesign stage, this normal flow was 


defined by many spot determinations of steady plant operittion 


spanning six months. Each flow determination of this flare gas 


employed the so-called "tracer-gas dilution method" (Reference 3). 


This sneto.sd is based on gas chrornsagraphy an:,lyses of flare gav 


sa..ple.:
that were carefully timed and aspirated from theflare header. 

Scope economics based on these data indicated that recovery of 

Shell Sarnia's normal continous flare flow could justify a flare gas 

recovery system. The prcdircd energy recovery potential was 
Sarnia's crude intake. This

equivalent tonearly f.3 weight percent on 


appeared reasonable for a reasonably tight refinery of this 


* intermediate complexity. 
The typical Sarnia flare gas composition is given In Attachment I. 

The composition was calculated from many spot determinations, after 

thecomponents of tracer-gas and purge gas tothe flare laterals were 

subtracted. Itwas judged that the compressor would typically handle 

Sarnia refinery flare gas of 26.5 average molecular weight. 

This molecular weight might range from 15to50, during normal 

steady operation. The presence of wet hydrogen sulfide it refinery 

flare gas, typically in concentrations of a few volume percent, 

gove'ned sonsematerials specifications for the compressor internals. 
in onlyFlare gascontaminants, such aschicrides, were present 

negligible trace quantities. 
The Sarnia flare gas recovery facilities were constructed a'rd 

commissioned In 1979. The compressor is a two-stage reciprcaating 

isa photograph of the compressor facilities. The ' 
machine. Figure Ill 
machine is driven, through a speed reducer coupling, by a 400 BIIP 

induction motor. Compressor discharge pressure Is about 67 psig, 

determined by a downstream treating tower overhead pressure 

. 

' :, : .... 

., -. 5 

t
 

. ....
.... 


-
....... 


. "
 
.. 


-.
.. . .. 


Figure It: Sarnla FlareGas Compressor Facilities 

The machine controls feature a fully automated logic control to 

load and unload the machine it 25 percent capacity load stages. This 

additional measure of control sophistication was devisrd to save notor 
-load cosditions. The logiced she ofr csystem's function isto significantly reduce the flow of recycle 

enormal partial
horsepower under ti 

applied toautomaticivly
spillback. Conventional Instrumentation is 

actuate the pneumatic unloaders tochinge load steps. The process 

ability toremotely bypass the automatic logic systeiie loading stepstsairually, should isbentecessary.soasto cuntrueoperator has the 

Sarnia Operating Experience
 
were cornmissioned
The Sarnia compressor and single seal drum 


in October 1979. After tire initial year of dcbugging for the
 

and seal drum, theiistallation
 
compressor facilities, instrumestation, 
has perfosmed withvery minimal involvement of cither process
 

operators, ot maintenance mechanics. The Sarnia compressor has
 

performed satisfactorily, with about 420 days as the mean time
 
no failures during 1982:

between failures. There have been 


The machine Is now expected tooperate long-term with a
 

hardware on.stream factor of about 97.5 percent. It wasplanncd thr. 

the machine be isolated for routine maintenance atd inspection during 

scheduled turnarounds of the affiliated crude distillation unit. 

In thefirst few montlh after start-up, tire attending process 

irritated with an unreasonably high frequeney of auto 
operators were 

of themachine. Most auto shutdowns w-re due to low
.shutdowns 
suction pressure or high suction knock-out drum level. At each such 

incident, the operator would have to check out thereason for stie 
,.a,

alarm shutdown, before attempting a restart on-site. Within a 

tite problems were largely eliminated by nscans of revisions totn,.eal 

drum and unit operating procedures. Auto shutdowns of the Sarnla 

compressor have been very Infrequent in thelast two years. 

During the first few months of operation of thecompr-%sor and 

seal drum, Shell Sarnia was plagued with "smoke signal lit puffing 

of ite flare during normal compressor operation. This problem was 

due to rhythmic seal fluid wave dynamics within thesealdrum 

12). Despite fine-tuirg of thesuction pressure
(References II and 
control instrume.-ta'ion, the puffing persisted. A rve second puff of 

tire flare stack tip every minute. When
black smoke was emitted from 

system,
warmer weather permitted shutdown of this part of tire flare 

seal drum modifications to disrupt thesymmetry of the wave action 

no further flare puffing has occurred todate. 
were made. Sinsz then 

controller. 
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MONTREAL EAST FLARE GAS RECOVERY 
PROJECT 
System Definition 

Montreal East Refinery, supplying Shell Canada's markets in the 
Province of Quebec and the Atlantic Provinces, Is In the heavy 
industrial complex east of Montreal. The Shell plant is relatively lerge 
and complex, by Canadian standards, with 19 100 m3/day 

(120 000 DID) crude capacity. Its secondary process units include a 
hydrocracker. a catcracker, a thermal cracker, several hydrotreaters 
and Mogas catalytic reformers, an alkylatlon unit, a hydrogen plant, 
and a luboil complex. 

These process unit areas, excluding the Lube Oil Complex are 
protected by two fare stacks, both normally in service. One is a 
24-inch diameter and the other 20-inch. A flare seal drum was 
provided at the base of each flare stack and the flare header networks 
were connected. The new compressor draws suction on the merged 
system. The smaller portion of the network was connected eight 
months after the compressor started up on the main system. 

At the design stage of the Montreal East system, the 
determination of flare gas normal flow was undertaken uing the 
tracer gas dilution technique. These efforts were confounded by 
Insufficient mixing of flare gas and tracer gas. Over the years, the 
plant had grown such that there were multiple flare headers to each 
flare stack. Without adequate mixing between the headers, the flare 
flow results were found to be suspect. 

To overcome this obstacle, It was decided to estimate based on 
Shell Sarnia's experience, rather than meisaure, the normal flare gas 
now. This was defined, in this case, to be the equivalent of 0.4 weigh 
percent of nontinal crude intake. It was decided that the greater plant 
complexity at Montreal East warranted using 0.4, rather than tle 0.3 
found to represent Sarnia's design normal flow. The compressor 
capacity was then based, as in Sarnia's case, on 2.5 limes this design 
normal flow. , 

From the numerous flare gas analyses, it was found that the 
compressor at Montreal East would handle flare gas of similar 
composition'and moleculdr weight to that observed at Sarnia. 
(Attachment 1). 

