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The relative importance of electricity, in addition to the high steam demand in the sector has prompted 
investment into the co-generation of onsite electricity and steam at various manufacturing facilities. In 
fact, most corn milling plants generate both electrical and thermal energy burning coal, in boilers using 
steam turbines. A few generate only steam and purchase all electricity. Cogenerated electricity (the 
production of both heat and power, also called combined heat and power or CHP) in 1998 was 1,871 
million kWh (EIA, 2001). Accounting for all of the electricity uses (net demand), cogenerated electricity 
accounts for 21% of the total electricity used onsite7. Although this share of cogenerated electricity is 
lower than it was in 1994 (23%), it is still relatively high compared to other industries in the U.S.  
 
Electricity is mostly used for pumping, grinding, separating and drying the corn products. Fuel is used 
either to make steam or for direct drying. Steam is used for evaporation, drying and maintaining process 
temperatures, as well as fermentation, extraction, ethanol recovery and for jetting or jet conversion of 
starch in refineries. Flue gas is used for drying and stillage processing (Shapouri et al., 1995; Drescher, 
1997). Figure 9 lists some of the key process steps and their relative values for energy consumption, from 
steeping through starch drying.  
 
Figure 9: Main corn wet milling process steps and their respective percentage of energy usage 

  

 

Source: Eckhoff (2001); Blanchard (1992); Wideman (2000); Eckhoff (2002c) 
 
From Figure 9 it is clear that processes for dewatering, drying and evaporation are key to the energy use 
patterns for the industry. To help reduce energy consumption, and also to improve product yields, it is 
desirable for the industry to use as little water as possible throughout the production process. To 
accomplish this, the industry relies on the countercurrent concept. In this approach fresh water is 
introduced to the system at only one place, i.e. the last step, starch washing. The water recovered from 
starch washing is used in the previous step, and so on, so that the water in which corn steeps is the same 
water that was introduced during starch washing. In this way, the plants minimize water usage and energy 
required for evaporation and drying. 
 
The countercurrent concept is used with the various process steps as well. For example, the most common 
arrangement for starch washing uses 9 to 15 stages of hydrocyclones. Fresh water is added to the last 
stage, and the overflow from that stage is added to the second last stage, and so on. Similarly, steeping of 

                                                      
7 Net demand accounts for the total uses of electricity onsite and reflects the fact that some of the purchased fuels are 
used to produce electricity for internal consumption. In 1998, net electricity use (purchases) was 24 TBtu (7,032 
million kWh) while net demand was 30 TBtu (8,954 million kWh). 
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corn takes place in a series of stainless steel tanks. The �freshest� water, which will be water discarded 
from steps further along in the process, is introduced to a tank where corn has been soaking for nearly its 
entire steeping period. The water that this had been steeping in is passed to the tank where corn has been 
steeping the second longest, and so on, ensuring that the water that has been in the system the longest � 
and has steeped with every tank of corn � is added to the tank where fresh corn is introduced and begins 
the process. After steeping the freshest corn for a period, this water, which has been in the production 
process for the longest, is evaporated so that all the soluble materials it picked up along the way are 
recovered in this steep corn liquor. 
 
This countercurrent system reduces the total amount of water used, and thereby reduces the amount of 
dewatering and evaporation that will be needed to attain the highest product yield.  
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5. Energy Efficiency Options in Corn Wet Milling 
 
Opportunities exist within U.S. corn wet milling plants to improve energy efficiency while maintaining or 
enhancing productivity. Improving energy efficiency at a corn wet milling plant should be approached 
from several directions. First, corn wet milling uses energy for equipment such as motors, pumps, and 
compressors. These important components require regular maintenance, good operation and replacement, 
when necessary. Thus, a critical element of plant energy management involves the efficient control of 
cross-cutting equipment that powers the production process of a plant. A second and equally important 
area is the proper and efficient operation of the processes. Process optimization and ensuring the most 
productive technology is in place are key to realizing energy savings in a plant�s operation. Finally, 
throughout a corn wet milling plant, there are many processes in operation at the same time. Coordinating 
their efficiency and operation is necessary to ensure energy savings are realized. If a corporation operates 
more than one mill, energy management can be more complex than just considering the needs of a single 
plant. Whether for a single plant for an entire corporation, establishing a strong organizational energy 
management framework is important to ensure that energy efficiency measures are implemented 
effectively. 
 
The sections below categorize energy efficiency measures by their utility systems (general, motors, 
compressed air, heat and steam distribution, lighting, HVAC, material handling) or by process (feed 
streams, steeping, fermentation, dewatering, drying and evaporation and membranes (alternative to 
drying)). Case studies for U.S. corn wet milling plants with specific energy and cost savings data are 
included where available. For other measures, comparable data from similar facilities, such as in other 
food processing industries, or for corn wet milling facilities around the world, are provided. This analysis 
excludes opportunity costs (such as down time for equipment replacement) and the cost associated with 
the replacement of non-depreciated equipment because these numbers vary among individual plants and 
may be as low as zero for some. When available data exists, simple payback period as a first measure of 
profitability was calculated. Better methods exist for determining profitability, such as return on 
investment or life cycle analysis. However, these methods often require much more data than are 
available through our research. It is expected that the reader will use the payback period as a first criterion 
to determine whether or not to pursue further research on profitability of the measure.  
 
For corn wet milling plants in the U.S., actual payback and savings for the measures will vary, depending 
on plant configuration and size, manufactured products, operating characteristics and location. The values 
presented in this review are offered as guidelines since only a detailed study of a specific location can 
produce reliable estimates for that plant. Wherever possible, a range of savings and paybacks found under 
varying conditions is provided. Table 6 lists energy efficiency measures that are process-specific, 
characterized by the process to which they apply. Table 7 similarly lists energy efficiency measures that 
are general utility or cross-cutting measures, characterized by the system to which they apply. 
 
Although technological changes in equipment can help to reduce energy use, changes in staff behavior 
and attitude may have a greater impact. Staff should be trained in both skills and the company�s general 
approach to energy efficiency in their day-to-day practices. Personnel at all levels should be aware of 
energy use and objectives for energy efficiency improvement. Often this information is acquired by lower 
level managers but not passed to upper management or down to staff (Caffal, 1995). Programs with 
regular feedback on staff behavior, such as reward systems, have had the best results. Though changes in 
staff behavior, such as switching off lights or closing windows and doors, often save only small amounts 
of energy at one time, taken continuously over longer periods they may have a much greater effect than 
more costly technological improvements. Most importantly, companies need to institute strong energy 
management programs that oversee energy efficiency improvement across the corporation. An energy 
management program will see to it that all employees actively contribute to energy efficiency 
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improvements. Further details for these programs can be found in Section 5.1 under �Energy Management 
and General Equipment/Utilities Approaches.� 
 
Participation in voluntary programs like the EPA ENERGY STAR program, or implementing an 
environmental management system such as ISO 14001 can help companies track energy and implement 
energy efficiency measures. One ENERGY STAR partner noted that combining the energy management 
programs with the ISO 14001 program has had the largest effect on saving energy at their plants. 
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Table 6: Cross-cutting (utilities) energy efficiency measures for the corn wet milling industry. 
General Equipment/Utility Approaches 

Energy management systems and programs Alternative fuels 
Combined heat and power  Anaerobic wastewater treatment 

Motors 
Sizing  Adjustable speed drives  
Higher efficiency motors  Variable voltage controls  
Switched reluctance drives1  

Pumps 
Operations and Maintenance Adjustable Speed Drives 
Monitoring Avoid throttling valves 
Reduce need Correct sizing of pipes 
More efficient pump Replace belt drives 
Correct sizing of pump(s)  Precision castings, surface coatings or polishing 
Use multiple pumps Sealings 
Trimming impeller (or shaving sheaves) Curtailing leakage through clearance reduction 
Controls  

Compressed air 
Maintenance Properly size regulators 
Monitoring Pipe diameter sizing 
Leak reduction Heat recovery 
Inlet air temperature reduction Natural gas engine-driven air compressors 
Pressure dew point maximization (air intake) System improvements 

Compressor motors 
Adjustable speed drives Higher efficiency motors 

Lighting 
Controls  
Daylighting 

Replace metal halide HID with high-intensity 
fluorescents 

Replace incandescent with fluorescent or CFL Replace magnetic with electronic ballasts 
Replace T-12 with T-8 or metal halides Reflectors 
Replace mercury with metal halide or high 

pressure sodium 
Light emitting diodes (LEDs) or radium strips 
System improvements 

Materials handling/tools 
High efficiency belts  

HVAC 
Electronic controls Ventilation and cooling design improvements 
Non-production hours setback temperatures  

Heat and steam distribution—Boilers 
Improve process control 
Reduce flue gas 
Reduce excess air 
Correct sizing in design 
Improve insulation  
Boiler maintenance 

Recover heat from flue gas 
Return condensate 
Recover steam from blowdown  
Replace obsolete burners by new optimized 

boilers 

Heat and steam distribution—Distribution 
Improve insulation Monitor steam traps automatically 
Maintain insulation Repair leaks 
Improve steam traps Recover flash steam 
Maintain steam traps  

1 Included in Future technologies, Section 5.8.  
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Table 7: Process-related energy efficiency measures for the corn wet milling industry. 
Feed Streams 

Corn hybrids1  
Steeping 

Intermittent milling and dynamic steeping1 Alkali steeping1 
Use of gaseous sulfur dioxide1 Use enzymes during steeping to reduce time1 

Fermentation and Ethanol Production 
Improving yeast fermentation Molecular sieves  
Bacterial fermentation Enzymes used for hydrolysis1 

Mechanical dewatering 
Germ dewatering Fiber dewatering 
Starch dewatering filters  

Drying Technology 
Process integration/pinch technology  Multiple effect evaporators 
Controls on heaters between steps Thermal and mechanical vapor recompression 
Reusing waste heat Operations and maintenance 
Replacing dryer with more efficient one Improve process control 
Regenerative thermal oxidizers Reduction in air supply rate 
Direct use of gas turbine offgases for drying Challenging customer requirements 

Membranes 
Reverse osmosis (RO) for steepwater 

concentration 
RO or other membrane to concentrate syrups 
Membranes to purify syrups 

Microfiltration (MF) for steepwater 
concentration 

Membrane filtration or RO to recycle starch 
wash water or reduce water in steeping 

1 Included in Future technologies, Section 5.8.  

5.1. Energy Management and General Equipment/Utilities Approaches.  
Improving energy efficiency in corn wet milling should be approached from several directions. A strong, 
corporate-wide energy management program is essential. Cross-cutting equipment and technologies such 
as compressed air and motors, common to most plants and manufacturing industries including corn wet 
milling, present well-documented opportunities for improvement. Equally important, the production 
process can be fine-tuned to produce additional savings. Below are some measures concerning these and 
other general cross-cutting utilities that apply to the corn wet milling industry.  
 
