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1.  Introduction

This paper discusses the energy savings potential of a plastic products manufacturing facility in
Central Florida.  The authors performed an energy audit of the facility as part of a contract with the
U.S.  Department  of  Energy  to  perform  industrial  energy  assessments  through  DOE's  Energy
Analysis & Diagnostic Center program.  In addition to a survey of the traditional energy-using
equipment such as motors and lighting, the audit team looked at energy used in the process and
recommended ten energy savings measures which could save the company slightly over ten percent
on its electric energy bills.

2.  Background

2.1 Facility Description:

The facility manufactures a molded plastic product which is distributed nationwide.  The company
has about 150 employees, and an annual sales figure of about $19 million. 

The facility has one building with a total area of approximately 80,000 square feet.  The building
has approximately 40-foot ceilings and has a corrugated steel roof.  The ceiling has 1 to 2 inches of
insulation.

The offices are air-conditioned in sections by nine roof-top units.  The main production floor is
cooled by seven high-efficiency, roof-top air conditioning units.  It is air conditioned to maintain
low humidity for high product quality.  The lining room uses a separate high-efficiency unit located
behind the building.  The warehouse is not air conditioned.  

The production floor of the facility operates 24 hours a day, between 5 and 7 days a week. 

2.2 Energy Use:

The electric bills for this company for May 1992 through April 1993 were  approximately $526,000
for 9,078,000 KWH.  This is an average cost of $0.058 per KWH.  The average monthly demand
was 1,489 KW, and the average demand cost was $10,053 per month.  For Energy Management
Recommendations (EMRs) which involved a reduction in peak demand with no improvement in
energy efficiency, we used an average demand rate savings of $6.75 per KW per month (which
includes taxes).
1      We would like to acknowledge the work of two other people in preparing this paper.  Brent
Crawford was the team leader who conducted the audit and prepared the audit report.  Sumit Ray helped
with the DOE-2 analysis.
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We used the average electricity cost to perform the economic analysis of all EMRs that involved
improved energy efficiency except for equipment that is operated off-peak.  In that case, we used an
electricity cost of $0.045/KWH and did not consider the demand cost. 

2.3 Process Description:

This company's major manufacturing operation is injection molding.  The facility has twenty-six
injection molding machines to mold and form the final product.  Some of the molding machines are
variable-volume hydraulic while the majority are fixed-volume.  Cooling tower water is used to cool
the circulating oil, and chilled water is used to cool the hydraulics.  

Plastic  pellets  arrive  by railcar  and are vacuum-conveyed to separate  silos  located outside  the
building. The pellets are fed automatically from the silos into each molding machine using vacuum
suction.  The finished products are then packed in boxes and put in the warehouse.  

The company has two secondary processes.  Some products require a compressed air process for
finishing.  Others are placed on a conveyer belt and printed with an inking machine.  UV lamps dry
the ink instantly.  

3.  Energy Management Recommendations (EMRs)

Table I summarizes the energy management recommendations made by the EADC audit team.  If
the company implements the recommended measures, it will realize an annual savings on its energy
bills  of  approximately  886,000  KWH  for  a  cost  savings  of  nearly  $55,000.   The  total
implementation cost for these measures, which is reduced by applicable utility rebates, would be
about $50,000 and the simple payback period is about eleven months.

The total savings shown in Table I is not the sum of all the measures shown.  EMRs 6 and 7 are
mutually exclusive measure, and we recommended only EMR 6.  Implementation of EMR 9 is
uncertain, so it is not included in the totals either.  In addition, some of the measures are interrelated.
For example, if you replace the motor for the chilled water pump with a high-efficiency motor, then
the savings realized from installing an adjustable speed drive on the pump will be somewhat less
than shown.

3.1 Process Improvements

We  recommended  five  process  energy  management  measures  which  save  a  total  of  473,598
KWH/yr and reduce demand by 83 KW.  The energy cost savings is $30,718.  The local utility
offers incentives for installing high-efficiency chillers and motors.  The cost to implement these five
process improvements, including the utility rebate, is approximately $32,500 for a simple payback
period of eleven months.
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Table I. Energy Management Recommendations (EMRs): 
Summary of Savings and Costs

Description of EMR Potential
Savings
($/yr)

Implementation
Cost 
($)

Simple
Payback

Period (yrs)

Energy
Savings

(KWH/yr)

Demand
Reduction

(KW)