The Montreal East Refinery flare gas recovery project lagged the 
Sarnia system by over a year. It drew heavily on the experience and 
design philosophy developed over the course of the Sarnia project. 
The Montreal East compressor is a two-stage reciprocating machine. It 

is driven, through a speed reducer coupling, by an 1100 BHP 
induction motor. The compressor has instrumentation similar to the 
Sarnia machine, 

Montreal East Operating Experience 

The Montreal East compressor and one of the two seal drums 
were commissioned in December 1980. The second seal m'rum and the 
related flare header were connected in June 1981. 

The Montreal East flare gas compressor has performed very 
reliably, with minimal dowttime in the last year. The Machine has 

performed continuously and without any major Incident for the past 

two years. It normally operates independently of process unit 
turnarounds. 

During the first partial year of compressor service, until the 
second flare network was connected, Montreal East experienced cyclic 
smoky puffs from Its 24-inch diameter flare stack. During the 
turnaround June 1981, both their seal drums were modified, to 
overcome the unwanted seal fluid wave action (References I I and 12). 
The modifications remedied the "smoke signal" problem completely. 

The only other noteworthy event occurred when the discharge 
temperature rose close to, the allowable maximum. This was found to 
be due to a leak from a source of high temperature gas rather than ' 
system malfunction. Elimination of the leak returned all temperatures 
to normal without damage to temperature-sensitive parts. 

COMMENTARY ON THE TWO PROJECTS 
Long Term Operating Concerns 

One concern Is that the normal flare gas flow might creep up, in 
future, to normally utilize the full capacity of the compressor. At botl 
locations, the opposite has occurred, due to improved relief valve 
maintenance. The normal flare flow is now routinely measured with 
an orifcelDP cell downstream of the compressor. 

The net flow is currently down 15-20 percent from that predicted 
as normal for this cruderatc This is. in part, a benefit due to gr'ater 
flare system surveillance and recent turnaround relief valve 
maintenance. This normal flow is expected to continue to vary 
between major turnarounds amndrelief valve maintenance periods but 
is not likely to dwindle as some would suggest (Reference 6). 

Some concern has been expressed by others about the service life 
of valves in reciprocating flare gas compressor service (References 5 
and 7). The problem has been described as gummy fouling. There has 
been no such serious problem with either of the Shell Canada 
Installations to date. It is our speculation that the superior service life 
of our vaves may bedue to the composition of the flamegas or to th( 
careful attention to line sloping and knock-out facilities. There has 
been no problem with scale deposits anywhere in the system. 

installed Cost 
Inflating capital costs to January 1983 U.S. dollars, the followini 

ratios may be deduced for a hypothetical refinery on the U.S. Gulf 
Coast. In 1983 a small system, like Shell Sainia's, would cost about 
0.7 dollars (U.S.) per SCFD of compressor capacity. A larger system, 
like Montreal East's, would cost about 0.5 dollars (U.S.) per SCFD o 
compressor capacity. 

The cost range Indicated above Is only partly due to economies o 
scale. The project engineers for the Montreal East project drew 
heavily on the experience developed over the course of the initial 
(Sarnia) project. A further economy was realized by d,'ing the two 
projects-back-to-back by the same contractor. This helps explain why 
the Montreal East cost per unit recovery was lower. 

Operating Cost 
The operating cost of utilities, such as electricity and cooling 

water, is very minor compared to the value of the recovered flare gas 
as marginal fuel. The major utility cost component, electricity for the 
compressor drive, costs only 1-2 percent of the net energy recovery 
benefit. 

The two Installations have performed with very little Involvement 
of the process operators. The compressor site is checked each shift 
during routine rounds of the adjacent process unit. The typical check 
of the flare gas recovery facilities might total 1-2 man-hours per day, 
on average. 

It appears to be too early in the life of these machines to predict 
long-term average maintenance cost, with much confidence. After the 
Initial year of debuggitg and inspection, the maintenance costs for 

each system have been under 3000 dollars per year. Until more long
term maintenance cost data becomes available, it must be assumed 
that each machine's maintenance costs will besimilar to those of othsm
recocin ess inhydrots si. 
reciprocating compressors in hydrogen service. 

Stream Factor 
Because high f'4uipment reliability is now attainable, the stream 

factor for a mod(,n flare gas recovery facility may begovern:d more 
by the system -inflguration than hardware performance. This aspect 
of recovery systemiprocess unit integration impacts on project 
economics. 

In Sarnia's case, the flare line tic-in was made upstream of the 
No. I Crude Unit battery limit block valve, while Itwas blanked 
during a turnaround. Por this reason, the compressor is unavailable 
whenever the flare line from No. I Crude Unit is Isolated. Clearly, th 
tie-In location selected has a direct bearing on the long term on-strear 
factor. 
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In Montreal East's case, the new compressor was installed on the 

'plot space previously occupied by an older flare gas recovery 
was small,compressor. The original machine, in use since 1966, 

unreliable, and prohibitively costly to maintain. The obsolete machine 
was removed to provide an ideal location for its replacement. Reuse of 
the original tie-in point eliminated the compromises and cost of a new 
flare line tie-in. Due to this tie-in point, the new Montreal East flare 
gas compressor can continue operation independently of any process 
unit turnaround. Maintenance overtime premium can certainly be 
justified if it puts the machine back on-stream sooner. Such things 

should help keep the long-term stream factor to better than 0.97. 

Energy Conservation Benefits 
The driving force for each Shell Canada project was the energy 

conservation economics. Benefits were predicted based on the fuel 
equivalent of the average normal flow recovered ee'h year times the 
relatively low Canadian value of each refineries marginal fuel. (Note: 

Canadian energy prices were well below world price.) Naturally, these 

average normal flows were determined only after a conscientious flare 

gas 'source control program' had been implemented. Both projects 

have had actual simple payouts of between two and three years. 

It may be more convenient if we try to translate this payout into 

*a U.S. Gulf Coast perspective today. Using an assumed marginal fuel 

source value of 4.50 dollars (U.S.) per MMBtu, a hypothetical flare 
gas recovery system built today In a U.S. Gulf Coast refinery would 
be economically attractive. Its simple payout before tax would be less 
than two years. 

Pollution Abatement Benefits 

An obvious benefit of a flare gas recovery system is the pollution 

abatement benefit through elimination of most of the normal flare 

stack sulphur emissions. Compressed refinery flare gas, containing 
typically 0.5-3.0 volume percent hydrogen sulphide, can be blended 
with other sour gases fed to a fuel gas treater. Essentially all hydrogen 

sulphide is there removed and diverted tothe refinery Sulphur , 1 
Recovery Unit. Such treatment of flare gas effectively reduces Sarnia's 
flare sulphur emissions by at least 0.5 ton per day. 