Energy management programs. Changing how energy is managed by implementing an organization-
wide energy management program is one of the most successful and cost-effective ways to bring about 
energy efficiency improvements.  
 
An energy management program creates a foundation for improvement and provides guidance for 
managing energy throughout an organization. In companies without a clear program in place, 
opportunities for improvement may be known but may not be promoted or implemented because of 
organizational barriers. These barriers may include a lack of communication among plants, a poor 
understanding of how to create support for an energy efficiency project, limited finances, poor 
accountability for measures or perceived change from the status quo. Even when energy is a significant 
cost for an industry, many companies still lack a strong commitment to improve energy management.   
 
EPA, through ENERGY STAR, has worked with many of the leading industrial manufacturers to identify 
the basic aspects of an effective energy management program.8  The major elements are depicted in 
Figure 10.  

                                                      
8 Read about strategic energy management at www.energystar.gov.   
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Figure 10: Main elements of a strategic energy management program  

 
A successful program in energy management begins with a strong commitment to continuous 
improvement of energy efficiency. This typically involves assigning oversight and management duties to 
an energy director, establishing an energy policy, and creating a cross-functional energy team. Steps and 
procedures are then put in place to assess performance, through regular reviews of energy data, technical 
assessments and benchmarking. From this assessment, an organization is then able to develop a baseline 
of performance and set goals for improvement. 
 
Performance goals help to shape the development and implementation of an action plan. An important 
aspect for ensuring the successes of the action plan is involving personnel throughout the organization. 
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Personnel at all levels should be aware of energy use and goals for efficiency. Staff should be trained in 
both skills and general approaches to energy efficiency in day-to-day practices. In addition, performance 
results should be regularly evaluated and communicated to all personnel, recognizing high performers. 
Some examples of simple tasks employees can do are outlined in Appendix C. 
 
Evaluating performance involves the regular review of both energy use data and the activities carried out 
as part of the action plan. Information gathered during the formal review process helps in setting new 
performance goals and action plans and in revealing best practices. Establishing a strong communications 
program and seeking recognition for accomplishments are also critical steps. Strong communication and 
receiving recognition help to build support and momentum for future activities. 
 
A quick assessment of an organization�s efforts to manage energy can be made by comparing the current 
program against the table contained in Appendix D. 
 
Energy monitoring systems. The use of energy monitoring and process control systems can play an 
important role in energy management and in reducing energy use. These may include sub-metering, 
monitoring and control systems. They can reduce the time required to perform complex tasks, often 
improve product and data quality and consistency and optimize process operations. Typically, energy and 
cost savings are around 5% or more for many industrial applications of process control systems. These 
savings apply to plants without updated process control systems; many U.S. plants may already have 
modern process control systems in place to improve energy efficiency.  
 
Amylum Nederland BV (Koog aan de Zaan, the Netherlands) installed a computerized process control 
system in their corn wet milling plant in 1994. The system measures and provides information on energy 
flows on a real-time basis, as well as over time for all major process units. This is integrated with a 
monitoring and targeting system. Installation of the control system has resulted in overall energy savings 
of 10% for the total plant within a period of six months (NOVEM, 1996). The actual savings exceeded the 
expected savings of 5% (NOVEM, 1993). The payback period under the conditions in the Netherlands 
was 3.5 years for an investment of $750,000 (1994). Under current U.S. conditions, this is likely to result 
in a slightly longer payback period for similarly-sized plants due to lower fuel costs. For large plants, the 
payback period may be shorter. 
 
Specific energy savings and payback periods for overall adoption of an energy monitoring system vary 
greatly from plant to plant and company to company.  
 
Support for a business energy management program can come from outside sources as well. Some utility 
companies work with industrial clients to achieve energy savings. In these cases, utility personnel work 
directly with managers onsite to better identify and implement programs that are more effective energy 
management programs and measures for the particular situation of the facility. 
 
Combined heat and power (CHP). For industries like corn wet milling that have process heat and steam 
and electricity requirements, the use of combined heat and power systems may be able to save energy and 
reduce pollution. Cogeneration plants are significantly more efficient than standard power plants because 
they take advantage of what are losses in standard plants by utilizing waste heat. In addition, 
transportation losses are minimized when CHP systems are located at or near the plant. Many corn wet 
milling plants have already installed CHP systems. About 21% of the electricity used at corn wet milling 
plants is cogenerated onsite. 
 
Often, utility companies will work with a company to develop CHP for their plants. In this scenario, the 
utility company owns and operates the system for the mill; therefore, the company avoids the capital 
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expenditures associated with CHP projects, but gains the benefits of a more energy efficient system of 
heat and electricity.  
 
In the corn wet milling industry, hot water and thermal energy are used throughout the process beginning 
at the steeping stage all the way through until the starch is dried, while electricity is used for pumping, 
grinding, separating and drying the corn. In addition to the energy savings, CHP also has comparable or 
better availability of service than utility generation. In the automobile industry, for example, typical CHP 
units are reported to function successfully for 95 to 98% of planned operating hours (Price and Ross, 
1989). For installations where initial investment is large, potential multiple small-scale CHP units 
distributed to points of need could be used cost effectively.  
 
The difficulty with CHP is maintaining the proper balance. Often electricity is purchased to supplement 
CHP generated power. For a new plant or a major rebuild, however, gas-turbine generation, which uses 
turbine discharge gases to generate process steam, or high-pressure turbines can be used. Innovative gas 
turbine technologies may make CHP more attractive for sites with large variations in heat demand. A 
pinch technology study should be used to find the optimal arrangement (see process integration/pinch 
technology section).  
 
Currently, most large-scale mills use steam turbine systems. Switching to natural gas-based systems will 
improve the power-output and efficiency of the CHP system, due to the increased power production 
capability. Although the overall system efficiency of a steam turbine based system (80%, HHV) is higher 
than that of a gas turbine-based system (74%, HHV), the electrical efficiency of a gas turbine-based 
system is much higher (27 to 37% for typical industrial scale gas turbines) (Energy Nexus Group, 
2002a,b).9 The power-to-heat ratio of a steam turbine based system is very low (limited to about 0.2), 
limiting the output of electricity. The power-to-heat ratio of a gas turbine-based system is much higher 
(between 0.5 and 1.0), producing more power for the same amount of fuel. This may improve the 
profitability of a natural gas-based CHP unit, depending on the price of power to the plant. Modern gas-
based CHP systems have low maintenance costs, and will reduce the nitrous oxides (NOx), SO2, carbon 
dioxide (CO2) and particulate matter (PM) emissions from the power plant considerably, especially when 
replacing a coal-fired boiler (Energy Nexus Group, 2002a,b). 
 
Combined cycles (combining a gas turbine and a back-pressure steam turbine) offer flexibility for power 
and steam production at larger sites, and potentially at smaller sites as well. Steam-injected gas turbines 
(STIG, or Cheng cycle) can absorb excess steam, e.g. due to seasonal reduced heating needs, to boost 
power production by injecting the steam in the turbine. The size of typical STIGs starts around 5 MWe. 
STIGs are found in various industries and applications, especially in Japan and Europe, as well as in the 
U.S. International Power Technology (CA), for example, installed STIGs at Sunkist Growers in Ontario 
(CA) in 1985. By the early to mid-1980s in the Netherlands, four starch plants had installed CHP units 
with gas turbines: Avebe at Foxhol (potatoes); CPC�s Sas van Gent (corn); ZBB�s Bijenkorf - Zaandam 
(corn) and Cargill�s Bergen op Zoom (corn). They varied in size from 3.6 MWe to 16 MWe. The use of 
gas turbines for drying and power generation is discussed in more detail in Section 5.6.  
Generally, the energy savings of replacing a traditional system of a boiler for steam generation, and power 
production in a stand-alone power plant, by a standard gas turbine-based CHP-unit is estimated at 20-
30%. The efficiency gain will be higher when replacing older or less maintained boilers. 
 

                                                      
9 In the U.S., efficiencies are generally expressed using the Higher Heating Value (HHV), while internationally 
Lower Heating Value (LHV) is used. Gas turbine manufacturers generally also use the LHV-value to express 
efficiency. HHV includes the condensation heat contained in the hot water, while LHV excludes this. Due to the 
higher hydrogen content of natural gas, the difference between efficiencies expressed in HHV and LHV is higher 
than for coal. When expressed in LHV, the overall system efficiencies for both systems would be comparable.  
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Shapouri et al. (1995), estimate CHP is economically justified for corn wet milling plants that have a 
production capacity of 30 million gallons of ethanol per year or greater. Assuming a typical product yield 
of 2 to 3 gallons of ethanol per bushel of corn, this translates to a plant capacity of 10 to 15 million 
bushels of corn per year or 30,000 to 40,000 bushels per day, which account for most plants in the U.S. 
today (see Appendix A).  
 
Use alternative fuels. Some industrial processes produce waste products that can be incinerated 
exothermically and thus provide an ideal fuel for the boiler. The energy saved by using some of these 
waste streams (particularly chemical waste streams) must be balanced against the potential release of 
environmental toxins into the atmosphere (Ganapathy, 1995).  
 
If a landfill is nearby, landfill gas could also be burned in the boilers. Landfill gas consists mostly of 
methane (CH4) and CO2. The EPA estimates that more than 700 landfills across the U.S. could install 
economically viable energy recovery systems. Plants must be located near viable landfills to implement 
this measure in a cost-effective manner.  
 
The Cargill Company of Bergen op Zoom (the Netherlands), a corn and wheat processing company, uses 
biogas in its afterburners (Caddet, 1995). The biogas is produced by their on-site wastewater treatment 
unit through anaerobic digestion of organic material in the water (see also, Anaerobic wastewater 
treatment section below). Afterburners are used to remove odorous vapors produced during the drying of 
semi-finished products. Previously, the vapors were removed by a natural gas-fired afterburner. The new 
system uses biogas produced by anaerobic digestion of organic material in the water at an on-site 
wastewater treatment unit. Preheating the biogas and reducing relative humidity to below 60% in the 
afterburner, a point where acid formation is no longer a problem, avoids the formation of sulfuric acid. 
The project saves 1,000,000 Nm3 of natural gas annually (equivalent to 33 TBtu/year), with a payback 
period of 1.7 years. Kröner-Stärke, an organic wheat processing plant, also uses the methane from its 
wastewater treatment plant in its production process, saving primary energy (Kröner, 2002).  
 
Anaerobic wastewater treatment. Industrial wastewater is typically treated by aerobic systems that 
remove contaminants prior to discharging the water. Use of aerobic systems may be disadvantageous 
because of their relatively high electricity use, large amounts of sludge produced and the reduction of 
dissolved oxygen in the water. Anaerobic wastewater treatment is an alternative method for cleaning 
industrial wastewater that converts organic compounds in the wastewater into a biogas (methane) that can 
be used on site. Anaerobic organisms produce trace amounts of hydrogen sulfide (H2S) that must be 
removed by scrubbing.  
 
