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Continuous Energy Improvement
Continuous Energy Improvement (CEI) (energyimprovement.org) is an energy 
management process that helps you:

  Manage energy as a controllable expense
  Get everyone on your team working together to reduce energy use
  Improve energy productivity
  Increase payback on energy-related capital improvements
  Reduce O&M expenses
  Complement your company’s existing continuous improvement programs
  Obtain a competitive cost advantage at the point of production

Each card contains a tip or piece of advice to keep energy top of mind among your team 
so you can manage energy as a controllable expense at the point of production.



How to use these cards
AUDIENCE: Production, maintenance and purchasing staff 
and technicians

PURPOSE: “Toolbox Talks on Energy Effi ciency.” These cards 
provide key learning points and discussion topics on energy 
effi ciency to engage your team in discussions on energy use in 
industrial facilities. 

USE: Use this card set during a weekly or daily shift meeting 
to initiate energy effi ciency talks with your team. These 
cards are designed to start the conversation, but be creative 
and encourage discussion. Participation is the best way 
to reinforce energy effi ciency practices for key industrial 
systems in your facility.

REVIEW: This card set includes “20/20 Review” cards, 
which allow you to check in with participants and ask about 
actions that resulted from ideas or suggestions from previous 
“Toolbox Talks.”

RECORD: At the end of this set you’ll fi nd log sheets. Use 
this log to record your team’s “Toolbox Talks” and gauge 
your contributions to achieving your company’s energy goals. 
It’s also an easy way to track and share your progress with 
management.
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Question: 

What is the most signifi cant cost of owning an 
electric motor?

Answer: 

The cost of electricity to run it. 



6

Discussion Questions:

  In our production processes, are there any unnecessary 
motors?

  Do any of our motors run when they are unnecessary? If 
so, talk with your supervisor or maintenance department to 
determine if it is appropriate to turn off a motor when it is 
not in use.

What We Learned:

The cost of electricity is 98% of the total cost of a motor over 
its life. How – and how often – a motor is run can have a large 
impact on the total cost of ownership.
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Answer: 

Essentially, motor effi ciency is the percentage 
of electrical energy (energy coming in to the 
motor) that is converted to mechanical energy 
(energy used to do the work). 

Question:  

What is meant by electric motor effi ciency?
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Discussion Questions:

  To minimize ineffi ciency, a motor should be applied 
appropriately for the work it is required to do. 

  Are there any motors in our plant which are not 
appropriately assigned? Have you discussed them with your 
supervisor?

What We Learned:

Most electric motors are at best 85% to 94% effi cient. That 
is, 100% of the electricity goes in, but only 85% is converted 
to mechanical energy and available to do work. Where does the 
lost 15% go? 

ANSWER: Most of it is lost as heat.



920/20 Review

Question:  

Have we investigated which motors are 
appropriate to turn off when they are not in use?
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Discussion Questions:

  How many motors did you fi nd that could be turned off or 
put on standby?

  What can we gain by turning off motors when they are not 
in use?

  Did you know that 98% of the cost of owning a motor 
comes from our electric bill? The purchase price and 
maintenance of the motor accounts for only 2%.
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Question:   

Do all motors have about the same level of 
effi ciency?

NEMA Premium® motors are 
labeled with this logo:

Answer:  

No, all motors are not created equal.
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Discussion Questions:

  Does our plant have any NEMA Premium® motors?
  How could you discuss this energy effi ciency consideration 
with a supervisor or purchasing agent?

What Did We Learn:

NEMA stands for National Electrical Manufacturers 
Association. A NEMA Premium® motor is a more effi cient, 
higher quality motor than a standard NEMA motor. NEMA 
Premium® motors carry this label on the actual motors.
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Question: 

How much does it cost to run a fully loaded, 
20-horsepower motor all day, every day for a 
year?

Answer: 

At recent, typical electricity rates in the 
Northwest, more than $7,000.
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Discussion Topic & Questions:

Roughly speaking, each horsepower of an electric motor costs 
$350 per year to operate. For example, a 5-horsepower motor 
costs $1,750 per year in electricity costs to operate.

  How many and what size motors do we use in our 
production process? 

  How much do you estimate it costs to run these motors?

