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PREFACE 
 
The work described in this report is a service of the Oregon State University Energy/Efficiency 
Center (E/EC).  The project is funded by the Oregon University System (OUS). 
 
The primary objective of the E/EC is to identify and evaluate opportunities for energy 
conservation, waste minimization, and productivity improvements through visits to client sites.  
Data is gathered during a one-day site visit and assessment recommendations (ARs) are 
identified.  Some ARs may require additional engineering design and capital investment.  When 
engineering services are not available in-house, we recommend that a consulting engineering 
firm be engaged to provide design assistance as needed.  In addition, since the site visits by E/EC 
personnel are brief, they are necessarily limited in scope and a consulting engineering firm could 
be more thorough. 
 
We believe this report to be a reasonably accurate representation of energy use, waste generation, 
production practices, and opportunities in your facility.  However, because of the limited scope 
of our visit, the Oregon University System and the Oregon State University Energy/Efficiency 
Center cannot guarantee the accuracy, completeness, or usefulness of the information contained 
in this report, nor assumes any liability for damages resulting from the use of any information, 
equipment, method or process disclosed in this report. 
 
Pollution prevention recommendations are not intended to deal with the issue of compliance with 
applicable environmental regulations.  Questions regarding compliance should be addressed to 
either a reputable consulting engineering firm experienced with environmental regulations or to 
the appropriate regulatory agency.  Clients are encouraged to develop positive working 
relationships with regulators so that compliance issues can be addressed and resolved. 
 
The assumptions and equations used to arrive at energy, waste, productivity, and cost savings for 
the recommended ARs are given in the report. We believe the assumptions to be conservative.  If 
you do not agree with our assumptions you may make your own estimates of energy, waste, 
productivity, and cost savings. 
 
Please feel welcome to contact the E/EC if you would like to discuss the content of this report or 
if you have another question about energy use or pollution prevention.  The E/EC staff that 
visited your facility and prepared this report is listed on the preceding page. 
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1.  INTRODUCTION 
 
 

This report describes how energy is used in your facility, and includes our recommendations on 
cost effective steps you can take to reduce your energy and waste costs.  The contents are based 
on our recent visit to your facility.  The report is divided into 5 major sections and 7 appendices: 
 
1. Introduction.  The purpose, contents and organization of the report are described. 
 
2. Executive Summary.  Your energy use and waste generation costs, productivity, energy, and 

waste savings, and our recommendations are summarized here with details in the following 
sections. 

 
3. Assessment Recommendations.  This section contains our Assessment Recommendations 

(AR), briefly highlights the current and proposed systems and summarizing the cost savings 
available upon implementation. Some of our recommendations will require a significant 
investment to implement, while others will cost little or nothing. We have grouped our 
recommendations by category and then ranked them by payback period. 

 
4. Other Measures Considered.  These measures were considered but not recommended 

because:  (1) they are alternatives to measures that were recommended; (2) the payback 
period is too long; (3) we were unable to obtain the information necessary to estimate savings 
or cost accurately; or (4) the measure would adversely affect production.  Some measures are 
included in response to specific questions you raised during the facility visit, but which do 
not appear to be feasible. 

 
5. Calculation Methodologies. This section includes the detailed calculations for the 

Assessment Recommendations (AR). It includes any data that was collected during the audit, 
assumptions we use to estimate savings, our estimate of the implementation cost, and the 
simple payback of implementation. We have grouped the calculations in the same order as 
the AR’s in section 3. 
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Appendix A:  Utilities.  Your utility bills and energy use by process are summarized and plotted 
in detail.  Due to the changes in rate schedules and adjustments our calculations are an 
approximation and may not be exactly consistent with your bills.  When available, we also 
include water and solid waste bills. 
 
Appendix B:  Motors.  Motors are typically a large energy user. This section contains your 
motor information including: Nameplate information, area of the facility the motor is located in, 
and two pie charts containing your annual and monthly energy use in each section of the facility. 
 
Appendix C: Lighting: Lighting inventory and worksheets use information obtained during the 
on-site visit to determine any potential energy savings related to lighting improvements. 
 
Appendix D: Air Compressors: 
 
 
Appendix E: Boilers: The purpose of this section is to present the operating conditions of your 
boiler and present the tuned boiler operating conditions proposed. The proposed operating 
conditions and efficiency are used in any calculations that affect boiler energy use in order to 
avoid overestimating energy and cost savings. 
 
Appendix E: Fans: This section identifies and describes the operation of many common types 
of fans blades and their strengths and weaknesses. The fan types can be changed in order to 
achieve the savings desired. 
 
Appendix G: Cascades Hall Sustainability Report:  This report contains observations of 
Cascades Hall and recommendations to enable building occupants to make their workspace and 
processes more sustainable. These recommendations aim to respect the unique nature of each 
space while encouraging occupants to make changes that will reduce environmental impacts. 
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2. EXECUTIVE SUMMARY 
 
This section includes a summary of energy use and waste generation in your facility, our 
recommendations, and total productivity, energy, waste, and cost savings of all recommendations 
if implemented. 
 
Recommendation Summary:  Following is a brief explanation of each recommendation made 
in this report.  If all 4 recommendations are implemented, the total cost savings will be $7,520 
and will pay for costs in 5.4 years. 
 
AR No. 1: Fume Hood Turn-Off: Install switches on each of the fume hoods in the lab so they 
can be turned off when they are not in use. By leaving them on only during school hours, this 
will cause a reduction of 3.5% of natural gas costs and 1% of electricity costs. 
 
AR No. 2: Power Factor Correction: Install capacitors to correct your low power factor and 
reduce power factor penalties by 33%.   
 
AR No. 3: Boiler Economizer: Install an air-to-air heat exchanger (also called an economizer) 
for the boiler to recapture the heat from the exhaust and preheat the incoming air. This will result 
in a 2% reduction in natural gas costs. 
 
AR No. 4: Lighting Changes: The sustainability office has made recommendations to reduce 
lighting in several areas of your building. These lighting changes will result in a 2.6% reduction 
in the amount of electricity consumed by your building. See Appendix G for more information. 
 
Our recommendations are summarized in the following table.   
 

Executive Summary Table 
    Energy Energy Cost Implementation Payback 

AR # Description (MMBtu) (kWh) Savings ($)  Cost * ($) (years) 
1 Fume Hoods 375 3,013 4,664 210 0.0
2 Power Factor Correction 0 0 70 350 5.0
3 Boiler Economizer 51 0 618 6,960 11.3
4 Cascades Hall 

Sustainability Report 1 
0 32,973 1,618 4,363 2.7

Total 426 35,986 $6,970 $11,883 4.8
* Implementation Cost in this column represents your final cost after any applicable incentives as noted 
1 This final cost is reduced by Energy Trust of Oregon Incentives. 
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Total savings are the sum of the savings for each recommendation.  Some of the 
recommendations may interact.  Therefore, actual savings may be less than the total indicated 
above.  In our calculations we indicate where we have assumed that other recommendations will 
be implemented in order to provide a realistic estimate of actual savings.  When either one or 
another recommendation can be implemented, but not both, we have included the preferred 
recommendation in this table and the alternate recommendation in a later section, Other 
Measures Considered.  Total savings, including interactions among recommendations, can be 
better estimated after you select a package of recommendations. 
 
Savings Summary: Total cost savings are summarized by energy cost savings.  We then 
normalize savings as a percentage of annual facility costs.  For example, Energy Cost% is energy 
cost savings divided by the total energy cost from the Utility Summary ($61,857).  Savings% is 
cost savings for each category (energy, waste or productivity) divided by total cost savings. 
 

Savings Summary 
Cost Energy

Source Qty. Units Savings Cost % Savings % 
Energy (Nat Gas) 426 MMBtu $5,150 8.3% 73.9% 
Energy (Electricity) 35,986 kWh $1,750 2.8% 25.1% 
Energy (Power Factor) 10 kVAR $70 0.1% 1.0% 
Total   $6,970 11.3% 100.0% 

 
 
Utility Summary:  We used your utility bills to determine annual energy use.  From these bills 
we summarized annual energy consumption at your facility in the following table. 
 
Energy costs and calculated savings are based on the incremental cost of each energy source.  
The incremental rate is the energy charge first affected by an energy use reduction and is taken 
from your utility rate schedules.  For example, electrical use and savings include energy (kWh), 
demand (kW), reactive power charges (KVAR or power factor), and other fees such as basic 
charges, transformer rental, and taxes.  However, if a recommendation does not affect your 
electrical demand, such as turning off equipment at night, then we use the cost of electrical 
energy alone.  The fuel costs we used can be found in the Energy Accounting Summary in 
Appendix A. 
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Existing Utility Summary 

Source Qty. Units MMBtu Use % Cost Cost % 
Electricity 451,700 kWh 18,151 89% $20,096 33.1% 
Natural Gas 23,352 Therms 2,335 11% $28,210 46.4% 
Power Factor 827 kVAR $214 0.4% 
Water 70,400 $/Unit $1,669 2.7% 
Sewer 140,251 Tgal $2,829 4.7% 
Taxes & Fees  $7,756 12.8% 
Totals 20,486 100% $60,774 100% 

 
 
Best Practices: 
 

• Rooms and hallways are well lit and often use natural sunlight instead of fixtures 
• The boilers have an automatic start system and is energy efficient 
• All pipes and doors edges are well insulated 
• VFD’s are installed on the large fan motors 
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3. ASSESSMENT RECOMMENDATIONS 
 

AR No. 1 
 

Fume Hoods 
 

 
Recommendation 
 
Turn off the fume hoods when they are not being used. The fume hoods take heated air from 
inside the building and blow it outside which causes the boiler to work harder to reheat the 
replacement air.  The fume hoods are left on 24/7, and are constantly drawing air. We 
recommend a switch be installed so they can be turned off during nights, weekends, summers, 
and whenever not in use. This will save money by keeping the heat inside and avoiding the cost 
of powering the fume hood fans. 
 

Assessment Recommendation Summary 
Energy Energy Cost Implementation Payback 

(MMBtu) (kWh) Savings Cost (years) 
375.2 3,013 $4,664 $210 Immediate 

1,000,000 Btu = 1 MMBtu 
 
 
Background 
 
During our visit we noted that two fume hoods in the lab run 24 hours a day, all year. Fume 
hoods use fans to blow any toxic fumes inside the room to the outside. The fume hoods are 
evacuating building heat and using electricity 
unnecessarily when they are not evacuating hazardous 
fumes. A significant savings can come from reducing 
fume hood operating hours. 
 
 
Proposal 
 
Install switches on each of the lab fume hoods so they 
can be turned off when they are not in use. Leaving them 
on only during school hours, will result in an annual 
energy savings of 375 MMBtu, offering a 3.5% reduction 
in natural gas costs, and an annual savings of $4,664. 
 
As detailed in the Turn Off Fume Hoods - Calculation 
Methodology, there is an immediate payback, with an 
implementation cost of $210. 
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AR No. 2 
 

Power Factor Correction 
 

 
Recommendation 
 
Install capacitors to correct your low power factor and reduce power factor penalties by 33%.  
We recommend 10 kVAR of total capacitance. 
 

Assessment Recommendation Summary 
Cost Implementation Payback 

Savings Cost (years) 
$70  $350  5.0  

 
 

Background 
 
Total power is made up of two parts: real power and reactive power.  Real power does useful 
work and is measured in kilowatts (kW).  Reactive power is measured in kilovolt-amps reactive 
(kVAR).  Reactive power is the power needed to excite the magnetic field of an induction motor 
or other inductive load.  This component does no useful work, and is not registered on a real 
power meter.  However, it does contribute to the heating of generators, transformers, wiring, and 
transmission lines.  Thus, it constitutes an energy loss for your utility.  The triangle below 
illustrates how the two components are vector quantities that add to make total power, measured 
in kilovolt-amps (kVA). 
 
 
 
 
 
                                                                      θ        
                                                                            
 
 
 
Power factor is the percentage of total power that is real.  Power factor can be improved 
(increased) by adding capacitors to your motors or electric service to reduce reactive power. 

 

 Total Power 
(kVA)  Reactive 

Power (kVAR) 

Real Power (kW) 
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AR No. 3 
 

Boiler Economizer 
 
 
Recommendation 
 
Install an air-to-air heat exchanger (also called an economizer) between the exhaust and inlet air 
for the boiler. This will recapture the heat from exhaust air and preheat the incoming air to the 
boiler. With exhaust air temperature at an estimated 200 °F, and average winter inlet air 
temperature at 39 °F; installing a heat exchanger will save 2% of natural gas costs. 
 

Assessment Recommendation Summary 

Energy 
(MMBtu) 

Cost 
Savings

Implementation
Cost 

Payback
(years) 

51.2 $618 $6,960 11.3 
* 1,000,000 Btu = 1 MMBtu 

 
 
Background 
 
Currently, the incoming air on the boiler is heated during combustion using natural gas. Because 
of this heating, there is a significant amount of hot air that exhausts to the atmosphere. This 
exhaust air contains a significant amount of energy that can be reclaimed through the use of a 
boiler economizer, and used to heat the supply air to the boiler. 
 
Proposal 
 
Install a Boiler Economizer between the exhaust 
and inlet air to recover the heat from the exhaust 
gas and use it to preheat the combustion air for 
the boiler. This will result in using the boiler less 
and saving 51.2 MMBtu of energy per year. This 
equates to a 2% reduction in total natural gas 
costs, and an annual savings of $618. 
 
As detailed in the Boiler Economizer Calculation 
Methodology, there is a payback of 11.3 years, 
and an implementation cost of $6,960. Image from: www.1kiwa.com 



10 
  



11 
  

4. OTHER MEASURES CONSIDERED 
 
These measures were considered but not recommended because:  (1) they are alternatives to 
measures that were recommended; (2) the payback period is too long; (3) we were unable to 
obtain the information necessary to estimate savings or cost accurately; or (4) the measure would 
adversely affect production. Some measures are included in response to specific questions you 
raised during the facility visit, but which do not appear to be feasible at the present time. 
However, these measures may become feasible in the future as conditions change. 
 
1. Fume Hood Economizer 
In this report we recommend that you turn off your fume hoods when they are not being used, 
because they are releasing heated air to the atmosphere. Another way to save energy is to install 
a fume hood economizer that takes the heat from the exhaust air and uses it to pre-heat boiler 
combustion air. Whether the fume hoods are turned off regularly or not, it will still save a 
substantial amount of energy. The combined fume hood mass flow rate (6,913 lb/hr) multiplied 
by the change in temperature from inside to outside (31.9 °F), specific heat of air (0.24 Btu/lb-
°F), heat exchanger efficiency (assumed to be 70%), and boiler efficiency (87.5%) suggests a 
potential energy savings of 0.0324 MMbtu/hr. Annual energy savings depend on whether or not 
the fume hoods will be operating only during school hours as recommended. 
 

Case 1: Fumes hoods are turned off. The operating hours of the fume hoods, if turned off 
during nights, weekends, and summers, would be 1,440 hours per year. Annual cost 
savings would be $560. 

Case 2: Fumes hoods are left on. The current operating hours are 24 hours a day, 365 days a 
year, but the economizer would only be helpful when the boiler is running, which we 
estimate to be 2,190 hours per year. Annual cost savings would be $860. 

 
In both cases the implementation cost of installing an economizer is estimated to be $7,200 
including the price of the unit. Therefore, in case 1 the payback would be 12.3 years, in case 2, 
the payback would be 8.1 years. 
 
2. Boiler Tune 
When a boiler burns fuel, there is a certain amount of excess air that is not used in the 
combustion process that is then released into the stack and out to the atmosphere. This excess air 
is being heated, but is not needed by the boiler, reducing boiler efficiency. 
 
We performed a combustion analysis on your boiler and found it to be operating at 7.4% excess 
air. Ideally, boilers such as yours can operate close to 4% excess air. We found the combustion 
efficiency of the boiler to be 87.3%. By having your boiler tuned to 4% excess air, the efficiency 
of the boiler can increase to 87.7% and save 8.6 MMBtu annually. This results in an annual cost 
savings of $103. The cost to have your boiler tuned is $350, resulting in a payback of 3.4 years. 
 
This recommendation is in the Other Measures Considered section because of its small of 
savings and relatively long payback period. 
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3. Elevator Shaft Ventilation 
The elevator shaft has been the target of numerous comments and concerns due to the cold 
temperature around the elevator doors and inside the elevator car.  Upon investigation, we saw 
the roof of the elevator shaft is open, covered only by a rain shield. This prompted an 
investigation of whether the outside air was being pulled in or building heat was being pushed 
out of via the elevator shaft. The cold temperature complaints around the elevator, suggest the 
cold outside air is being pulled into the building via the elevator shaft instead of through the 
ventilation system, bypassing the heat recovery and preheat system. This might indicates a 
ventilation airflow imbalance between the supply air and exhaust air flow rates.  
 
It is possible that the building is under a negative pressure, assisted by the exhaust hoods pulling 
air out of the building. This negative air pressure is being relieved by all openings in the 
building: Doors, windows, and the elevator shaft opening. Since the elevator shaft is so much 
larger than the doors and windows, and always open, we estimate that the majority of the outside 
(cold) air enters the building there- causing cold temperatures felt in the elevator car and around 
the doors. The assessment scope did not include the air system, so we cannot make significant 
recommendations about this air system imbalance. However, due to the interest expressed by 
staff and students in the building, we feel it should be addressed.  
 