Biothane Corporation currently sells an upflow anaerobic sludge blanket (UASB) that was developed in 
the late 1960s and is currently used in the starch industry worldwide (le Roux and Kehl, 1999). They 
claim typical purification efficiencies of 80 to 95% for biochemical oxygen demand (BOD), producing 
about 10% of the sludge normally produced by aerobic systems. In addition to the benefits described 
above, Biothane claims their systems are smaller and save in capital costs. Volumetric loading rates vary 
depending on the system, between 10 and 40 kg COD/m3/day.  
 
Ogilvie flour mills use an anaerobic treatment system in their plant in Candic, Quebec (Canada). 
Wastewater is treated in the system and biogas is produced and then fed to boilers to heat the building and 
preheat the intake air for the dryers. The biogas generates 300 GJ/day (280 MBtu/day) of energy, saving 
the equivalent in natural gas formerly used (see also, Use alternative fuels section). This corresponds to 
$327,000 1990 U.S./year (CADDET, 1991). The complete system was installed for $770,000 1990 U.S., 
yielding a payback of 2.3 years. An anaerobic system was installed during an expansion of a midwestern 
corn wet milling plant in the U.S. (Grant et al., 1997). Although energy savings are not available, effluent 
limits have been met and overall COD and BOD removal averages were 98 and 99%, respectively. The 
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system also generates no sludge. Other examples of applications of this technology can be found in 
Martin et al. (2000a).  
 
In a more recent development in beer brewing wastewater treatment, Ince et al. (2001) report on piloting 
the use of a crossflow ultrafiltration membrane in anaerobic digester systems, also known as the anaerobic 
digestion ultrafiltration process (ADUF). This system may have several advantages to traditional 
anaerobic systems, including reduced equipment (no sedimentation tank), minimized required reactor 
volume and improved control. However, only pilot data are currently available (Ince et al. 2001).  
 
5.1.1. Motors 
Motors are used in the milling and grinding processes in a corn wet milling plant. The following section 
applies to these systems or any other systems that use motors. When available, we listed specific 
examples detailing the corn wet milling process to which the measure has been applied and to what 
success.   
 
Using a �systems approach� that looks at the entire motor system (pumps, compressors, motors, and fans) 
to optimize supply and demand of energy services often yields the most savings. For example, in 
pumping, a systems approach analyzes both the supply and demand sides and how they interact, shifting 
the focus of the analysis from individual components to total system performance. The measures we 
identify below reflect aspects of this system approach including matching speed and load (variable speed 
drives), sizing the system correctly, as well as upgrading system components. However, for optimal 
savings and performance, we recommend the systems approach. Pumps and compressors are both 
discussed in more detail in sections 5.1.2 and 5.1.3. 
 
Sizing of motors. Motors and pumps that are sized inappropriately result in unnecessary energy losses. 
Where peak loads can be reduced, motor size can also be reduced. Correcting for motor oversizing saves 
1.2% of their electricity consumption (on average for the U.S. industry), and even larger percentages for 
smaller motors (Xenergy, 1998).  
 
Higher efficiency motors. High efficiency motors reduce energy losses through improved design, better 
materials, tighter tolerances and improved manufacturing techniques. With proper installation, energy-
efficient motors run cooler and consequently have higher service factors, longer bearing and insulation 
life and less vibration. Yet, despite these advantages, less than 8% of U.S. industrial facilities address 
motor efficiency in specifications when purchasing a motor (Tutterow, 1999).  
 
Typically, high efficiency motors are economically justified when exchanging a motor that needs 
replacement, but are not economically feasible when replacing a motor that is still working (CADDET, 
1994). Sometimes though, according to a case study by the Copper Development Association (CDA, 
2000), even working motor replacements may be beneficial. The payback for individual motors varies 
based on size, load factor and running time. The best savings are achieved on motors running for long 
hours at high loads. When replacing retiring motors, paybacks are typically less than one year from 
energy savings alone (LBNL et al., 1998).  
 
To be considered energy efficient in the U.S., a motor must meet performance criteria published by the 
National Electrical Manufacturers Association (NEMA). However, most manufacturers offer lines of 
motors that significantly exceed the NEMA-defined criteria, even those defined by NEMA as energy-
efficient (DOE, 2001b). NEMA and other organizations have created the �Motor Decisions Matter� 
campaign to market NEMA approved premium efficient motors to industry (NEMA, 2001).  
Even these premium efficiency motors may have low a payback period. According to data from the CDA, 
the upgrade to high efficiency motors, as compared to motors that achieve the minimum efficiency as 
specified by the Energy Policy Act, have paybacks of less than 15 months for 50 hp motors (CDA, 2001). 
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Because of the fast payback, it usually makes sense not only to buy an energy-efficient motor but also to 
buy the most efficient motor available (LBNL, 1998).  
 
Replacing a motor with a high efficiency motor is often a better choice than rewinding a motor. The 
practice of rewinding motors currently has no quality or efficiency standards. To avoid uncertainties in 
performance of the motor, a new high efficiency motor can be purchased instead of rewinding one. 
 
One case study in the corn wet milling industry (U.S.) indicated using electric motors that are more 
efficient would result in about 1% annual electricity savings and a payback period of about 2.9 years 
(IAC, 2001).10 Another similar case study indicated a payback of 5.1 years, but with greater annual 
electric savings of about 1.5%.  
 
Adjustable speed drives (ASDs)/ variable speed drives (VSDs). ASDs better match speed to load 
requirements for motor operations. Energy use on many centrifugal systems like pumps, fans and 
compressors is approximately proportional to the cube of the flow rate. Hence, small reductions in flow 
that are proportional to motor speed can sometimes yield large energy savings. Although they are unlikely 
to be retrofitted economically, paybacks for installing new ASD motors in new systems or plants can be 
as low as 1.1 years (Martin et al., 2000a). The installation of ASDs improves overall productivity, control 
and product quality, and reduces wear on equipment, thereby reducing future maintenance costs.  
 
ASDs were added to a large extract fan motor at the Trafford Flour Mill in Manchester (UK). The 
investment cost was 12,900 GBP ($23,700 1992 US), and the savings expected were 114,342 kWh of 
electricity annually when using automatic speed control, equaling 4,900 GBP per year ($9,000 1992 US) 
(Best Practice Programme, 2002a). Some operators had overridden the automatic speed control, so total 
actual savings were less (82,320 kWh), leading to a payback of 3.6 years, instead of the anticipated 2.6 
years.  
 
Variable voltage controls (VVCs). In contrast to ASDs, which have variable flow requirements, VVCs 
are applicable to variable loads requiring constant speed. The principle of matching supply with demand, 
however, is the same as for ASDs.   
 
5.1.2. Pumps 
Pumping systems account for nearly 20% of the world�s electrical energy demand  (Hydraulic Institute 
and Europump, 2001; Xenergy, 1998). In the U.S., pumping systems account for about 24.8% of the 
electricity used in manufacturing, and 16.4% in the Food and Kindred Products (SIC 20) sector (Xenergy, 
1998). The Food and Kindred Products sector alone has a potential energy savings of approximately 
1,250 GWh per year for pump system improvements (Hydraulic Institute and Europump, 2001; Xenergy, 
1998).  
 
In the corn wet milling industry, about 9% of the electrical energy is used by pump systems (Wideman, 
2000; Eckhoff, 2002c). Pumps are used throughout the entire corn wet milling plant to generate a pressure 
and move liquids. Studies have shown that over 20% of the energy consumed by these systems could be 
saved through equipment or control system changes (Xenergy, 1998).  
 

                                                      
10 The Industrial Assessment Center (IAC) database shows a series of case studies where a particular technology was 
used. It gives a wide variety of information, including implementation costs and savings for each case. Using this 
information, we calculated a simple payback for each case. For applications with multiple case studies, we 
calculated an overall payback for that particular technology by averaging all the individual cases. We sampled only 
SIC code 2046. 
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It is important to note that initial costs are only a fraction of the life cycle costs of a pump system. Energy 
costs, and sometimes operations and maintenance costs, are much more important in the lifetime costs of 
a pump system. In general, for a pump system with a lifetime of 20 years, the initial capital costs of the 
pump and motor make up merely 2.5% of the total costs (Best Practice Programme, 1998). Energy costs, 
however, make up about 95% of the lifetime costs of the pump. Maintenance costs compose the 
remaining 2.5%. Hence, the initial choice of a pump system should be highly dependent on energy cost 
considerations rather than on initial costs.  
 
Pumping systems consist of a pump, a driver, pipe installation and controls (such as adjustable speed 
drives or throttles) and are a part of the overall motor system, discussed in Section 5.1.1. The following 
section applies to all areas that use pumps. When available, specific case studies to which the measure has 
been applied and the level of success are described. Using a �systems approach� on the entire motor 
system (pumps, compressors, motors and fans) was also discussed in section 5.1.1. For example, higher 
efficiency motors also increase the efficiency of the associated pump by 2 to 5%. In this section, the 
pumping systems are addressed; for optimal savings and performance, it is recommended that the systems 
approach incorporating pumps, compressors, motors and fans be used. 
 
There are two main ways to increase pump efficiency, aside from reducing use. These are reducing the 
friction in dynamic pump systems, (not applicable to static or "lifting" systems) or adjusting the system so 
that it draws closer to the best efficiency point (BEP) on the pump curve (Hovstadius, 2002). Correct 
sizing of pipes, surface coatings or polishings and adjustable speed drives, for example, may reduce the 
friction loss, increasing energy efficiency. Correctly sizing the pump and choosing the most efficient 
pump for the applicable system will push the system closer to the best efficiency point on the pump curve.  
 
Operations and maintenance. Inadequate maintenance at times lowers pump system efficiency, causes 
pumps to wear out more quickly and increases costs. Better maintenance will reduce these problems and 
save energy. Proper maintenance includes the following (Hydraulic Institute, 1994; LBNL et al., 1999):  
 

• Replacement of worn impellers, especially in caustic or semi-solid applications. 
• Bearing inspection and repair. 
• Bearing lubrication replacement, once annually or semiannually.  
• Inspection and replacement of packing seals. Allowable leakage from packing seals is usually 

between two and sixty drops per minute.  
• Inspection and replacement of mechanical seals. Allowable leakage is typically one to four drops 

per minute.  
• Wear ring and impeller replacement. Pump efficiency degrades from 1 to 6 points for impellers 

less than the maximum diameter and with increased wear ring clearances (Hydraulic Institute, 
1994).  

• Pump/motor alignment check.  
 
Although energy savings for operations and maintenance are less than for other measures, estimated to be 
between 2 and 7% of pumping electricity (for the U.S. industry), paybacks are usually immediate to one 
year (Xenergy, 1998; OIT, 2002a). 
 