1 HP 5 HP 20 HP

$350

$1,750

$7,000

Avarage cost to run an electric motor all day, 
every day for a year based on engine size 



1520/20 Review

Question: 

Have we checked with the engineering/
maintenance and purchasing departments to 
learn about using NEMA Premium® effi cient 
motors in our plant? 
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Discussion Questions:

  Are there areas in this plant where it would be benefi cial to 
upgrade to a NEMA Premium® motor?

  Do you have any ideas for ways in which we could save 
more motor energy?

  Have you learned anything about energy effi ciency that you 
thought was interesting, or that the rest of us should know 
about?
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Question: 

Should a motor be turned off at lunch or other 
times when it is not being used?

Answer: 

Maybe
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Discussion Questions:

  What motors can we turn off in this facility?
  Have we discussed these opportunities with a supervisor or 
asked engineering for input?

What We Learned:

Motors are only designed to start a few times per hour. Too 
many starts in an hour could result in premature failure, 
depending on the speed at which the motor runs and the 
load the motor is turning. Therefore, motor starts should be 
minimized. 
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True or False: 

Motors are not affected by the environment 
around them.

Answer: 

False
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Discussion Questions:

  Are any of the motors we use located in wet or dirty 
places? Are they appropriately located?

  Does any aspect of our cleaning process cause motors to 
be unnecessarily impacted (e.g. hosing down motors)?

  Would it be appropriate for us to discuss this issue with the 
plant maintenance personnel?

What We Learned:

Factors such as temperature, humidity and the presence of 
dust affect the effi ciency and reliability of a motor. Keeping a 
motor dry and dust-free will help ensure a long, reliable and 
effi cient motor life. For particularly wet or dirty locations, this 
facility could invest in motors designed for that environment, 
rather than a traditional open or totally enclosed motor.



2120/20 Review

Question: 

Is process equipment turned on as close to the 
start of production as possible? And is it shut 
off as soon as production is complete?
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Discussion Questions:

  How much energy is saved by only running the equipment 
when it’s needed?

  Does it always make sense to start and stop our machinery 
throughout the day?

  Have you noticed any machinery that is used in a way that 
wastes energy?

 ENERGY CHAMPION – Have your Tool Box card presenter 
write down energy saving actions and ideas and pass them 
along to you.
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Question: 

Why is a motor like a jar of apple vinegar?

Answer: 

When sitting in storage, both need to be rotated 
every 30 days.
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Discussion Questions:

  Do we have any motors that sit unused for long periods of 
time? For example, on a production line that is rarely used? 

  How could we integrate rotating the rarely-used motor 
shafts into our regular maintenance program?

What We Learned:

A motor shaft needs to be rotated every 30 days when in 
storage or during long periods of non-use. The motor shaft 
needs to be rotated in order to keep bearing surfaces coated in 
grease. If not adequately greased, the bearings will fail.

52% OF ALL MOTOR FAILURES ARE BEARING RELATED.
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Question: 

How is this plant charged for the electricity 
used by our motors?

Answer: 

Two factors go into electrical utility charges – 
kilowatts (kW) and kilowatt-hours (kWh). 
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What We Learned:

  KILOWATTS (KW) – kW is a measure of energy intensity. 
For example, a 50 hp motor draws a higher kW than a 10 
hp motor. The monthly utility bill contains a charge that 
is based on the highest kW used by the plant during the 
billing period. 

  KILOWATT-HOURS (KWH) – kWh is a measure of the 
level of kW used and amount of time it is used. Utilities 
charge per kWh ($/kWh) used during a billing period. To 
illustrate, a 50 hp motor will draw roughly 37 kW. If this 
motor runs for 1 hour, 37 kWh of electricity are used. 

  Charges for kilowatt-hours typically make up the majority 
of the total monthly electrical bill.



2720/20 Review

Question: 

Are plant lights left on when they are 
unneeded?
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Discussion Questions:

  How much energy is wasted by leaving the lights on?
  What kinds of lights waste the most power?
  Are there any areas in our plant that would benefi t from 
energy-saving compact fl uorescent light bulbs?
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Discussion Questions:

Compressed air is a very expensive utility. Performing a task 
with compressed air uses up to 10 times more energy than 
other methods. 

Are we using compressed air for any of the following tasks?

  Cleaning (fl oors, equipment, etc)
  Drying
  Vibration
  Open Blowing 
  Cooling
  Diaphragm pumps
  Air motors (i.e. for stirring)
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Tip: 

The tasks on the front of this card can be performed using less 
expensive methods.