We suggest having an air systems contractor evaluate the ventilation system for possible 
supply/exhaust imbalances in air flow. Also evaluate the effect of the fume hoods on air exhaust 
flow rate- this report contains a suggestion to reduce fume hoods air flow. Correcting any 
imbalances should be relatively simple (closing or opening a damper for the specific air stream) 
and this will reduce the unheated air intrusion into the building, allowing the building to be more 
comfortable near the building entrances and elevator doors. 
Afterwards, investigate why the elevator shaft is open to outside air, and to see if the shaft 
opening can be closed by an automatically opening roof smoke vent.  The smoke vent can be set 
to open if smoke or high temperatures are sensed by the vent, triggering the vent to open.  
We have not been able to develop an estimate of the energy impact due to balancing the air flow. 
Preheated incoming air needs less heating from the heating system, and the building temperature 
may increase due to the reduction in cold air intrusion. The cost of an air systems expert is also 
unknown, but we estimate a roof smoke vent would cost about $2,000 and installation to be 
about $1,000.  
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5. CALCULATION METHODOLOGY 
 

AR No. 1 
Fume Hoods 

Calculation Methodology 
 
 

Recommendation 
 
Turn off the fume hoods when they are not being used. The fume hoods take the heated building 
air from inside and blow it outside, causing the boiler to work harder to resupply lost building 
heat. The fume hoods are operating 24/7, constantly exhausting air. We recommend a switch be 
installed on the fume hoods so they can be turned off during nights, weekends, and summers. 
This will reduce energy costs by keeping the building heat inside, and not having to power the 
fans for the fume hoods. 
 

Assessment Recommendation Summary 
Energy Energy Cost Implementation Payback 

(MMBtu) (kWh)* Savings Cost (years) 
375.2 3,013 $4,664 $210 Immediate 

*1 kWh = 3,410 Btu.  1,000,000 Btu = 1 MMBtu 
 
 
Data Collected 
 
Collected on-site during the visit: 

• Air Flow Rate in Stack #1: 800 CFM 
• Air Flow Rate in Stack #2: 865 CFM 
• Current Operating Hours: 8,760 hours/yr 

 
Data that was researched: 

• Air Density at 3700 ft and 39°F: 0.069 lb/ft3  
• Outside Air Temperature: 39.1°F (Average temp from October-May) 
• Specific Heat of Air: 0.24 Btu/lb-°F 
• Cost of Natural Gas: $12.08/MMBtu 
• Cost of Electricity: $0.0445/kWh 

 
Assumptions/Estimations: 

• Fan Motor Load Factor: 70% 
• Fan Motor Efficiency: 85% 
• Fan Motor HP: 1/3 HP 
• Estimated Inside Temp: 70°F 
• Proposed Operating Hours: 1,440 hours/yr 
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Savings Analysis 
 
Annual cost savings can be found by finding the associated cost difference between the current 
and proposed conditions. Savings accrue through reduced heat loss, and not having to power the 
fume hood fans. 
 
Annual Reduced Heat Loss Savings is calculated as: 
 
Temperature Difference 
 ΔT = Change in Temperature 
  = Tinside - Toutside 
  = 70°F – 39.1°F 
  = 30.9°F 
 
Where, 
 Tinside = Estimated Room Temperature 
  = 70.0°F 
 
 Toutside = Average Outside Temperature 
  = 39.1°F 
 
Mass Flow Rate of the Fume Hoods 
 FR = Mass Flow Rate 
  = (CFM1 + CFM2) x δAir x 60 min/hr 
  = (800 CFM + 865 CFM) x 0.0692 lb/ft3 x 60 min/hr 
  = 6,913 lb/hr 
 
Where, 
 CFM1 = Flow Rate in Fume Hood #1 
  = 800 CFM 
 
 CFM2 = Flow Rate in Fume Hood #2 
  = 865 CFM 
 
 δAir = Density of Air 
  = 0.069 lb/ft3 
 
Heat Loss Rate 
 E1 = Heat Loss Rate 
  = ΔT x FR x Cp x CF1 
  = 30.9°F x 6,913.08 lb/hr x 0.24 Btu/lb-°F x 1 MMBtu/1,000,000 Btu 
  = 0.0513 MMBtu/hr 
 
Where, 
 Cp = Specific Heat of Air 
  = 0.24 Btu/lb-°F 
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 CF1 = Btu to MMBtu Conversion Factor 
  = 1,000,000 Btu/1 MMBtu 
 
Energy Use 
 CU1 = Current Energy usage 
  = E1 x CH 
  = 0.0513 MMBtu/hr x 8,760 hours/yr 
  = 449.1 MMBtu/yr 
 
 PU1 = Proposed Energy usage 
  = E1 x PH 
  = 0.0513 MMBtu/hr x 1,440 hours/yr 
  = 73.9 MMBtu/yr 
 
Where, 
 CH = Current Operating Hours 
  = 8,760 hours/yr 
 
 PH = Proposed Operating Hours 
  = 1,440 hours/yr 
 
Savings from Reduced Building Heat Loss 
 HS = Heating Savings 
  = (CU1 – PU1) x P1 
  = (449.1 MMBtu/yr – 73.9 MMBtu/yr) x $12.08/MMBtu 
  = $4,532 
 
Where, 
 P1 = Natural Gas Cost 
  = $12.08/MMBtu 
 
 
Energy Savings associated with powering the fans is calculated as: 
 
Fan Electricity Consumed 
 E2 = Electricity Used for Fans 
  = HP x CF2 x LF ÷ ME 
  = (2/3 hp) x 0.746 kW/hp x 70% ÷ 85% 
  = 0.405 kW 
 
Where, 
 HP = Combined Fan Horsepower 
  = 1/3 hp + 1/3 hp 
  = 2/3 hp 
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 CF2 = kW/HP Energy Conversion 
  = 0.746 kW/hp 
 
 LF = Load Factor 
  = 70% 
 
 ME = Motor Efficiency 
  = 85% 
 
Changes in Electricity Used 
 CU2 = Current Electricity usage 
  = E2 x CH 
  = 0.405 kW x 8,760 hours/yr 
  = 3,551.9 kWh/yr 
 
 PU2 = Proposed Electricity usage 
  = E2 x PH 
  = 0.405 kW x 1,440 hours/yr 
  = 583.8 kWh/yr 
 
Where,   
 CH = Current Operating Hours 
  = 8,760 hours/yr 
 
 PH = Proposed Operating Hours 
  = 1,440 hours/yr 
 
Electricity Savings 
 ES = Electricity Savings 
  = (CU2 – PU2) x P2 
  = (3,551.9 kWh/yr – 583.8 kWh/yr) x $0.0445/kWh 
  = $132 
 
Where, 
 P2 = Electricity Cost 
  = $0.0445/kWh 
 
 
Annual Cost Savings is calculated as: 
 
 CS = Annual Cost Savings 
  = HS + ES  
  = $4,532+ $132 
  = $4,664 
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Cost Analysis 
 
Implementation costs associated with turning off the fume hoods includes the cost of the 
switches and the labor necessary to install them. The cost of an on/off switch is approximately $5 
each. The estimated cost for a contracted electrician to install it is $100/hr. The total cost of 
implementing the switches to turn off the fume hoods is shown in the following Implementation 
Summary table: 
 

Implementation Summary 
Source Quantity Unit Cost Cost ($) 
ON/OFF Switches 2 $5 ea $10  
Labor 2 hrs $100/hr $200  
Total Cost   $210  

 
The payback period for implementing the switches for the fume hoods is Immediate.  
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AR No. 2 
Power Factor Correction 
Calculation Methodology 

 
 
Recommendation 
 
Install capacitors to correct your low power factor and reduce power factor penalties by 33%.  
We recommend 10 kVAR of total capacitance. 
 

Assessment Recommendation Summary 
Cost Implementation Payback

Savings Cost (years) 
$70  $350  5.0  

 
 

Data Collected 
 
Monthly kW and kVAR data for this recommendation was obtained from your utility bills, 
tabulated in the utility spreadsheet (Appendix A). 
 
 
Savings Analysis 
Cost savings are realized by adding power factor correction capacitors to reduce your utility 
charge for low power factor. 
 
Your power utility calculates your power factor, PF%, per month as follows: 
 
 PF% = kWh / (kWh2 + kVARh2)1/2 
 
You are then charged for power factor below 95% by increasing the total demand charge. The 
power factor penalty in kilowatts, PFP, is calculated as: 
 
 PFP = kW Demand x (95% - PF%) 
 
The charge for low power factor, PFC, is the additional charge for each kilo-watt added to 
demand. 
 
 PFC = PFP x Incremental Demand Cost 
  = PFP x $3.46 / kW 
 
The Power Factor Correction worksheet at the end of this recommendation shows the effect of 
adding various amounts of capacitance (kVAR correction) to correct the power factor. This 
increases the overall power factor of the facility. 
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The Proposed Cost Savings (PCS) for each month is found from the difference between the 
corrected power factor (CPF) and the existing power factor (EPF) 
 
 PCS = (CPF - EPF) x kW Demand x $3.46 / (kW·mo) 
 
When the corrected power factor reaches 95% for any month, no further cost savings with 
additional correction are included in this analysis. 
 
The Savings and Cost Summary table at the bottom of the Power Factor Correction worksheet 
shows proposed kVAR correction, cost savings, implementation cost, and simple and 
incremental payback.  The incremental payback is the ratio of the implementation cost to cost 
savings for each additional increment of kVAR.  The best combination of cost savings and 
payback occurs by adding a total of 10 kVAR of capacitance.  Therefore this Savings Summary 
table correlates to 10 kVAR of correction:   

 
Savings Summary 

Account Quantity Units Savings 
2003 10 kVAR $70 

 
Cost Analysis 
 
Installed costs vary between $20 and $45/kVAR, depending on where you buy them and who 
installs them.  We assume an average cost of $35/kVAR with installation, which is consistent 
with the 2005 R.S. Means Cost Estimator.  Therefore, the implementation cost (IC) would be 
 

Implementation Cost Summary 
  kVAR  Total 

Item Correction $/kVAR Cost 
Materials 10 $30  $300  
Labor 10 $5  $50  
Totals  $350  

 
Cost savings will pay for implementation in 5.0 years. 
 
Notes 
 
In general, small motors often can be corrected as a group at the motor control centers.  On larger 
motors, we recommend installing capacitors at the motor starter.  The capacitors will disconnect 
automatically when the motor is not operating to prevent over-correction.  In no case do we 
recommend over-correcting the power factor. 
 
The determination of the optimum power factor correction and the installation and location of the 
capacitors may require additional engineering.  We recommend that additional professional 
advice, if needed, be obtained from a capacitor supplier or an engineering firm. 
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If soft-start motor starters or motor load controllers are being used, the capacitors may require 
installation ahead of the controller.  Placing capacitors between the controller and the motor may 
result in damage to the controller and other equipment.  We recommend following the controller 
manufacturer's recommendations when installing capacitors. 
 
There are additional benefits from improving power factor.  Less total current flows in the 
facility wiring, motors, and other equipment.  Less current means reduced power losses with 
resulting energy and demand savings.  However, energy savings due to these power losses are 
typically less than 1% of facility electricity use. 
 
Other benefits from improved power factor are that motors run cooler.  System voltage is higher, 
so that motor efficiency, capacity and starting torque is slightly higher.  Branch circuit capacity 
also is higher because more real work can be done with the same total current. 
 
 

 



POWER  FACTOR  CORRECTION
Account Number: 2003
Reactive Power Charge: $0.65 /kVAR
Correction Cost per kVAR: $35 /kVAR
Excess kVAR Percentage: 40%

kVAR Correction
Month kW kVAR 10 15 20 25 30

Aug-08 113 82 72 67 62 57 52
Sep-08 131 82 72 67 62 57 52
Oct-08 113 83 73 68 63 58 53
Nov-08 112 83 73 68 63 58 53
Dec-08 113 82 72 67 62 57 52
Jan-09 79 42 32 27 22 17 12
Feb-09 78 43 33 28 23 18 13
Mar-09 77 40 30 25 20 15 10
Apr-09 74 40 30 25 20 15 10
May-09 113 81 71 66 61 56 51
Jun-09 124 86 76 71 66 61 56
Jul-09 116 83 73 68 63 58 53
Total 1,243 827

Power PF kVAR Correction
Month Factor Charge 10 15 20 25 30

Aug-08 80.9% $24 $7 $10 $13 $16 $20
Sep-08 84.8% $19 $7 $10 $13 $16 $0
Oct-08 80.6% $25 $7 $10 $13 $16 $20
Nov-08 80.3% $25 $7 $10 $13 $16 $20
Dec-08 80.9% $24 $7 $10 $13 $16 $20
Jan-09 88.3% $7 $7 $0 $0 $0 $0
Feb-09 87.6% $8 $7 $0 $0 $0 $0
Mar-09 88.7% $6 $0 $0 $0 $0 $0
Apr-09 88.0% $7 $7 $0 $0 $0 $0
May-09 81.3% $23 $7 $10 $13 $16 $20
Jun-09 82.2% $24 $7 $10 $13 $16 $20
Jul-09 81.3% $24 $7 $10 $13 $16 $20

Savings and Cost Summary
Proposed kVAR: 10 15 20 25 30
Cost Savings (CS, $/Yr): $70 $80 $100 $100 $140
ECO Cost (IC, $): $350 $525 $700 $875 $1,050
Payback (Years): 5.0 6.6 7.0 8.8 7.5
Incremental Payback (Years): 0.0 0.0 0.0 0.0 0.0

Present Conditions Proposed Average Power Factor

Present Conditions Proposed Cost Savings

21
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AR No. 3 
Boiler Economizer 

Calculation Methodology 
 

 
Recommendation 
 
Install an air-to-air heat exchanger (also called an economizer) between the exhaust and inlet air 
for the boiler. This will recapture the heat from exhaust air and preheat the incoming air to the 
boiler. With exhaust air temperature at 200 °F, and inlet air temperature at 39 °F; installing a heat 
exchanger will save 2% of natural gas costs.  
 

Assessment Recommendation Summary 

Energy 
(MMBtu) 

Cost 
Savings

Implementation
Cost 

Payback
(years) 

51.2 $618 $6,960 11.3 
* 1,000,000 Btu = 1 MMBtu 

 
 
Data Collected Summary 
 
Collected on-site during the visit 

• Flow Rate of Exhaust Air: 238 CFM 
• Boiler Efficiency: 87.5% 

 
Data that was researched: 

• Air Density: 0.069 lb/ft3 at 3700 ft and 39°F 
• Inlet Air Temperature: 39.1°F (Average temp from October-May) 
• Specific Heat of Air: 0.24 Btu/lb-°F 
• Cost of Natural Gas: $12.08/MMBtu 

 
Assumptions/Estimations: 

• Heat Exchanger Efficiency: 70% 
• Estimated Exhaust Temp: 200°F (based off our recorded temp when boiler was at below-

average usage) 
• Estimated Annual Operating Hours: 2190 hours 
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Savings Analysis 
 
The above data allows us to calculate just how much natural gas can be saved by preheating the 
inlet air. 
 
Annual cost savings is calculated as: 
 
 CS = Annual Cost Savings  
  = ES x IC 
  = 51.2 MMBtu x $12.08/MMBtu 
  = $618 
 
Where, 
 IC = Incremental Natural Gas Cost 
  = $12.08/MMBtu 
 
 
Heating energy savings is calculated as: 
 
 ES = Annual Energy Savings 
  = Q x AH x ηboiler ÷ CF1 
  = 26,712 Btu/hr x 2,190 hours x 87.5% ÷ 1,000,000 Btu/1 MMBtu 
  = 51.2 MMBtu 
 
Where, 
 AH = Annual Operating Hours 
  = 2,190 hours 
 
 ηboiler = Boiler Efficiency 
  = 87.5% 
  
 CF1 = Btu Conversion Factor  
  = 1,000,000 Btu/1 MMBtu 
 
Amount of energy saved from a heat exchanger is calculated as: 
 
 Q = Heat Gained from Exchanger 
  = ΔT x MFR x Cp x ηex 
  = 160.9 °F x 988 lb/hr x 0.24 Btu/ (lb·°F) x 70% 
  = 26,712 Btu/hr 
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Where, 
 Cp = Specific Heat of Air 
  = 0.24 Btu/ (lb·°F) 
  
 ηex = Exchanger Efficiency  
  = 70% 
  
Temperature Change in Boiler 
 
 ΔT = Air Temperature Change through Boiler 
  = Texhaust - Tinlet 
  = 200 °F – 39.1 °F  
  = 160.9 °F 
           Tinlet = Average Winter Inlet Temperature 
  = 39.1 °F 
 
 Texhaust = Exhaust Temperature  
  = 200 °F 
 
Mass Flow Rate of Exhaust Air: 
 
 MFR = Mass Flow Rate  
  = MA x δAir x C1 
  = 238 CFM x 0.0692 lb/ft3 x 60 min/hr                
  = 988 lb/hr 
 
Where,  
 
 MA = Mass Flow Rate of Exhaust Air 
  = 238 CFM 
 
 δAir = Density of Air 
  = 0.0692 lb/ft3 
 

C1  = Hour Conversion  
  = 60 min/hr 
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Cost Analysis 
 
The cost of implementing a boiler economizer is calculated from the combined cost of 
installation and the price of the economizer, as summarized in the following table. The 
installation cost was found in a 2009 building construction cost book, and the economizer price 
was found via research online. 
 

Implementation Cost Summary 
Description Quantity

Crane Crew $1,700
Labor $118
Materials $45
Installation $1,863
Economizer $5,097
Total Implementation Cost $6,960

 
Savings will pay for implementation costs in 11.3 years. 
 
  
Note:  
 
Incentives are not applicable due to the small energy savings of this recommendation. However, 
if this is combined with other building heat recommendations, incentives might be available. 
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APPENDIX A 
 

UTILITIES 
 
A.1. Energy Definitions 
 
An essential component of any energy management program is tracking energy.  When utility 
bills are received, we record energy use and cost in a spreadsheet and get the appropriate graphs.  
A separate spreadsheet may be required for each type of energy used, such as oil, gas, or 
electricity. A combination might be merited when both gas and oils are used interchangeably in a 
boiler. In such a case we suggest using a common energy unit for a cost-benefit analysis that can 
represent most fuel options: the Btu.    

We have prepared a utility spreadsheet analysis based on the information provided by you or 
your utility companies. The worksheets are in section A.3, Energy, Waste, and Production 
Accounting.  They show how energy is used and help identify potential energy savings.  

We use specific terminology and calculations in analyzing and discussing your energy, water, 
and waste expenses. Energy related terms and calculations are detailed below followed by those 
for waste and water. 
 