Monitoring. Monitoring in conjunction with operations and maintenance can be used to detect problems 
and determine solutions to create a more efficient system. Monitoring can determine clearances that need 
be adjusted, indicate blockage, impeller damage, inadequate suction, operation outside preferences, 
clogged or gas-filled pumps or pipes, or worn out pumps. Monitoring should include:  
 

• Wear monitoring  
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• Vibration analyses 
• Pressure and flow monitoring  
• Current or power monitoring  
• Differential head and temperature rise across the pump (also known as thermodynamic 

monitoring) 
• Distribution system inspection for scaling or contaminant build-up 

 
Reduce need. Holding tanks can be used to equalize the flow over the production cycle, enhancing 
energy efficiency and potentially reducing the need to add pump capacity. In addition, bypass loops and 
other unnecessary flows should be eliminated. Each of these steps saves 5 to 10% of pump system 
electricity consumption, on average for the U.S. industry (Easton Consultants, 1995). Total head 
requirements can also be reduced by lowering process static pressure, minimizing elevation rise from 
suction tank to discharge tank, reducing static elevation change by use of siphons and lowering spray 
nozzle velocities. 
 
5.1.2.1. Pump changes.  
 
More efficient pumps. According to inventory data, 16% of pumps are more than 20 years old. Pump 
efficiency may degrade 10 to 25% in its lifetime (Easton Consultants, 1995). Newer pumps are 2 to 5% 
more efficient. However, industry experts claim the problem is not necessarily the age of the pump but 
that the process has changed and the pump does not match the operation. Replacing a pump with a new 
efficient one saves between 2 to 10% of its energy consumption (ACEEE, 1994). Higher efficiency 
motors have also been shown to increase the efficiency of the pump system 2 to 5% (Tutterow, 1999). See 
section 5.1.1 for more detail.  
 
A number of pumps are available for specific pressure head and flow rate capacity requirements. 
Choosing the right pump often saves both in operating costs and in capital costs (of purchasing another 
pump). For a given duty, selecting a pump that runs at the highest speed suitable for the application will 
generally result in a more efficient selection as well as the lowest initial cost (Hydraulic Institute and 
Europump, 2001). Exceptions to this include slurry handling pumps, high specified speed pumps or where 
the pump would need a very low minimum net positive suction head at the pump inlet.  
 
Correct sizing of pump(s) (matching pump to intended duty). Pumps that are sized inappropriately 
result in unnecessary losses. Where peak loads can be reduced, pump size can also be reduced. Correcting 
for pump oversizing saves 15 to 25% of electricity consumption for pumping (on average for the U.S. 
industry) (Easton Consultants, 1995). In addition, pump load may be reduced with alternative pump 
configurations and improved O&M practices.  
 
Where pumps are dramatically oversized, speed can be reduced with gear or belt drives or a slower speed 
motor. Paybacks for implementing these solutions are less than one year (OIT, 2002a).  
 
The Welches Point Pump Station, a medium sized water treatment plant located in Milford (CT), as a 
participant in the Department of Energy�s Motor Challenge Program, decided to replace one of their 
system�s four identical pumps with one smaller model (Flygt, 2002). They found that the smaller pump 
could more efficiently handle typical system flows and the remaining three larger pumps could be 
reserved for peak flows. While the smaller pump needed to run longer to handle the same total volume, its 
slower pace and reduced pressure resulted in less friction-related losses and less wear and tear. 
Substituting the smaller pump has a projected savings of 36,096 kW, more than 20% of the pump 
system�s annual electrical energy consumption. Using this system at each of the city�s 36 stations would 
result in energy savings of over $100,000. In addition to the energy savings projected, less wear on the 
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system results in less maintenance, less downtime and longer life of the equipment. The station noise is 
significantly reduced with the smaller pump.  
 
Use multiple pumps. Often using multiple pumps is the most cost-effective and most energy-efficient 
solution for varying loads, particularly in a static head-dominated system. Installing parallel systems for 
highly variable loads saves 10 to 50% of the electricity consumption for pumping (on average for the U.S. 
industry) (Easton Consultants, 1995). Variable speed controls should also be considered for dynamic 
systems (see below). Parallel pumps also offer redundancy and increased reliability. One case study of a 
Finnish pulp and paper plant indicated that installing an additional small pump (a �pony pump�), running 
in parallel to the existing pump used to circulate water from the paper machine into two tanks, reduced 
the load in the larger pump in all cases except for startup. The energy savings were estimated at $36,500 
(or 486 MWh, 58%) per year giving a payback of 0.5 years (Hydraulic Institute and Europump, 2001).  
 
Trimming impeller (or shaving sheaves). If a large differential pressure exists at the operating rate of 
flow (indicating excessive flow), the impeller (diameter) can be trimmed so that the pump does not 
develop as much head. In the food processing, paper and petrochemical industries, trimming impellers or 
lowering gear ratios is estimated to save as much as 75% of the electricity consumption for that pump 
(Xenergy, 1998). 
 
In one case study in the chemical processing industry, the impeller was reduced from 320 mm to 280 mm, 
which reduced the power demand by more than 25% (Hydraulic Institute and Europump, 2001). Annual 
energy demand was reduced by 83 MWh (26%). With an investment cost of $390 (US), the payback on 
energy savings alone was 23 days. In addition to energy savings, maintenance costs were reduced, system 
stability was improved, cavitation reduced and excessive vibration and noise were eliminated.  
 
In another similar case study, Salt Union Ltd., the largest salt producer in the UK, trimmed the diameter 
of the pump impeller at its plant from 320 mm to 280 mm (13 to 11 inches) (Best Practice Programme, 
1996b). After trimming the impeller, they found significant power reductions of 30%, or 197,000 kWh 
per year (710 GJ/year), totaling 8,900 GBP ($14,000 1994 US). With an investment cost of 260 GBP 
($400 1993 US), and maintenance savings of an additional 3,000 GBP ($4,600 1994 US), this resulted in 
a payback of 8 days (11 days from energy savings alone). In addition to energy and maintenance savings, 
like the chemical processing plant, cavitation was reduced and excessive vibration and noise were 
eliminated. With the large decrease in power consumption, the 110 kW motor could be replaced with a 
75kW motor, with additional energy savings of 58GJ (about 16,000 kWh) per year.  
 
Controls. The objective of any control strategy is to shut off unneeded pumps or reduce load until 
needed. Remote controls enable pumping systems to be started and stopped more quickly and accurately 
when needed, and reduce the required labor. In 2000, Cisco Systems (CA) upgraded the controls on its 
fountain pumps that turn off the pumps during peak hours (CEC and OIT, 2002). The wireless control 
system was able to control all pumps simultaneously from one location. The project saved $32,000 and 
400,000 kWh annually, representing a savings of 61.5% of the fountain pumps� total energy consumption. 
With a total cost of $29,000, the simple payback was 11 months. In addition to energy savings, the project 
reduced maintenance costs and increased the pumping system�s equipment life. 
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5.1.2.2. Motor changes.  
 
Adjustable speed drives (ASDs). ASDs better match speed to load requirements for pumps where, as for 
motors, energy use is approximately proportional to the cube of the flow rate11. Hence, small reductions in 
flow that are proportional to pump speed may yield large energy savings. Although they are unlikely to be 
retrofitted economically, new installations may result in short payback periods. In addition, the 
installation of ASDs improves overall productivity, control and product quality, and reduces wear on 
equipment, thereby reducing future maintenance costs.  
 
According to inventory data collected by Xenergy (1998), 82% of pumps in U.S. industry have no load 
modulation feature (or ASD). Similar to being able to adjust load in motor systems, including modulation 
features with pumps is estimated to save between 20 and 50% of pump energy consumption, at relatively 
short payback periods, depending on pump size, load and load variation (Xenergy, 1998; Best Practice 
Programme, 1996a). As a general rule of thumb, unless the pump curves are exceptionally flat, a 10% 
regulation in flow should produce pump savings of 20% and 20% regulation should produce savings of 
40% (Best Practice Programme, 1996a).   
 
Daishowa America Paper Mill (WA) installed ASDs on two of the pumps in its milling system to replace 
bypass and throttling valves, and rebuilt the pumps (OIT, 2002b). The project saved $32,000 and 700,000 
kWh (44%) annually. With a partial grant from the Northwest Energy Efficiency Alliance (NEEA), the 
project cost $60,000. Hence, the payback from energy savings alone was less than 2 years. In addition, the 
implementation of the project reduced cavitation and vibration, eliminated water surges and pipe hammer 
(lessening system stress and prolonging equipment life) and reduced maintenance, saving the plant 
$10,000 annually.  
 
In a similar case study, Teichert Aggregates, Inc. (CA), with the help of its local utility company, 
Sacramento Municipal Utility District (SMUD), added a magnetic induction ASD to their pumping 
system. They found annual energy savings of 233,000 kWh or $17,000, representing 24% of the pumping 
systems� power costs (CEC and OIT, 2001). The total project cost was $34,000. With a grant from 
SMUD of $15,000, the project had a payback of 13 months. Without the grant, payback would have 
amounted to approximately 2 years. In addition to the energy savings, the project also reduced 
maintenance costs, increased pump bearing life and improved the plant�s process control.  
 
Avoid throttling valves. Throttling valves should always be avoided. Extensive use of throttling valves 
or bypass loops may be an indication of an oversized pump (Tutterow et al., 2000). Variable speed drives 
or on off regulated systems always save energy compared to throttling valves (Hovstadius, 2002).  
 
5.1.2.3. System changes.  
 
Correct sizing of pipes. Similar to pumps, undersized pipes also result in unnecessary losses. The 
pipework diameter is selected based on the economy of the whole installation, the required lowest flow 
velocity, the minimum internal diameter for the application, the maximum flow velocity to minimize 
erosion in piping and fittings and plant standard pipe diameters. Increasing the pipe diameter may save 
energy but must be balanced with costs for pump system components. Easton Consultants (1995) and 
others in the pulp and paper industry (Xenergy, 1998) estimate retrofitting pipe diameters saves 5 to 20% 

                                                      
11 This equation applies to dynamic systems only. Systems that solely consist of lifting (static head systems) will 
accrue no benefits from (but will often actually become more inefficient) ASDs because they are independent of 
flow rate. Similarly, systems with more static head will accrue fewer benefits than systems that are largely dynamic 
(friction) systems. More careful calculations must be performed to determine actual benefits, if any, for these 
systems.  
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of their energy consumption, on average for the U.S. industry. Correct sizing of pipes should be done at 
the design or system retrofit stages where costs may not be restrictive.  
 
Replace belt drives. Inventory data suggests 4% of pumps have V-belt drives, many of which can be 
replaced with direct couplings to save energy (Xenergy, 1998). Savings are estimated at 1% (on average 
for the U.S. industry) (Xenergy, 1998).  
 
Precision castings, surface coatings or polishing. The use of castings, coatings or polishing reduces 
surface roughness that in turn, increases energy efficiency. It may also help maintain efficiency over time. 
This measure is more effective on smaller pumps. One case study in the steel industry analyzed the 
investment in surface coating on the mill supply pumps (350 kW pumps). They determined that the 
additional cost of coating, $1200 (US), would be paid back in 5 months by energy savings of $2700 (US) 
(or 36 MWh, 2%) per year (Hydraulic Institute and Europump, 2001). Energy savings for coating pump 
surfaces are estimated to be 2 to 3% over uncoated pumps (Best Practice Programme, 1998).  
 