A second, but less obvious, pollution abatement benefit for some 
plants may be the reduction in refinery fuel oil sulphur emissions. 

Marginal fuel gas recovered by the flare gas compressor reduces, by 

an equivalent heating value, the consumption of the plant's marginal 

fuel source. If that source is fuel oil containing sulphur, the recovered 

flare gas would effectively reduce the refineries fuel oil sulphur 

emissions. This may, however, be viewed as an artificial 
environmental benefit. The fuel oil saved will ultimately be burned by 

a customer elsewhere. 
A third pollution abatement benefit is the reduction In flare 

luminosity and noise experienced by residential neighbours and plant 

personnel. 

SUMMARY 
Modern flare gas recovery technology Is now readily available for 

profitable application in even medium size oil refineries. If source 
control measures alone cannot do the job in an older or complex 
refinery, ilare gas recovery can be the answer. Custom designed 
systems, such asthose at Shell Canada Limited's Sarnia and Montreal 
East refineries, can behighly reliable, safe and economically viable. 
Environmental benefits are a bonus. 
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ATTACIIMENT I 
TYPICAL REFINERY FLARE GAS COMPOSITION 

(Mol. %'p) 
Sarnia Refinery .ontreal East Refinery 

(1977) (1978)
 
Nitrogen 4.4 3.0
 
Carbon Dioxide 0.5 1.2
 
Carbon Monoxide 0.5 
 0.4 
Hydrogen 31.8 35.3
 
Hydrogen Sulphide 2.1 3.0
 
Methane 
 15.7 23.3 

3.511.4Ethane 
0.71.0Ethylene 
8.3. 3.6
Propane 5.4Propylene 

Butane 9.3 9.8
 
Butylene 2.1 1.8
 
Pentane 3.9 4.2
 

Hexane (etc.) 
 I.0 1.9 

MW 26.5 24.7
 
LHV (Btu/SCF) 1340 1250
 
HHV (Btu/SCF) 1465 . 1370
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ABSTRACT 


Inrecent years crude oils available to refin-

ers have required more energy to refine and refiners 

have adjusted their processes to obtain better 

energy efficiency. Inaddition the shift to lead-

free gasoline has led to refining adjustments that 

reduce the energy effects of changing octane levels. 

These changes have been incurporated inthe linear
 
program representation of a modern "fuels" refinery. 

The total flow of crude oil to products and the 

corresponding energy use are included Inthis rep- 

resentation. The shifts inprocesses and stream 

flows and corresponding energy changes as related to 

gasoline octane levels are illustrated by detailed 

flow charts. A method for allocating process energy 

consumed to Individual products Isoffered. The 

allocation to gasoline isshown to be somewhat 

higher than to other products. The energy to change 

gasoline octane levels is a very small fraction of 

refinery energy consumption. 


Snof

Petroleum refining isone of our most energy 


intensive industries. Today in the US the energy 
consumed Inrefining a barrel of cr;,,oil is-on 
average about 7%of the energy contained in the oil. 
Some refineries that produce lube oils and petro- 

chemicals consume much moe,-up-to about'14%; and
 
some simple topping-reforming refineries that sell 

rather than process residual oil are lower,qas-.low,


catC45154 

As the years have gone by the crude oils dis-

coiered inthe world have on average gotten heavier 

and they contain more sulfur. These heavier oils 

are harder to refine and require more energy to 

refine; and the refiner, like everyone else has to 

pay more for his energy. 


It Is not surprising, therefore, that over the 

past eightor so years refiners have taken a hard 

look at their processes to see where the energy is 

used and to see what can be done to reduce it. They 

have also asked what happens to energy use when the 

slate of consumer products they must make changes in 

response to consumer demand or altered product 

specifications; and to what products is It appropri-

ate to assign increments of energy use. 


Most US refineries are old and they contain a 

complex collection of process units and unit con-

figurations. Because of complexity many refiners 

use linear program z;oalysls to help guide their 

operations, to plan changes, and estimate profit
ability. Linear programs can also provide a
 

substantial amount of information on energy flows. 

With the advent of fuel alternatives such as
 
alcohols or ethers, attention has more recently
 
focussed on the amount of energy that can be saved
 
in refining when the alternative issubstituted
 
for gasoline. This Isalso a question that can be
 
addressed by linear program techniques.
 

What follows isthe description of a modern
 
refinery and results from-its linear program rep
resentation. This refinery produces fuels from a
 
crude oil somewhat heavier and higher insulfur
 
content than most used today--a mixture of Arab
 
Heavy and Arab Light crudes such as might be laid
 
down InUS ports toward the end of the 80's. It
 
produces a slate of premium products and makes use
 
of delayed coking of vacuum residuum to avoid
 
making low value residual oils whose demand is
 
decreasing.
 

The product slate and the BTU content of the
 

products from this refinery are shown InSlide 1.
 
Units are thousands of barrels per day anU5TlT]ons
 

BTU's per day. The BTU's coming into this

l5O,OObarrel per'day refinery total 811 billion
 
and the energy consumed is10:2% of the entering
 
energy. This energy consumption issomewhat higher

than.todays average because of the poor quality of
 
the crude oil. .
 

The principal process units that make up this
 
refinery complex are shown inSlide 2. The energy
 
consumed ineach process unit TTrETs'ed as Isthe
 
energy consumed per stream barrel processed. These
 
energies were obtained by detailed engineering
 
studies of each unit. They Include heat, steam.
 
and electricity for each unit and also its pro
portional share of the energy for the operation of
 
utilities and sulfur recovery plants which are not
 
listed.
 

Some idea of the complexity of this refinery 
isafforded by Slide 3. Each unit is represented 
by a box. The _ize of each box Isproportional to 
the volume that the corresponding unit must handle. 
Every unit isconnected via stream flows to almost
 
every other. only the principal connections are
 
shown here. The details are not needed for this
 
discussion but they are available for those of you
 
who may wish them. Because of complex couplings,
 
whenever the operation of a single unit ischanged,

others must also be adjusted. Mass talance must be
 
maintained over the complex. The multiple streams
 
from the unit operations are ultimately blended
 
Into the product slate.
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SLIDE 1
 

REFINERY SLATE
 

PRODUCTS 103 bpd 109 B
 

REG. GASOLINE 57.60 290.25
 

PREH. GASOLINE 24.69 117.01
 

JET FUEL 24.29 125.95
 

DIESEL AND 42 OIL 30.56 164.39
 

LPG 2.85 10.19
 

PET. COKE (2 13 .63.87
10. tpd)"'
 

INPUTS
 

CRUDE OIL 150 811.13 

BUTANES 4.91 18.96 

ELECTRICITY 
 9.47
 

REFINER ENERGY; 10.201 OF INPUTS.
 