 
Electricity Definitions: 
Average Energy Cost. The total amount billed for 12 months of energy, divided by the total 
number of energy units.  Each energy type (oil, gas, electricity, propane, etc.) has its own 
average energy cost.  The average cost per energy unit includes the fees, taxes and unit cost.   

 Average Energy Cost   =   (Total Billed $) ÷ (Total Energy Units)  

Average Load Factor. The ratio of annual electrical energy use divided by the average kilowatts 
(kW) and the hours in a year. 

Average Load Factor  =   (Total kWh/yr) ÷ (Average kW x 8,760 hrs/yr) 

Average Load Factor expresses how well a given electrical system uses power.  A higher load 
factor yields lower average energy cost. 
An example of how load factor applies:  A large air compressor has high electric demand for 
small periods of time and is not a large energy user.  It will usually have low load factor and 
relatively high demand charges.  A smaller air compressor that runs for longer periods of time at 
higher part load efficiency will have higher load factor and lower demand charges. 

Basic Charge. The fee a utility company can charge each month to cover their administrative, 
facility, or other fixed costs.  Some companies have higher energy or power rates that 
compensate for no or low basic charge. 
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Energy. The time-rate of work expressed in kWh for electric energy.  The common unit is 
million Btu.  For a more complete description, see Power. 

 Energy  =  Work ÷ Time  =  (Force x Distance) ÷ Time 

Incremental Demand Cost. It is the price charged by your utility company for the capacity to 
meet your power needs at any given time.  Peak demand is the highest demand level required 
over a set period of time and is calculated by continuously monitoring demand levels.  Demand 
is usually billed based on peak power, but charges such as facility charges and other fees billed 
per kW are also included in the incremental demand cost.  If your utility company has stepped 
demand cost rates, the step with the greatest demand is considered in the incremental demand 
cost. If your utility company bills one set rate for all power needs, this value is used as the 
incremental demand cost. 

Incremental Energy Cost (Electricity). It is cost of one more unit of energy, from current use.  
This cost is usually taken from your utility rate schedule. When all large meters are on the same 
rate schedule, the incremental energy cost is the cost from the highest energy tier, or tail block.   
To further clarify this method: if a company is charged $0.05/kWh up to 100,000 kWh, and 
$0.03/kWh over 100,000 kWh and they are consistently buying over 100,000 kWh each month, 
any energy savings will be calculated using the $0.03/kWh cost.  

If your company has multiple meters on different rate schedules or tariffs, the incremental cost is 
calculated by adding electrical energy costs and dividing by the total electrical energy use.  

Incremental Energy Cost   =   (Total kWh $) ÷ (Total kWh) 

Minimum Charge. The least amount billed by a utility at the end of the billing period. 
 
Power (and Energy). The rate at which energy is used, expressed as the amount of energy use 
per unit time, and commonly measured in units of watts and horsepower.  Power is the term used 
to describe the capacity the utility company must provide to serve its customers.  Power is 
specified three ways: real, reactive and total power.  The following triangle gives the relationship 
between the three. 
 
    Total Power (kVA) 
 

 
                   Reactive Power (kVAR) 
 

                                              Ө

Real Power (kW) 

Real power is the time average of the instantaneous product of voltage and current (watts). 
Apparent power is the product of rms (root mean square) volts and rms amps (volt-amps).  

Demand 
The highest electrical power required by the customer, generally averaged over 15 minute 
cycling intervals for each month.  Demand is usually billed by kW unit.  
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Kilovolt Amperes (kVA) 
Kilovolt amperes are a measure of the current available after accounting for power factor.  See 
the triangle on the previous page. Power is sometimes billed by kVA. 

Reactive Power  

Reactive power is measured in units of kVAR.  Reactive power produces magnetic fields in 
devices such as motors, transformers, and lighting ballasts that allow work to be done and 
electrical energy to be used.  Kilo Volt Amperes Reactive (kVAR) could occur in an electrical 
circuit where voltage and current flow are not perfectly synchronized.  Electric motors and other 
devices that use coils of wire to produce magnetic fields usually cause this misalignment of 
three-phase power.  Out-of-phase current flow causes more electrical current to flow in the 
circuit than is required to supply real power.  kVAR is a measure of this additional reactive 
power. 

High kVAR can reduce the capacity of lines and transformers to supply kilowatts of real power 
and therefore cause additional expenses for the electrical service provider.  Electric rates may 
include charges for kVAR that exceed a normal level.  These charges allow the supplying utility 
to recover some of the additional expenses caused by high KVAR conditions, and also 
encourages customers to correct this problem. 

Power Factor 

The ratio of real power to total power. Power factor is the cosine of angle θ between total 
power and real power on the power triangle.  

 PF = cos θ = kW ÷ kVA 

 

Disadvantages of Low Power Factor 

• Increases costs for suppliers because more current has to be transmitted requiring greater 
distribution capacity. This higher cost is directly billed to customers who are metered for 
reactive power.   

• Overloads generators, transformers and distribution lines within the plant, resulting in 
increased voltage drops and power losses. All of which represents waste, inefficiency and 
wear on electrical equipment.   

• Reduces available capacity of transformers, circuit breakers and cables, whose capacity 
depends on the total current.  Available capacity falls linearly as the power factor decreases. 

Low Power Factor Charges 
 

Most utilities penalize customers whose power factor is below a set level, typically in the range 
of 95% - 97%, or kVAR greater than 40% of kW.  Improving power factor may reduce both 
energy and power costs, however these are generally much less than savings from real power 
penalties enforced by electrical utilities.  Energy savings are also difficult to quantify.  Therefore 
in our recommendations, only power factor penalty avoidance savings are included. 
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Improving Power Factor 
The most practical and economical power factor improvement device is the capacitor.  All 
inductive loads produce inductive reactive power current (lags voltage by a phase angle of 90°).  
Capacitors, on the other hand, produce capacitive reactive power, which is the opposite of 
inductive reactive power (current leads…).  Current peak occurs before voltage by a phase angle 
of 90°. By careful selection of capacitance required, it is possible to totally cancel out the 
inductive reactive power, but in practice it is seldom feasible to correct beyond your utilities’ 
penalty level (~95% for kVA meters). 

Improving power factor results in: 
 
• Reduced utility penalty charges.  
• Improved plant efficiency.  
• Additional equipment on the same line.  
• Reduced overloading of cables, transformers, and switchgear.  
• Improved voltage regulation due to reduced line voltage drops and improved starting 

torque of motors.  
 

Power Factor Penalty 
Utility companies generally calculate monthly power factor two ways.  One way is based on 
meters of reactive energy and real energy.    

Monthly PF = cos [tan-1 (kVARh ÷ kWh)]  

The second method is based on reactive power and real power. 

Monthly PF = cos [tan-1 (kVAR ÷ kW)] 

Power Factor is often abbreviated as “PF”.  Also see the Power Factor definition below. 

Cost Calculations  

Annual operating expenses include both demand and energy costs.  Demand cost (DC) is 
calculated as the highest peak demand (D) multiplied by your incremental demand charge and 
the number of operating months per year:  

 DC = D x  demand rate ($/kW·mo)  x 12 mo/yr  

Energy cost (EC) is energy multiplied by your incremental electric rate:  

 EC = E x energy rate ($/kWh) 
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Natural Gas Definitions: 

Rate Schedules. (Or tariffs) specify billing procedures and set forth costs for each service 
offered.  The state public utility commission approves public utility tariffs.  For example: an 
electric utility company will set a price or schedule of prices for power and energy and specify 
basic and PF charges.  A natural gas utility will specify cost to supply or transport gas and 
include costs such as price per therm, basic charge, minimum charges and other costs.  Current 
rate schedules can often be found online at the utility company’s website.  If you think your 
company belongs in a different rate schedule, your utility representative can help you best. 

Tariff. Another term for rate schedule. 

Therm. The unit generally used for natural gas (1 therm = 100,000 Btu), but sometimes it is 
measured in 106 Btu or MMBtu. 

Commodity Rate. The component of the billing rate that represents the company’s annual 
weighted average commodity cost of natural gas.  

Transportation. The movement of customer-owned natural gas from the pipeline receipt 
point(s)  

 

Waste and Water Definitions: 
Average Disposal Cost. The average cost per pickup or ton of waste or other scrap material.  
This cost is calculated using all of the annual expenses to get a representative cost per unit of 
disposal. 

 Average Disposal Cost / Ton  =  (Total Disposal $) ÷ (Total tons removed) 

 Average Disposal Cost / Pickup  =  (Total Disposal $) ÷ (Total number of pickups)  

BOD Charge. Charge levied by the sewer/water treatment utility to cover extra costs for high 
strength wastewater.  High strength wastewater requires more intensive treatment by the utility 
and extra processing due to very low oxygen levels.  BOD, biochemical oxygen demand, is a 
measure of how much oxygen will be used to microbiologically degrade the organic matter in the 
wastewater stream.  State agencies such as a Department of Environmental Quality set BOD and 
other regulations that wastewater treatment facilities must meet to discharge treated water into 
nearby waterways.  Your treatment facility may have ideas that could help lower the strength of 
your wastewater. 

Box Rental Charge. The fee imposed by the waste or recycling utility to cover costs of their 
receiving containers. 

Disposal Cost. Incurred by the waste utility for disposing of your waste in a landfill or other 
facility.  These charges increase when hazardous materials are present in the waste.  
 
Pickup Costs. The cost charged by the waste utility for each pickup of waste or recycling.  This 
charge is usually applied when the utility is working on an “on call” basis.  Pickup costs can also 
be a flat rate for a certain number of pickups per month. 
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A.2.  Energy Conversions 
 
An essential component of any energy management program is a continuing account of energy 
use and its cost.  This can be done best by keeping up-to-date graphs of energy consumption and 
costs on a monthly basis.  When utility bills are received, we recommend that energy use be 
immediately plotted on a graph.  A separate graph will be required for each type of energy used, 
such as oil, gas, or electricity.  A combination will be necessary, for example, when both gas and 
oil are used interchangeably in a boiler.  A single energy unit should be used to express the 
heating values of the various fuel sources so that a meaningful comparison of fuel types and fuel 
combinations can be made.  The energy unit used in this report is the Btu, British Thermal Unit, 
or million Btu's (MMBtu).  The Btu conversion factors and other common nomenclature are: 
 

Energy Unit Energy Equivalent 

1 kWh  3,413 Btu 
1 MWh  3,413,000 Btu 
1 cubic foot of natural gas 1,030 Btu 
1 gallon of No. 2 oil (diesel) 140,000 Btu 
1 gallon of No. 6 oil 152,000 Btu 
1 gallon of gasoline 128,000 Btu 
1 gallon of propane 91,600 Btu 
1 pound of dry wood 8,600 Btu 
1 bone dry ton of wood (BDT) 17,200,000 Btu 
1 unit of wood sawdust (2,244 dry pounds) 19,300,000 Btu 
1 unit of wood shavings (1,395 dry pounds) 12,000,000 Btu 
1 unit of hogged wood fuel (2,047 dry pounds) 17,600,000 Btu 
1 ton of coal 28,000,000 Btu 
1 MWh  1,000 kWh 
1 therm  100,000 Btu 
1 MMBtu  1,000,000 Btu 
1 106Btu  1,000,000 Btu 

1 kilowatt  3,413 Btu/hr 
1 horsepower (electric) 2,546 Btu/hr 
1 horsepower (boiler) 33,478 Btu/hr 
1 ton of refrigeration 12,000 Btu/hr 

 

Unit Equivalent 

1 gallon of water 8.33 pounds 
1 cubic foot of water 7.48 gallons 
1 kgal  1,000 gallons 
1 unit wood fuel 200 ft3 

 
The value of graphs can best be understood by examining those plotted for your company in the 
Energy Summary.  Energy use and costs are presented in the following tables and graphs.  From 
these figures, trends and irregularities in energy usage and costs can be detected and the relative 
merits of energy conservation can be assessed. 
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Energy Use
Combined Meters / Utilities

Electricity Gas Totals
Month kVAR %PF kW kWh Total $ therm $ MMBtu $

Aug-08 164 80.9% 226 72,000 $2,574 422 $530 288 $3,104
Sep-08 164 84.8% 262 70,400 $2,589 110 $132 251 $2,722
Oct-08 166 80.6% 226 71,080 $2,549 946 $1,137 337 $3,687
Nov-08 166 80.3% 224 68,160 $2,466 1,543 $1,855 387 $4,321
Dec-08 164 80.9% 226 67,680 $2,455 1,531 $1,842 384 $4,297
Jan-09 84 88.3% 158 81,600 $2,700 2,782 $3,352 557 $6,052
Feb-09 86 87.6% 156 76,000 $2,543 4,236 $5,099 683 $7,642
Mar-09 80 88.7% 154 73,920 $2,480 3,333 $4,012 586 $6,492
Apr-09 80 88.0% 148 77,920 $2,581 2,935 $3,533 559 $6,113
May-09 162 81.3% 226 77,760 $2,732 2,487 $2,993 514 $5,726
Jun-09 172 82.2% 248 76,000 $2,723 1,827 $2,246 442 $4,969
Jul-09 166 81.3% 232 90,880 $3,105 1,200 $1,480 430 $4,585
Totals 1,654 - 2,486 903,400 $31,498 23,352 $28,210 5,419 $59,709
Avg/Mo 138 83.3% 207 75,283 $2,625 1,946 $2,351 452 $4,976

Combined Utility Summary
Electricity

Rate Schedule 28
Incremental Energy Cost $0.04236 /kWh
Incremental Demand Cost $3.46 /kW
Average Energy Cost 0.0348665 /kWh
Average Load Factor 50%
Average Power Factor 83%

Natural Gas 
Average Gas Cost 1.2080 /therm

$12.08 MMBtu

A.3. Energy, Waste, and Production Accounting
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Electricity  Use

Meter Number: Account Number: 82413632-001 0

Month kVAR kVAR$ PF % kW kW$ kWh kWh$ Taxes/fees Total $
Aug-08 82 $24 80.9% 113 $391 36,000 $1,603 $557 $2,574
Sep-08 82 $19 84.8% 131 $453 35,200 $1,568 $549 $2,589
Oct-08 83 $25 80.6% 113 $391 35,540 $1,582 $551 $2,549
Nov-08 83 $25 80.3% 112 $388 34,080 $1,518 $535 $2,466
Dec-08 82 $24 80.9% 113 $391 33,840 $1,508 $532 $2,455
Jan-09 42 $7 88.3% 79 $273 40,800 $1,813 $607 $2,700
Feb-09 43 $8 87.6% 78 $270 38,000 $1,690 $575 $2,543
Mar-09 40 $6 88.7% 77 $266 36,960 $1,645 $563 $2,480
Apr-09 40 $7 88.0% 74 $256 38,960 $1,733 $585 $2,581
May-09 81 $23 81.3% 113 $391 38,880 $1,729 $589 $2,732
Jun-09 86 $24 82.2% 124 $429 38,000 $1,690 $580 $2,723
Jul-09 83 $24 81.3% 116 $401 45,440 $2,017 $663 $3,105
Totals 827 $214 - 1,243 $4,301 451,700 $20,096 $6,887 $31,498
Avg/Mo 69 $18 83.7% 104 $358 37,642 $1,675 $574 $2,625

Electric Utility Summary
Rate Schedule 28

Basic Charge $97.85
Energy Cost $0.04502 /kWh to 20,000 kWh

$0.04389 /kWh over 20,000 kWh
Demand Cost

Billed Demand Cost $3.46 /kW in excess of 15 kW
Reactive Power Charge $0.65 /kVAR in excess of 40% kW

Energy Conservation Charge $0.00067 /kW $0.83
Low Income Assistance $0.00050 /kWh $225.85
Public Purpose 3.00%
Delivery Charge Seconadary $0.00651 /kWh $2,940.57
Bend Tax $38.00 per month
Oregon Tax $0.00199 /kWh $898.88

Average Electricity Cost $0.0445 /kWh
Average Load Factor 50%
Average Power Factor 83.7%

2092697

34



Electricity  Use

Meter Number: 0 Account Number: 0

Month kVAR kVAR$ PF % kW kW$ kWh kWh$ Taxes/fees Total $
Jul-08 82 $24 80.9% 113 $391 36,000 $1,603 $98 $2,115
Aug-08 82 $19 84.8% 131 $453 35,200 $1,568 $98 $2,138
Sep-08 83 $25 80.6% 113 $391 35,540 $1,582 $98 $2,096
Oct-08 83 $25 80.3% 112 $388 34,080 $1,518 $98 $2,029
Nov-08 82 $24 80.9% 113 $391 33,840 $1,508 $98 $2,021
Dec-08 42 $7 88.3% 79 $273 40,800 $1,813 $98 $2,191
Jan-09 43 $8 87.6% 78 $270 38,000 $1,690 $98 $2,066
Feb-09 40 $6 88.7% 77 $266 36,960 $1,645 $98 $2,015
Mar-09 40 $7 88.0% 74 $256 38,960 $1,733 $98 $2,093
Apr-09 81 $23 81.3% 113 $391 38,880 $1,729 $98 $2,241
May-09 86 $24 82.2% 124 $429 38,000 $1,690 $98 $2,241
Jun-09 83 $24 81.3% 116 $401 45,440 $2,017 $98 $2,540
Totals 827 $214 - 1,243 $4,301 451,700 $20,096 $1,174 $25,786
Avg/Mo 69 $18 83.7% 104 $358 37,642 $1,675 $98 $2,149

Electric Utility Summary
Rate Schedule 28

Basic Charge $372 /month
Energy Cost $0.04296 /kWh to 20,000

$0.04183 /kWh over 20,000
$0.00000 /kWh to
$0.00000 /kWh over

Demand Cost
Billed Demand Cost $3.46 /kW in excess of 15 kW
Facilities Charge $1.91 /kW

Reactive Power Charge $0.65 /kVAR in excess of 40% kW
Taxes/Fees $105.94 /month

Average Electricity Cost $108.59000 /kWh
Average Load Factor 50%
Average Power Factor 84%
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Account Number: 759 6291-1 6