Discussion Question:

What ideas do you have for changing how we perform these 
tasks (without using compressed air, that is.)

Why Care About Air?

Relative Cost Over 10 Years

Electricity
76%

Equipment
12%

Maintenance
12%
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Question:   

Where do leaks normally occur in a 
compressed air system? What’s another 
name for this area? 

Answer:   

Leaks normally occur in the compressed 
air piping system where there are valves, 
regulators, quick disconnects and fl exible 
hoses with joints and o-ring seals that 
harden and crack. This area is known as the 
“dirty thirty” as it is usually within 30 feet 
of the end-usage point. 
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Tip: 

Take the opportunity to check our “dirty thirty” for any leaks. 
Then tag them and take time to properly repair them. 

Discussion Questions:

  When was the last time we checked our “dirty thirty” for 
leaks?

  Have the leaks been repaired?
  Can we establish regular leak detection and repair as a 
part of our maintenance activities?
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Question:  

Have we noticed any compressed air leaks in 
our plant? If so, have they been reported to the 
appropriate maintenance personnel? Recall that 
compressed air is not free! 
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Discussion Questions:

  What energy saving actions have you taken lately?
  Do you have any ideas for ways we could save more 
energy?

  Have you learned anything about energy effi ciency that you 
thought was interesting, or that the rest of us should know 
about?

  ENERGY CHAMPION Have your Tool Box card presenter 
write down energy saving actions and ideas and pass them 
along to you.
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Question:  

 What are some clues that there may be a 
problem in the compressed air line? 

Answer:  

  The line is hissing
  There is water dripping from the line
  There is dust accumulating around the line
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Tip: 

In order to reduce the likelihood of a problem with a 
compressed air line, frequently clean the line.

Leaks are not only costly, but messy!
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Question:

What are the parts of a compressed air system?

Answers:

  Compressor
  Control (Wet) Receiver
  Filter
  Dryer 
  Dry Receiver
  FRL
  Critical End Uses
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A Typical Compressed Air System



3920/20 Review

Question:  

Is the compressed air pressure kept as 
low as possible without having a negative 
effect on production? If it does have a 
negative effect, should we discuss this with 
engineering staff?



40

Discussion Questions:

  What is meant when we talk about “negative effects” on 
production?

  Is keeping the compressed air at a low pressure always 
OK?

  What energy saving actions have you taken lately?
  Do you have ideas for ways in which we could save more 
energy?

 ENERGY CHAMPION – Have your Tool Box card presenter 
write down energy saving actions and ideas and pass them 
along to you.
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Question: 

What can everyone 
do to reduce leaks in 
the compressed air 
system?

Answer:

   Institute regular leak detection and leak maintenance into regular 
maintenance procedures.

  Notify the Compressed Air Champion of maintenance concerns and 
potential leaks.

   Invest in an ultrasonic leak detector and use it on a regular basis to 
locate leaks and prioritize repairs.

  Purchase high quality quick disconnects and large diameter hoses.
  Install solenoid or ball valves that are closed when the machinery is 
not in use. 
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Tips:

Regular leak detection and leak maintenance can help reduce 
the likelihood of a problem with the compressed air line. 

Utility companies also offer valuable information and training 
to improve the performance of your team and compressed air 
system. Give them a call!

Testing For Leaks
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Question: 

 Has anyone identifi ed ineffi cient uses of 
compressed air in our plant, such as air jets to 
dry cans or for personal cooling?
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Discussion Questions:

  How much money is spent each year on compressed air in 
our plant?

  What are some other ways that air can be wasted?
  What should we do when we see a wasteful use of 
compressed air?
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Question:  

If a 0°F freezer with a 10 ft x 12 ft door is left 
open on an 80°F day, how much more does it 
cost to cool? How about a 32°F cooler?

Answer:  

$140/day or $4,200/month for the 0°F freezer 
(at $0.05 kWh); $50/day or $1,500/month for 
the 32°F cooler (at $0.05 kWh)
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Discussion Questions: 

What else could contribute to higher temperatures in a cold 
storage unit?

  Leaving lights on
  Damaged insulation and door seals
  Not maintaining strip curtains
  Driving a hot forklift into the freezer
  People 
  Gaps in the doors
  Sub-fl oor heating
  Defrosts

What actions could we take to help prevent rising temperatures 
in our cold storage unit(s)?
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Question: 

What are the methods for improving 
refrigeration system effi ciency?