SLIDE 2
 

-'*J;T":flt,PRINCIPAL PROCESS UNIT ENERGY USE 
150,000 bid REFINERY - - ill IILOVW Bit) 

PROCESS PROCESS ENERGY PER
 
ENERGY UNIT TgROUGHPUT
° 

109 Btu/d 10 Btu/b
 

ATMOSPHERIC STILL 15.11 0.10 

VACUUM STILL 7.17 0.099 

COXER 6.44 0'i 0.17 

FLUID CRACKER 10.42 I..lS 0.21 

ALKYLATION UNIT 3.34 ().1J 0.19 

REFORMER 11.75 1445 0.33 

HYDRODESULFURIZER 3.33 0.141 0.062 

HYDROTREATER 5.73 0,.1 0.14 

NAPHTHA PRETREATER 4.51 O.- 0.10 

SATURATED GAS PLANT 2.96 0.24 

UNSATURATED GAS PLANT 5.34 0.26 

HYDROGEN PLANT 5.04 O.I 5.91 
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ONLY PRINCIPAL STREAM FLOWS ARE SHOWN 



Not only do petroleum streams flow between 

units but It is possible to imagine process energy 

as flowing also. For example the first unit in the 

complex, the crude still, consumes considerable 

nergy. Four major streams flow out of it. The 


_nergy consumed iithe still cdn be imagined as
 
artitioned between these four streams. Each of the 

treams flows to its next unit in the complex. There, 

additional process energy is consumed. This is 

added to that coming from the crude still and is 

re-partitioned to the outgoing streams from that 

unit. Ultimately this imagined flowing process 

energy accumulates at the product outputs. By using 

this scheme of partitioning and tracing it is
 
possible to identify each product with a process 

energy consumed in its making. 


Slide 4 shows how total process energy is 

alloca-t-edto products using this tracing technique. 

Each product is identified with a percentage of the 

entire refinery process energy. In addition the 

process energy needed to make each product is 

expressed as a percentage of the heat of combustion 

of the product. For example, t:heprocess energy to 

make 1 gallon of regular gasoline is 13.6% of the 

combustion energy contained in that gallon of 

gasoline. Thus if a gallon of gasoline is displaced 

by a fuel alternative, BTU's equivalent to 1 gallon
 
plus 0.136 gallons for process energy for a total 

of 1.136 gallons are displaced at the refinery. Of 

course, for small gasoline volume reductions a 

refiner has many ways of adjusting his processes 

and these adjustments may or may not correspond to 

a process energy reduction equal to 13.6% of the 

energy content of the reduced volume. But large 

adjustments should approximate this value for a 

refinery and crude oil of the type discussed. 


Whit happens when product specifications
 
change; for example. if an alcohol or ether octane
 
improver from an outside source is used in all of
 
the gasoline made so that the octane level of the
 
base gasolines made at the refinery can be reduced?
 

If the octane change is3 units, such as is
 
possible with 10% ethanol in,for example, gasohol.
 
the total refinery energy consumption drops from
 
10.20% of input energy to 9.66%, an average of
 
0.18% per octane number. This corresponds to 1.1%
 
of the BTU content of each gallon of gasoline
 
refined--a very small effect.
 

This change in energy usage is accompanied by
 
a change in the product slate. The new product
 
slate is compared in Slide 5 with the reference
 
slate shown earlier. -Bth-slates provide gasoline/
 
distillate ratios of 1.5. Notice that whereas
 
gasoline and diesel volumes have gone up with octane
 
reduction, jet fuel and LPG volumes have gone down.
 
After correcting for butane input differences the
 
net volume of high grade liquid products made for
 
distribution has not changed at all. The total
 
energy content of these liquid products has
 
increased by about 0.09% of refinery input energy
 
for each octane number decrease.
 

If the octane numbers of the base gasolines
 
are increased from the reference levels, the energy
 
effects are slightly greater; refinery energy
 
consumption increases by about 0.30% of refinery
 
input energy for each octane number increase up to
 
about 2 units above the reference. Energy con
sumption change is a non-linear function of octane
 
number so that itwould be improper to extrapolate
 
these energy values very far above and below the
 
reference level.
 

SLIDE 4
 

PROCESS ENERGY ALLOCATION TO PRODUCTS
 

REGULAR GASOLINE 


PREMIUM GASOLINE 

JET FUEL 

DIESEL AND 12 OIL 

LPG 

PET. COKE 

ALLOCATED PROCESS 

ENERGY AS % 


OF TOTAL PROCESS 

ENERGY 


44.5 


23.4 


9.4 


13.6 


2.2 

7.0, 


ALLOCATED PROCESS
 
ENERGY AS %
 
OF HEAT OF
 

COMBUSTION OF PRODUCT
 

13.6
 

17.1
 

6.4 

6.9
 

18.3
 

9;3
 



SLIDE 5
 

EFFECT ON REFINERY SLATE OF REDUCING OCTANE NUMBERS
 

REFEREICE MODE (R+M)/2 - 3 BELOW REFERENCE 
PRODUCTS 10 bpd 10 bpd 

REG. GASOLINE 57.60 59.86
 

PREM. GASOLINE 24.69 25.66
 

JET FUEL 24.29 23.14
 

DIESEL AND #2 OIL 30.59V 33.87
 

LPG _2.5 0.95
 

(2 13
13 IV tO:pdPET. COXE (20ootpd 

INPUTS
 

CRUDE OIL 50' 150
 

DUTANES 4.91
 

,
ELECTRICITY (947.
/tl "
B ud) :;10" aB t u/d)1+ 

REFINERY ENERGY
 
I OF INPUTS 10.20 9.66
 

Let us close this discussion by talking about have described but running a good quality US crude.
 
other work. The effects of octane change on gasoline Their octane/energy effects are very close to the
 
volumes and rt.2ary energy consumption have been ones we have estimated.
 
explored by many investigators over the years. Most
 
of these investigations are older. A group of them Although the analysis of differences between
 
has re:ently been summarized by authors at Ethyl investigations is a detailed and complex task and
 
Corporation. In general they show higher energy usually sufficient information is not available to
 
effects for octane change than found by us. There enable it,it is tempting to view lower octane/
 
is,in addition, a very recent investigation that energy effects as a reflection of refining improve
has been reported by authors at Amoco. They explored ments to conserve energy coupled with a general
 
a refinery similar in configuration to the one we upgrading of capability to increase octane numbers,
 

implemented to supply unleaded gasolines.
 