Month Therms Therm$ Taxes Fees MMBtu Total$
Jul-08 422 $497 $7.06 $26.02 42 $530
Aug-08 110 $129 $1.84 $0.94 11 $132
Sep-08 946 $1,114 $15.77 $7.89 95 $1,137
Oct-08 1,543 $1,816 $25.69 $12.85 154 $1,855
Nov-08 1,531 $1,802 $26.53 $13.27 153 $1,842
Dec-08 2,782 $3,275 $24.56 $52.84 278 $3,352
Jan-09 4,236 $4,986 $74.76 $37.38 424 $5,099
Feb-09 3,333 $3,923 $58.83 $29.42 333 $4,012
Mar-09 2,935 $3,455 $51.81 $25.91 294 $3,533
Apr-09 2,487 $2,928 $43.91 $21.96 249 $2,993
May-09 1,827 $2,151 $32.27 $62.62 183 $2,246
Jun-09 1,200 $1,413 $21.21 $45.89 120 $1,480
Totals 23,352 $27,489 $384 2,335 $28,210
Avg./Mo 1,946 $2,291 $32 195 $2,351

Natural Gas Utility Summary
Rate Schedule: 104
Basic Service charge $3
Natural Gas Cost Average Cos $0.95000 /therm 

Delivery $0.22716 /therm
$0.00000 /therm to
$0.00000 /therm to

Minimum Charge $0 /month
Average Energy Cost $0.95000 /therm

$12.08 /MMBtu

Natural Gas Use
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Water Use and Sewage Charges
Water Total

Month Usage    $/Unit fees Tgal $Tgal fees $
Jul-08 2,800 $103 $3.28 13,183 $265 $7.69000 $434
Aug-08 13,900 $235 $7.51 17,576 $352 $11.44000 $661
Sep-08 11,700 $208 $5.80 12,304 $248 $8.47000 $526
Oct-08 9,600 $183 $5.46 12,304 $248 $8.47000 $501
Nov-08 10,500 $194 $6.17 13,183 $265 $9.12000 $530
Dec-08 4,000 $117 $3.68 12,304 $248 $8.47000 $432
Jan-09 1,800 $91 $2.89 12,304 $248 $8.47000 $405
Feb-09 900 $80 $2.83 13,622 $274 $9.45000 $421
Mar-09 2,800 $103 $3.93 15,820 $317 $11.09000 $490
Apr-09 2,100 $94 $3.08 12,744 $257 $8.80000 $418
May-09 2,200 $95 $3.55 2,607 $57 $2.07000 $213
Jun-09 8,100 $166 $5.31 2,300 $51 $1.75000 $279
Totals 70,400 $1,669 $53 140,251     $2,829 $95 $5,309
Avg./Mo 5,867 $139 $4 11,688       $236 $8 $442

Water / Sewer Utility Summary
Water Use Charges $0.18503 /for the first400 Unit

$0.01190 /each additional Tgal

Sewage Basic Customer Charge $8.47000 /month 

Sewer Use Charges $0.02518 /first 1000Tgal

Sewer

g $ g
$0.01970 /after 1000 Tgal

Service $55.24
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END USE SUMMARY

Average Electricity Cost: $0.03487 /kWh
Average Natural Gas Cost: $1.20805 /therm

$12.08 /MMBtu

ELECTRICITY
USE UNIT MMBtu ENERGY % COST COST%

Fans 420,800 kWh 1,436 46.6% $14,672 46.6%
Fume Hoods 131,700 kWh 449 14.6% $4,592 14.6%
Lighting 315,000 kWh 1,075 34.9% $10,983 34.9%
Computers and Other 35,900 kWh 123 4.0% $1,252 4.0%
TOTALS 903,400 kWh 3,083 100.0% $31,498 100.0%

NATURAL GAS
USE UNIT MMBtu ENERGY % COST COST%

Heating 21,020 therm 2,102 90.0% $25,393 90.0%
Other 2,332 therm 233 10.0% $2,817 10.0%
TOTALS 23,352 therm 2,335 100.0% $28,210 100.0%

S A

4. ENERGY USE SUMMARY & ENERGY ACCOUNTING

FUEL SUMMARY
USE UNIT MMBtu ENERGY % COST COST%

ELECTRICITY 903,400 kWh 3,083 56.9% $31,498 52.8%
NATURAL GAS 23,352 therm 2,335 43.1% $28,210 47.2%
TOTALS 5,419 100.0% $59,709 100.0%
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APPENDIX B 
 
 

MOTORS 
 
B.1.  Motor Worksheet Definitions 
 
The motor worksheet uses information obtained during the on-site visit to calculate electric 
motor energy use, as well as energy and cost savings for efficiency improvements.  Motor 
worksheet information is also used for a variety of AR's, including refrigeration, air  
compressors, and turning off equipment.  In addition, the information contained in the worksheet 
aids in determining an accurate plant energy breakdown.  The worksheet calculation methods 
and symbols are described as follows: 
 
 
B.2.  Motor Inventory (Nameplate) 
 
The Motor Inventory contains the manufacturer, horsepower, volts, amps and revolutions per 
minute (rpm), that are read directly from each motor nameplate.  Standard NEMA values are 
used to estimate full load efficiency and power factor. 
 
Identification Number (ID#).  An identification number is assigned to each motor. 
 
Manufacturer.  The manufacturer of the motor. 
 
Horsepower (Hp).  Nameplate horsepower. 
 
Volts.  Rated voltage for the motor.  If the motor can be wired for more than one voltage, the 
voltage closest to the operating voltage is entered. 
 
Amps.  The rated full-load amperage of the motor corresponding to the voltage listed above. 
 
RPM.  Rated full-load RPM. 
 
Power Factor (PF).  The motor power factor at full load.  Power factor is primarily taken from 
General Electric publications GEP-500H (11/90) and GEP-1087J (1/92).  See section B.9 Motor 
Performance Table for data and other sources. 
 
Efficiency (EFF).  The present motor efficiency at full load.  Motor efficiencies for standard and 
energy-efficient motors are also taken from General Electric publications GEP-500H (11/90) and 
GEP-1087J (1/92).  See section B.9 Motor Performance Table. 
 
Type.  The type of motor is described in the table at the bottom of the inventory page.  The 
purpose is to identify standard 900, 1200, 1800, and 3600 rpm motors (Type = 1) that could be 
replaced with energy-efficient motors.
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B.3.  Motor Applications (Measured Operating Conditions) 
 
The Motor Applications page contains application-specific information.  The same motor may be 
used in several applications.  This information is used to calculate the annual energy 
consumption of each application. 
 
Application Number (#).  A number is assigned to each application described in this section. 
 
Area.  A brief description of the location of the motor application. 
 
Identification Number (ID#).  The identification number of the motor used in the application.  
The worksheet looks up the nameplate information for each motor application in section B.2 
Motor Inventory. 
 
Use.  Each use, such as refrigeration, is given a separate code.  This allows the energy use and 
operating cost for each end use to be summarized in section B.7 Motor Use Summary. 
 
Description.  A brief description of the motor application. 
 
Quantity (Qty).  The number of motors in each application of the same horsepower and type. 
 
Horsepower (Hp).  The horsepower of the motor(s) used in this application is looked up in 
section B.2 Motor Inventory, based on the motor ID#. 
 
Total Horsepower (Hptot).  The total horsepower used in the application is the product of the 
quantity of motors and the motor horsepower. 
 
Power Factor (PF).  For motors with no power factor correction, the operating power factor of 
the motor is approximated by the following equation to account for part-load conditions: 
 
 PF = Nameplate PF x {0.728 + [0.4932 / (FLA%)] - [0.2249 / (FLA%)2]} 
 
The power factor correction, enclosed in ({}) brackets, has a minimum allowable value of 0.3 
and a maximum value of 1.0 when FLA% is 90% or greater in the worksheet, and is shown as a 
curve in section B.10.  If the motor has been corrected for power factor (PFC = "C"), or the 
motor is a synchronous type, 0.95 power factor is used. 
 
Power Factor Correction (PFC).  If a motor has power factor correction capacitors and the 
amperage has been measured ahead of the capacitors, a "C" is input. 
 
Drive (DRV).  All motors with standard V-belt drives (b) are considered for replacement with 
High Torque Drive (HTD) belts and sheaves.  HTD Replacements are summarized in Section 
B.5. 
 
Volts.  Measured operating voltage. 
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Amps.  Measured operating amperage. 
 
Use Factor (UF).  Use Factor is the percentage of the annual operating hours the motor is 
actually running. 
 
Percent Full Load Amps (FLA%).  The measured operating amperage divided by the motor 
nameplate full load amps. 
 
Efficiency (EFF).  Present motor efficiency (η0) is looked up in section B.2 Motor Inventory, 
based on the motor ID#. 
 
Demand.  The operating power (D) of the motor in kilowatts (kW).  If the operating amperage is 
known, the following equation is used: 
 
 D = Qty  x Volts x Amps x PF x 1.73 / 1,000 
 
If operating amperage is not known, the motor load factor (LF) is estimated depending on motor 
application at your plant.  Motor load was either modeled after similar applications at your plant 
or derived from averaged application specific data of over 160 previous audits.  The operating 
power is found from 
 
 D = Qty x LF x (0.746 kW/Hp) x Hp / η0 
 
Load Factor (LF).  The operating input power divided by the motor nameplate full-load input 
power, which is found from 
 
 LF = (D x η0) / [Hp x (0.746 kW/Hp)] 
 
Hours.  The annual motor operating hours (H) are entered in section B.7 Motor Use Summary 
for each use. 
 
Energy.  The annual energy consumption (E) of the motor in kilowatt-hours (kWh) is calculated 
by: 
 
 E = D x H x UF 
 
 
B.4.  Motor Use Summary 
 
The Motor Use Summary summarizes motor power and energy requirements by end use. 
 
 
B.5.  Economics 
 
The Economics Table summarizes the electrical energy and demand costs, payback criterion, and 
motor lifetime. 
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Energy Cost.  The electrical energy charge ($/kWh) is taken from your rate schedule.  If the 
energy charge varies seasonally, the average cost is used. 
 
Demand Cost.  The demand charge ($/kW-Month) is taken from your rate schedule.  If the 
demand charge varies seasonally, the average cost is used. 
 
Payback Criterion.  Standard motors that are candidates for replacement with energy-efficient 
motors are listed in section B.3 Motor Efficiency.  Motors for which the payback is less than this 
criterion are included in the total at the bottom of the table and included in the Energy Efficient 
Motors AR. 
 
 
B.6.  Diversity Factor 
 
Diversity Factor (DF).  The diversity factor is a tool to estimate the amount of demand a 
particular motor will contribute to measured peak demand charges.  This is a function of average 
billed demand, found in Section 4; total lighting demand, found in Lighting Inventory Appendix 
C.2; and the calculated motor demand found in Motor Use Summary Appendix B.4.  The 
diversity factor for your plant is calculated in the diversity factor table.  Diversity factor (DF) is 
calculated from 
 
 DF = (Average Billed Power - Total Lighting Power)/ 
   Total Motor Power 
 
The diversity factor accounts for the amount that a particular motor will affect the peak demand, 
and is a function of billed peak, lighting, and calculated motor demand.  The diversity factor is 
never above 100%. 
 
 
B.7.  Motor Performance Table 
 
The Motor Performance Table contains general motor information used in the worksheet.  For 
each motor horsepower, efficiency, motor cost, and power factor for both standard and efficient 
motors are listed.  Information is primarily taken for totally enclosed fan cooled (TEFC) motors 
from General Electric publications GEP-500H (11/90) and GEP-1087J (1/92).  Larger motors 
that are not available in TEFC configuration are Open Drip Proof (ODP), and are shown in 
italics.  For motors not found in the General Electric publications, the values for efficiency, 
motor cost, and power factor were taken as averaged values of several motor manufacturers from 
Motor Master, a database available from Washington State Energy Office.  These sections are 
indicated by shading. 
 
 
B.8.  Power Factor 
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Power factor is graphed as a function of operating amperage (FLA%).  The curve approximates 
motor performance data taken from General Electric publication #GEP-500G (3/87).  The graph 
is used to calculate power factor in section B.2 Motor Applications. 
 
 
B.9. Premium  Efficiency Motors 
 
The Premium Efficiency Motor lists every motor that is returned from Motor Master + with a 
payback of less than ten years. 
 
 Identification Number (ID#).  An identification number is assigned to each motor. 
 
Motor to Replace.  Name of the motor to be replaced. 
 
Quantity (Qty).  The number of motors used for a specific purpose. 
 
Horsepower (Hp).  Nameplate horsepower. 
 
RPM.  Rated full-load RPM. 
 
New Cost.  The discounted cost of a new premium efficiency motor to replace the current 
standard efficiency motor. 
 
Discount.  The percentage discount the buyer receives from the supplier. 
 
Rewind Cost.  The cost of rewinding the current standard efficiency motor.  
 
Energy kWh.  The amount of kWh saved by a premium efficiency motor. 
 
Demand kW.  The amount of kW saved by a premium efficiency motor. 
 
Cost Premium.  The additional cost of purchasing a premium efficiency motor over rewinding 
the existing motor. 
 
Cost Savings.  The amount of money that is saved annually by operating premium efficiency 
motors. 
 
Payback (yrs).  The number of years that is required for the cost savings to overcome the cost 
premium. 
 
 
B.10.  MotorMaster Inventory Query – List  
 
MotorMaster+ compares these motors from your plant with more efficient replacement motors.  
The MotorMaster+ Energy Savings analysis can be used in several ways.  The easiest way to 
compare the cost of purchasing and powering alternate motors is to compare their simple 
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paybacks.  Usually, the shorter the payback period, the more cost-effective the investment.  
Some industries use a simple payback maximum value of two or three years as a standard by 
which to make purchasing decisions.  If you are considering several energy-efficient motor 
models, look for the one offering the most rapid payback on investment or shortest simple 
payback period.  Note that once the payback period has passed, your energy cost savings 
continue. 
 
B.11.  MotorMaster Inventory Query – Batch Analysis 
 
The Inventory Query – Batch Analysis worksheet tabulates energy, demand, and total savings, 
new motor cost, anticipated manufacturer discount, and payback period for replacing existing 
(900, 1200, 1800, or 3600 rpm) motors with premium efficiency motors, rather than rewinding 
these motors.  This table was generated using the MotorMaster+ program, and displays motors 
for which the incremental payback is less than 10 years.  We assume that all motors experience 
efficiency degradation from rewinding and include this degradation in the savings calculations.  
We use a default degradation of 2% for motors under 50 hp, and 1% for motors 50 hp and above. 
 
ID: Matches MotorMaster+ motor to End Use spreadsheet. 
 
Description:  Application and motor summary for each motor in the batch analysis 
 
Manufacturer/Model:  Motor nameplate information. 
 
Catalog:  Additional manufacturer’s catalog number. 
 
Price:  Manufacturer’s list price less discount. 
 
Discount:  Motor dealers rarely sell motors at the manufacturer's full list price.  Customers are 
offered a list price discount, with standard or energy-efficient motors typically selling for 55 to 
85 percent of the manufacturer's stated list price.  List price discounts for all manufacturers are 
originally set at 35 percent. 
 
Installation Cost:  Default installation costs are shown in Appendix B.12. 
 
Rebate:  MotorMaster+ supports various types of rebate approaches, including Fixed, Price, 
Efficiency Gain, Two-Tier, and Base Plus Bonus. 
 
Incremental Cost ($):  Incremental Cost for each Motor (ICM) is the purchase price of the new 
motor (MC), less discount (DS) and any available utility rebate (Rebate), minus the rewind cost 
(RC).  Since the replacement is assumed to occur at the time of motor failure and removal for 
repair, no additional installation costs are incurred.  Default rewinding costs are shown in 
Appendix B.13. 
 
 ICM = MC x (1-DS) – Rebate - RC 
 
HP:  Motor horsepower 
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Annual Energy Savings (kWh):  Energy savings are determined by superimposing the identical 
load profile on the energy-efficient replacement motor.  The efficiency at each load point is 
computed, and then used to determine energy use, demand, and reductions in operating costs.  
Annual energy savings are determined by summing the savings obtained at each operating point.   
 
Annual Energy Savings (kWh$):  The dollar value of annual kWh savings times the unit cost 
of energy.  The formula is: 
 
 kWh (saved) x cost per unit of energy ($/kWh) 
 
Demand Savings (kW):  The difference in peak demand for standard and energy-efficient 
motors. 
 
Demand Savings (kW$):  The difference in annual demand charges for standard and energy-
efficient motors. 
 
Total Savings ($/yr):  The sum of annual energy and demand dollar savings. 
 
Simple Payback (yr):  The time it takes to recover the motor price premium from energy and 
demand cost savings.  Calculated by dividing the motor premium by total annual cost savings.  
“Immediate” payback means that the new motor less discount and rebates costs less than a 
rewound motor, which occurs more often for smaller motors. 
 
 
B.12. MotorMaster Default Installation Costs Table. 
 
MotorMaster+ uses this table of default installation costs based on motor size. 
 
 
B.13. MotorMaster Default Rewind Costs Table. 
 