Process Improvements

1. Replace chiller 10,702 15,600 1.5 184,500 24.6

2. Insulate molder barrels 4,866 2,520 0.5 83,895 0

3. ASD for water pump 3,961 6,100 1.5 68,286 0

4. High-efficiency motors 7,941 8,278 1.0 137,417 18.3

5. Reduce peak usage 3,248 0 Immediate 0 40.1

Lighting Improvements

6. High-efficiency lighting 7,246 2,339 0.3 124,917 46.7

7.  T8 lighting** 3,413 14,097 4.1 58,859 15.3

8. Reflectors 4,406 6,730 1.5 61,770 8.2

Air-conditioning Improvements

9. High-efficiency AC** 1,036 1,025 1.0 17,864 2.4

10. A/C controls 803 945 1.2 17,824 0

11. Extending A/C ducts 8,700 5,000 1.7 150,000 0

Other Improvements

12.  Miscellaneous measures 2,759 2,621 1.1 57,689 0

Totals $54,632 $50,133 0.9 886,298 138

* Implementation cost is reduced by amount of utility rebate.
** This EMR is shown for information purposes only.  Its values are not included in the totals at the bottom of the
table.

3.1.1  EMR #1: Replace Chiller

This facility has three identical 60-ton reciprocating chillers that are at least six years old and that
have a full-load operating efficiency of 1.18 KW/ton.  A computer schedules the chillers weekly so
that during a given week, one chiller operates all of the time, one chiller operates under varying
loads about half of the time, and the third chiller is turned off.  Under this system, each chiller
operates 3750 hours per year.

We analyzed six alternatives for chiller replacement at this facility.  We looked at three different
types of new chillers (a standard efficiency reciprocating chiller, a high-efficiency reciprocating
chiller, and a screw chiller) and analyzed the savings for two different scenarios.  For the first, we
assumed that the facility would not replace a chiller until one of the existing chillers failed. For the
second, we assumed that the facility would replace one of the existing chillers immediately.  The
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energy and cost savings,  the implementation cost and simple payback period,  and the demand
reduction for each alternative are shown in Table II.  Based on our analysis, we recommended that
the company should immediately replace one of its existing chillers with a new screw-type chiller.

Table II.  Chiller Replacement Alternatives:  Summary of Savings and Costs

Description of Chiller 
Replacement Alternatives

Potential
Savings 
($/yr)

Implementation
Cost 
($)

Simple
Payback
Period 
(yrs)

Energy
Savings

(KWH/yr)

Demand
Reduction
(KW/mo)

Replace with standard efficiency chiller 

1. On failure basis 3,980 0 Immediate 68,625 9.2

2. Now 7,960 20,000 2.5 137,250 18.4

Replace with new high-efficiency reciprocating chiller 

3. On failure basis 4,850 2,000 0.4 83,625 12.5

4. Now 9,700 22,000 2.3 167,250 22.3

Replace with new screw chiller 

5. On failure basis 5,351 0 Immediate 92,250 12.3

6. Now 10,702 15,600 1.5 184,500 24.6

3.1.2 EMR #2: Insulate injection molder barrels

Injection molding machine heater bands are used to preheat the barrel and maintain the correct
operating  temperature  of  injection  molding  machines.  However,  unless  the  heater  bands  are
insulated, they lose significant heat to the surrounding air.  This heat loss creates an additional
cooling load for the air-conditioning system.  Recent studies have shown an energy savings up to 40
percent (not including air-conditioning savings) when an insulating blanket is used.2

We analyzed the use of insulation blankets for the injection molding machines at this facility and
determined that the insulating blankets would be feasible for use on five of the machines.  We
calculated the total annual energy savings for each machine as the sum of the savings associated
with reduced heat loss from the barrel surface (11,985 KWH/yr) and the savings associated with
reduced  air-conditioning  load  (4,794  KWH/yr).   The  total  energy  savings  for  insulating  five
machines was 83,895 KWH/yr and the energy cost savings was $4,866/yr.

We recommended purchasing blankets with straps for easy installation and removal.  The blankets
cost about $112 per 100 tons of machine capacity.  For five 450-ton machines, the implementation
cost would be $2,520.  This EMR has a simple payback period of 6 months, making it a highly cost-
effective recommendation.