Retrofitting for
 

energy savings
 

R.V. Eahout, C F Braun AtCo., Alhambra, 

CalLfornia 

Individualrefinery units are reviewed 
to show what can be done economically 

to reduce energy usage. Typical flow 

diagrams show areas to consider 

of current en. 
ENERGY AUDITS PROVIDE 

a measure 

ergy usage and indicate areas where energy usage can 
be reduced from present levels. The next step i 
make allin-depth process engineering review toquan. 
tify what modifications can be made toa plant, what 
energy savings will result and what capital costs are 
needed for particular modifications tlsatmust be 
made. Economic considerations, together with space 
availability fur new equipment, determine w1at can be 
done in an existing plant toeconomically reduce en-
ergy usage, 


Energy audIL An energy audit in the strict sense is 
to thedetermination ofeselgy usage levels forlimited 


[rocess. Ahhough thisan entire plantor 2 particular
would seem tobe a simpletcas, itcan become quite
complex in practice. 

Typical refineries consume between six and ten per-
centoftheltu equivalentofilhe fee,:tock processed a energy in'forms such as fuel,'electrical power, and 

uanfom omplexity and a e 
;oheseam rtlsarantand with lomp oflfeedsoke 

ese h y arie with 
Jar 

tsiheparticula planit and with ste type of feedst 
tproducta produced and operating severity4" 

At an AN meeting in Los Angeled, Grace asd Fidoes 
presented results frot a survey made of therefinery 

FI. 1-4lolury enMrgycoosmurlonby t"s. 

generation only 7 percent. All lirocess heat put into a 
process must be ultimately tejectcd to airor Waslr 
cooling. Fig. 2 shows a fuel balance for the refinery 
industry. Itshould be noted that 48 peTcemtIis lost 
through thestack of Iired heaiers. A total of3o percent 
islost in nonrecoverable ways. 

Energy.saving achlevemeni attained by refineries 
in the period betweens 1973 and 1976 are shown in Fig. 
3.Sone 44 percet was achieved by adding heat trans
ferequipment, primarily heat exchangers and furnace/ 
boiler heat recovery or control rystetts. 

Energy measuremenL The first step it an energy 
audit is tomeasure the current level of eltergy usage. 
Although this would seentto be a simple task, in lirac
lice itis not always asseasy matter. The overall plant
purchased electricity and gas calt bedetermined ftrom 
utility bills. Where intersalelectricity isused tosupple

ment purctased electricity and 'shere itesninally pro
duced fuels are burned, totalplatit cergy usage siay 
be difficult to nstonsion. Must relineries have a numbcr
of interconnected tlastts which istclude otte or imore 

p units. often toisolate usage
h is difficult utility 
to r theindividual plants. 

Fuel usage is themost difficult tosnonitur accurately 
because of theinherent inaccuracies of flow nteasure
mest devices. Where gaseous fuels are used, thepres. 
sure level and fuel composition further complicate the 
measurement accuracy of Bitl usage. Most flow isdica
tors on fired healers only read accurately enough to 
indicate trends. This type of isster isaccurate enough 
to control theprocess operation, but is not accurate 

enough tomonitor fuel usage. 
Tise most accurate mclhod for dleterminig B, us. 

age is often by calculatios. The absorbed duty c be 
and
calculated Io . ,ing thcprocess flow asd t e istic 

outletconditi. u,ihte fired lcater.Thefitcddutycas 
be calculated fro;o an Orsat asalysis oftlheflue gas and 

a stack gas temperature. Overall heatertherstal effi
cicncy can also be calculated inthis way. 

Electricity usage cast be monitored relativel) accu
rately. Portable meters c,n be used so measure electri
clcretda frecslcll ai otsesr 

current draw foreach puip and compressor. 

Steam usage castbe measi 2drelatively accurately 
by properlycalibrated orifice meters in tse steam lines. 

call 


Industry in 1976, which reveals several interesting Condensate collectios frts te steat slaps or process
these easurereceivers can be used ass cross checkosfacts: 
 measr


Fig. I shows average refisery esnergy consumption 
by type. Process mes.heat accosunts for 65 percent, stean 
generation accounts for 28 percent asd electric power 
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UUIltyuaago. Theutility usage in arefintry unit can be 
affected by several factors. The size of a plant is very 
important. As the plant size hicreases, more energy. 
efficint improvements cats bejustilied byeconomy of 
Kcale. The age of the plant isalso a factor. Older plants 

were built when the cost of energy was low are 
tyears. usually very inefficient by today's standasrds. Over tire 

diat. 


most of these plants have been upgraded by 
retrofitting new heat recover' euipm-nit whsere suffi
cientspace is available. Finally, the type of feedstock 
and severity of the operation set the theoictical lier
modynamic limitations that govern the mininlm util
ity usage aLhievable. This together withenergy and 

a equipment costs establishes tieeconomics for an ci
(z2%1 
 ergy efficiest design. 

The average utility usages lormost of the commun 
refinery prcesses are given in Table I. These utility 
ratesare based on 1.000 bpsd ofthruput except fortie 
units thatare indicated on a different basis. These are 
typical utility values for the type of unit shown and 
operatios indicated. The table also includes typical unit 
process ieatexchange surface (which excludes coolers 
and condensers). These typical heat exchanger surface 
values vary with the size, coinplexiiy, severity, feedstock 

and age of a plant. However, where an energy audit 
indicates higher utilities than shown, and where lower 
exchanger surface areas are present, additional heat 

Cara) exchange should be considered, 
tr"1w Energy reduction. Energy cosiservation requires at

iowuw./ WIP'WA 'ention to reducisg energy usage inthree main areas: 
tt,-4h.It . usage. electric power usage and steantusage. Some 
F1n4a,%). 	 examples of each of these are outlised below. In the 

later ;art of this article, illustrations will be shown of 
(M) 	 ways particular refinery pruscesses can he retrofitted 

with energy saving equipnent. 