Default rewind costs depend on motor size, RPM, and enclosure type. 
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# Hp Volts Amps RPM PF% EFF% Type+ Quantity
1 0.3 220 0.5 1725 57% 80% F 1
2 0.3 220 0.5 1725 57% 80% F 1
3 1 220 1.0 1740 70% 76% 1 1
4 1 220 1.0 1740 70% 76% 1 1
5 3 220 2.0 1240 72% 82% 1 1
6 5 220 4.0 1240 73% 82% 1 1
7 5 220 4.0 1240 73% 82% 1 1
8 10 220 10.0 1770 74% 80% 1 1
9 10 220 10.0 1700 74% 81% 1 1
10 15 220 13.0 1765 82% 80% 1 1

+ Type Code
1=Standard Efficiency TS=Two Speed HD=Heavy Duty
2=High Efficiency F=Fractional Horsepower O=Oversize (>500hp)
C=Composite G=Gear Motor SY=Synchronous
DC=Direct Current H=Hermetic U=Unknown
V=Standard V-belt ASD=Adjustable Speed Drive SP=Single Phase
RPM=Not 900, 1200, 1800, or 3600 RPM
*Note: Some Nameplate Data May Be Estimated

B.2. Motor Inventory (Nameplate)*
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# Area      Use Description Qty Hp Hptot PF% UF% EFF%
Demand

kW LF Hours
Energy

kWh
1 Mechanical Room 3 HWP-1 1 0.3 0.3 57.0% 100% 80.0% 0.2 75% 8,760 1,752
2 Electrical Room 2 Chwp-2 1 0.3 0.3 57.0% 100% 80.0% 0.2 75% 8,760 1,752
3 Roof 4 Fan Hood Exhaust 1 1 1 1 70.0% 100% 75.9% 0.7 75% 8,760 6,132
4 Roof 4 Fan Hood Exhaust 2 1 1 1 70.0% 100% 75.9% 0.7 75% 8,760 6,132
5 Boiler Room 1 NA 1 3 3 72.0% 100% 82.0% 2.0 75% 8,760 17,520
6 Boiler Room 1 Hot Water Pump 1 5 5 73.0% 100% 82.0% 3.4 75% 8,760 29,784
7 Boiler Room 1 Hot Water Pump 1 5 5 73.0% 100% 82.0% 3.4 75% 8,760 29,784
8 Mechanical Room 3 RF1 1 10 10 74.0% 100% 80.0% 7.0 75% 8,760 61,320
9 Electrical Room 2 CHwp-1 1 10 10 74.0% 100% 81.0% 6.9 75% 8,760 60,444

10 Mechanical Room 3 Lessa 1 15 15 82.0% 100% 80.0% 10.5 75% 8,760 91,980

B.3. Motor Applications (Measured Operating Conditions)
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B.4. Motor Use Summary
Use Department Hours Qty Hp kW kWh kWh%

1 Boiler Room 8,760 3 13 8.8 77,088 25.1%
2 Electrical Room 8,760 2 10 7.1 62,196 20.3%
3 Mechanical Room 8,760 3 25 17.7 155,052 50.6%
4 Roof 8,760 2 2 1.4 12,264 4.0%

Total 10 51 35 306,600 100.0%

 B.5. Economics
Energy Cost: 0.0424 /kWh
Demand Cost: 3.64 /kW-month
Average Electricty Cost: 0.0349 /kWh
Motor Payback Criterion: 4 years
High Torque Drive Payback Criterion: 4 years

B.6. Diversity Factor
Average Monthly Billed Demand: 988 kW
Lighting Demand: 124 kW
Total Motor Demand: 35 kW
Diversity Factor: 100%
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          B.7  Motor Performance Table
900 RPM 1200 RPM

Horsepower Motor Efficiency Motor Cost       Power Factor Motor Efficiency Motor Cost       Power Factor
(HP) Standard Efficient Increase Standard Efficient Increase Standard Efficient Standard Efficient Increase Standard Efficient Increase Standard Efficient

1 69.4 75.5 6.1 $283 $359 $76 62.0 59.5 75.5 82.1 6.6 $241 $302 $61 60.5 65.9
1.5 73.0 80.0 7.0 $343 $434 $91 61.7 62.0 75.5 87.5 12.0 $193 $253 $60 77.5 72.0

2 76.4 85.5 9.1 $459 $581 $122 61.7 54.0 80.0 87.5 7.5 $213 $280 $67 74.5 74.0
3 79.3 86.5 7.2 $597 $755 $158 66.4 62.5 85.5 89.5 4.0 $283 $373 $90 74.5 75.5
5 82.0 85.5 3.5 $824 $1,043 $219 67.3 60.0 84.0 89.5 5.5 $407 $548 $141 78.5 76.0

7.5 82.8 86.5 3.7 $1,049 $1,327 $278 69.3 62.0 86.8 91.7 4.9 $550 $740 $190 88.0 72.0
10 85.4 91.0 5.6 $1,243 $1,573 $330 77.2 78.0 87.5 91.7 4.2 $701 $869 $168 84.5 71.5
15 85.8 91.0 5.2 $1,633 $2,067 $434 75.5 78.0 88.5 91.7 3.2 $946 $1,153 $207 82.5 76.5
20 88.0 91.7 3.7 $1,968 $2,491 $523 78.6 77.5 90.2 92.4 2.2 $1,150 $1,403 $253 85.5 76.0
25 87.8 91.7 3.9 $2,331 $2,950 $619 78.3 78.0 88.5 92.4 3.9 $1,396 $1,703 $307 81.0 83.5
30 87.5 93.6 6.1 $2,746 $3,475 $729 80.0 76.5 89.5 93.0 3.5 $1,704 $1,952 $248 82.5 83.5
40 89.5 93.0 3.5 $3,401 $4,305 $904 80.0 75.5 89.5 93.6 4.1 $2,229 $2,770 $541 83.5 85.5
50 88.5 93.6 5.1 $4,052 $5,128 $1,076 76.5 84.0 91.0 93.6 2.6 $2,603 $3,232 $629 87.0 85.5
60 91.0 93.6 2.6 $4,699 $5,947 $1,248 80.5 83.5 91.0 94.1 3.1 $3,008 $3,826 $818 81.0 85.5
75 90.2 94.1 3.9 $6,258 $7,920 $1,662 80.0 85.0 91.0 95.0 4.0 $3,615 $4,575 $960 79.0 86.0

100 91.7 94.1 2.4 $7,907 $10,007 $2,100 78.5 84.0 92.4 95.0 2.6 $5,088 $6,405 $1,317 82.5 89.0
125 92.4 94.5 2.1 $9,193 $11,635 $2,442 78.0 82.5 92.4 95.0 2.6 $6,191 $7,371 $1,180 84.5 88.5
150 92.4 94.5 2.1 $10,371 $13,126 $2,755 77.5 82.5 93.0 95.8 2.8 $6,818 $8,606 $1,788 87.9 86.0
200 94.1 95.0 0.9 13443.0 15989.0 2546.0 86.5 87.0 94.1 95.4 1.3 $9,524 $11,733 $2,209 87.8 86.5
250 94.5 95.0 0.5 15370.0 18213.0 2843.0 86.5 84.0 94.3 95.4 1.1 12140.0 14386.0 2246.0 85.0 89.0
300 94.5 95.0 0.5 17411.0 20633.0 3222.0 87.0 84.0 95.0 95.4 0.4 14380.0 17042.0 2662.0 88.5 89.5
350 93.6 95.0 1.4 10493.0 12922.0 2429.0 81.0 80.5 95.0 95.8 0.8 16692.0 19780.0 3088.0 89.0 89.0
400 93.6 95.0 1.4 11692.0 14251.0 2559.0 81.5 84.0 95.0 95.8 0.8 18960.0 22470.0 3510.0 89.5 87.5
450 93.6 95.0 1.4 12622.0 15593.0 2971.0 81.0 84.5 94.5 96.2 1.7 11465.0 14119.0 2654.0 87.5 87.0
500 94.5 96.2 1.7 12626.0 15549.0 2923.0 87.0 88.0

1800 RPM 3600 RPM

Horsepower Motor Efficiency Motor Cost       Power Factor Motor Efficiency Motor Cost       Power Factor
(HP) Standard Efficient Increase Standard Efficient Increase Standard Efficient Standard Efficient Increase Standard Efficient Increase Standard Efficient

1 72.0 84.3 12.3 $191 $237 $46 76.0 72.9 74.0 77.4 3.4 256.0 273.0 $17 81.6 81.8
1.5 77.0 85.4 8.4 $209 $262 $53 78.5 74.2 80.0 84.0 4.0 $149 342.0 $193 86.0 82.4

2 80.0 85.2 5.2 $219 $274 $55 86.5 78.5 81.5 85.2 3.7 $173 302.0 $129 87.5 89.9
3 82.5 89.5 7.0 $197 $262 $65 79.0 80.0 82.5 88.5 6.0 $203 $267 $64 81.0 87.0
5 84.0 90.2 6.2 $229 $299 $70 84.0 83.0 84.0 89.5 5.5 $251 $330 $79 82.0 88.0

7.5 86.5 91.7 5.2 $329 $431 $102 83.0 82.5 86.5 91.7 5.2 $329 $431 $102 82.0 88.5
10 87.5 91.7 4.2 $409 $520 $111 85.0 81.0 87.5 91.7 4.2 $395 $509 $114 83.5 88.5
15 87.5 92.4 4.9 $541 $695 $154 83.0 81.5 87.5 91.7 4.2 $533 $698 $165 83.0 88.5
20 89.5 93.0 3.5 $683 $845 $162 84.5 82.0 87.5 92.4 4.9 $719 $841 $122 90.0 90.0
25 90.2 93.6 3.4 $820 $1,028 $208 85.0 83.5 88.5 92.4 3.9 $883 $1,049 $166 90.5 91.0
30 91.0 93.6 2.6 $996 $1,216 $220 83.0 83.0 89.5 92.4 2.9 $974 $1,241 $267 91.5 91.0
40 90.2 94.1 3.9 $1,280 $1,560 $280 80.0 87.5 88.5 93.6 5.1 $1,278 $1,608 $330 85.5 92.0
50 91.7 94.1 2.4 $1,658 $1,921 $263 85.5 86.5 89.5 93.0 3.5 $1,772 $2,070 $298 85.0 92.0
60 91.7 95.0 3.3 $2,489 $2,856 $367 82.5 85.5 89.5 94.1 4.6 $2,594 $2,818 $224 90.0 92.0
75 91.7 95.4 3.7 $3,182 $3,680 $498 83.5 84.5 91.0 94.5 3.5 $3,089 $3,749 $660 91.5 92.0

100 91.7 95.4 3.7 $3,837 $4,517 $680 87.0 85.0 90.2 94.1 3.9 $4,167 $4,743 $576 89.0 91.5
125 92.4 95.4 3.0 $4,950 $6,354 $1,404 84.5 89.0 91.0 94.5 3.5 $5,809 $6,488 $679 92.5 93.5
150 93.0 95.8 2.8 $6,021 $7,415 $1,394 86.5 88.0 91.7 94.5 2.8 $6,958 $8,103 $1,145 92.0 93.5
200 94.1 95.8 1.7 $7,285 $8,913 $1,628 89.5 90.0 93.0 95.0 2.0 $8,695 $10,532 $1,837 93.9 94.0
250 93.6 96.2 2.6 $8,157 $11,181 $3,024 88.5 83.0 93.0 95.4 2.4 $10,246 $13,283 $3,037 92.5 89.5
300 94.1 95.8 1.7 10084.0 12257.0 2173.0 90.0 84.0 91.0 95.4 4.4 13351.0 15536.0 2185.0 92.0 93.0
350 94.5 95.8 1.3 11574.0 14068.0 2494.0 90.5 90.5 91.7 95.4 3.7 15335.0 19973.0 4638.0 93.0 93.0
400 94.5 95.8 1.3 13528.0 16113.0 2585.0 91.0 91.0 91.7 95.4 3.7 17948.0 20279.0 2331.0 93.0 93.5
450 95.0 95.8 0.8 17016.0 19023.0 2007.0 91.0 91.0 93.0 95.4 2.4 18692.0 22150.0 3458.0 93.5 93.0
500 94.5 95.8 1.3 10019.0 12339.0 2320.0 89.0 90.0 94.1 95.4 1.3 10947.0 13482.0 2535.0 90.0 93.0

*Sources:
   Unless otherwise noted, all data is from General Electric Price From Motor Master, Washington State Energy Office. Open Drip Proof  (ODP)
   publications GEP-500H  (11/90), and GEP-1087J  (1/92). Efficiency From Motor Master, Washington State Energy Office.  Averaged Data. Totaly Enclosed Fan Cooled  (TEFC)
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# Motor to Replace Qty HP RPM New  Cost Discount 
Rewind 

Cost
Energy 
(kWh)

Demand  
(kW)

Cost  
Premium

Cost 
Savings

Payback 
(yrs)

3 Fan Hood Exhaust 1 1 1 1,800 $161 35% $213 1,938 0.2 $34 $80 0.4
5 NA 1 3 1,200 $167 35% $306 1,853 0.2 ($49) $77 0.0
8 RF1 1 10 1,800 $229 35% $377 3,273 0.4 ($24) $136 0.0
9 CHwp-1 1 10 1,800 $229 35% $377 2,072 0.2 ($24) $86 0.0

10 Lessa 1 15.0 1,800 $376 35% $463 4,343 0.5 $116 $180 0.6
5 - - - - - 13,479 1.5 $150 $559 0.3

Per Motor Total Savings

Totals

B.9 Premium Efficiency Motor Summary
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MotorMaster+ 4.0
from US DOEB.11. Inventory Query - Batch Analysis

For : Page : 1
By : OSU Energy Efficiency Center 01-22-2010

Query Parameters
Status: In Service

Batch Parameters
Scenario: Rewind Payback:  <= 10 yrs Upgrade option: NEMA Premium only

Load Est Method:  kWCalc Peak months:  12
Default Load:  70% AutoDownsize: No

Energy Demand Total
ID Description Manufacturer/Model Catalog Price Disc. Install Rebate HP kWh kWh$ kW kW$ Savings Payback

1 Fan Hood Exhaust 1   Siemens 1LE21111AB214AA3  GP100A 195 35 0 0 1 884 $37 0.1 $4 $42 Immediate
1 HP, 1800 RPM WEG Electric Motors W21 212 35 0 0 1 787 $33 0.1 $4 $37 Immediate
TEFC, 220 volts Teco/Westinghouse MAX- E0014 228 35 0 0 1 702 $30 0.1 $3 $33 0.4 yrs

2 Fan Hood Exhaust 2   Siemens 1LE21111AB214AA3  GP100A 195 35 0 0 1 884 $37 0.1 $4 $42 Immediate
1 HP, 1800 RPM WEG Electric Motors W21 212 35 0 0 1 787 $33 0.1 $4 $37 Immediate
TEFC, 220 volts Teco/Westinghouse MAX- E0014 228 35 0 0 1 702 $30 0.1 $3 $33 0.4 yrs

3 NA                      Siemens 1LE21112AC114AA3 GP100A 369 35 0 0 3 2124 $90 0.2 $10 $100 0.6 yrs
3 HP, 1200 RPM Siemens 1LE22112AC114AA3 GP100 439 35 0 0 3 2124 $90 0.2 $10 $100 1.3 yrs
TEFC, 230 volts G.E. E$P-SD                  M7826 449 35 0 0 3 2029 $86 0.2 $10 $96 1.5 yrs

4 CHwp-1                  Siemens 1LE21112AB214AA3  GP100A 521 35 0 0 10 4197 $178 0.5 $20 $198 0.7 yrs
10 HP, 1800 RPM WEG Electric Motors W21 522 35 0 0 10 3893 $165 0.4 $18 $183 0.8 yrs
TEFC, 230 volts US Motors AS70                    U10P2B 571 35 0 0 10 4499 $191 0.5 $21 $212 0.9 yrs

5 RF1                     Siemens 1LE21112AB214AA3  GP100A 521 35 0 0 10 4585 $194 0.5 $22 $216 0.7 yrs
10 HP, 1800 RPM WEG Electric Motors W21 522 35 0 0 10 4241 $180 0.5 $20 $200 0.7 yrs
TEFC, 230 volts US Motors AS70                    U10P2B 571 35 0 0 10 4761 $202 0.5 $23 $224 0.9 yrs

6 Lessa                   Siemens 1LE21112BB114AA3  GP100A 697 35 0 0 15 6774 $287 0.8 $32 $319 0.7 yrs
15 HP, 1800 RPM G.E. E$P-SD                  M7871 801 35 0 0 15 6486 $275 0.7 $31 $305 1.1 yrs
TEFC, 230 volts G.E. E$P                     M7871 801 35 0 0 15 6486 $275 0.7 $31 $305 1.1 yrs

Totals: 19447 $824 2.2 $92 $916
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MotorMaster+ 4.0
from US DOEB.12. Inventory Query - List

For : Page : 1
By : OSU Energy Efficiency Center 12-30-2009

Query Parameters
Status: In Service

ID#
Motor
ID Description

Manufac
turer Model Facility

Depart
ment Process HP RPM

Enclo
sure

Definite
Purpose Volt.

Eff.
FL

PF
FL Age

Energy
kWh/Yr

Frame
Size

1 3              Fan Hood Exhaust 1                     2003 Casca Roof      Roof      1 1800 TEFC 220 6132 1      
2 4              Fan Hood Exhaust 2                     2003 Casca Roof      Roof      1 1800 TEFC 220 6132 1      
3 5              NA                                                 2003 Casca Boiler Roo Boiler Roo 3 1200 TEFC 230 14892 1      
4 8              CHwp-1                                         2003 Casca Electrical Electrical 10 1800 TEFC 230 57816 1      
5 9              RF1                                               2003 Casca 10 1800 TEFC 230 61320 1      
6 10            Lessa                                             2003 Casca 15 1800 TEFC 230 91980 1      
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B.12. MotorMaster Default Installation Costs Table. 
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B.13. MotorMaster Default Rewind Costs Table. 
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APPENDIX C 
 

LIGHTING 
 
 

C.1 LIGHTING WORKSHEET DEFINITIONS 
 
The following lighting inventory and any lighting worksheets contained in the report use 
information obtained during the on-site visit to determine any potential energy savings related to 
lighting improvements. In all cases the value in the Savings column is the existing value less the 
proposed value. The terminology and calculations are described as follows: 
 

PLANT 
 
Building. A description of the building if the plant includes several buildings. 
 
Area: The lighting calculations may refer to a specific location within the building. 
 
Recommended Footcandles. The recommended footcandle levels come from the Illuminating 
Engineering Society (IES) Lighting Handbook. 
 
Average Demand Cost (D$). The demand cost ($/kW-month) is taken from the appropriate rate 
schedule of your utility. Winter and summer rates are averaged, if necessary. 
 