Answer:

1. Increase suction pressure
2. Decrease discharge (condensing) pressure
3. Minimize unnecessary heat loads (leaving 

doors open, leaving lights on, poor 
insulation, etc.)

4. Match refrigeration compressor supply to 
demand

5. Optimize defrosts
6. Clean condenser and 

evaporator coils
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Discussion Questions: 

  What is our current suction pressure set point? Could it be 
raised?

  Do we maintain a constant condensing pressure set point 
or is it adjusted as outdoor weather changes?

  Are lights shut off in cold storage areas during nights and 
weekends when they are unoccupied?

  How are our compressors controlled? Do we switch to 
smaller compressors when refrigeration loads drop off?

  How are defrosts controlled? Are they done at a particular 
time each day or do they vary based on need?

  How often is the condenser coil inspected? Are there spray 
nozzles that are plugged or missing?

  When was the last time the evaporator coils were inspected 
and cleaned? 
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Question:  

Are temperatures in refrigerated areas kept as 
high as possible without negatively affecting 
what is supposed to be kept cool?
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Discussion Questions:

  What energy saving actions have you taken lately?
  Do you have any ideas for ways in which we could save 
more refrigeration energy?
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Question: 

What percentage of power used to light a cold 
storage facility ends up as a heat load on the 
refrigeration system?

Answer: 

100%

The Bottom Line: 

Would you run an electric baseboard heater in a cold storage facility? Each light is no different 
than a baseboard heater. 

The energy that it takes to run lights ends up as heat that the refrigeration system must 
handle. Turning off lights saves energy and reduces their impact on the refrigeration system. 

Full power (left) and 
dimmed (right) high bay 
lighting
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Discussion Question: 

How can you reduce light energy in this plant?

  Reduce motion sensor occupancy time
  Turn off lights when areas are unoccupied
  Disconnect fi xtures in over-lit areas
  Install bi-level high bay, high intensity discharge (HID) 
lighting or on/off fl uorescent lighting with motion sensors

  Create light quality standards for areas and periodically 
inspect them
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Question: 

What are some common barriers to reducing 
condensing pressure?

Answer: 

  Hot gas defrost 
  Heated rooms 
  Water defrost & common sump 
  Oil separator performance 
  Gas-powered valves or unloaders 
  Liquid injection oil cooling 
  Screw compressor oil carryover 
  Underfl oor heating 
  Direct-expansion coils 
  Inadequate liquid pressure to serve loads 
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Discussion Question: 

Which of these barriers apply here in our plant? 



5520/20 Review

Question:  

Are the doors to refrigerated spaces kept closed 
as much as possible? 

Answer: 

Leaving refrigerator doors open causes 
unnecessary energy use and can be very 
expensive for our plant.
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Discussion Questions:

  What are some other reasons why refrigerated areas may 
heat up or lose their cool?

  What energy saving actions have you taken lately?
  Do you have any ideas for ways we could save more 
energy?
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Question:  

What percentage of condenser capacity is 
lost when there is 1/16 inch of scale on the 
condenser coil?

Badly scaled condenser

Answer: 

50%

The Bottom Line:

Optimizing a condenser is critical to reducing condensing temperature. A 2°F reduction in average 
condensing temperature reduces refrigeration compressor energy use by 3%.
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Discussion Questions: 

How can you ensure that our facility achieves full capacity with 
our condensers?

  Keep good maintenance records
  Tighten fan belts
  Make sure that the water blow-down system is working 
correctly

  Periodically inspect and clean condenser coils and nozzles
  Clean condenser grills and drift eliminators
  Install high performance spray nozzles



5920/20 Review

Question: 

 Is process equipment turned on as close to the 
start of production as possible? And is it shut 
off as soon as production is complete?
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Discussion Questions

   How much energy is saved by only running the equipment 
when it’s needed?

  Does it always make sense to start and stop our machinery 
throughout the day?

  Have you noticed any machinery that is being used in a 
way that wastes energy?