2      "Upgrading Injection Molding Machines for Improved Efficiency," Center for Materials Fabrication,
EPRI Tech/Application, Vol.6, No.1, 1992.
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3.1.3 EMR #3: Install adjustable speed drive (ASD) on water pump

This facility uses chilled water to cool the injection molding machines.  The pump that supplies this
process water has a 30-horsepower motor.  Installing adjustable speed drives (or variable speed
controls) on centrifugal pump motors can be very cost effective.  The conventional practice for
controlling such pumps is to run the motor at full speed and control the flowrate with a valve.
Under this practice, the motor consumes the same amount of energy regardless of the amount of
water that is being moved.  This is like controlling the speed of a car with the brake while keeping
the accelerator pushed all the way to the floor.  With an adjustable speed drive, the system flowrate
can be varied by controlling the speed of the motor.  Energy is saved because the motor consumes
significantly less power.

The power required by a centrifugal pump motor increases with the cube of its speed.  For example,
when a pump's speed is doubled, the power required increases by eightfold (23); similarly, cutting
the speed in half decreases the power requirement by a factor of eight.  Because the flow rate of a
centrifugal pump is directly proportional to the speed of the pump, the power required by the motor
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3.1.4  EMR #4  High-Efficiency Motors

The operating  efficiency  of  electric  motors  has  improved in  recent  years.   Depending  on the
horsepower rating,  the operating efficiency of high-efficiency motors can be from 1-10 percent
higher than the operating efficiencies of standard motors.  We inventoried the motors at this facility
and determined that it would be cost-effective to replace 25 of the 65 motors with high-efficiency
motors as the existing motors failed.  For very small motors or seldom-used motors, the simple
payback period is too high to make replacement cost-effective. 

The total energy savings for this EMR is 137,417 KWH/yr with an energy cost savings of $7,941.
The implementation cost for each motor was reduced by the applicable utility rebate.  The total
implementation cost is $8,278, and the overall simple payback for this EMR is 1 year.  Table IV
shows the savings analysis for the motors by horsepower.  

Table IV. High-Efficiency Motors:  Summary of Savings and Costs

Horsepower Number
of motors

Motor Efficiency Energy
Savings

(KWH/yr)

Energy
Cost

Savings
($/yr)

Implementation
Cost (including

rebate)

Simple
Payback
Period

Standard High

5 6 .839 .890 5,808 337 174 0.5

20 3 .886 .923 10,949 635 378 0.6

30 4 .901 .931 12,038 669 752 1.1

40 1 .908 .934 4,931 286 286 1.0

75 11 .917 .944 103,691 6,014 6,688 1.1

Totals 137,417 7,941 8,278 1.0

3.1.5  EMR #5  Reduce On-Peak Energy Use

We analyzed the equipment use at this facility to determine which equipment could be limited to
use during off-peak hours.  A major savings would be realized if the company restricted monthly
testing of its emergency fire pump to off-peak hours.  The fire pump has 150-hp motor with a motor
efficiency of 93%.  We assumed that during a monthly test the pump would run for 5 minutes
during a peak-demand window of 15 minutes.  Under those conditions, the power consumption of
the motor was calculated as 40.1 KW.  Shifting this use to off-peak times would provide an annual
demand charge savings of $3,248/yr.  Because the company operates three shifts, testing the fire
pump off-peak would be feasible.

3.2  Lighting Efficiency Improvements
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3.2.1  EMR #6:  High-efficiency Lighting

We surveyed the lighting in the facility and recommended replacement of standard efficiency lamps
with high-efficiency lamps.  Table V shows the type and number of each type of lamp in the facility,
and shows the annual energy use and cost savings that will be realized when all of the lamps of each
type have been replaced with high-efficiency lamps. 

Table V. Energy Use and Energy Cost Comparison:
Standard Lamps vs. High-efficiency Lamps

Number of
Lamps in
Facility

PRESENT LIGHTING PROPOSED LIGHTING

Lamp Type/
Wattage

(W)

Total
Energy

Used
(KWH/yr)

Total
Energy

Cost
($/yr)

Lamp
Type/

Wattage
(W)

Total
Energy
Saved

(KWH/yr)

Total Cost
Savings
($/yr)

1,067 CF40 128,736 7,467 HF34 19,310 1,120

82 CF75 46,640 2,705 HF60 9,328 542

19 IL100 4,940 287 CMF27 3,606 209

13 IL75 7,313 424 CMF13 6,045 351

119 MV400 410,550 23,812 HMV325 86,628 5,024

Totals 598,179 34,695 Totals 124,917 7,246

The energy savings from high-efficiency lighting also includes a savings of 2,200 KWH/yr due
to the reduced heat load on the air-conditioning system.  Therefore, the total energy savings for
this EMR is 127,116 KWH/yr and the cost savings is $7,373.