Average Energy Cost (E$). The energy cost ($/kWh) is taken from the appropriate rate 
schedule of your utility for the least expensive energy block. Winter and summer rates are 
averaged, if necessary. 
 
Labor Cost ($/H). The cost of labor is estimated for operating and installation cost calculations. 
 

FIXTURES 
 
Description (FID). Fixture type, size, manufacturer, or catalog number may be included here. 
 
Quantity (F#). The number of fixtures in the area are recorded during the site visit. 
 
Operating Hours (H). The number of hours which the lighting fixtures operate each year. 
 
Use Factor (UF). The fraction of fixtures that are used multiplied by the fraction of operating 
hours (H) that the lights are on. 
 

 
Ballasts/Fixture (B/F). The number of ballasts in each discharge fixture. 
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Cost (FC). The cost of the existing and proposed fixtures can be compared when modifying or 
replacing fixtures. 
 

LAMPS 
 
Description (LID). Lamp type, size, manufacturer, or catalog number may be included here. 
 
Quantity (L#). The number of lamps can be calculated from the number of fixtures and the 
number of lamps per fixture: 

  
 L#  = F# x L/F 

Life (LL). Lamp life is defined as the number of operating hours after which half the original 
lamps will fail. The life recorded here is based on 3 operating hours per start. This provides a 
more conservative estimate of lamp life than using longer hours per start. 
 
Replacement Fraction (Lf). The fraction of lamps that normally can be expected to burn out 
during a year can be calculated from the operating hours, the use factor, and the lamp life: 
 
 Lf  =  H x UF ÷ LL 
 
Watts / Lamp (W/L). The rated lamp power does not include any ballast power, which is 
included in the Ballasts section. 
 
Lumens (LM). Lamp output is measured in lumens. Lumens are averaged over lamp life 
because lamp output decreases with time. 
 
Cost (C/L). The retail cost per lamp is entered here. 
 

BALLASTS 
 
This section applies only to discharge lamps with ballasts. This section will be blank for 
incandescent lamps. 
 
Description (BID). Additional information such as type, size, manufacturer, or catalog number 
may be included here. 
 
Quantity (B#). The number of ballasts can be calculated from the number of fixtures and the 
number of ballasts per fixture: 
 
 B#  =  F# x B/F 
 
Life (BL). Ballast life is determined from manufacturer's data. A life of 87,600 hours for a 
standard ballast and 131,400 hours for an efficient ballast is used in the calculations. 
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Replacement Fraction (Bf). The fraction of ballasts normally expected to burn out during a 
year can be calculated from the operating hours, the use factor, and the ballast life: 
 
 Bf  =  H x UF ÷ BL 
 
Input Watts (IW). Ballast catalogs specify ballast input watts that include lamp power. The 
input wattage varies for different combinations of lamps and ballasts. 
 
Cost (BC). The retail ballast cost is entered here. 
 

POWER AND ENERGY 
 
Total Power (P). For incandescent lamps total power is the product of the number of lamps and 
the watts per lamp. 
 
 P  =  L# x W/L    (Incandescent Lamps) 
 
For discharge lamps total power is the product of the ballast input watts and the number of 
ballasts: 
 
 P  =  B# x IW    (Discharge Lamps) 
 
Energy Use (E). The annual energy use is the product of the total power, the use factor, and the 
annual operating hours: 
 
 E =  P x UF x H ÷ (1,000 watts/kilowatt) 
 

LIGHT LEVEL CHECK 
 
Total Lumens (TLM). The existing and proposed lumen levels are summed for all lamps. 
 
 TLM  =  L# x LM 
 
Footcandles (FC). Light is measured in units of footcandles. The existing footcandle level 
(FCE) is measured, while the proposed level (FCP) is determined from the ratio of the proposed 
total lumens (TLMP) to existing total lumens (TLME) times the existing footcandle level. 
 
 FCP  =  FCE x (TLMP ÷ TLME) 
 
The proposed footcandle level can then be compared to both the existing and the recommended 
levels to determine if there will be adequate light for the work space. 
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Lumens / Watt (LM/W). The total lamp output in lumens divided by the total power is a 
measure of lighting efficiency. 
 
 LM/W  =  TLM ÷ P 
 

ANNUAL OPERATING COST 
 
Power Cost (PC). The annual demand cost is the total power times the average monthly demand 
cost from the worksheet times 12 months per year: 
 
 PC  =  P x D$ x 12 months/year 
 
Energy Cost (EC). The annual energy cost is the energy use times the electricity cost from your 
utility rate schedule: 
 
 EC  =  E x E$ 
 
Lamp O&M Cost (LOM). Operation and maintenance costs are the sum of lamp and labor 
costs for replacing the fraction of lamps (L# x Lf) that burn out each year. 
 
 LOM  =  L# x Lf x [LC + (0.166 hours x $/H)] 
 
We assume that two people can replace a lamp and clean the fixture and lens in about five 
minutes (0.166 man-hours/lamp), replacing lamps as they burn out. 
 
Ballast O&M Cost (BOM). Operation and maintenance costs are the sum of ballast (BC) and 
labor costs ($/H) for replacing the fraction of ballasts (B# x Bf) that burn out each year. 
 
 BOM  =  B# x Bf x [BC + (0.5 hours x $/H)] 
 
We assume that one person can replace a ballast in about thirty minutes (0.5 man-hours/ballast), 
replacing ballasts as they burn out. 
 
Total Operating Cost (OC). The sum of the annual power, energy costs, lamp, and ballast 
O&M costs. 
 
 OC  =  PC + EC + LOM + BOM 
 

IMPLEMENTATION COST 
 
The implementation costs depend on whether refixturing, group relamping, or spot replacing of 
lamps and ballasts is recommended. 
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Refixturing 
 

Materials: The cost is the cost per fixture (C/F) times the number of fixtures (F#) plus the 
lamp cost (LC) times the number of lamps (L#). 

 
 M$  =  F# x (C/F) + L# x C/L 
 

Labor: The labor cost includes the removal of the existing fixtures and the installation of the 
recommended fixtures. 

 
Group Relamping 
 

Materials: When replacing all lamps at one time (group relamping), the cost of materials can 
be found from 

 
 M$  =  L# x C/L 
 

Labor: We estimate the labor cost for group relamping to be one half the cost of replacing 
each lamp as it burns out. We assume that two people can replace two lamps and clean the 
fixture and lens in about 5 minutes (0.083 man-hours/lamp, H/L). Because relamping does 
not require a licensed electrician, the labor rate for relamping is often lower than the labor 
rate for fixture replacement. To calculate the total labor cost for group lamp replacement we 
calculate the labor cost of group replacing all of the lamps. 

 
L$GROUP  =  L# x H/L x $/H 
 
Spot Replacement of Lamps & Ballasts 
 

Materials: When replacing lamps only as they burn out (spot relamping), we use the cost 

 
 M$  =  L# x (LCP - LCE) 
 

When replacing ballasts only as they burn out (spot reballasting), we use the cost difference 
(BCP - BCE) between standard and energy-efficient ballasts for all ballasts. 

 
 M$  =  B# x (BCP - BCE) 
 

Labor: There is no additional labor cost. 
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Total Cost (IC). Total implementation cost is the sum of materials and labor cost 
 
 IC  =  M$ + L$ 
 

SIMPLE PAYBACK. 
 
The simple payback (SP) is calculated on each lighting worksheet. 
 
 SP  =  IC ÷ OC 
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Site:  Cascades Hall Energy

Project Status Location Desc. Of Existing Desc. Of Replacement # existing 
installations

# of 
installations

Before 
(total)

After 
(total)

Hours per 
day

Days per 
year  kWh $ % 

reduction
Labor 
hours

 Labor rate 
/ hr  Labor cost  Material 

cost 
 Project 

cost  $ Source ROI Years 
w/incentive

Total cost w/ 
incentives

Calculation Only N. hallway, 2nd floor 18W CFL Existing Fix. and Ballast 19 19 342 342 24 365 749.0          $51.03 25% 4.5 $60.00 $270.00 $332.61 $602.61 225.00$  ETO 7.40 $377.61

Calculation Only Entry 18W CFL Existing Fix. and Ballast 8 8 144 144 16 300 172.8          $11.77 25% 1.5 $60.00 $90.00 $110.87 $200.87 75.00$     ETO 10.69 $125.87

Calculation Only 1st Floor lobby 18W CFL Existing Fix. and Ballast 35 35 630 630 16 300 756.0          $51.51 25% 6 $60.00 $360.00 $443.48 $803.48 300.00$  ETO 9.77 $503.48

Calculation Only 1st, 2nd floor lobbies 40W Incandescent 2.5W LED 27 27 1080 67.5 12 250 3,796.9       $258.71 117% 8.7 $60.00 $522.00 $1,253.48 $1,775.48 300.00$  ETO 5.70 $1,475.48

Proposed NE stairwell 3 lamp, T-8 1 lamp,  T-8 4 4 288 96 24 365 2,102.4       $143.25 83% 3.5 $60.00 $210.00 $110.87 $320.87 95.00$     ETO 1.58 $225.87

Proposed Hall by 209‐213 3 lamp, T-8 1 lamp,  T-8 5 5 360 120 24 365 2,628.0       $179.07 83% 4 $60.00 $240.00 $110.87 $350.87 100.00$  ETO 1.40 $250.87

Proposed Men's RRs 18W CFL Existing Fix. and Ballast 8 8 144 144 12 300 129.6          $8.83 25% 0.5 $60.00 $30.00 $64.35 $94.35 20.00$     ETO 8.42 $74.35

Proposed Men's RRs 2 lamp, T-8 Existing Fix. and Ballast 12 12 576 576 12 300 518.4          $35.32 25% 0 $60.00 $0.00 $0.00 $0.00 ‐$         ETO 0.00 $0.00

d ' $ $ $ $ $ $ $

Energy Use (W) Time On Annual Savings Costs Incentives

Proposed Women's RRs 18W CFL Existing Fix. and Ballast 8 8 144 144 12 300 129.6        $8.83 25% 0.5 $60.00 $30.00 $64.35 $94.35 20.00$    ETO 8.42 $74.35

Proposed Women's RRs 2 lamp, T-8 Existing Fix. and Ballast 12 12 576 576 12 300 518.4          $35.32 25% 0 $60.00 $0.00 $0.00 $0.00 ‐$         ETO 0.00 $0.00

Proposed Offices throughout 40W Incandescent 9W CFL 3 3 120 27 4 200 74.4             $5.07 78% 0.3 $0.00 $0.00 $8.25 $8.25 6.00$       ETO 0.44 $2.25

Proposed Offices throughout 60W Incandescent 9W CFL 7 7 420 63 4 200 285.6          $19.46 85% 0.7 $0.00 $0.00 $19.25 $19.25 14.00$     ETO 0.27 $5.25

Proposed Pepsi machine 2 lamp, T-8 No Lamps 2 2 96 0 24 365 841.0          $57.30 100% 1 $0.00 $0.00 $0.00 $0.00 10.00$     ETO ‐0.17 ($10.00)
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APPENDIX D 
 

COMPRESSED AIR SYSTEMS 
 
 
To evaluate compressed air systems it is important to be able to identify the type of 
equipment in use, and understand generally how that equipment works. The following 
section describes common equipment encountered in a compressed air system along with 
methods for modeling performance at varied airflow requirements. 

D.1. DEFINITIONS  

Term Meaning 

acfm Actual airflow delivered after compressor losses

acfm-fad Airflow before filter (Free Air Delivery) 

Air Capacity 

cfm Cubic Feet per Minute of airflow 

Full Load Power The power required by the compressor motor 
when the compressor is operating at full air 
capacity 

icfm  Airflow at inlet flange 

Modulation Control Method of reducing airflow to match part load 
requirements, includes throttle, turn, spiral, or 
poppet valve. 

Part Load Control The control strategy used by a compressor when 
it is not operating at full load (part load).  
Includes low-unload, load-unload, and throttle 
controls. 

psi Pressure in pounds per square inch 

psig psi gauge, referenced to atmospheric pressure 

psia psi absolute, which is 14.7 psi at sea level 
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scfm Equivalent airflow at Standard Conditions (2 

different standards, CAGI and ASME, use this 
same term ) 

Standard Conditions   
- CAGI (Compressed Air & Gas 
Institute): 

14.7 psia, 60°F, 0% rh (relative humidity) 

- ASME:  14.7 psia, 68°F, 36% rh 
    
Unloading and Unload Point Airflow at which compressor unloads 

 

D.2. COMPRESSED AIR EQUIPMENT AND BASIC EQUATIONS 

Reciprocating and Screw compressors are the most common types of air compressors.  
Air compressors usually require ancillary equipment to dry the air, remove oil and to 
buffer pressure fluctuations.  The following is a brief description of how the reciprocating 
and screw compressors operate and the function of common ancillary equipment. 
 
Compressors 
 

• Screw compressors 
 

Screw compressors are the most prevalent type of compressor in the northwest.  
Screw compressors use two mated screws.  These turn, forcing air between them. 
As air progresses through the screws the volume of the gap between the screws 
decreases, thereby compressing the air.  A diagram of a screw compressor is 
shown in the appendix. 

 
• Reciprocating compressors  

 
Reciprocating compressors, use pistons to compress air in cylinders. Their 
operation is similar to automotive engines.  Small reciprocating compressors use a 
single action compression stroke, while larger ones use double acting pistons.  
Double acting pistons compress air on both the up and the down stroke.  
Reciprocating compressors offer good efficiencies over a wide range of operating 
conditions and are quite efficient for low-pressure applications.  However, 
reciprocating compressors require more maintenance than screw compressors.  In 
the northwest reciprocating compressors are less common than screw 
compressors.  A more complete description and illustration of a reciprocating 
compressor is given in the appendix. 
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Air Dryers 
 
Air dryers are included in most compressed air systems. Many industrial applications 
require air with low moisture content. For example, pneumatic controls typically require 
dry air. In colder climates moisture-laden air can lead to ice which blocks or breaks the 
lines. High moisture content can also lead to corrosion in any compressed air system. 
Drying requirements and the volume of the air required dictate the type and size of air 
dryer required. Typical air dryers either use refrigeration or desiccant to remove moisture 
from the air.  
 
• Aftercoolers  

Aftercoolers provide initial cooling of hot compressed air from over 150 F.  Water 
cooling can be more effective by using cooling tower water near the wet bulb 
temperature. Air from the compressor room is often warmer than outside air.  
Aftercoolers condense some water vapor in the compressed air, but usually not 
adequately for air tools or pneumatic controls.  Consider uses for the waste heat.  
Avoid city water cooling flowing down the drain. 

• Refrigerated Air Dryers 

Refrigerated Air Dryers are able to drop the dew point (the temperature at which 
the air becomes completely saturated and moisture in the air begins to liquefy) of 
compressed air to 35-50 οF.  Often these are all that is required and are typically 
the most economical means of drying air.  Refrigerated air dryers work by cooling 
the compressed air with a refrigeration system.  Moisture condenses out of the 
cooled air and is captured at the dryer.  Operating costs are roughly $5.00 to $8.00 
per million cubic feet of air.  

• Desiccant Air Dryers 

Desiccant Air Dryers can reach a lower dew point than refrigerated dryers; down 
to –150ο F.  Desiccant air dryers consist of two desiccant beds through which the 
compressed air flows.  A control system channels all of the air through one bed 
while the other is regenerated.  The regeneration process varies among desiccant 
dryers and has a large impact on operating costs.  All systems blow dry 
compressed air across the desiccant bed to regenerate it and then purge the air and 
moisture to the atmosphere.  Some models heat the dried air first to increase its 
capacity to absorb moisture.  Heated types have better efficiencies because the 
energy required to heat the air to 300ο F is less than the energy required to 
compress and dry the additional air that would otherwise be necessary to dry the 
bed.  Heated air dryers require only about 1-7% of the total compressed air to 
purge the desiccant bed, while non-heated dryers require 15% or more.  Desiccant 
dryers are more expensive to purchase, maintain and operate than refrigerated air 
dryers, but to achieve low dew points these are often the only option.  Operating 
costs range from $15 to $30 per million cubic feet of compressed air.  This cost 
includes the energy used by the dryer, but it does not include the cost of the 
compressed air used to regenerate the dryer.   
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• Membrane Dryers 

Membrane Dryers are relatively new to the market place.  They use a semi-
permeable membrane that allows dry air to pass through while holding back the 
water vapor.  These dryers are easy to maintain and achieve dew points as low as 
35ο F, however, they cause a 9-10% drop in system capacity as much compressed 
air is lost along with the water vapor in the membrane system.  The operating costs 
for this type of air-drying are minimal, as the membranes need to be replaced 
infrequently. 

Receiver Tank 
 
Compressors with unloading or on-off controls require a receiver tank to store a volume 
of compressed air for later use.  Receiver tanks should be large enough to limit the 
amount of compressor cycling to a minimum.  A common rule-of-thumb is 4 gallons of 
receiver space per SCFM of output. 
 
Oil Separator 
 
In screw compressors the two screws that mesh to compress air would wear quickly 
without oil.  The oiling procedure employed by many screw compressors introduces oil 
into the compressed air.  Oil separators remove this oil after the compression process.  An 
oil separator is essentially a coalescing filter mated with a metal baffle.  A coalescing 
filter traps microscopic oil particles in its consumable elements.  As air moves through 
the filter the entrained oil coalesces and drops out.  Any oil remaining in the air would 
shorten tool life so it pays to keep the separator working. A poorly maintained oil 
separator often introduces an excessive pressure drop into the compressed air system.  
The pressure drop should not be more than 5 psi across the separator.  When the pressure 
drop is greater than 5 psi maintenance is required. 
 
Air Reheater 
 
Some air compressors are equipped with an air reheater to heat the air after it is dried.  
The heated air expands, increasing the pressure and reducing the work the compressor 
has to do to achieve a given pressure.  The degree of the heating and the effectiveness of 
this system varies from one situation to another.  A reheater does not help if heat is lost in 
the distribution system, which is why the strategy is not used or recommended often.   
 