Sealings. Seal failure accounts for up to 70% of pump failures in many applications (Hydraulic Institute 
and Europump, 2001). The sealing arrangements on pumps will contribute to the power absorbed. Often 
the use of gas barrier seals, balanced seals, and no-contacting labyrinth seals optimize pump efficiency. 
 
Curtailing leakage through clearance reduction. Internal leakage losses are a result of differential 
pressure across the clearance between the impeller and the pump casing. The larger the clearance, the 
greater is the internal leakage causing inefficiencies. The normal clearance in new pumps ranges from 
0.35 to 1.0 mm (0.014 to 0.04 in.) (Hydraulic Institute and Europump, 2001). With wider clearances, the 
leakage increases almost linearly with the clearance. For example, a clearance of 5 mm (0.2 in.) decreases 
the efficiency by 7 to 15% in closed impellers and by 10 to 22% in semi-open impellers. Abrasive liquids 
and slurries, even rainwater, can affect the pump efficiency. Using very hard construction materials (such 
as stainless steel) can reduce the wear rate.  
 
5.1.3. Compressed Air  
The major uses of compressed air in corn wet milling are pneumatic valves, packing lines and dust 
collectors. Compressed air is probably the most expensive form of energy available in an industrial plant 
because of its poor efficiency. Typically, efficiency from start to end-use is around 10% for compressed 
air systems (LBNL et al., 1998). In addition, the annual energy cost required to operate compressed air 
systems is greater than their initial cost. Because of this inefficiency and the sizeable operating costs, if 
compressed air is used, it should be of minimum quantity for the shortest possible time, constantly 
monitored and reweighed against alternatives. Because of its limited use in corn wet milling (but still an 
inefficient source of energy), the main compressed air measures found in other industries are highlighted. 
Many opportunities to reduce energy in compressed air systems are not prohibitively expensive; payback 
periods for some options are extremely short � less than one year. 
 
Maintenance. Inadequate maintenance can sometimes lower compression efficiency, increase air leakage 
or pressure variability and lead to increased operating temperatures, poor moisture control and excessive 
contamination. Better maintenance will reduce these problems and save energy. 
 
Proper maintenance includes the following (LBNL et al., 1998, unless otherwise noted):  
 

• Blocked pipeline filters increase pressure drop. Keep the compressor and intercooling surfaces 
clean and foul-free by inspecting and periodically cleaning filters. Seek filters with just a 1 psi 
pressure drop. Payback for filter cleaning is usually under 2 years (Ingersoll-Rand, 2001). Fixing 
improperly operating filters will also prevent contaminants from entering into equipment and 
causing them to wear out prematurely. Generally, when pressure drop exceeds 2 to 3 psig replace 
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the particulate and lubricant removal elements. Inspect all elements at least annually. Also, 
consider adding filters in parallel to decrease air velocity and, therefore, decrease pressure drop. 
A 2% reduction of annual energy consumption in compressed air systems is projected for more 
frequent filter changing (Radgen and Blaustein, 2001). However, one must be careful when using 
coalescing filters; efficiency drops below 30% of design flow (Scales, 2002). 

• Poor motor cooling can increase motor temperature and winding resistance, shortening motor life, 
in addition to increasing energy consumption. Keep motors and compressors properly lubricated 
and cleaned. Compressor lubricant should be sampled and analyzed every 1000 hours and 
checked to make sure it is at the proper level. In addition to energy savings, this can help avoid 
corrosion and degradation of the system.  

• Inspect fans and water pumps for peak performance.  
• Inspect drain traps periodically to ensure they are not stuck in either the open or closed position 

and are clean. Some users leave automatic condensate traps partially open at all times to allow for 
constant draining. This practice wastes substantial amounts of energy and should never be 
undertaken. Instead, install simple pressure driven valves. Malfunctioning traps should be cleaned 
and repaired instead of left open. Some automatic drains do not waste air, such as those that open 
when condensate is present. According to vendors, inspecting and maintaining drains typically 
has a payback of less than 2 years (Ingersoll-Rand, 2001).  

• Maintain the coolers on the compressor to ensure that the dryer gets the lowest possible inlet 
temperature (Ingersoll-Rand, 2001).  

• Check belts for wear and adjust them. A good rule of thumb is to adjust them every 400 hours of 
operation.  

• Check water cooling systems for water quality (pH and total dissolved solids), flow and 
temperature. Clean and replace filters and heat exchangers per manufacturer�s specifications.  

• Minimize leaks (see also Reduce leaks section, below).  
• Specify regulators that close when failed. 
• Applications requiring compressed air should be checked for excessive pressure, duration or 

volume. They should be regulated, either by production line sectioning or by pressure regulators 
on the equipment itself. Equipment not required to operate at maximum system pressure should 
use a quality pressure regulator. Poor quality regulators tend to drift and lose more air. Otherwise, 
the unregulated equipment operates at maximum system pressure at all times and wastes the 
excess energy. System pressures operating too high also result in shorter equipment life and 
higher maintenance costs.  

 
Monitoring. Proper monitoring (and maintenance) can save a lot of energy and money in compressed air 
systems. Proper monitoring includes the following (CADDET, 1997):  

• Pressure gauges on each receiver or main branch line and differential gauges across dryers, filters, 
etc. 

• Temperature gauges across the compressor and its cooling system to detect fouling and blockages 
• Flow meters to measure the quantity of air used 
• Dew point temperature gauges to monitor the effectiveness of air dryers 
• kWh meters and hours run meters on the compressor drive 
• Compressed air distribution systems should be checked when equipment has been reconfigured to 

be sure no air is flowing to unused equipment or obsolete parts of the compressed air distribution 
system.  

• Check for flow restrictions of any type in a system, such as an obstruction or roughness. These 
require higher operating pressures than are needed. Pressure rise resulting from resistance to flow 
increases the drive energy on the compressor by 1% of connected power for every 2 psi of 
differential (LBNL et al., 1998; Ingersoll-Rand, 2001). Highest pressure drops are usually found 
at the points of use, including undersized or leaking hoses, tubes, disconnects, filters, regulators, 
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valves, nozzles and lubricators (demand side), as well as air/lubricant separators, aftercoolers, 
moisture separators, dryers and filters.  

 
Reduce leaks (in pipes and equipment). Leaks can be a significant source of wasted energy. A typical 
plant that has not been well maintained could have a leak rate between 20 to 50% of total compressed air 
production capacity (Ingersoll Rand, 2001). Leak repair and maintenance can sometimes reduce this 
number to less than 10%. Overall, a 20% reduction of annual energy consumption in compressed air 
systems is projected for fixing leaks (Radgen and Blaustein, 2001).  
 
The magnitude of a leak varies with the size of the hole in the pipes or equipment. A compressor 
operating 2,500 hours per year at 6 bar (87 psi) with a leak diameter of 0.02 inches (½ mm) is estimated 
to lose 250 kWh/year; 0.04 in. (1 mm) to lose 1100 kWh/year; 0.08 in. (2 mm) to lose 4,500 kWh/year; 
and 0.16 in. (4 mm) to lose 11,250 kWh/year (CADDET, 1997).  
 
In addition to increased energy consumption, leaks can make pneumatic systems/equipment less efficient 
and adversely affect production, shorten the life of equipment, lead to additional maintenance 
requirements and increased unscheduled downtime. Leaks cause an increase in compressor energy and 
maintenance costs.  
 
The most common areas for leaks are couplings, hoses, tubes, fittings, pressure regulators, open 
condensate traps and shut-off valves, pipe joints, disconnects and thread sealands. Quick connect fittings 
always leak and should be avoided. A simple way to detect large leaks is to apply soapy water to suspect 
areas. The best way to detect leaks is to use an ultrasonic acoustic detector, which can recognize the high 
frequency hissing sounds associated with air leaks. After identification, leaks should be tracked, repaired 
and verified. Leak detection and correction programs should be ongoing efforts.  
 
Reducing the Inlet Air Temperature. Reducing the inlet air temperature reduces energy used by the 
compressor. In many plants, it is possible to reduce inlet air temperature to the compressor by taking 
suction from outside the building. Importing fresh air has paybacks of 2 to 5 years (CADDET, 1997b). As 
a rule of thumb, each 5°F (3°C) will save 1% compressor energy use (CADDET, 1997b; Parekh, 2000). 
Three case studies in the corn wet milling industry taken from the database of energy audits performed by 
the Industrial Assessment Centers (IAC) throughout the U.S. estimate implementation costs for this 
measure ranging from $300 to $480, and annual savings of $1,580 to $2,349 (0.1 to 0.6%) in electricity 
(IAC, 2001).10 Only one of these plants had implemented the measure, and they found a payback of about 
2 months. The others estimated a payback between 2 and 4 months.  
 
Maximize Allowable Pressure Dew Point at Air Intake. Choose the dryer that has the maximum 
allowable pressure dew point, and best efficiency. A rule of thumb is that desiccant dryers consume 7 to 
14% of the total energy of the compressor, whereas refrigerated dryers consume 1 to 2% as much energy 
as the compressor (Ingersoll Rand, 2001). Consider using a dryer with a floating dew point. Note that 
where pneumatic lines are exposed to freezing conditions, refrigerated dryers are not an option. 
 
Controls. Remembering that the total air requirement is the sum of the average air consumption for 
pneumatic equipment, not the maximum for each, the objective of any control strategy is to shut off 
unneeded compressors or delay bringing on additional compressors until needed. All compressors that are 
on should be running at full-load, except for one, which should handle trim duty. Positioning of the 
control loop is also important; reducing and controlling the system pressure downstream of the primary 
receiver results in reduced energy consumption of up to 10% or more (LBNL et al., 1998). Radgen and 
Blaustein (2001) report energy savings for sophisticated controls to be 12% annually. Start/stop, 
load/unload, throttling, multi-step, variable speed and network controls are options for compressor 
controls and described below.  
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Start/stop (on/off) is the simplest control available and can be applied to small reciprocating or rotary 
screw compressors. For start/stop controls, the motor driving the compressor is turned on or off in 
response to the discharge pressure of the machine. They are used for applications with very low duty 
cycles. Applications with frequent cycling will cause the motor to overheat. Typical payback for start/stop 
controls is 1 to 2 years (CADDET, 1997).  
 
Load/unload control, or constant speed control, allows the motor to run continuously but unloads the 
compressor when the discharge pressure is adequate. In most cases, unloaded rotary screw compressors 
still consume 15 to 35% of full-load power when fully unloaded, while delivering no useful work (LBNL 
et al., 1998). Hence, load/unload controls may be inefficient and require ample receiver volume.  
 
Modulating or throttling controls allows the output of a compressor to be varied to meet flow 
requirements by closing down the inlet valve and restricting inlet air to the compressor. Throttling 
controls are applied to centrifugal and rotary screw compressors.  
 
