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Industrial Energy Use Context - Global
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• Industrial energy use globally 
accounts for
—40% of electricity use
—77% of coal and derivatives 

use
—37% of natural gas use 

Potential CO 2 emission reductions from 
different policy options

Electricity end - use efficiency

Fossil fuels end -use efficiency

Policy Scenario
Alternative

• Industry has the potential to 
reduce its energy intensity and 
emissions by up to 26–32%, 
providing a 8-12% reduction in 
total energy use and CO2

emissions2

1,2 Source: IEA, 2006 and 2007 

and 1/3 of global CO2 emissions1



Industrial Energy Use- Timing Matters

• It is much more cost-effective to build in energy efficiency the 
first time than retrofit it later

• In industry, a missed opportunity for energy efficiency may not 
reoccur- for decades or at all until the original installation fails 
or becomes obsolete

• Just because a system is new, doesn’t mean that it is energy 

3

• Just because a system is new, doesn’t mean that it is energy 
efficient

• There is no “silver bullet” for achieving cost effective energy 
efficiency- it can be very low tech and still be highly effective



Why Isn’t Industry More Energy Efficient?

• The business of industry is not energy efficiency

• Facility engineers typically do not become CEO or CFOs

• Budgets are separate for equipment purchases and operating 
costs

• Data on energy use of systems is very limited

• Difficult to assess performance or evaluate performance • Difficult to assess performance or evaluate performance 
improvements

• Opportunities to become more

energy efficient are often overlooked

The “way it’s always been done”  isn’t 
always the most efficient approach



What are Industry’s Priorities?

Current

1. Stay profitable

2. Operate a safe workplace

3. Be compliant with environmental regulations

4. Meet legal and social responsibilities 
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5. Monitor supply chain for potential liability

Emerging

6. Manage GHG emissions, carbon footprint



Why System Energy Efficiency Matters

Inefficient? Or energy efficient? Same 

Source: Almeida, et al., 2005

Inefficient? Or energy efficient? Same 
work is 
done



U. S.  Department of Energy estimates that half of all compressed air is wasted. 

Inappropriate Use – 5-10%
Artificial Demand –10-15%

Why System Energy Efficiency Matters
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Productive Use – 50%

Leaks – 25-30%

Compressing air results in a net efficiency 
of ~15%- then 1/2 of the remaining 15% 

does no useful work!



For a 75kW motor operating
for 15 years at $0.05/kWh

Purchase Cost
= $5,000

Energy Costs

Purchase Cost- the Tip of the Iceberg

Motor Systems: Why Life Cycle Cost Matters

Energy Costs
= $525,000



System Optimization

• Steam and motor-driven systems account for nearly 50% of 
final manufacturing energy use worldwide

• These systems typically offer at least a 10-30% improvement 
opportunity using readily available technology because they are 
engineered for reliability without regard to energy efficiency

• Both industrial markets and policy makers tend to focus on • Both industrial markets and policy makers tend to focus on 
system components, which have a 2-5% improvement potential

• Barriers to improvement are institutional, not technical

• Systems engineered for energy efficiency are   
actually more reliable, have lower operating costs, 
and can result in higher productivity



Systems improvements in China

System / facility
Total Cost

[$US]
Energy savings

[kWh/y]
Payback 
Period

Compressed air/forge plant 18,600 150,000 1.5 years

Compressed Air/machinery 32,400 310,800 1.3 years

Compressed air/tobacco 23,900 150,000 2.0 years 
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Compressed air/tobacco 23,900 150,000 2.0 years 

Pump system/ hospital 18,600 77,000 2.0 years

Pump system/ pharmaceuticals 150,000 1.05M 1.8 years

Motor systems/ petrochemicals 393,000 14.1M 0.5 years

UNIDO China Motor System Energy Conservation Project



Industrial System Efficiency: Capturing 
and Sustaining Energy Savings

• Most motor-driven systems are initially designed with:
—The assumption that “more” is better, where supply is 

concerned
—Little or no thought given to system efficiency
—No plan for increases or decreases in system 

demand
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demand
—A “lowest first cost” goal

• Changes to existing systems face the same issues



—The size of a system has little influence on the savings 
potential, as a percentage of current consumption 

—Small, medium and large systems have similar savings 
potential

—Lack of capital is the number one reason given by 
managers for not improving efficiency

Industrial System Efficiency: Capturing 
and Sustaining Energy Savings
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—Lack of understanding of systems and their impact on 
a factory’s profitability are the actual reasons why more 
improvements projects are not initiated