In most cases, we recommend replacement of lamps on a failure basis (spot relamping) because
the payback period is much longer with a group relamping program.  Table VI shows the costs
and payback for both methods because the local utility will only pay a rebate for replacement
through a group relamping program.  

We also analyzed replacing the CF40 lamps with T-8 lamps.  Because replacement with T-8s
requires  a  new fixture,  group relamping is  the only feasible  implementation  method for  this
lamp.  In addition, the local utility pays a higher rebate for relamping with T-8 lamps because the
change is  more permanent  than relamping with HF34 lamps.   Table VII compares the three
alternatives for replacement of CF40 lamps.

Table VI. Comparison of Implementation Cost and Simple Payback Period
For Spot and Group Relamping

Spot Relamping Group Relamping
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Proposed
Lamp Type

Implementation Cost Simple Payback
Period

Implementation Cost
(with rebate)

Simple Payback
Period

HF34 534 0.5 1,356 1.3

HF60 82 0.2 507 0.9

HMV325 1,190 0.3 4,733 1.1

CMF13 286 0.8 275 0.8

CMF27 247 1.2 228 1.1

Totals 2,339 0.4 7,099 1.1

Table VII.  Comparison of Lighting Alternatives for CF40 Lamps

Alternative Energy
Savings*

(KWH/yr)

Cost Savings
($)

Demand
Reduction

(KW)

Implementation
Cost ($)

Simple Payback
Period (yrs)

HF34 (spot) 25,248 1,464 6.9 534 0.4

HF34 (group)** 25,248 1,464 6.9 1,356 0.9

T8 (group)** 58,859 3,413 15.3 14,097 4.1

* Including savings from reduced air conditioning load.
** The implementation cost is reduced by the applicable utility rebate.

Choosing  the  appropriate  alternative  for  CF40  replacement  involves  a  number  of  factors.
Although  the  payback for  the  T8s  is  longer,  this  alternative  includes  new ballasts  and new
fixtures, meaning that ballasts and fixtures will not need replacing anytime soon.  Other factors
that must be considered include lamplife and ballast life. 

The lamp lifes of the T8s and the HF34s are equal (2.67 years for the office area and 7.69 years
for the production floor.  Therefore group relamping with T8 lamps, with a simple payback
period of 4.1 years does not appear to be cost effective in the office areas because the T8s would
need to be replaced (in 2.67 years) before they had paid for themselves.  In the office areas,
therefore, HF34s with a payback period of 0.9 years seem to be a better group relamping choice.
In the production area however, both HF34s and T8s would last long enough (7.7 years) for their
implementation costs to be fully realized.  

Since T8s present significantly higher annual savings they might be a better group relamping
choice in the production area.  However, there are 1,025 CF40s in the office area and only 42 in
the production area.  Therefore, we recommended replacing the CF40 lamps with HF34s.
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3.2.2  EMR #7 Reflectors

Reflectors  are  available  for  fluorescent  lamp fixtures  which  increase  the  light  output  of  the
fixture.  When the reflector is installed in a four-lamp fixture, two of the lamps (and one of the
ballasts) can be disconnected without decreasing the light level significantly.  In this facility, we
recommended installing 245 reflectors in the office areas because the offices were overlighted.
The lighting level in the offices was between 90 and 120 footcandles; the recommended level for
office work is 50 to 75 footcandles.

The energy and demand savings from installing reflectors results from disconnecting lights and
ballasts.  This facility had a total of 980 CF40 lamps and 490 ballasts.  However, we calculated
the  energy  savings  using  HF34  lamps  instead  of  CF40  lamps,  assuming  the  facility  would
implement our recommendation to install the higher efficiency lamps.  The energy savings of
61,770 KWH/yr includes a savings on reduced air-conditioning load of 14,989 KWH/yr.  The
total cost savings of $4,406 includes an energy cost savings of $3,583/yr as well as an equipment
cost savings of $823/yr as a result of having only half as many ballasts and lamps to replace each
year.  (Note that this is a conservative estimate because it does not include a labor cost savings
on replacing equipment.)