Basic Compressor Equations 
 
  P = V*I*sqrt(3) ÷ 1000      (D.2.1) 
 
Where:   
  P = Power 
  V = Volts 
  I =  Current 
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 %FLP  =  P ÷ FLP          (D.2.2) 
 
Where:   
 %FLP  =  Percent full load power 
  P  =  Power 
  FLP  =   Full load power 
 
  
 %C   =  airflow ÷ capacity        (D.2.3) 
 
Where:    
 %C  =   Percent Capacity 
 
 
D.3.  CONTROL STRATEGIES 
 
Several strategies are available to control or modulate airflow delivered by an air 
compressor.  The most common methods for screw compressors are described in this 
section along with modeling relationships between power and airflow.   
 
Throttle Modulation  
 
Throttling is a control strategy found on rotary screw compressors that modulates airflow 
by using a butterfly or slide valve at the compressor inlet.  The throttling mechanism at 
the compressor inlet creates a partial vacuum that limits the mass of air entering the 
system and reduces airflow.  The result of this control strategy is linear reduction in 
power with airflow, as illustrated in the Throttling Control graph example with no load 
power at 65% of full load power. 
 
For any given compressor load, airflow expressed as a percentage of capacity (%C) can 
be calculated based on measured power expressed as a percentage of the compressor’s 
full load power (%P) using the following airflow formula: 
 

 %C = 
% %

%
P P

P
nl

nl

−
−100%

 x 100%         (D.3.1) 

 
Where:  
 %P = Measured percentage of full load power 
 %Pnl = No load power 
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Given airflow (%C), the corresponding power can be calculated using the following 
power formula: 
 
 %P = ( )      (D.3.2) 100% − × +% % %P Cnl nlP
 
Load-Unload Controls 
 
Load-unload controls on rotary screw and reciprocating compressors allow the 
compressor to operate at two points:  full load and no load (unloaded).  The compressor 
operates at full load until the system reaches the maximum discharge pressure (PMAX) at 
which time the compressor unloads. 
 
An unloading valve at the compressor discharge of a rotary screw compressor vents the 
oil separator and sump to a lower pressure.  Compressors with an oil pump vent to 
atmospheric pressure, while other compressors vent to some other pressure that is greater 
than atmospheric, but lower than system, pressure.  A check valve prevents system air 
from leaking back through the compressor.  Simultaneously, a valve at the intake of a 
rotary screw compressor closes to prevent air from being drawn into the intake. 
 
For reciprocating compressors, intake valves remain open to prevent pressure buildup in 
the cylinders.  Air drawn into a cylinder is pushed back out to the atmosphere.  A check 
valve prevents system air from leaking back through the compressor. 
 
No modulation occurs.  The compressor reloads when system pressure drops to the 
minimum discharge pressure (PMIN).  Typical pressure ranges (PR = PMAX - PMIN) 
are 10 psi to 25 psi depending on how sensitive end uses are to pressure variation and 
cycle time (see “Install or Adjust Unloading Controls” in Appendix D). 
 
No load power is reduced because the compressor discharge pressure is less than system 
pressure.  Average power is modeled as a straight line with average airflow between full 
and no load.  Figure 3 shows this with no load power (unloaded) at 17 percent of full 
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power.  The dashed lines indicate the compressor never actually operates between full 
load and no load. 
 
For a given compressor load, average airflow can be calculated from average power using 
the following formula: 
 

 %C =
% %

%
P P

P
nl

nl

−
−100%

 x 100%       (D.3.3) 

 
where, 
 %Pnl = Percent power when no air is delivered 
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Given average airflow, average power can be calculated using the following formula: 
 
 %P = ( )       (D.3.4) 100% − × +% % %P Cnl nlP
 
These formulas are identical to those for throttle control. 
 
Low-Unload Control 
 
The low-unload control strategy is a combination of modulation and load-unload controls 
and is only found on rotary screw compressors. With low-unload controls, the 
compressor starts and runs fully loaded.  If the compressor produces more air than the 
plant needs, the discharge pressure increases and the compressor begins to modulate.  If 
the discharge pressure increases or airflow decreases to preset values the compressor 
unloads.  A solenoid valve on the oil separator automatically opens, allowing air to 
escape and reducing the pressure at the compressor discharge.  A check valve on the oil 
separator discharge prevents backflow and maintains system pressure when the 
compressor is unloaded. The compressor no longer has to work against system pressure.  
With suction and discharge pressure nearly equal, required compressor power drops to 
approximately 16% to 20% of full load power.  The compressor remains unloaded until 

76



the system pressure drops to another preset value, causing the compressor to re-load and 
the cycle is repeated. 
 
Unload points may be adjustable or permanently pre-set by the manufacturer.  Adjustable 
unload points may be set so the compressor doesn’t modulate at all.  Unload points set 
this way behave the same as load-unload controls and allow the compressor to operate at 
only two points: full load and no load.  Modulation decreases efficiency, therefore 
compressors operate most efficiently when controls are set as load-unload.   
 
Savings depend on the size of the air receivers, your air system, airflow requirements and 
operating schedules.  To operate the compressor with minimum cycling and maximum 
efficiency, you may need to increase compressed air receiver capacity. 
 
Low-unload control is effective where high airflow is required for part of the time and 
low airflow for part of the time.  During high airflow periods the compressor modulates 
to meet requirements with relatively small pressure variation.  During low airflow periods 
the compressor cycles to meet requirements.  The following example performance profile 
for a compressor equipped with low-unload controls and throttled inlet modulation shows 
no load power at 17% of full load power and an unload point of 80% of compressor 
capacity.  The dashed line indicates that the compressor never actually operates at points 
between unload and no load, but cycles between loaded and unloaded conditions. 
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The compressor is modeled as a linear reduction in power with airflow between no load 
and the full load.  For any given compressor power, airflow expressed as a percentage of 
capacity (%C) can be calculated based on power expressed as a percentage of full load 
power (%P) using the appropriate airflow formula: 
 

 %C = 
% %

% %
%

P P
P P

Cnl

ul nl
ul

−
−

×   (avg. airflow < %Cul)   (D.3.5) 
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 %C = ( )100% 100%
100%
100%

− − ×
−
−

≥%
%
%

P
C
P

ul

ul
ul (avg.air flow %C )     (D.3.6) 

 
Where: 
 %P = average measured percentage of full load power 
 %Pnl = measured no load percentage of full load power 
 %Pul = unload percentage of full load power 
 %Cul = unload airflow 
 
Given airflow, power also can be calculated: 
 

 %P = 
( )% %

%
% %

P P
C

C Pul nl

ul
nl

−
× +     (avg. airflow < %Cul)  (D.3.7) 

           %P     = ( )100% 100%
100%
100%

− − ×
−
−

≥%
%
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ul
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ul   (avg.  air flow %C  (D.3.8) 

 
On-Off Control 
 
On-off control is similar to load-unload control and is found primarily on reciprocating 
compressors.  The compressor operates at full load until PMAX is reached, at which time 
the motor turns off.  An unloading valve opens allowing the air in the compressor to vent.  
This makes it easier for the compressor to restart.  A check valve prevents system air 
from leaking back through the compressor.  When system pressure drops to PMIN, the 
compressor turns back on.  Typical pressure ranges are 10 psi to 25 psi depending on how 
sensitive end uses are to pressure variation and cycle time (see “Install or Adjust 
Unloading Controls”). 
 
On-off control is more efficient than load-unload control because the compressor 
consumes no energy at no load.  This strategy is also modeled as a linear reduction in 
average power with average airflow (Figure 4). 
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Figure 4–Performance Profile for On-Off Control 
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Since no power is required when no air is delivered, average airflow equals average 
power as shown below. 
 
 %C = %P         (D.3.9) 
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APPENDIX E 
 

BOILERS 
 
 

E.1. BOILER EFFICIENCY SUMMARY 
 
The purpose of this section is to present the operating conditions of your boiler(s) as we found 
them, and present the tuned boiler operating conditions we propose.  We use the proposed 
operating conditions and efficiency in any calculations that affect boiler energy use in order to 
avoid overestimating energy and cost savings.  This section has five parts: Background, Boiler 
Efficiency, Boiler Tips, Combustion Efficiency Definitions, and Combustion Efficiency Tables. 
 
 
BACKGROUND 
 
Boiler efficiency is defined as the percentage of boiler fuel energy that is converted to steam or 
hot water energy.  Boiler efficiency is found from the ASME Heat Loss Method. 
 
 
ASME Heat Loss Method.  The ASME (American Society of Mechanical Engineers) Heat Loss 
Method is used when the flue gas sample shows CO levels above 500 ppm.  This method 
subtracts calculated energy losses from 100% to obtain a percent efficiency.  A worksheet and 
accompanying definitions are included with any boiler recommendations using the ASME 
method. 
 
Efficiency is lost in several ways: 
 
 ·Incomplete combustion 
 ·Too little combustion air 
 ·Too much combustion air 

 ·Scaled heat transfer surfaces 
 ·Excessive steam pressure or hot water temperature 
 
Several Assessment Recommendations (AR's) may be proposed to improve your boiler 
efficiency.  These are calculated in the following order to avoid overestimating energy savings.  
For example, if we recommend both tuning the boiler and reducing boiler pressure, we assume 
that the boiler is cleaned and tuned when we calculate the savings for preheating combustion air. 
 
 ·Reduce boiler pressure 
 ·Tune the boiler to optimize the fuel-air mixture 
 ·Clean the heat transfer surfaces 
 ·Preheat combustion air 
 
We assume that the AR's affecting the boiler operating efficiency will be implemented, resulting 
in the boiler proposed operating conditions.  Any further recommendations affecting steam use 
or boiler load will be based on the proposed annual fuel consumption, efficiency, and operating 
conditions.  Some additional measures that may be considered are: 
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 ·Stack heat recovery 
 ·Insulate steam heated surfaces (pipes and tanks) 
 ·Install or repair condensate traps 
 ·Preheat boiler feedwater 
 ·Fix steam leaks 
 
E.2. COMBUSTION EFFICIENCY DEFINITIONS 
 
 
The combustion efficiency was calculated using the ASME (American Society of Mechanical 
Engineers) Heat Loss Method.  The heat loss method subtracts calculated energy losses from 
100% to obtain a percent efficiency.  The following energy losses are calculated to approximate 
combustion performance: 
 
  · Dry Gas Losses 
  · Moisture Formation Losses 
  · Combustible Losses 
 
 
STACK GAS ANALYSIS 
 
The following nomenclature is used in the equations for calculating combustion efficiency: 
 
Flue Gas 
 
 %CO2 = Percent carbon dioxide measured by volume: % 
 %O2 = Percent oxygen measured by volume: % 
 %N2 = Percent nitrogen by volume: % 
  = 100% - %CO  - %O  2 2
 CO = Measured carbon monoxide in flue gas: ppm 
 %CO = Measured carbon monoxide in flue gas: ppm x 10-4 
 h  = Enthalpy of water vapor at stack temperature: Btu/lb g
 h  = Enthalpy of liquid water at combustion intake air temperature: Btu/lb f
 Ts = Stack temperature: °F 
 Tc = Combustion intake air temperature: °F 
 
Fuel (see FUEL PROPERTIES table below) 
 
 %C = Percent carbon by weight in fuel: % 
 %S = Percent sulfur by weight in fuel: % 
 %H = Percent hydrogen by weight in fuel: % 
 %M = Percent moisture by weight in fuel: % 
 HHV = Higher heating value of fuel: Btu/lb 
 CFF = Combustion fuel factor 
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FUEL PROPERTIES 

Fuel Type %C %S %H %M HHV CFF 
Natural Gas 77.0 0.00 23.0 0.0 23,500 0.00591 
#2 Oil 87.0 0.48 11.9 0.0 19,410 0.00623 
#6 Oil 86.6 1.53 10.8 0.0 18,990 0.00623 
Propane 81.8 0.00 18.2 0.0 21,670 0.00600 
 
 
COMBUSTION LOSSES 
 
Dry Gas Losses (HLDG) 
 
The percent of heat loss due to dry flue gases in the stack can be calculated by the following 
equation: 
 
 HLDG = Pf x 0.24 x (Ts - Tc) x 100 ÷ HHV  
 
Where, 
 
 Pf = [44(%CO ) + 32(%O ) + 28(%CO + %N2)] ÷ 12(%CO2 + %CO) x  2 2
   [(%C / 100) + (%S ÷ 267)] 
 
The coefficients in the above equation (44, 32, 28) represent the atomic weights of the molecules 
they precede.  The coefficient in the denominator (12) represents the atomic weight of carbon in 
CO2 and CO. 
 
Moisture Formation Losses (HLM) 
 
The percent of heat loss due to moisture formed during combustion from hydrogen (H) in the 
fuel is calculated by: 
 
 HLM = 9 x %H x (hg - hf) ÷ HHV 
 
Where the coefficient (9) is the ratio of the atomic weights of water (H2O) to hydrogen (H2). 
 
Combustible Losses (HLC) 
 
Heat loss due to combustibles occurs when the combustion is incomplete and carbon monoxide 
and other combustibles are produced.  The percent heat loss due to carbon monoxide is 
calculated as follows: 
 
 HLC = CFF x CO ÷ (21 - %O2) 
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Moisture in Fuel Losses (HLFM) 
 
Heat loss due to moisture in the fuel is calculated by: 
 
 HLFM = %M x (hg - hf) ÷ HHV 
 
 
EFFICIENCY SUMMARY 
 
Combustion Efficiency 
 
The overall combustion efficiency (ηB) is calculated by: 
 
 ηB = 100 - HLDG - HLM - HLC - HLFM 
 
E.3. BOILER EFFICIENCY TIPS 

 
 

1. Test boiler efficiency regularly, at least once per month.  Recommended percentages of 
oxygen (O2), carbon dioxide (CO2), and excess air in the flue gases are given by: 
 
 
 Fuel O2% CO2% Excess Air % 
 Natural gas 4.0 9.6 21.1 
 Oil (#2) 4.0 12.6 22.0 
 Oil (#6) 4.0 13.4 22.3 
 Propane 4.0 11.1 21.5 
 Coal 4.5 14.6 26.4 
 Wood 8.0 12.6 61.1 
 
 

  The air-fuel ratio should be adjusted to obtain the recommended flue gas 
concentrations.  More excess air reduces boiler efficiency by heating more air than is 
needed.  You may be able to increase boiler efficiency even more if you can reduce excess 
air below the recommended value.  However, not all boilers can operate with less than the 
recommended excess air and still have complete combustion.  Incomplete combustion is 
both inefficient and dangerous, and can be determined by testing flue gases for carbon 
monoxide (CO), smoke or other combustibles. 
 

  If your boiler has significant air leaks such as around doors, burners, and the firebox, 
you will not be able to achieve these conditions without losing combustion efficiency 
(producing carbon monoxide and other products of incomplete combustion).  In this case 
you will need to seal air leaks before you will be able to achieve the highest efficiency. 
 

  Install a stack thermometer with a maximum indicating hand and record both 
instantaneous and maximum temperatures at least once a day.  Increased temperatures 
caused by excess combustion air, air leaks, or fire-side or water-side fouling mean lower 
boiler efficiency.  The maximum temperature indicator might record a problem that occurred 
when no one was around. 
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2. A high flue gas temperature may indicate the existence of deposits and fouling on the fire 
and/or water side(s) of the boiler.  The resulting loss in boiler efficiency can be estimated by 
a 1% efficiency loss for every 40°F increase in stack temperature. 
 

 We recommend that you record the stack gas temperature immediately after boiler servicing 
and that this value be used as the optimum temperature. Record stack gas temperature 
readings regularly and compare with the established optimum reading at the same firing rate.  
  

 A major variation in the stack gas temperature indicates a drop in efficiency and the need for 
either air-fuel ratio adjustment or boiler tube cleaning.  In the absence of any reference 
temperature, it is normally expected that the stack temperature will be about 50°F to 100°F 
above the saturated steam temperature at a high firing rate in a saturated steam boiler. 
 

3. Add a water meter to the make-up water line.  Record meter readings at least once a week 
and monitor water use.  Increased water use could be caused by leaking steam traps or other 
steam or condensate leaks. 

 
4. Keep a boiler log.  Record how your boiler is operating on a regular basis.  Include stack 

and maximum temperatures, pressure, boiler room temperature, condensate and feedwater 
temperatures, water and fuel meter readings, and any combustion efficiency or water quality 
tests made.  Also record any maintenance, changes, adjustments, and relevant comments.  
Use your log to look for trends that could mean trouble. 

 
5. After an overhaul of the boiler, run the boiler and re-examine the tubes for cleanliness after 

thirty days of operation.  The accumulated amount of dirt will establish the criterion as to 
the necessary frequency of boiler tube cleaning. 

 
6. Check the burner head and orifice once a week and clean if necessary. 
 
7. Check all controls frequently and keep them clean and dry. 
 
8. For water tube boilers burning coal or heavy oil, blow the soot out once a day.  The National 

Bureau of Standards indicates that 8 days of operation can result in an efficiency reduction 
of 8%, caused solely by sooting of the boiler tubes. 