Fig3-4tWW"z ossMWconeios, 1578 vs. 1973. 

Thermodynamic limitations. 	 usageFirst and second law TABLE 1-Typical refinery utility
thermod,-namic constraints set tire minimum thereeti. (Per 1,000 bpud capacity, except as noted)
cal energ. usage for a particular process. The first law 
and ?qhulibriumconsid heatbal, 	 ,rationssettheoverall 	 F, 

ance. The second law determines theamount of heat 
that can be'exchaiged between the heat sources and 3S*AMc,ss Us ts s5 
heat sinks. the amount c is s x=aHeat requirenets exceeding 	 I a
obtained by process Iseat recovery must usually b! pro- v bl. SA"W2- ',so" 
v'ded from external sources such as fired heaters. I, " ., 2 a" o 

steam heaters, electric heaters, etc. After heat ex- is(Mr I rv 1.30M 
charlge among lsrocess streams, air cooling anid/or wa. I, I. I,, 40 I'M 

orderto 2.M stercwhing lsused to removeadditionalheat iu IV.d. s 1a0 ? KO 
cool streams to their storage temperatures. €,,W.'" 

hNoclifications to the process operations can be used MAW L V 10 A 
to nat te thermnodyinamic princilses work infavor of P"I, d sm m X55 a, 
reduced energy usage. The tinderlying thernudy. L.m 2W 8W sLOW no 
namic principle behind a process often reveals what a" 	 t-is 
process modifications will reduce energy usage. Addi- 10 -, 5 m " 
fional process equipment is almost always required. c .,. L -
The economic tradeoffbetween the incresnental costs 10 sW.I 155 

ld.. LOs 

=m 	 *M 
for energy saving equipment and the value of the re- , ag saI". 
sulting energy savings must be made todetermine 10M b- SW n I o 
whethe the additiun oftew equipmet is econoitcal. "Call 

*1NO 
P 50 MW t4 hi iPWiii VAii., 
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Less fuel. One way to reduce heater duty is to make 
fundamental changes to tie process that will either 
recover more process heat (increase heater infertem-
perature).or reduce (e process heat requirement (re-
duce heater outlet temperature). Several exaitples of 
increasing process heat exchangeand reducing process 
heat ret uireneuts will begiven for particular refining 
units. Iherniodysantir considerations, together with 
economics. ultimately become tire limitng factors. 

Increasing heater efficiency is tire other way ture-
duce fuel usage. leat loss through the iteater walls call 
account for between two and five percent of fuel con-
suttption. Improved insulationor iticreased insulation 
thickness can often be justified with today's fuel cost. 
Heat loss up tire stack has become a primary area of 
focus. onbustion air preheating or adding convec-
lion section heatrecovery tasbecome quite popular. 
Any modifications that are made to the stack catsaffect 
the furnace draft. Stack gas temperatures are limited 
by the sulfur dioxide tdew point temperiure. Retrofit-
ting existing eaterscan become messy if tite plot area 
is crowded. Utility savings must pay for thecost of the 
retrofit equipment. Where intltduon blowers are re-
quired. the cost of the electric power also must be 
considered. 

Less steam usage. Two types ofsteam are ommonly 
used it a refinery. Live steam is steam inwhich no 
condessate is present, suchassteam used for stripping.
h easyyttooverlook excess strippitg steat u. 
yotd a initof 0.2 to0.3 pound per gallon ofstripped 
product, steam is wasted. Wasted steati is expensive 

frsm both fuel usage and boiler water makeup treat-
r,ent. Process steam isalso used for the heat input to 
ieboilers aid for driving sitsam turbines.Overall stean 

balances determine how much high pressure steam is 

available for letdown through steam turbites to low
pressure levels.sp~ahpeetaton 
pressure levels. 


REFINERY PROCESSES 

A brief descripution wilt le given of majiir refitiery 

iocess utnits supplensented by assevaluatioti ifwhiere 


the major energy saving npportunities
exist. Means for 

reducing etergy usage in a itodern design by retrofit. 

ting existing facilities are included. 'rtrcess schematics 

and process destrilstions have beet incluted fur refer 

ence. The itent is tu provide aiiinsight iito what 

energy conservation measures should be considered to 

reduce utility usage. Each plantand individual unit is 

unique and energy conservation measures will vary
 
from plant toplant, 

A process eacl tajorsctemiatic is included for ofthe 

-
•cess units. Energy savings nodifications are shws 
sahed lines md icating where retrofit equipment 


call employed toreduce energy usage, 


Atme phverc dtatition. Fieh reductions can be 
acieved by Optimizing theaeat recoveryfrom the 

products,tiepumparounds and the iveread
stream 

licatrecovery front apumparoud can be increased
by 


of a single side 

reflux. Ieat input for vaptrizatin can be reduced by 

using apreflash tower ahead of the ainosl)ietic beater 

sovaporize souneof tie crude ata low temperature. 

Low pressure steam call also be generated which can be 

used for side stream stripping. 


using multiple siderefluxes instead 

Ahiitional overhead 

heat cats be recsvered by using a lotrelilux system. 

Only the net product vapsr 5must
be condensed at a 

lower temperature level-using air tr water couling. 

Tire temperature level atwhich itheleiAt cart be recov. 

ered from thereflux is increased with this
system.
 

strippers
Live steans Isused forthe side streat so no 
condensate recovery is possible. 'lterelore, steam 
stripiing should be minimized. In this case, stcantiis 
usually beiug wasted when it exceeds 0.2 pound per 
gallos of light product and 0.5 pound per gallon of 
heavy product. Flow iidicaMors and controllers are de
sirable to measure and control steam usage to tite ap
propriate rates. 
Optimum heat recovery in a well designed crude 

exchanger preheat system istire key to reducing fuel 
usage. It is It.p.-rtant to recover and exchange heat at 
tihe highest temperature possillto achieve uptituin 
teasrecovery. Matching heatsource temperature Itn 

heat sink temperature results in maximunit het recov
eryand miniium fuel usage. A crude preleat system 
usually represents tle largest (teat conservtio poten
tiat it;tire whole refinery. 

Fig. 4 shows a process meetaticof anatmtspheric 
unit t;,It asbeen retrofitted with severaloftlteenergy 
conservation measures tmentioned. Iheenergy couser
yahoo retrofit itei are %lowt by disted lites. 
Vacuum distillation. recovery sys-Integrating tite heat 

tensof the atmospheric unitand thevacuum unit cats
 
maximize overall heat recovery between the two units.
 