The cost of purchasing and installing the reflectors and disconnecting the lamps and ballasts was
estimated at $34 per reflector, for a total cost of $8,330.  The local utility offers a rebate for
installing reflectors of $80 per KW reduced.  Because this EMR reduces the demand by 20 KW,
the rebate will be $1,600; therefore, the total cost of implementation will be $6,730.  This gives a
simple payback period for this EMR of 1.5 years.

3.3  Air-Conditioning System Improvements

3.3.1  EMR #8  High-efficiency Air-Conditioning Systems

This facility has currently 180 tons of central air-conditioning:  125 tons are high-efficiency units
and 55 tons are low efficiency units.  There are three 5-ton and four 10-ton low-efficiency units
with an SEER/EER of 8.7; they are about  six  years old.   We analyzed the energy and cost
savings for replacing the 5-ton units with units with a SEER of 12, and the 10-ton units with an
EER of 10.  We did not recommend immediate replacement, but only when a unit fails.  Since an
air-conditioning  unit  typically  lasts  12  to  15  years,  this  recommendation  will  only  be
implemented if one or more of the units fails unexpectedly.  

We analyzed the savings potential for a 5-ton unit and a 10-ton unit to show the company its
options if one of the units fails.  We did not include this savings in our overall savings chart
because of its uncertainty.  The savings and cost summary are shown in Table VIII.

Table VIII. High-Efficiency Air-Conditioning Units
Summary of Costs and Savings

Size of AC Unit (tons) 5 10

SEER/EER 12.0 10.0
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Energy Savings 3,793 3586

Cost Savings 220 208

Cost Premium 450 750

Utility Rebate 375 550

Simple Payback Period 0.34 0.96

3.3.2  EMR #9  Air Conditioner Controls

The office area of this facility is air-conditioned by nine rooftop units.  Although the offices are
only occupied from 8:00 to 6:00, five days a week, the air conditioning units operate 24 hours a
day.  We recommended installing timers on the air conditioning units that would turn them on
one hour before the start of normal working hours and turn them off when the offices closed.  A
manual override feature would allow air conditioning of offices when they were used at other
times.  Table IX shows the summary of energy and cost savings from installation of the timers.

Table IX.  Air Conditioner Timers:  Summary of Energy and Cost Savings

No. of Units Size of Units
(tons)

SEER/EER
Rating

Energy Savings
(KWH/yr)

Cost Savings
($/yr)

3 5 8.7 4,042 182

2 5 10.0 2,345 106

4 10 8.7 11,437 515

Totals 17,824 803

3.3.3  Extending Air Conditioning Ducts

The ceiling in the production area of the facility is 40 feet high.  The air conditioning supply and
return ducts are located in the ceiling.  Because hot air rises, the cold air will mix with hot air
before it reaches the plant floor.  We recommended lowering the supply and return ducts to 20
feet to decrease the energy used by the air conditioners.  Lowering the supply ducts means that
colder air will reach the plant floor, so less cold air will be needed.  Lowering the return ducts
means  that  cooler  air  will  be  returned  to  the  air  conditioning  units,  thus  improving  their
efficiency.

We analyzed the cooling load for the plant floor using the DOE-2 program.  The current energy
consumption for air conditioning the plant floor is approximately 500,800 KWH/yr at a cost of
about $29,000/yr.  When the ducts were dropped to 20 feet, the simulation showed an energy
consumption of approximately 350,600 KWH/yr with a cost of $20,300/yr.  Thus, the annual
energy savings  would be about  150,000 KWH with  an annual  cost  savings  of  $8,700.   We
estimated an implementation cost of $5,000 which gives a simple payback period of 1.7 years.

3.4  Miscellaneous Improvements
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We also recommended several other measures that could save small amounts of energy at this
facility.  These included installing occupancy sensors to turn off lights in areas that were often
unoccupied;  replacing  incandescent  lamps  in  the  exit  signs  with  LED  units;  and  installing
electronic variable-voltage controls on the constant speed motors on the plastic regrinders which
frequently stand idle.  The dollar savings for the occupancy sensors and the motor controls were
calculated using the off-peak cost of electricity because neither of these measures guarantees a
demand reduction during peak hours.

Table X: Miscellaneous Energy Management Recommendations (EMRs):
Summary of Savings and Costs

Description of EMR Potential
Savings 
($/yr)

Implementation
Cost 
($)

Simple
Payback
Period 
(yrs)

Energy
Savings

(KWH/yr)

Demand
Reduction

(KW)

1. Occupancy sensors 1,008 128 0.1 22,402 0