 
9. The frequency and amount of blowdown depends upon the amount and condition of the 

feedwater.  Check the operation of the blowdown system and make sure that excessive 
blowdown does not occur. 
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APPENDIX F 
 

Fans and Impellers 
 
 

F.1. FAN DIAGRAMS, BACKGROUND AND DEFINITIONS 
 
 
 
 Radial Blade (RB) 

• Static efficiency to 60% 
• High tip speed capabilities 
• Reasonable running  
 clearance 
• Best for erosive or sticky 
 particulate 
 
 
 
Radial Tip (RT) 
• Static efficiency to 70% 
•
 capabilities 
• Running clearance tighter 
 than radial blade but not  
 as critical as backward  
 inclined and airfoil 
• Good for high particulate 
 airstream  
 
 
 
Forward Curved (FC) 
(Sirrocco)  
• Static efficiency to 65% 
• Smallest diameter wheel 
 for a given pressure 
 requirement  
• High volume capability  
• Often used for high 
 temperatures  

 Backward Inclined (BI)  
• Static efficiency to 80% 
• Low to medium tip speed 
 capabilities   
 
 
 
 

 
 

  Backward Curved (BC) 
• Static efficiency to 83% 
• Medium to high tip speed 
 capabilities   
• Clean or dirty airstreams 
• Solid one-piece blade  

 design 
 
 
 
 
 
 

  Airfoil (AF) 
• Static efficiency to 87% 
• Medium to high tip speed 
 capabilities   
• Relatively tight running 
 clearances  

 

 
 
Material-Handling fans are typically centrifugal fans in which air enters the fan axially and leaves 
radially. Centrifugal fans operate from a combination of centrifugal forces and angular deflection of the 
airflow by the blades. Centrifugal fans normally produce higher static pressure than axial-flow fans of 
the same wheel diameter and rotational speed. The wheel is known as the impeller or rotor, which 
contains a back plate, shroud, and blades. 
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Material-Handling fans are used to move air containing dust and granular materials from wood and 
metal working operations through ducts to cyclones or bag houses. These fans can handle high 
temperatures (up to 800 °F), corrosive fumes and abrasive materials from cutting or grinding 
operations.   
 
Radial Blades (RB) and Radial-Tip blades (RT) are currently used in industrial material handling 
applications. Other types of blade configurations are prone to clogging and/or damage when material is 
passed through the fan. RB and RT blades are rugged and self-cleaning. However the RB have 
comparatively low efficiencies due to non-tangential flow conditions at the blades leading edge.   
 
RT blades have improved efficiency over RB fans due to curved blades that increase flow conditions. 
The RT blades are slightly cupped in the forward direction and the blade leans back so the outside tip 
approaches a radial position.    
 
RB and RT blades are attached to a wheel perpendicular to the direction of the wheel’s rotation.  Most 
commonly six blades are welded between the fan back plate and a conical shroud, similar to a paddle 
wheel.  
 
In most cases this wheel, or impeller, can be replaced without altering the housing or motor 
configuration.   
  
 
F.2. OPERATING CONFIGURATIONS: 
 
Material handling systems typically operate in one of two different configurations, depending on 
size and application.  
 

1. Material Handling Fans.  RB fan wheels are most common; other options include RT 
fan wheels and Backward-Inclined (BI) fan wheels. RT fan wheels can readily be 
interchanged with RB fan wheels as they have similar durability and characteristics.  

 
BI, BC and FC fan wheels are more efficient than RT fan wheels; however BI, BC and 
FC blades can only handle slightly dusty air or air containing granular material without 
material buildup on the blades. Material passing through the material handling system 
should be considered carefully if BI, BC or FC blades are to replace RBs. 

 
2. Clean Side Fans. Air-Foil (AF) blades can be used on the clean side. A clean side fan 

can be more efficient because it does not contact the material in the collection system.  
Instead, it is installed on the clean side (downstream) of the bag house and induces a 
negative pressure in the system for the collection of dust. The system may have to be 
modified to operate with negative pressure. For additional savings, filtered air from the 
bag houses and clean side fans can be returned to the building in the winter to save on 
heating costs.  
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F.3. CALCULATING SAVINGS: 
 
For a three phase system, power consumption is calculated as: 
 
 P = V  ×  A  ×  pf  × 3  
  
Where, 
 V = Measured voltage supplied to the fans 
 A = Measured current draw by the motor (amps) 
 pf = Part-load power factor 
  
The percent power savings (%PS) by increasing the efficiency of a fan is calculated as: 
  
 %PS = 1 – (ηc ÷ ηp) 
  = 1 – (60% ÷ 70%) 
  = 14.3% 
  
Where, 
 ηc = Current fan efficiency: 60%. 
 ηp = Proposed fan efficiency: 70%. 
 
Energy savings (ES) by switching fan impellers are calculated as: 
 
 ES = P x %PS x OH 
  
Where, 
 OH = Fan annual operating hours  
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Cascades Hall Sustainability Audit Report 
Audited: October 21, 2009 

Submitted: December 7, 2009 
Audit performed by: Greg Smith, Brandon Trelstad 

Building contacts: Sandie Franklin, Matt Shinderman 
 
This report contains observations of Cascades Hall and recommendations to enable building occupants to 
make their workspace and processes more sustainable. These recommendations aim to respect the unique 
nature of each space while encouraging occupants to make changes that will reduce environmental 
impacts.   
 
If you have any questions or comments regarding the format, observations or recommendations of this 
energy audit, do not hesitate to write or call: greg.smith@oregonstate.edu or 737-3307.  Other staff or 
departments interested in receiving a Sustainability Audit are also welcome to contact the email and 
phone number listed above.  Thank you for your time and participation. 
 
 

Recommendation Summary 
 

Conservation Measure Annual Energy 
Savings (est.)

Annual $ 
Savings 

(est.)

Implementation 
Cost (est.)

Simple 
Payback 
(years)

Replace all incandescent lamps with CFLs. 
Estimated impact is 7 lamps. 360 kWh $17.14 $27.50 1.6

Install occupancy sensor and delamp NE stairwell 
fluorescent fixtures; est. impact is 4 fixtures 2,102 kWh $100.10 $320.87 3.2

Install occupancy sensor and delamp fluorescent 
fixtures in hallway outside rooms 209-213; est. 
impact is 5 fixtures

2,628 kWh $125.13 $350.87 2.8

Install occupancy sensors in men's and women's 
restrooms; est. impact is 40 fixtures 1,296 kWh $61.71 $188.70 3.0

Delamp vending machine fluorescent fixtures; est. 
impact is 2 fixtures

841 kWh $40.04 $60.00 1.5

Install occupancy sensors in entry, 1st floor and 
2nd floor lobbies, and hallways throughout. 1,678 kWh $79.88 $885.00 11.1

Replace 40W halogen track lights with energy-
efficient lighting (CFL, LED); impact is 27 lamps 3,796 kWh $180.78 $2,500.00 13.8

Turn off or standby computers at night that 
typically run 24/7; estimated impact is 20 
computers

13,020 kWh $651.00 $0.00 Immediate

Turn off classroom A/V towers at night that 
typically run 24/7; estimated impact is 12 towers

2,734 kWh $136.71 $0.00 Immediate

Table 1: Recommended Energy Conservation Measures
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Turn off all printers at night that typically run 24/7; 
estimated impact is 12 printers/copiers. Enable 
standby & powersave modes.

3,841 kWh $192.05 $0.00 Immediate

Avg. $3/power 
strip;

$30.00

Total savings if above changes are 
implemented

32,973 kWh $1,618.34 $4,362.94 2.7

Unplug (or switch-off using a surge protector ) all 
small office equipment (cell phone chargers, 
computer accessories, etc.) at night and when not 
in use

676 kWh $33.80 0.89

 
By implementing the changes listed above 66,604 lbs of CO2

1, 428.6 lbs of SO2
2 and 

224.2 lbs of NOx2 will not be emitted into the environment each year. 
 

1- PacifiCorp; 2 - Phil Carver, Oregon Department of Energy 
 
In addition to the savings in the table above, an estimated 31,200 gallons of water (utility savings of 
$183.03) can be saved annually by installing aerators on all bathroom faucets. Estimated impact is 24 
faucets.  
 
To see data on Cascades Hall’s monthly utility consumption, please Tables 3 thru 8, located at the end of 
this report. 
 
 
Lighting 
 
Observations 
 

• Lights were usually off in unoccupied areas 

• Some areas were overlit  

• A few spaces (detailed below) could benefit from light controls 

 
Recommendations 

 
• Replace all incandescent lamps with compact fluorescent lamps (CFL).  CFLs produce light 

much more efficiently than incandescent and halogen lamps.  CFLs also produce less heat, an 
important factor to consider during the summer months.  CFLs come in a wide-range of spectra 
and intensities, so a suitable CFL can be found for almost any application. 
   

• Consider replacing the halogen track lighting with a compact fluorescent (CFL) or light-
emitting diode (LED) equivalent if available. 

 
• Report instances of improperly-time outdoor lighting.  Outdoor lighting is usually controlled 

by either timers or photosensors.  If these controls fail, lighting will remain on even if natural 
light provides sufficient illumination.   
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• Install occupancy sensors in common areas such as hallways, restrooms, kitchens and copy 
rooms where lights are typically left on.  These types of sensors are efficient and easy to install.  
They automatically turn off the lights if no motion is detected within a specified period of time.   
 
Lighting controls are recommended for the following spaces: 

o Men’s and women’s restrooms 
o NE stairwell and adjoining hallway 
o Hallway outside of offices 209-213 

 
Lighting controls are suggested for the following spaces, though installation may be more costly 
and resulting savings lower than the spaces recommended above: 

o Main entry/alcove 
o 1st floor lobby 
o 2nd floor North hallway 

 
• Request delamping for areas that are overlit or areas where natural or task lighting provides 

sufficient illumination.  Table 2 details areas that were noticeably overlit.   
 

Location Recorded 
lighting level (fc)

IES-recommended 
lighting level (fc)

NE stairwell and adjoining hallway 45 20
Hallway outside office 209‐213 42‐50 20
Vending machines* ‐ ‐

Table 2. Delamping Information

 
*Note: Contractual restrictions may apply 
IES = Illumination Engineering Society  

 
• Utilize natural lighting wherever possible.  In many cases, natural lighting provides sufficient 

illumination for a variety of tasks.  In locations where windows allow for enough light to enter the 
work areas, turn off lighting as it is not needed.  Also, by arranging spaces and furniture 
throughout the building in a way that utilizes natural light to the maximum possible extent, 
electric lighting use is decreased and occupants achieve superior lighting levels and consistency.  
If necessary, use task lighting to supplement natural lighting.     

 
• Request replacement or delamping of burnt-out fluorescent lamps.  Unlike incandescent 

lamps, burnt-out fluorescents still consume energy.  If the light level in the area is adequate 
without the lamp lit, consider delamping the fixture.   

 
 
Computers and peripherals 
 
Observations 
 

• Some computers and monitors were observed on in unoccupied spaces 

• Some printers had standby/powersave settings enabled 

• Most computer peripherals (speakers, external hard drives etc) were on in unoccupied areas 
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Recommendations 
 

• Turn off or standby computers at night and have them enter standby when not in use for 
extended periods of time (30 minutes or longer).  Standby or shut off monitors that have been 
inactive for 10 minutes. 

o On most computers, power management options can be found under the Control Panel 
(from Start  Settings  Control Panel).  Click ‘Power Options’.  Here you can 
designate when your monitor or computer should enter standby. 

o Turning a computer on and off does not damage its hardware like it once did.  Most hard 
disks are rated at 20,000 on/off cycles. If turned on/off once a day, it would take 55 years 
to reach this rating number.  
 

• Turn off classroom A/V cabinets at night or during extended periods of inactivity if start-up 
time is not prohibitively long. 
 

• Ensure that Sanyo projectors are running only when needed.  Occasionally these were heard 
operating when the room was unoccupied.  According to the manufacturer, power draw could 
range from 50-300W. 

 
• Manually turn off cathode-ray tube (CRT) monitors at night or during prolonged downtime 

(10 minutes or longer).   Older (pre-1995) CRTs consume considerable energy even while in 
standby or sleep modes.  In one case, we measured a 17” CRT using 58W while on and 45W in 
standby.  Turning them off (using the hard switch) guarantees that these monitors are not drawing 
a large phantom load.   

 
• Purchase liquid crystal display (LCD) monitors when replacing CRT monitors or for new 

workstations.  LCDs use considerably less energy and cause less eye strain, and their slimmer 
profile increases useable workspace. Consider EPEAT™ or Energy Star® certified products 
(http://www.epeat.net/, http://www.energystar.gov/) which meet stringent energy-saving and 
environmental criteria.   . 

 
• Turn off printers at night (especially laser printers).  Laser printers consume considerable 

amounts of energy even while in standby mode; according to manufacturer’s specifications, 
several laser printers inventoried during the audit consume over 60W while in standby!  The 
average standby power draw is 49W.  If high volume printing is not necessary, recommend that 
staff use inkjet printers, which typically use considerably less energy (<5W) when in standby.   

 
•  Consolidate printers and copiers with help from Printing and Mailing Services.  Printing 

and Mailing assists departments in calculating costs associated with printers and copiers, and 
estimating potential savings from device consolidation.  Contact Cheryl Lyons for more 
information or to schedule a free assessment.  Several OSU departments have realized significant 
savings from consolidation.  

 
• Use a surge protector for computer peripherals and other accessories. While many computer 

peripherals like speakers, scanners and external hard drives do not use very much energy (<5W), 
the accumulated energy consumption is significant.  By having them all plugged in to a surge 
protector, not only are they protected from fluctuations in current, they also can be easily shut off 
at night or during extended periods of downtime.   
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• Use laptops in place of desktops when appropriate.  Laptops use considerably less energy than 
a desktop (20-30 W vs. 100-150 W) and do not require an uninterruptible power supply.  A laptop 
docking station allows for desktop-like function while at work or at home while allowing the full 
portability required of a laptop. 

 
• Decrease time at which copiers and printer enters power-save mode to 15 minutes.   

 
 
Other Electrical Equipment 
  
Observations 
  

• A number of refrigerators were observed 
 

• Numerous TVs, microwaves, coffeepots, air purifiers, and miscellaneous A/V equipment was 
noted 

  
Recommendations 
  

• Consider purchasing a variable air volume (VAV) fume hood for the art studio.  VAV hoods 
reduce air flow when the sash is closed, reducing the amount of conditioned air exhausted.  While 
more expensive initially, VAV hoods have been shown to have lower lifetime costs than constant 
air volume (CAV) hoods.  Also consider potential Energy Efficiency Center recommendations 
regarding heat recovery for exhausted air.  
 

• Plug accessories into a surge protector so they can be easily shut off at night and on weekends.  
Many of the accessories listed above require a constant power supply to power displays and 
maintain system functions.  While this phantom load is usually small for an individual piece of 
equipment, the aggregate power consumption can be surprising.  A surge protector is a safe and 
convenient way to protect these devices while allowing the user a fast and simple way to shut 
them off when they are not in use. 
 

• Consolidate contents of seldom-used refrigerators to reduce the number of total 
refrigerators.   Also consider consolidating the contents of mini-fridges into large, shared 
refrigerators, which are more efficient.  Small ‘mini’ refrigerators use between 200 to 300 kWh 
annually.  A new, full-sized refrigerator uses only about 600 kWh to cool a volume many times 
greater.   
 

• Tips for efficient refrigerator and freezer use: 
o Keep fridges 2” away from the wall and clean coils every 6 months 
o Clean or replace gaskets on doors to maintain an effective seal 
o Set refrigerator temperature to 40°F and freezer to 0°F 
o Fill empty space with jugs of water in the fridge and blocks of ice in the freezer. This 

minimizes the cooling loss of opening the fridge or freezer door. 
 

• Consider unplugging industrial and scientific equipment when not in use. A number of small 
pieces of scientific equipment appeared to be always on.  Small scientific equipment may not use 
much electricity individually (5-25 W) but the cumulative impact can be significant. 
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Recycling 
 
Observations 
 

• Paper and commingled recycling bins were present in various locations around the area 
 
Recommendations 
 

• Ensure enough recycling bins are located to be convenient for all office occupants.   
 
 

Purchasing 
  
Recommendations 
  

• Consider Energy Star® products when replacing appliances and office equipment.  These 
products are typically 10-30% more efficient than non-rated models and the purchase price 
difference is oftentimes negligible.   
 

• Consider EPEAT™   -certified computers and accessories when purchasing new equipment.  
EPEAT™ evaluates products on a wide-range of environmental criteria, ranging from energy 
consumption and materials to toxic content and end-of-life management. 
 

• Review Oregon Department of Administrative Services (DAS)  Resource Conservation and 
Sustainable Procurement and Internal Operations policies. 
 
 

Paper Use 
 
Recommendations 
  

• On all computers, set double-sided printing as the default setting for printers with this 
capability. 
 

• Encourage printing on clean side of single-sided paper.  Add small boxes near printers 
containing this draft paper or leave a stack of this paper in printer bypass feeders.  
 

• Consider purchasing recycled paper with a high post-consumer content (50%+) for your 
space.  Recycled paper is compatible with all printers and costs only slightly (15%) more than 
virgin material, while significantly reducing the environmental impacts of printing.   
 
 

Heating & Cooling 
 
Observations   

• Some occupants complained of continually cold conditions, even during summer months 
 

• The Energy Efficiency Center (EEC) will evaluate energy efficiency measures related to HVAC 
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Recommendations 
 

• Consider alternatives to forced air space heaters.  While effective in small, well-insulated 
spaces with low ceilings, forced air space heaters are inefficient in areas where the warm air can 
easily escape or rise above the occupied zone.  Alternatives allow for equal comfort while using 
significantly less energy.  Radiant heaters use 100-200W, compared to 1500W for forced air 
heaters, and users report increased comfort at lower air temperatures.  Radiant heaters are also 
preferred from a fire safety standpoint. 

 
• Try these energy-saving tips to keep yourself comfortable: 

o Dress appropriately for the weather: wear light, breathable clothing in summer and layer 
clothing during the winter 

o Use fans instead of AC units, and radiant heaters (which heat you and not the air) instead 
of space heaters 

o Close shades or blinds during hot days (keeps heat out) and on cold nights (keeps heat in)  
 

• For more information regarding HVAC energy efficiency, please see the upcoming EEC 
report. 

 
 

Water Conservation 
 

Observations 
 

• All hand washing sinks had aerators that limited flow to 2.0 gallons per minute (gpm) 
 
Recommendations 

 
• Install aerators to limit flow on hand washing sinks to 1.0 gpm maximum.  Unless a sink is 

used for filling, 1.0 gpm is an adequate amount of water for hand washing while conserving 
water. 

 
• Report leaking faucets to Facilities or Custodial staff.  A leaking faucet with 30 drips per minute 

can waste over a thousand gallons of water per year.  
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