The low temperature heatfrom the vacut0t tols put

paroutid an be used for low level crsdc prelheat. Tle
 
tntermediate level heat from the middle vacuum pu.
 
parouid can be used for intermedtste crute pretteal

attd te vacuum bottom used for ii0 level crude pre. 

heat. Coitrol of strippinig steam is also important. 
Here. steam -in excess of 0.5poind per gallon for 
residuum stripping and 0.2 pound per gallon For side 
product strippers is wasted. Where vacuum bottoms
 
are tobe used for asphalt, a trapout tray above the flash
 
zote with recirculatin back tothe heater inlet can
 
reduce the reqtired flash zone teiperature to make
 
the desired degree of asplih neteperation.
 

Use orn vacuum pump instead of steam ejectors can
 
save large amounts of steam and (asa very short pay
back weriod. Where a wet vacuum lower (steam strip

ping aused) the last vacum jet can be.riplacedrlwhli'
 
vacuum pump.hit retrofit cases, tire
existing last stage
 
jet is piped as a parallel standby fur use when the
 
vacuus pump requires maintenarice. Steam super.
 

in tie convection sectionuftlte vacuum heater
 
cais be used toprovide the supericated steam ofien
 
used in tse stripping section. Fig. 5 shows a schematic
 
of the vacuum unit along with sonie suggested modifi
cations.
 

heating 


Propne dolphallng. Vacuum residuums contain
 
high concentrations of sulfur, metals (particularly 
nickel aiid vanadium) and asphalhenies, which rapidly 
deactivate desulfurization and cracking catalysts. Pro
pane deasphalting can be used toextract tlesecatalyst 
poisons from heavy oilprior tocrackiug ordesulfuriza
tion. Reduced crude is ixed with propane in tbedeas
phalting tower. Tbe noi-asphaltic components flow 
out the top of she tower and tis liglht phase goes to the 
oil stripper where tiepropane is remnved and recov. 
ered. fe heavy asphaltic phase leaves (lebotiom of 
the tower and is also stripped toremove solublepro
pane.
 

The propane dasphalhing process is a very large 
heat consuiter.The heat is used to iat up and vapor
izethe propane from extract and raffinates fromsthe 
extraction tower. Designing ai efficient featexchange 
system (Fig. 6) together with finding heat sources at the 
required temperatures for vaporizing propane is the 
key to mininizing deasphahier heat usage. A recent 
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advance indeaspialiug is operation above lite critical 
point luch as wi h tileROSE proces. This saves consid. 
erable heat input because it eliminates tilelarge 
amount of heat required for vaporizing the solv,,nt. 

Catalytic cracking. Several energy conservation 
measures have been receuilv incorporated inicinure 
modern catal)tic crackers. li the early 1960s. CO boil. 
ers were retrofitted sotileoutlets of the regenterator.
rle carbon,munoxide iii the regenerator off gas is 

completely combusted to carbon dioxide in the Co 
boiler to generate steam. Recovery of energy from the 
regenerator iff gas through use of a power recovery
turbine ha' also beer%used recently. Couiling there-
generator combustion air conpressor to tIlepower re-
covery turbitte isaconvenient way to tue this recovered 
energy. Also. elitric power generation is possible.
Iligh and initertiediate temtperature heat recovery
frot lite fractionator lower cai bx used for feed pre.
lie:al and steam geueration. lIcit fronti liefractionatur 
can be used fur secam generatint, reboiling towers in 
tieassociated saturated gas plattit ar feedpreleat totle 
cat cracker where colil lee' is used. These modifica. 
tions itt Fig. 7.are include, 

CO V , 

areformer 

'"V0w tooiw UAMsure 
- . I w,...c 

Fig. 7-Cistalytc oasltk 

Hydrocrackng. These processes convert distillate 
boiling range feeditocks intsolow-sulfur, lighter prod. 
ticts. Oil feedstock is mixed with Itydrogen atd heated 
to reaction temperature. The oil and hydrogen mix. 
lurefirst goes throtgh a treatitg reactor and then a 
cracking reactor. Quench hydrogen is added between 
beds of the cravking reactor to controlthe temperature 
of the exothermic reaction. Reactor effluent is heat 
exchanged with feed. cooled arid separated intoarey.
cle gasatd liquid. Tfhiliquid is flashed at a lower 
pressure products
areseparated.and fellUnconvertedtoafractionarrecyclewhere tilerecycled
oilis back 

totile sctin
reactid 

Fuel usage catt be optimized by maximizing the feed 
heat exchange with reactor effluent (Fig. 8}).feat is 
available for preheating lite feed to the fejctionaion
system aid reboiling colunms. Also. het from tliefrac
tionalion
system can be recovered. 

A letdown turbine can be used itnstead ofa pressure
reduction valv: to recover energy from the high pres. 
sure separator liquidbefiore it goes to the ltw pressure 
separtnr.This power catsbetsed to . pply part ofthe 
feed charge pump power requiirear.znts. 

Hydrogen plant. Iithis process, a large ;muulnt ffuiel 
(averaglg410 percent of tie heat content ofili process
feedstock)isburned iuthe reformser furnace. Effective 
reer, ,ry or the waste heat from the reformer heater 
ftat - gas by design of any energy efficiet heater con.vecilon sectiun isiekey to energy eflicient hydrogen
plant design. Waste heat can be used to preheat Iced. 
generate steam used in tileprocess ad superheat pro. 
eels steam. 

The regenerator rclxiiler for the carbon dioxide re
moval system also uses large amounts of heat. Phvsical 
solvents that operate on the iriiciple of aiorptin o 
CO, at high pressure and release of C02 at low pres
sure have recently been used to elimirate the regetera. 
tor reboiler heat requirernn. With this system, it usu. 
ally pays toctnpress litegasbefore CO removal usingr 

a centrifugal compressor. The molecular weight of lte 
product gas before CO removal ishigh eniouglh that at

nuhistagecentrifugal compressorcan be used. A phys.
ical solvent can then be used to remove .lit CO2 from 
the hydrogen. A high pressure methanation step is 
rl uired. This system is included in tileprocess sce. 
ma~c of Fig. 9. Recovery of heat front lite reformer 
furuace outet isimportant. Usually a waste heat boiler 
located in tile transfer line front tiereformer is used v 
generatc high pressure steam. Steam is also generart d 
between and after tileshift converters. Also. a leTd 
prelteat exchanger is used to recover ieat front i ie 

effluent before the ht sHli reaction ar .1a 
feed preheat coil cas be ilncluded in the heater co"Ycc
lion section. 