 ENERGY CHAMPION – Have your Tool Box card presenter 
write down energy saving actions and ideas and pass them 
along to you.
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Question:  

Are plant lights left on when they are 
unneeded?
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Discussion Questions

  How much energy is wasted by leaving the lights on?
  What kinds of lights waste the most power?
  Are there any areas in our plant that would benefi t from 
energy-saving compact fl uorescent light bulbs?
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Answer:  

Natural gas is a fossil fuel, composed primarily of methane, which 
started forming millions of years ago from decaying plants and animals. 
It is extracted from the earth’s crust much like petroleum. When natural 
gas is burned, it releases a high level of heat. 

Answer:  

Most of the natural gas used in the U.S. comes 
from North American sources. As demand for 
natural gas grows, it may have to be transported from 
further away via pipelines and ships from overseas. 

Question:  

What is natural gas? 

Interstate Natural Gas Pipelines

Question:

Where does natural 
gas come from? 
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Discussion Question 

What are some of the other fuel sources that may help lessen 
the demand for natural gas?

POSSIBLE ANSWER: Biomass decay from sources such as 
landfi lls and cow manure produces methane gas. This source is 
far smaller and more expensive than producing natural gas, but 
its use is growing in the United States. Other renewable energy 
sources, such as wind power, can also lessen demand.
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Question:  

How is natural gas 
use measured?

Answer:  

Natural gas use is measured using two factors: quantity (volume) and 
heat content. These measurements are combined to determine monthly 
use and cost, and the result is shown on your monthly gas bill. 

• The quantity (volume) is the amount of gas that fl ows through a gas 
meter. It is most commonly measured in CCF, or “hundred cubic feet.” 

• Heat content is measured in BTUs or therms.

The total usage and monthly cost of gas is based on the number of CCF 
used, multiplied by that month’s therm factor.

CCF X Therm Factor = Total natural gas usage
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Discussion Questions 

  Do you know how many therms of gas you typically use 
each month in your home? 

  How does this compare to our plant?
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Question:  

 Has anyone noticed steam leaks in the plant? If 
so, have they been reported to the appropriate 
maintenance personnel? 

Tip:

  Did you know that a 1 inch diameter hole in a steam pipe 
can cost almost $10,000 a year in wasted energy?
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Discussion Questions:

  What are the signs that we may have a steam leak?
  What should you do if you think you’ve found a leak?
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Question:  

How is natural gas most commonly used?

Top Five Answers:

1. To heat water

2. To heat and cool homes and buildings

3. To cook food

4. In industrial processes that require heating 
or cooking

5. To generate electricity
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Question: 

Where are the most common areas for air leaks 
in the home?

Answer: 

31% Floors, walls and ceilings
15% Ducts
14% Fireplace fl ue
13% Plumbing penetrations
11% Around doors
10% Around windows
4% Fans and vents
2% Electric outlets

Simple Actions = $avings

By targeting the common areas where air escapes, and doing simple repairs like caulking, weather stripping and installing storm 
windows, you can keep more of your conditioned air inside and lower your energy bills.
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Question:  

How is natural gas used in our facility?

Possible Answers:

1. To heat process water
2. To generate steam for process needs
3. To heat sanitation water 
4. To blanch and cook products
5. For space heating
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Discussion Questions 

Where are the most common areas in our facility for air leaks? 

POSSIBLE ANSWERS: 

  Pipes, hoses and valves
  Boiler openings 
  Windows and doors
  Walls, fl oors, ceilings 

What equipment is powered by natural gas in our facility?

POSSIBLE ANSWERS:

  Gas-fi red boiler – generates steam for blanchers and heats 
water for sanitation

  Gas-fi red ranges – similar to a gas range at home, they are 
used to cook our products

  Gas-fi red furnace – for offi ce space heating
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Question: 

 Is process equipment turned on as close to the 
start of production as possible? And is it shut 
off as soon as production is complete?
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Discussion Questions

  How much energy is saved by only running the equipment 
when it’s needed?

  Does it always make sense to start and stop our machinery 
throughout the day?

  Have you noticed any machinery that is being used in a 
way that wastes energy?

 ENERGY CHAMPION – Have your Tool Box card presenter 
write down energy saving actions and ideas and pass them 
along to you.
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Question:  

How much does a 
steam leak cost per 
month?

Table assumes 100 psi steam at $0.76/therm

Answer:  
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Discussion Questions 

  Does anyone know of an existing steam leak? 
  Can you name a location in our plant that commonly has a 
steam leak?