Changing the compressor control to a variable speed control has saved up to 8% per year (CADDET, 
1997). 
 
Multi-step or part-load controls can operate in two or more partially loaded conditions. Output pressures 
can be closely controlled without requiring the compressor to start/stop or load/unload.  
  
Properly sized regulators. Regulators sometimes contribute to the biggest savings in compressed air 
systems. By properly sizing regulators, compressed air will be saved that is otherwise wasted as excess 
air. Also, it is advisable to specify pressure regulators that close when failing.  
 
Sizing pipe diameter correctly. Inadequate pipe sizing can cause pressure losses, increase leaks and 
increase generating costs. Pipes must be sized correctly for optimal performance or resized to fit the 
current compressor system. Increasing pipe diameter typically reduces annual energy consumption by 3% 
(Radgen and Blaustein, 2001). 
 
Heat recovery for water preheating. As much as 80 to 93% of the electrical energy used by an 
industrial air compressor is converted into heat. In many cases, a heat recovery unit can recover 50 to 
90% of the available thermal energy for space heating, industrial process heating, water heating, makeup 
air heating, boiler makeup water preheating, industrial drying, industrial cleaning processes, heat pumps, 
laundries or preheating aspirated air for oil burners (Parekh, 2000). It has been estimated that 
approximately 50 kBtu/hour of energy is available for each 100 ft3/min of capacity (at full load) (LBNL et 
al., 1998). Paybacks are typically less than one year. Heat recovery for space heating is not as common 
with water-cooled compressors because an extra stage of heat exchange is required and the temperature of 
the available heat is lower. With large water-cooled compressors, recovery efficiencies of 50 to 60% are 
typical (LBNL et al., 1998). Implementing this measure recovers up to 20% of the energy used in 
compressed air systems annually for space heating (Radgen and Blaustein, 2001).  
 
Natural gas engine-driven air compressors. Gas engine-driven air compressors can replace electric 
compressors with some advantages and disadvantages. Gas engine-driven compressors are more 
expensive but may have lower overall operating costs, depending on the relative costs of electricity and 
gas. Variable speed capability is standard for gas-fired compressors, offering a high efficiency over a 
wide range of loads. Heat can be recovered from the engine jacket and exhaust system. This technology is 
new; it has currently penetrated less than 1% of the total air compressor market, and has some drawbacks. 
Gas compressors need more maintenance, have a shorter useful life, and sustain a greater likelihood of 
downtime.  
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6. Summary and Conclusions.  
Within the food and kindred products group (SIC 20), corn wet milling is the most energy intensive 
industry, using 15% of the total energy consumed. Energy costs are the largest operating cost for corn wet 
millers in the United States. A typical corn wet milling plant in the United States spends approximately 
$15 to $25 million per year on energy, making energy efficiency improvement an important way to 
reduce costs and increase predictable earnings, especially in times of high energy-price volatility.  
 
There are a variety of opportunities available at individual plants to reduce energy consumption cost 
effectively in the corn wet milling industry, both in utilities and in the processes. This report has 
identified almost 100 energy-efficient practices and technologies that could be applied to corn refining. 
Specific energy savings are provided for each efficiency measure based on case studies that describe 
implementation of the measures as well as provide references to technical literature. If available, typical 
payback periods were also given. Tables 14 and 15 list these measures.  
 

Table 14: Cross-cutting energy efficiency measures for the corn wet milling industry. 
General Equipment/Utility Approaches 

Energy management systems and programs Alternative fuels 
Combined heat and power  Anaerobic wastewater treatment 

Motors 
Sizing  Adjustable speed drives  
Higher efficiency motors  Variable voltage controls  
Switched reluctance drives1  

Pumps 
Operations and maintenance Adjustable speed drives 
Monitoring Avoid throttling valves 
Reduce need Correct sizing of pipes 
More efficient pump Replace belt drives 
Correct sizing of pump(s)  Precision castings, surface coatings or polishing 
Use multiple pumps Sealings 
Trimming impeller (or shaving sheaves) Curtailing leakage through clearance reduction 
Controls  

Compressed air 
Maintenance Properly size regulators 
Monitoring Pipe diameter sizing 
Leak reduction Heat recovery 
Inlet air temperature reduction Natural gas engine-driven air compressors 
Pressure dew point maximization (air intake) System improvements 

Compressor motors 
Adjustable speed drives Higher efficiency motors 

Lighting 
Controls  
Daylighting 

Replace metal halide HID with high-intensity 
fluorescents 

Replace incandescents with fluorescents or CFLs Replace magnetic with electronic ballasts 
Replace T-12 with T-8 or metal halides Reflectors 
Replace mercury with metal halide or high 

pressure sodium 
Light emitting diodes (LEDs) or radium strips 
System improvements 

Materials handling/tools 
High efficiency belts  

HVAC 
Electronic controls Ventilation and cooling design improvements 
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Non-production hours setback temperatures  
Heat and steam distribution—Boilers 

Improve process control Boiler maintenance 
Reduce flue gas  Recover heat from flue gas 
Reduce excess air Return condensate 
Correct sizing in design Recover steam from blowdown 
Improve insulation Replace obsolete burners by new optimized 

boilers 
Heat and steam distribution—Distribution 

Improve insulation Monitor steam traps automatically 
Maintain insulation Repair leaks 
Improve steam traps Recover flash steam 
Maintain steam traps  

1 Included in Future technologies, Section 5.8. 
 

Table 15: Process-related energy efficiency measures for the corn wet milling industry. 
Feed Streams 

Corn hybrids1  
Steeping 

Intermittent milling and dynamic steeping1 Alkali steeping1 
Use of gaseous sulfur dioxide1 Use enzymes during steeping to reduce time1 

Fermentation and Ethanol Production 
Improving yeast fermentation Molecular sieves  
Bacterial fermentation Enzymes used for hydrolysis1 

Mechanical Dewatering 
Germ dewatering Fiber dewatering 
Starch dewatering filters  

Drying Technology 
Process integration/pinch technology  Multiple effect evaporators 
Controls on heaters between steps Thermal and mechanical vapor recompression 
Reusing waste heat Operations and maintenance 
Replacing dryer with more efficient one Improve process control 
 
Regenerative thermal oxidizers 

Reduction in air supply rate 

Direct use of gas turbine offgases for drying Challenging customer demand 
Membranes 

Reverse osmosis (RO) for steepwater 
concentration 

RO or other membrane to concentrate syrups 
Membranes to purify syrups 

Microfiltration (MF) for steepwater 
concentration 

Membrane filtration or RO to recycle starch 
wash water or reduce water in steeping 

1 Included in Future technologies, Section 5.8.  
 
Cross-cutting utility energy efficiency measures that do not interfere with the corn wet milling process 
show immediate potential for cost-effective energy savings were also presented. Sixty-eight different 
cross-cutting energy efficiency improvement measures that can reduce energy consumption in the supply 
and use of motors, pumps, compressed air, lighting, hot water and steam distribution, hot water and steam 
generation, power supply and HVAC were identified. While savings of some of the individual measures 
may be relatively small, the cumulative effect of these measures may potentially be large. Generally, the 
majority of these measures have relatively short paybacks. The degree of implementation of these 
measures will vary by plant and end-use and continuous evaluation for these opportunities will help to 
identify further cost-savings. 
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For process-specific measures, some new technologies reduce energy and improve product quality 
consistency or yield. Twenty-nine different energy efficient practices and technologies in steeping, 
dewatering, drying, membranes and fermentation and ethanol production were highlighted. Six of these 
measures are still being developed and are included in the future technology section (Section 5.8). 
Implementation of most of the other measures will be part of strategic investments and innovation at the 
corn wet milling plants. Selected technologies will have large additional benefits including product 
quality improvement. 
 
Further research on the economics of the measures for individual corn wet milling plants, as part of an 
energy management program, is needed to assess the potential impact of selected technologies at 
individual corn wet milling plants. 
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Appendix A: Estimated corn wet milling company capacities grouped by main product 
 
Main Product 

 
Company 

 
Location 

Grind rate 
(Bu/day) 

Specialty starch National Starch & Chemical Company Indianapolis, IN 63,000 
  N. Kansas City, MO 49,000  
 Penford Products Company Cedar Rapids, IA 65,000 
 Colorado Sweet Gold LLC Golden, CO 15,000 
Ethanol only Williams Bioenergy Pekin, IL 125,000 
Complete line Archer Daniels Midland Company Decatur, IL 450,000 
  Cedar Rapids, IA 400,000 
  Clinton, IA 350,000 
 (formerly Minnesota Corn Processors) Marshall, MN 200,000 
  Columbus, NE 225,000 
 Cargill Blair, NB 250,000 
  Dayton, OH 180,000 
  Eddyville, IA  235,000 
  Memphis, TN  150,000 
  Cedar Rapids, IA 105,000 
 (formerly Cerestar) Decatur, AL  80,000 
  Dimmitt, TX 60,000 
  Hammond, IN 83,000 
 Corn Products International, Inc. Argo, IL 225,000 
  Stockton, Ca 70,000 
  Winston-Salem, NC 75,000 
 A. E. Staley Manufacturing Company Decatur, IL 260,000 
  Lafayette, IN 225,000 
  Lafayette, IN 55,000 
  Loudon, TN  125,000 
 Roquette America, Inc. Keokuk, IA 120,000 
 Grain Processing Corporation Muscatine, IA  200,000 
  Washington, IN 100,000 

Source: Eckhoff, 2002c 
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Appendix B: Corn wet milling companies’ headquarters, plant locations and products a 

Company & Headquarters Plant locations Starch HFCS & other 
refinery products b 

Oil, crude 
or refined

Corn gluten 
feed or meal Ethanol Other fermentation 

products c 

A. E. Staley Manufacturing Company 
Decatur, IL 

1. Decatur, IL 
2. Lafayette, IN 
3. Lafayette, IN  
4. Loudon, TN 
5. Morrisville, PA d 

X X X X X X 

Archer Daniels Midland Company 
Decatur, IL 

6. Cedar Rapids, IA  
7. Clinton, IA  
8. Decatur, IL 
9. Montezuma, NY d 

X X X X X X 

Cargill, Inc. 
Minneapolis, MN 

10. Blair, NE 
11. Cedar Rapids, IA 
12. Dayton, OH 
13. Eddyville, IA 
14. Memphis, TN 
15. Wahpeton, ND 

X X X X X X 

Cerestar USA, Inc (now owned by Cargill) 
Hammond, IN 

16. Decatur, AL 
17. Dimmitt, TX 
18. Hammond, IN 

X X  X  X 

Colorado Sweet Gold LLC 
Johnstown, Colorado 19. Johnstown, CO X X  X   

Corn Products International, Incorporated 
Bedford Park, IL 

20. Bedford Park, IL  
21. Stockton, CA 
22. Winton-Salem, NC 

X X X X  X 

Grain Processing Corporation 
Muscatine, IA 

23. Muscatine, IA 
24. Washington, IA X X  X X  

Minnesota Corn Processors (now owned by ADM)
Marshall, MN 

25. Columbus, NE 
26. Marshall, MN X X  X X  

National Starch & Chemical Company 
Bridgewater, NJ  

27. Indianapolis, IN 
28. N. Kansas City, MO X   X   

Penford Products Company 
Cedar Rapids, IA 29. Cedar Rapids, IA X   X   

Roquette America, Incorporated 
Keokuk, IA 30. Keokuk, IA X X  X  X 

a Includes only companies in SIC 2046 or NAICS 311221. 
b Includes glucose syrups, maltodextrins, dextrose (monohydrate and anhydrous), HFCS-42, HFCS-55 and crystalline fructose. HFCS=high fructose corn syrups 
c Includes citric acid, lactic acid, lysine, tryptophan, xanthum gum, erythritol, sorbitol, xylitol, mannitol, maltitol, hygrogenated starch hydrolysates and glucose hydrolysates 
d Archer Daniels Midland Company�s Montezuma, NY and A.E. Staley Manufacturing Company�s Morrisville, PA plants were closed in 1986. 
Source: USDA, 1992; Company websites. 
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Appendix C: Employee tasks for energy efficiency 
 