Catalytic reforming. Hfigh octane gasoline lAending
stock is produced Iy refornting straight rui, hydr.
cracker, catalytic cracker and coker naplithas. A hydro.
g'n-rih off gas is produced as a hyproduct of the
reforming reaction "idis often used fur hydrotreaser 
hydrogen makeup supply. 

Low pressure refiirming has been extensively used 
over tiepast ten years because (ifthe higher reforniate 
yields, increased run lengtls between regeneration
and higher octanes achieved. Ilowever. tilelower pres. 

increases the recycle gas compressuir power te
quarements tscause tuic pressure ratio increases at the 
same recycle loop differential pressure when the abso
lute pressure is decreased. Minimizing the pressure 
drop through tilerecycle loop--which includes the 
heaters, reactors. reactor effluent heat exchangers and 
coolers--can result itt large savings in recycle cotnpres. 
sor horsepower. Using single-tube passexchangers it)
the reactor effluent train instead of converntional two. 
pass exchangers reduces pressure drop significantly. 
Parallel heat exchangers also reduce pressure drop. 
Low pressure drop reactor designs cat also be 
achieved.
 

The catalytic reformer process is a large fuel user 
because of the high temperature required for tilereac. 
lion.
An efficient reactmr-ellluent heat exchange sys
tern calminimize theexternal heat requiretents. Re
covery of heat from the refirmer heater stack gas isa
must. Use of a common stack forair preheat or wasteheat recovery has been hound to be a cost-effective 

energy conservation technique. (Fig. 10) 
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Delayed coking. I t~e coking heaters cottsome large through the coking lteatcrs is required to snainainamounts o("fuel. ntos or which isobtained as hrdvelocitiesuct fuel gas. (onvectiomesection ;teat recovery h Nront compressedand pravetnt coking. The make-gas must beto fuel gas pressure after acid gas treating. 
cokinuheaterIngenerate steam can be used to maxi- Not much eatsbe dune to reduce power usagehere.misc the heater efficiency (Fig. I I). Other savings in-cludle quentch ower heat recovery using pumparuund Live steantisconsumed in the drttm steam-uutt cycle,in the quench rower side stream and Ixtoras stripping 
sssdproducd streants fur steam generation, feed ipre- and indrum heating. This steam can b~eiproduced asheat and tower reboihing ill the associted gasplauls waste heat recovery fronmthe qluench tower atid theCookie"towers. A well designed hteat echtatnge network will heater stack. rthe process is cyclic foullowing the dlrumnusefully recover the quendih tower heat. The co)king toperat.'5n. Close attention tn the opecrating require.operation iscyclical so)thtatlthe heat exchange system ntent can reduce steamnusage signitilcantly The overallmust be designed with flexibility to operate over the systetm design must provide suslliciett Ilexibility in thewhtole drumi cycle. waste heat steam generation to acrsstsmodate the peakBoth ste Feed charge puntps aud tnake-gsa cotnpres. densand. 
sors are major power consttmers. Pressure drop 
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heforemianrpd ayifromin thle r e ito the fures 

fig.to a Claus unit. The regeneration reboiler reires 

considerable seam. One method of reducing theusem
 

'usage in the reactivator is to slplit she absorlser andm tha thei sernilean so.reactivator into two sections so 
isused is the 

lower section of ere ther lean anhe solu
tion from the bottom ofite reactivasor is used iohe 

tion from thelop section of the cracuivasor 

F. osttop section of the absorber. This in effect results ist 
11 ot.double reusage of the reboiler stripping vapors: i.e., 


boiler vapor is used irst to strip the lower section
 
Hydeotsutlng. leat requirement for a hydrotreater reactivator to produceThe lean amine and then is the
 

can be reduced by using a system that has a hot separa- aptop sect".1 to produceste semilean amine. This 


or and acold separator (Fits. 121. In the hot separator proacl. is beetn
used for years is carbota dioxide r

moval systems of hydrogen plants. Hless exchatnge he(450 'F). a hot ulilfeed isseparated from the reactor 
from

•effiuent and fe ietyt tipe ounTe€l ween shtoolnthe rich and the semtrilth amine solutionsolution fronthe absorber and the lean and semilean 

t sthe reactvator can also reduce steam loads to there
sepfroredparetryclastripperalwnd 

Palso fed to the sop of tii Feed preheat is boiler. oripper. 

onbtained by
exchanging he.sracstonator bottotm with 

feed. 
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An enerpy audit isa useful tool for assessing energy 
usage within a plant or individual unit. CoimparIson of
messured energy usage with guideline values for tie
industry or particular processes will indicate energy
inefficiency. Energy efficiency is a function of plant
age, operating severity, feedstock type and the skilllevelof the operational personnel. As part oftle audit. 
means for improving ener yefficiency should be iden. 

Both capital costs l1 r process modifications to
Improveenergy usage and resulting operating cost sav.inJs can be quantified. With this information. individ. 

.n...~I .,vivinn oects can hcevalluated along withOiier capital improvements to oeternnene merits ol 
implementation. Generally speaking, most energy con.

projecu can be justified by operating costsavings, particularly if future enerty costs are coisid.cred. Physical space limitations withins the plant and the
of'downtime for plant modifications must be con.

sidered. 

Fg.1'-Am " 1Wadd ga u nmovu 

IMPLEMENTATION 
Once enerp saving projects are identified, sometype of priority level must be established. There areseldom enough capital resources to tackle all projects.

Two approacnes to giving priorities to projects are theotl/benefit ratio and the rankin of projects by totalenergy savings. A combinat ion o these considerations
I usually employed. Most energy conservation projectscancompete on their own merit, against other capitalexpenditures, particularly as the price of fuel and
Power continues escalatinsi at faster rates than the re.mainder of tie econonic sector. Space iiitatiiniwithins the plot area often become the overriding con.sideration itnplants where space has not been providedfor future modifications. Downtime cats also be critical.This can be mtiinized by ireiostallisg and piiug upretrofit equipitent while the unit is in operation andmaking final tie-ins during a shutdown as panl ofnor.mal turnaround schedule. Advanced planningand useof construction personnel who are experienced inworking around operating equipment are a must toensure that no surprLes or premature shutdowns are

required. 
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