  Without testing, what are tell-tale signs of a leak?

POSSIBLE ANSWERS: 
abnormally warm boiler rooms, boiler pressure diffi cult to 
maintain

Action Tip

Creating process steam is an expensive component of 
production. Report steam leaks to your supervisor as soon as 
you notice them.
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Possible Answers: 

1. Corroded distribution systems (valves, 
heat exchangers) caused by:

  Lack of chemical pre-treatment of water
  Lack of deaeration of feedwater
  Old distribution systems in corrosive 
environments

  Lack of water softeners

2. Accidental breaking of steam pipes

Question:  

What causes a steam leak? 
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Question: 

Where do steam leaks most commonly occur in 
an industrial facility?

Possible Answers:

  Heat exchangers
  Boiler casings
  Shut-off valves
  Air-operated control valve diaphragms
  Anywhere check valves are positioned within 
three feet downstream of blast action traps

Discussion Questions: 

  Do we have a process for preventing, detecting, tagging, and repairing steam leaks? 
  When was the last time we assessed our plant for steam leaks?



7920/20 Review

Question:  

Are plant lights left on when they are 
unneeded?
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Discussion Questions

  How much energy is wasted by leaving the lights on?
  What kinds of lights waste the most power?
  Are there any areas in our plant that would benefi t from 
energy-saving compact fl uorescent light bulbs?
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Question:  

Why do steam pipes 
bang?

Answer:  

Pipes bang due to a phenomenon called “steam hammer.” Steam 
hammer, like water hammer, is caused by rapidly turning fl ow on and off, 
which creates a “shock wave.” Steam hammer is not as damaging as 
water hammer because steam is more compressible and transfers the 
shock wave more slowly than water.
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Discussion Questions 

  Has anyone heard pipes banging in our facility? If so, when 
and where?

  What are the negative effects of a “steam hammer” on a 
system’s effi ciency?
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Answer:  

There are two parts to this answer:

First, even a well-maintained, relatively new boiler is typically 80% 
effi cient. Thus, 80 of the initial 100 BTUs are converted to steam = 80 
BTUs. 

Second, the distribution system for the steam is commonly around 
90% effi cient due to heat loss in pipes. This means that 72 of the 80 
converted steam BTUs will arrive at our blanchers.

Therefore, most boiler/steam delivery systems are about 72% effi cient. 

Question:  

If 100 BTUs of natural 
gas are consumed 
by our boiler(s), how 
many BTUs of steam 
will arrive at our 
blanchers?
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Discussion Questions 

  How effi cient are our boiler systems?
  When was the last time our boiler system effi ciency was 
assessed?
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Answer:  

Like a car, the critical components of a boiler need to be tuned up from 
time to time. Tune-ups address issues such as:

  Reliability
  Safety 
  Effi ciency (or energy consumption)

The typical boiler tune-up will increase boiler effi ciency 1-2%. Even this 
modest increase in effi ciency can have a large impact on natural gas 
consumption, and ultimately the monthly bill. 

Question:  

Why should we 
complete annual 
boiler tune-ups?

  ENERGY CHAMPION: How much would your company save with a 2% 
improvement in your boiler’s effi ciency? Share this #.
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What We Learned 

When natural gas use is high (as it is in most industrial 
facilities), even small increases in effi ciency can generate big 
savings on monthly bills. 
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Fact: 

The average home uses about 70 therms of natural gas each 
month. Currently, this equates to a monthly bill of around 
$90. In many industrial facilities, monthly gas costs exceed 
$100,000. 

Action Tip: 

Gas is an expensive component of our production. The next 
time you turn on a piece of equipment that uses gas, think 
about how your actions contribute to that daily gas bill.
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Discussion Questions 

  How much does our facility spend on gas each month?
  What are some creative ways that we could lower our gas 
usage, and in the process lower our monthly bill?

Possible Answers: 

  Consider running your boiler at low-fi re rather than shutting 
it off. Each time the boiler comes on line, it spends the fi rst 
few minutes replacing the heat lost during the pre- and 
post-operation purge cycles. This is wasted energy.

  Reduce scale build-up on your boiler tubes, as this 
inhibits heat transfer across the tube surface. High stack 
temperatures are usually a good indicator of scale build-up 
on the tubes of the boiler. The stack temperature should 
not exceed the saturated steam temperature plus about 
200 degrees F.
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