System Optimization – Examples

• After system optimization training, a Chinese engineer 
connects two compressed air lines in a polyester fiber 
plant, saving 1 million RMB annually

• A US system optimization expert conducts a plant 
assessment and directs operations staff to close a valve 
serving an abandoned steam line, saving 1 million USD 
annuallyannually

• After system optimization training, US plant engineers 
retrofit a millwater pumping system, improving 
performance, reducing water consumption and treatment 
chemicals, and saving 280,000 USD annually for a 15 
month payback



A Closer Look At System Efficiency

Chilled Water Application
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Starting at Pump #2 Motor

Motor efficiency is ~ 91%

Nameplate data:

Measured
electrical data

Courtesy of Don Casada, 



Expanding the box 
to include the pump

Pump head:   36 m
Flow rate:       97.6 m3/h

=> hydraulic power:  9.6 kW=> hydraulic power:  9.6 kW

Combined pump and
motor efficiency = 
59%

Courtesy of Don Casada, 



Expanding the box still further –
to include the discharge valve

There is > 28 m 
pressure drop 
across the
throttled valve

Useful hydraulic power 
=  2.1 kW
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Courtesy of Don Casada, 



A Closer Look At System Efficiency

Hood Spray at a Steel Mill



Example: Hood Spray at a Steel Mill

Hood
spray

nozzles

Hood spray 
valve

(open/close)

Service 
water 
supply

Bypass valve, 
fixed throttle 

position

Service
water 
return

Flow 
restricting

orifice

Cavitation
damaged

line

150 kW 
motor-driven 

pump

Temporary sleeve
over cavitation-

damaged section



Why consider this hood spray system?

• High maintenance

• Relatively large (150 kW)

• Pump runs all the time even though it supports a 
batch type process

• Audible cavitation- poor performance indicator• Audible cavitation- poor performance indicator

• Continuously open bypass line



Recommended Improvements

• The component approach: 
• Replace  older, standard efficiency (93%) motor, with 

new efficient motor (95%)
• 2 ) The system approach

—Since hood sprayer is only needed 40% of the 
time, install a 150kW soft-starter to allow pump to time, install a 150kW soft-starter to allow pump to 
turn off

—Since pump is oversized, install a smaller pump 
and run 100% of the time

—Purchase and install a smaller pump, 45 kW 
motor, and 45 kW soft starter as a package



Summary of Alternatives*

Initial Cost Simple Rate of 10-yr NPV NPV
Alternative        (1000 RMB) Payback Return Savings Init. Cost

(1000 RMB)

New motor 67.2 8 years 8% < 8.3            0.13
Soft starter 62.3 3.2 mos. 395% 2050 33
New pump 74.7 3.4 mos. 374% 2324 31New pump 74.7 3.4 mos. 374% 2324 31
All three 145.3 4.9 mos. 259% 2980 21

Which would you pick?

* based on 10 year life energy cost only analysis

Other Benefits:
– Reduced Maintenance
– Greater reliability 
– Longer equipment service life



A Closer Look At System Efficiency

Compressed Air in a Footwear Factory
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• A footwear factory located outside Ho Chi Minh City  

employs about 4500 workers.
• The cost of electricity to operate the compressed a ir 

system has been estimated to be about $470,000 USD per 
year.

• There are 38 operating compressors driven by 37 kW 
motors.
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Courtesy of Wayne Perry, 
Kaeser Compressors

motors.
• A project team was established to study the compres sed 

air system in order to optimize energy efficiency.
• One of the aspects of the study was to perform a le ak 

survey.



The study found that as much 
as 86% of the compressed air 
was lost to leakage!
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was lost to leakage!



Through a combination of leak management, control 
optimization and compressor relocation, the factory 
estimates it will save about $196,000 USD per year in 
electrical costs.  The payback for the investment required 
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electrical costs.  The payback for the investment required 
to correct existing problems is less than 6 months.



Elements of System Optimization

� Evaluating energy requirements in factory.

• Matching system supply to these requirements

• Eliminating or reconfiguring inefficient uses and  practices 
(throttling, open blowing, etc)

• Changing out or supplementing existing equipment (motors, 
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• Changing out or supplementing existing equipment (motors, 
fans, pumps, compressors) to better match work requirements 
and increase operating efficiency



Elements of System Optimization

• Applying sophisticated control strategies and variable 
speed drives that allow greater flexibility to match supply 
with demand

• Identifying and correcting maintenance problems
• Upgrading ongoing maintenance practices



Resources

US Department of Energy

http://www1.eere.energy.gov/industry/bestpractices/systems.html

http://www1.eere.energy.gov/industry/saveenergynow/