One of the key steps to a successful energy management program is the involvement of all personnel. Staff 
may be trained in both skills and the general approach to energy efficiency in day-to-day practices. Personnel 
at all levels should be aware of energy use and objectives for efficiency. By passing information to everyone, 
each employee may be able to save energy every day. In addition, performance results should be regularly 
evaluated and communicated to all personnel, recognizing high performers. Examples of some simple tasks 
employees can do include the following (Caffal, 1995):  
 

• Report leaks of water (both process water and dripping taps), steam and compressed air and ensure 
they are repaired quickly. 

• Check to make sure the pressure and temperature of equipment is not set too high. 
• Carry out regular maintenance of energy consuming equipment.  
• Ensure that the insulation on process heating equipment is effective.  
• Switch off motors, fans and machines when they are not being used and it does not affect production, 

quality or safety. 
• Switch off unnecessary lights and relying on daylighting whenever possible. 
• Use weekend and night setbacks on HVAC in any unused offices or conditioned buildings. 
• Look for unoccupied, heated or cooled areas and switch off heating or cooling. 
• Check that heating controls are not set too high or cooling controls set too low. In this situation, 

windows and doors are often left open to lower temperatures instead of lowering the heating. 
• Prevent drafts from badly fitting seals, windows and doors, and hence, leakage of cool or warm air.  
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Appendix D: Energy management system assessment for best practices in energy efficiency 
ORGANIZATION SYSTEMS MONITORING TECHNOLOGY O & M 

  
Accountability 

 
Organization 

Monitoring & 
Targeting 

Utilities 
Management 

Reviews Plans Operation & 
Maintenance 

0 No awareness of 
responsibility for energy 
usage. Energy not 
specifically discussed in 
meetings. 

No energy manager or 
"energy champion.� 

Energy efficiency of 
processes on site not 
determined. Few process 
parameters monitored 
regularly. 

No utilities 
consumption 
monitoring. 

No specific 
reviews held. 

No energy 
improvement 
plans published. 

No written procedures 
for practices affecting 
energy efficiency. 

1 Operations staff aware of 
the energy efficiency 
performance objective of 
the site. 

Energy manager is 
combined with other 
tasks and roles such 
that less than 10% of 
one person�s time is 
given to specific energy 
activities. 

Energy efficiency of site 
determined monthly or 
yearly. Site annual 
energy efficiency target 
set. Some significant 
process parameters are 
monitored. 

Utilities (like 
power and fuel 
consumption) 
monitored on 
overall site 
basis. 

Energy only 
reviewed as part 
of other type 
reviews 

Energy 
improvement 
plans published 
but based on an 
arbitrary 
assessment of 
opportunities. 

No procedures 
available to operating 
staff. 

2 Energy efficiency 
performance indicators 
are produced and 
available to operations 
staff. Periodic energy 
campaigns. Intermittent 
energy review meetings. 

Energy manager 
appointed giving 
greater than 10% of 
time to task. Occasional 
training in energy 
related issues. 

Weekly trend monitoring 
of energy efficiency of 
processes and of site, 
monitored against targets. 
Process parameters 
monitored against target. 

Weekly 
monitoring of 
steam/power 
balance. 

Infrequent 
energy review. 

Energy 
performance 
plan published 
based on 
estimate of 
opportunities. 

Procedures available 
to operators but not 
recently reviewed. 

3 Energy efficiency 
performance parameter 
determined for all energy 
consuming areas. 
Operations staff advised 
of performance. All 
employees aware of 
energy policy. 
Performance review 
meetings held 
once/month. 

Energy manager in 
place greater than 30% 
of time given to task. 
Adhoc training 
arranged. Energy 
performance reported to 
management. 

Daily trend monitoring of 
energy efficiency of 
processes and of site, 
monitored against target. 
Process parameters 
monitored against targets. 

Daily 
monitoring of 
steam/power. 
Steam & fuel 
balances 
adjusted daily. 

Regular 
plant/site 
energy reviews 
carried out. 

A five-year 
energy 
improvement 
plan is 
published based 
on identified 
opportunities 
from energy 
review. 

Procedures available 
to operators and 
reviewed in the last 
three years. 
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ORGANIZATION SYSTEMS MONITORING TECHNOLOGY O & M 
  

Accountability 
 

Organization 
Monitoring & 

Targeting 
Utilities 

Management 
Reviews Plans Operation & 

Maintenance 
4 Energy efficiency 

performance parameter 
included in personal 
performance appraisals. 
All staff involved in site 
energy targets and 
improvement plans. 
Regular weekly meeting 
to review performance. 

An energy manager is 
in place giving greater 
than 50% time to task. 
Energy training to take 
place regularly. Energy 
performance reported to 
management and 
actions followed up. 

Same as 3, with 
additional participation in 
energy efficiency target 
setting. Process 
parameters trended. 

Real time 
monitoring of 
fuel, steam and 
steam/power 
balance. 
Optimum 
balances 
maintained. 

Site wide 
energy studies 
carried out at 
least every five 
years with 
follow up 
actions 
progressed to 
completion 

A ten year 
energy 
improvement 
plan based on 
review is 
published and 
integrated into 
the Business 
Plan.  

Procedures are 
reviewed regularly and 
updated to incorporate 
the best practices. 
Used regularly by 
operators and 
supervisors. 
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Appendix E: Support Programs for Industrial Energy Efficiency Improvement 
 
This appendix provides a list of energy efficiency supports available to industry. A brief 
description of the program or tool is given, as well as information on its target audience and the 
URL for the program. Included are federal and state programs. Use the URL to obtain more 
information from each of these sources. An attempt was made to provide as complete a list as 
possible; however, information in this listing may change with the passage of time. 
 
 
Tools for Self-Assessment 
 
Steam System Assessment Tool 
Description: Software package to evaluate energy efficiency improvement projects for 

steam systems. It includes an economic analysis capability. 
Target Group: Any industry operating a steam system 
Format: Downloadable software package (13.6 MB) 
Contact: U.S. Department of Energy, Office of Industrial Technologies 
URL: http://www.oit.doe.gov/bestpractices/steam/ssat.html 
 
Steam System Scoping Tool 
Description: Spreadsheet tool for plant managers to identify energy efficiency 

opportunities in industrial steam systems. 
Target Group: Any industrial steam system operator  
Format: Downloadable software (Excel) 
Contact: U.S. Department of Energy, Office of Industrial Technologies 
URL: http://www.oit.doe.gov/bestpractices/steam/docs/steamtool.xls 
 
MotorMaster+  
Description: Energy-efficient motor selection and management tool, including a catalog 

of over 20,000 AC motors. It contains motor inventory management tools, 
maintenance log tracking, efficiency analysis, savings evaluation, energy 
accounting and environmental reporting capabilities. 

Target Group: Any industry 
Format: Downloadable Software (can also be ordered on CD) 
Contact: U.S. Department of Energy, Office of Industrial Technologies 
URL: http://mm3.energy.wsu.edu/mmplus/default.stm 
 
ASDMaster: Adjustable Speed Drive Evaluation Methodology and Application 
Description: Software program helps to determine the economic feasibility of an 

adjustable speed drive application, predict how much electrical energy may 
be saved by using an ASD, and search a database of standard drives. 

Target Group: Any industry 
Format: Software package (not free) 
Contact: EPRI, (800) 832-7322 
URL: http://www.epri-peac.com/products/asdmaster/asdmaster.html 
 
AirMaster:+ Compressed Air System Assessment and Analysis Software  
Description: Modeling tool that maximizes the efficiency and performance of 

compressed air systems through improved operations and maintenance 
practices 

http://www.oit.doe.gov/bestpractices/steam/ssat.html
http://www.oit.doe.gov/bestpractices/steam/docs/steamtool.xls
http://mm3.energy.wsu.edu/mmplus/default.stm
http://www.epri-peac.com/products/asdmaster/asdmaster.html
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Target Group: Any industry operating a compressed air system  
Format: Downloadable software 
Contact: U.S. Department of Energy, Office of Industrial Technologies 
URL: http://www.compressedairchallenge.org/ 
 
Pump System Assessment Tool (PSAT) 
Description: The tool helps industrial users assess the efficiency of pumping system 

operations. PSAT uses achievable pump performance data from Hydraulic 
Institute standards and motor performance data from the MotorMaster+ 
database to calculate potential energy and associated cost savings.  

Target Group: Any industrial pump user 
Format: Downloadable software 
Contact: U.S. Department of Energy, Office of Industrial Technologies 
URL: http://public.ornl.gov/psat/ 
 
ENERGY STAR Portfolio Manager 
Description: Online software tool helps to assess the energy performance of buildings 

by providing a 1-100 ranking of a building's energy performance relative to 
the national building market. Measured energy consumption forms the 
basis of the ranking of performance.  

Target Group: Any building user or owner 
Format: Online software tool 
Contact: U.S. Environmental Protection Agency, 
URL:  http://www.energystar.gov/index.cfm?c=business.bus_index 
 
Optimization of the insulation of boiler steam lines – 3E Plus 
Description: Downloadable software to determine whether boiler systems can be 

optimized through the insulation of boiler steam lines. The program 
calculates the most economical thickness of industrial insulation for a 
variety of operating conditions. It makes calculations using thermal 
performance relationships of generic insulation materials included in the 
software. 

Target Group:  Energy and plant managers 
Format:  Downloadable software 
Contact:  Office of Industrial Technologies, U.S. Department of Energy 
URL:  http://www.oit.doe.gov/bestpractices/software_tools.shtml 
 

http://www.compressedairchallenge.org/
http://public.ornl.gov/psat/
http://www.energystar.gov/index.cfm?c=business.bus_index
http://www.oit.doe.gov/bestpractices/software_tools.shtml
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Assessment and Technical Assistance 
 
Industrial Assessment Centers 
Description: Small- to medium-sized manufacturing facilities can obtain a free energy 

and waste assessment. The audit is performed by a team of engineering 
faculty and students from 30 participating universities in the U.S. and 
assesses the plant�s performance and recommends ways to improve 
efficiency. 

Target Group: Small- to medium-sized manufacturing facilities with gross annual sales 
below $75 million and fewer than 500 employees at the plant site. 

Format: A team of engineering faculty and students visits the plant and prepares a 
written report with energy efficiency, waste reduction and productivity 
recommendations. 

Contact: U.S. Department of Energy, Office of Industrial Technologies 
URL: http://www.oit.doe.gov/iac/ 
 
Plant-Wide Audits 
Description: An industry-defined team conducts an on-site analysis of total energy use 

and identifies opportunities to save energy in operations and in motor, 
steam, compressed air and process heating systems. The program covers 
50% of the audit costs. 

Target Group: Large plants 
Format:   Solicitation (put out regularly by DOE) 
Contact:  U.S. Department of Energy, Office of Industrial Technologies 
URL:  http://www.oit.doe.gov/bestpractices/plant_wide_assessments.shtml 
 
Manufacturing Extension Partnership (MEP)  
Description: MEP is a nationwide network of not-for-profit centers in over 400 

locations providing small- and medium-sized manufacturers with technical 
assistance. A center provides expertise and services tailored to the plant, 
including a focus on clean production and energy-efficient technology.  

Target Group: Small- and medium-sized plants 
Format: Direct contact with local MEP Office 
Contact: National Institute of Standards and Technology, (301) 975-5020 
URL: http://www.mep.nist.gov/ 
 
Small Business Development Center (SBDC) 
Description: The U.S Small Business Administration (SBA) administers the Small 

Business Development Center Program to provide management assistance 
to small businesses through 58 local centers. The SBDC Program provides 
counseling, training and technical assistance in the areas of financial, 
marketing, production, organization, engineering and technical problems 
and feasibility studies, if a small business cannot afford consultants. 

Target Group: Small businesses 
Format: Direct contact with local SBDC 
Contact: Small Business Administration, (800) 8-ASK-SBA 
URL: http://www.sba.gov/sbdc/ 
 

http://www.oit.doe.gov/iac/
http://www.oit.doe.gov/bestpractices/plant_wide_assessments.shtml
http://www.mep.nist.gov/
http://www.sba.gov/sbdc/
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ENERGY STAR – Selection and Procurement of Energy-Efficient Products for Business 
Description: ENERGY STAR identifies and labels energy-efficient office equipment. 

Look for products that have earned the ENERGY STAR. They meet strict 
energy efficiency guidelines set by the EPA. Office equipment included 
such items as computers, copiers, faxes, monitors, multifunction devices, 
printers, scanners, transformers and water coolers. 

Target Group: Any user of labeled equipment. 
Format: Website 
Contact: U.S. Environmental Protection Agency 
URL:  http://www.energystar.gov/index.cfm?c=business.bus_index 
 
 
Training 
 
Best Practices Program 
Description: The Best Practices Program of the Office for Industrial Technologies of 

U.S. DOE provides training and training materials to support the efforts of 
the program in efficiency improvement of utilities (compressed air, steam) 
and motor systems (including pumps). Training is provided regularly in 
different regions. One-day or multi-day trainings are provided for specific 
elements of the above systems. The Best Practices program also provides 
training on other industrial energy equipment, often in coordination with 
conferences. A clearinghouse provides answers to technical questions and 
on available opportunities: 202-586-2090 or 
http://www.oit.doe.gov/clearinghouse/ 

Target Group: Technical support staff, energy and plant managers 
Format: Various training workshops (one day and multi-day workshops) 
Contact: Office of Industrial Technologies, U.S. Department of Energy 
URL: http://www.oit.doe.gov/bestpractices/training/ 
 
ENERGY STAR 
Description: As part of ENERGY STAR�s work to promote superior energy 

management systems, energy managers for the companies that participate 
in ENERGY STAR are offered the opportunity to network with other 
energy managers in the partnership. The networking meetings are held 
monthly and focus on a specific strategic energy management topic to train 
and strengthen energy managers in the development and implementation of 
corporate energy management programs. 

Target Group: Corporate and plant energy managers 
Format: Web-based teleconference 
Contact: Climate Protection Partnerships Division, U.S. Environmental Protection 

Agency 
URL: http://www.energystar.gov/ 

http://www.energystar.gov/index.cfm?c=business.bus_index
http://www.oit.doe.gov/bestpractices/training/
http://www.energystar.gov/
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Financial Assistance 
Below we summarize the major federal programs that provide assistance for energy efficiency 
investments. Many states also offer funds or tax benefits to assist with energy efficiency projects 
(see below for State Programs). 
 
Industries of the Future  - U.S. Department of Energy 
Description: Collaborative R&D partnerships in nine vital industries. The partnership 

consists of the development of a technology roadmap for the specific sector 
and key technologies, and cost-shared funding of research and 
development projects in these sectors. 

Target Group: Nine selected industries: agriculture, aluminum, chemicals, forest products, 
glass, metal casting, mining, petroleum and steel. 

Format: Solicitations (by sector or technology) 
Contact: U.S. Department of Energy � Office of Industrial Technologies 
URL: http://www.oit.doe.gov/industries.shtml 
 
Inventions & Innovations (I&I) 
Description: The program provides financial assistance through cost-sharing of 1) early 

development and establishing technical performance of innovative energy-
saving ideas and inventions (up to $75,000) and 2) prototype development 
or commercialization of a technology (up to $250,000). Projects are 
performed by collaborative partnerships and must address industry-
specified priorities. 

Target Group: Any industry (with a focus on energy-intensive industries) 
Format: Solicitation 
Contact: U.S. Department of Energy � Office of Industrial Technologies 
URL: http://www.oit.doe.gov/inventions/ 
 
National Industrial Competitiveness through Energy, Environment and Economics (NICE³) 
Description: Cost-sharing program to promote energy efficiency, clean production and 

economic competitiveness in industry through state and industry 
partnerships (large and small business) for projects that develop and 
demonstrate advances in energy efficiency and clean production 
technologies. Applicants must submit project proposals through a state 
energy, pollution prevention or business development office. Non-federal 
cost share must be at least 50% of the total cost of the project. 

Target Group: Any industry 
Format: Solicitation 
Contact: U.S. Department of Energy � Office of Industrial Technologies 
URL: http://www.oit.doe.gov/nice3/ 
 
Small Business Administration (SBA) 
Description: The Small Business Administration provides several loan and loan 

guarantee programs for investments (including energy-efficient process 
technology) for small businesses. 

Target Group: Small businesses 
Format: Direct contact with SBA 
Contact: Small Business Administration 
URL: http://www.sba.gov/ 

http://www.oit.doe.gov/industries.shtml
http://www.oit.doe.gov/inventions/
http://www.oit.doe.gov/nice3/
http://www.sba.gov/
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State and Local Programs 
Many state and local governments have general industry and business development programs that 
can be used to assist businesses in assessing or financing energy-efficient process technology or 
buildings. Please contact your state and local government to determine what tax benefits, funding 
grants, or other assistance they may be able to provide your organization. This list should not be 
considered comprehensive but instead merely a short list of places to start in the search for project 
funding. Below we summarize selected programs earmarked specifically for support of energy 
efficiency activities. 
  
California – Public Interest Energy Research (PIER) 
Description: PIER provides funding for energy efficiency, environmental, and 

renewable energy projects in the state of California. Although there is a 
focus on electricity, fossil fuel projects are also eligible. 

Target Group: Targeted industries (e.g. food industries) located in California 
Format: Solicitation 
Contact: California Energy Commission, (916) 654-4637 
URL:  http://www.energy.ca.gov/pier/funding.html 
 
California – Energy Innovations Small Grant Program (EISG) 
Description: EISG provides small grants for development of innovative energy 

technologies in California. Grants are limited to $75,000. 
Target Group: All businesses in California 
Format: Solicitation 
Contact: California Energy Commission, (619) 594-1049 
URL:  http://www.energy.ca.gov/research/innovations/index.html 
 
Indiana – Industrial Programs 
Description: The Energy Policy Division of the Indiana Department of Commerce 

operates two industrial programs. The Industrial Energy Efficiency Fund 
(IEEF) is a zero-interest loan program (up to $250,000) to help Indiana 
manufacturers increase the energy efficiency of manufacturing processes. 
The fund is used to replace or convert existing equipment, or to purchase 
new equipment as part of a process/plant expansion that will lower energy 
use. The Distributed Generation Grant Program (DGGP) offers grants of 
up to $30,000 or up to 30% of eligible costs for distributed generation with 
an efficiency over 50% to install and study distributed generation 
technologies such as fuel cells, micro turbines, cogeneration, combined 
heat & power and renewable energy sources. Other programs support can 
support companies in the use of biomass for energy, research or building 
efficiency. 

Target Group: Any industry located in Indiana 
Format: Application year-round for IEEF and in direct contact for DGGP 
Contact: Energy Policy Division, (317) 232-8970. 
URL: http://www.in.gov/doc/businesses/EP_industrial.html 

 
Iowa – Alternate Energy Revolving Loan Program 
Description: The Alternate Energy Revolving Loan Program (AERLP) was created to 

promote the development of renewable energy production facilities in the 
state. 

http://www.energy.ca.gov/pier/funding.html
http://www.energy.ca.gov/research/innovations/index.html
http://www.in.gov/doc/businesses/EP_industrial.html
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Target Group:  Any potential user of renewable energy 
Format: Proposals under $50,000 are accepted year-round. Larger proposals are 

accepted on a quarterly basis. 
Contact:  Iowa Energy Center, (515) 294-3832 
URL:   http://www.energy.iastate.edu/funding/aerlp-index.html 
 
New York – Industry Research and Development Programs 
Description: The New York State Energy Research & Development Agency 

(NYSERDA) operates various financial assistance programs for New 
York businesses. Different programs focus on specific topics, including 
process technology, combined heat and power, peak load reduction and 
control systems. 

Target Group:  Industries located in New York 
Format:   Solicitation 
Contact:  NYSERDA, (866) NYSERDA 
URL:   http://www.nyserda.org/industry/industrialprograms.html 
 
Wisconsin – Focus on Energy 
Description: Energy advisors offer free services to identify and evaluate energy-

saving opportunities, recommend energy efficiency actions, develop an 
energy management plan for business; and integrate elements from 
national and state programs. It can also provide training. 

Target Group:  Industries in Wisconsin 
Format:   Open year round 
Contact:  Wisconsin Department of Administration, (800) 762-7077 
URL:   http://focusonenergy.com/page.jsp?pageId=4 

 

http://www.energy.iastate.edu/funding/aerlp-index.html
http://www.nyserda.org/industry/industrialprograms.html
http://focusonenergy.com/page.jsp?pageId=4
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